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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 
In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the full cooperation and support 
of the Federal Highway Administration, United States 
Department of Transportation. 
The Transportation Research Board of the National Re-
search Council was requested by the Assoeiation to admin 
ister the research program because of the Board's recog-
nized objectivity and understanding of modern research 
practices. The Board is uniquely suited for this purpose 
as: it maintains an extensive committee structure from 
which authorities on any highway transportation subject 
may be drawn; it possesses avenues of communications and 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
it maintains a full-time research correlation staff of special-
ists in highway transportation matters to bring the findings 
of research directly to those who are in a position to use 
them. 
The program is developed on the basis of research needs 
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included 
in the program are proposed to the Academy and the Board 
by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 

The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs. 
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FORE WORD 	Highway design engineers and safety specialists will find this report to be of 
special interest. A method of determining the cost-safety relationship of proposed 

	

By Staff 	highway improvements is presented, with the over-all objective of making the most 

	

Transportation 	beneficial use of limited construction funds. Safety relationships were investigated 

	

Research Board 	using accIdent records and geometric data files from several states, and a users 
manual was developed to assist states in conducting the cost-safety analysis. The 
study focused on the design features of lane width, shoulder width, and shoulder 
type for two-lane rural roads. 

To select the best design for the construction or reconstruction of a highway 
facility, numerous factors must be considered. Operational requirements, safety 
features, continuity of design, and cost influence the final selection. Introducing 
cost-effectiveness into the design process requires highway designers to evaluate 
each project in greater detail and negates the reliance on a rigid set of design 
standards. With increasing highway construction costs and a constrained budget, 
the need to determine the best utilization of funds has become critical. 

This project was initiated to develop a means of assessing the cost-safety 
relationship for various design elements. Relationships for lane width, shoulder 
width, and shoulder type are presented for two-lane rural roads. A cost-effectiveness 
methodology is included to facilitate the incorporation of the quantified relation-
ships into existing state design procedures. The methodology can also be used 
for other design elements and highway typ's if cost-safety relationships are known. 
As a starting point, this report contains an extensive summary of related research 
efforts directed at developing similar accident relationships that should be of interest 
to designers wishing to extend the methodology's usefulness. 

Utilization of the safety relationships and methodology will provide an opti-
mum design for pavement width, shoulder width, and shoulder type, based on a 
cost-safety effectiveness evaluation. It does not maximize safety benefits regardless 
of cost, but rather provides an optimum safety design for a given expenditure. 
The methodology does not contain a rigid procedure in the selection of the final 
design—it provides the necessary cost-effectiveness information for the designer 
to make an objective decision. The final design selected must consider traffic and 
vehicle operating characteristics, as well as the agency's over-all highway improve-
ment policy for these design features. Any of the other design criteria that must 
be considered may override the design based on cost-safety effectiveness. However, 
by applying the methodology, the safety ramifications of all alternatives can be 
determined. 

This project was conducted by Roy Jorgensen Associates, Inc., of Gaithers-
burg, Md., with the assistance of Dr. David B. Brown, Auburn University. Westat, 
Inc., served as a subcontractor and provided assistance in the statistical analyses. 
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COST AND SAFETY 
EFFECTIVENESS OF 

HIGHWAY bEsIGN ELEMENTS 

SUMMARY 	Funds for highway improvements have rarely been adequate to overcome all 
identified defidiéncies and to provide optimum transportation systems. This deficit 
of funds has continued to increase as emphasis has been placed on completion of 
the Interstate System and the reconstruction of existing facilities in accordance with 
established design standards that provide maximum safety and utility to the high-
way user. 

NCHRP Project 3-25 was established to provide answers to some of the cur-
rent questions ëoncerning the need and cost effectiveness of previously accepted 
design standards. The objectives of this research were (1) to identify the key 
geometric characteristics and combinations of characteristics of road and street 
designs that affect accident frequencies and severity; (2) to quantify the effects of 
varying the key characteristics and combinations of characteristics on accident 
frequencies and severity; and (3) to develop a methodology that can be used by 
engineers in measuring the cost effectiveness of the various levels of each design 
element. 

About 50 design features were found to have some type of safety relationship. 
The measurement of the effects of these design features on safety has not been 
conclusive, and for some features has:  been contradictory. Because only a limited 
number of design elements could be studied in-depth during this research, the 
features of pavement width, shoulder width, and shoulder surface type for rural 
two-lane highways were selected for quantifying their relationship to accident fre-
quencies and severity. Priority was placed on those features because (1) previous 
research indicated that these elements were related to theaccident rate; (2) geo-
metric and accident data were available in the detail required; and (3) future high-
way programs will involve extensive reconstruction of existing two-lane facilities, 
where the relaxation of design standards may be more appropriate. 

No significant difference was found in the accident rate between 22-ft and 
24-ft pavement widths. There was a measUrable difference between the 18-, 20-, 
and 22-ft pavements, with the wider pavements having lower accident rates. Wider 
shoulders and paved shoulders were also found to have lower accident rates. 

A cost-safety-effectiveness methodology was developed to incorporate the 
quantified relationships into a practical design procedure. A Users Manual 
(Appen. I) contains procedures necessary for implementation of the safety rela-
tionships for pavement width, shoulder width, and shoulder surface type. As safety 
relationships for additional design elements are quantified, these can be incor-
porated into the methodology. 

Use of the safety relationships and methodology contained in this report will 
provide an optimum design for pavement width, shoulder width, and shoulder type, 
based on a safety-cost-effectiveness evaluation. The methodology does not maxi- 



mize safety benefits, but rather provides an optimum safety design for a given 

expenditure. The methodology does not contain a rigid procedure in the selection 

of the final design—it provides the necessary cost-effectiveness information for the 

designer to make an objective decision. The final design selected must consider 

traffic and vehicle operating characteristics as well as the agency's over-all highway 

improvement policy for these design features. Any of the other design criteria that 

must be considered may override the design based on cost-safety effectiveness. 

However, by applying the methodology, the safety ramifications of all alternatives 

can be determined. 

Designs supported by an optimal cost-safety policy will typically be less than 

those specified by current design standards. However, utilization of the methodol-

ogy presented in this report and the Users Manual will provide safety benefits in 

excess of those that would be obtained without their use. Although safety benefits 

are not maximized for each project, total safety benefits are increased by the im-

provement of more miles of facilities, rather than a few miles of improvements 

that are built to designs that are not cost effective. 

Additional research, together with the collection of additional geometric data, 

is needed for other high-cost design elements, foremost among which are clear 

roadside area, median width, and roadside slope. A detailed statement of research 

requirements for roadside considerations is included in Appendix H. 

CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

Highway programs, as is well known today, are the 
target of critical reviews for future policy decisions. This 
was inevitable as completion of the national Interstate 
System neared and the need for additional miles of roads 
on new locations diminished. However, these concerns 
were accelerated by inflationary construction costs and 
decreasing revenues for highway operations. The increased 
emphasis being placed on traffic safety (1) and environ-
mental quality has contributed significantly to the over-all 
highway program requirements. These impacts, together 
with the continued demand for mobility and comfort 
through improved surface transportation systems, were the 
motivation for this research project. 

PROBLEM STATEMENT 

The research problem statement for NCHRP Project 
3-25 presents the need for this research study as follows: 

The current highway accident toll in the United States 
is approximately 50,000 deaths, two million injuries, and 
more than $10 billion in costs for some 17 million ac-
cidents annually. Even with the best economic conditions, 
funds are invariably insufficient to finance all improve- 

ments needed to reduce this toll. It is imperative, there-
fore, to avoid design standards that may not be cost 
effective in reducing accidents. 

To maximize accident reduction with the limited avail-
able funds, design standards should be flexible. The de-
sign should be tailored for each project, route segment, 
or subsystem to produce significant accident reductions per 
dollar expended. In this fashion, the cumulative accident 
reduction of many such improvements will greatly exceed 
the reduction possible from a relatively few improvements 
designed according to a rigid set of high standards that 
ignore costs. 

Currently available data provide gross measures of the 
over-all safety and service benefits of highway facilities. 
However, the data are limited or lacking to evaluate the 
standards for specific situations and design elements in 
terms of accident frequency and severity. What is needed 
is an optimization of geometric design standards for high-
way facilities, both urban and rural, that reflects a regard 
for economy without sacrificing traffic safety. Such stan-
dards could be applied to the upgrading of existing high-
ways, which will constitute the bulk of the highway con-
struction program in the foreseeable future. 

Relationships between highway design elements and 
accident frequency have been the subject of numerous 
research efforts throughout the years. The findings from 



these studies have indicated both supportive and contra-
dictory safety effects of geometrics. The problem is to 
place these findings in proper perspective and to incorpo-
rate their application into the selection of design elements 
for specific improvement projects through a methodology 
that does not adversely affect safety. 

RESEARCH OBJECTIVE 

The primary objective of this research was to quantify 
the effect specific design elements had on safety and to 
develop a methodology for incorporating the selection of 
the most cost-effective design element level into the design 
process. Specific objectives included: 

F. To identify the key geometric characteristics and 
combinations of characteristics of road and street designs 
that affect accident frequencies and severity. 

To quantify the effects of varying the key charac-
teristics, and combinations of characteristics, on accident 
frequencies and severity. 

To develop a methodology that can be used by en-
gineers in measuring the cost effectiveness of the various 
levels of each design element. 

RESEARCH APPROACH 

Because of the large number of variables associated with 
the multiple geometric design elements, it was recognized 
that all design elements could not be considered to the 
same extent. Therefore, it was specified that the research 
objectives were to be accomplished in two phases. Phase I 
consisted of analyzing the findings of completed and on-
going research. All types of highway facilities and all 
major design elements were considered during the Phase I 
research. The end product of this phase was a ranking 
of design elements by highway, facility to identify those 
combinations where cost savings would be significant 
without significant safety reductions (2). 

Phase II involved analyzing the geometric and safety 
relationships for pavement width, shoulder width, and 
shoulder surface type for rural two-lane highways. Al-
though there are numerous other design features that affect 
safety, on both rural and urban highway facilities, these 
elements offered the most potential for cost reduction 
within the limits of geometric and accident data presently 
available from state record files. The collection of new 
or more detailed accident and geometric data was not 
within the scope of the research effort. The relationships 
for pavement width, shoulder width, and shoulder surface 
type were quantified and incorporated into a cost-effective-
ness design methodology. 

Phase I Research 

The objective of Phase I was accomplished through the 
following major tasks: 

Identify established relationship. 
Develop logical relationships. 
Perform gross assessment.  

Identify Established Relationships 

Previously established relationships between highway 
design elements and accidents were identified through a 
review and analysis of completed and ongoing research, as 
well as through personal visits to selected highway agencies. 

A literature search was conducted in the libraries of 
the U. S. Department of Transportation, the Transporta-
tion Research Board, and the Consultant. Publications 
and abstracts from the Highway Research Information 
Service (HRIS) were used extensively to ensure up-to-
date coverage of completed research and research in prog-
ress. A bibliography and abstracts of over 400 reports 
and publications were prepared relative to previous and 
ongoing efforts to identify relationships between the cost 
and safety effectiveness of highway design elements. This 
bibliography is included in Appendix A. 

The state highway agencies of California, Illinois, Ken-
tucky, Maine, Texas, Washington, and West Virginia were 
visited to review their efforts and problems relative to this 
research, and to determine the general availability and 
data formats of their accident and highway geometric 
data. Interviews were conducted with persons involved 
with highway design, traffic data systems, accident record 
systems, and research programs. Information was col-
lected on (1) current design standards and how those 
standards are applied; (2) local experience on the rela-
tionships between design elements and traffic safety; (3) 
record systems relating to geometric configurations of 
existing highways, traffic volumes, and accident data; (4) 
the feasibility of obtaining and using record systems data 
as source information for computer processing and 
analysis; and (5) recent or ongoing research that would 
have a bearing on this study. The Federal Highway Ad-
ministration Office of Research and Development was 
also contacted relative to applicable research efforts un-
derway. 

Relationships between design elements and safety, 
identified through these efforts, were summarized accord-
ing to the major design component. These consisted of 
(1) traveled way (traffic lanes), (2) auxiliary lanes, (3) 
shoulder, (4) median, (5) roathide, (6) vertical align-
ment, (7) horizontal alignment, (8) traffic control, and 
(9) other. The major design elements were broken down 
into design features and include items, such as lane width, 
shoulder width, slopes, grades, sight distance, etc. Over 
50 design features were identified that are subject to design 
decisions that may have an effect on both costs and 
safety. Safety relationships were summarized in terms of 
these features. 

Geometric safety relationships were related to the type 
of highway facility encompassed in the previous research. 
The following categories of highway facilities were used 
for summarizing relationships: 

Continuous Facilities—freeways, including Inter-
state; multilane divided rural highways; four-lane, or multi-
lane, undivided highways; two-lane rural highways; and 
urban arterials. 

Noncontinuous Facilities—structures/bridges; inter-
sections; railroad highway grade crossings; and inter-
changes. 
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All previously identified relationships were summarized 
according to the appropriate highway facility and design 
element category. No attempt was made at this time to 
evaluate the validity of these relationships, even though, 
in fact, some relationships identified were totally con-
tradictory. 

Develop Logical Relationships 

Logical safety relationships were set forth for those 
design elements and features where no relationship had 
been reported or documented from previous studies. A 
number of these relaiionships were based on previously 
identified relationships for other highway facilities. 

Attempts were made to confirm or verify these logical 
relationships through the use of other safety-related data, 
such as multidisciplinary accident investigation (MDAI) 
data, before-and-after study data, and documented research 
findings for other highway facilities. Relationships that 
could not reasonably be verified were eliminated from 
further analyses. 

Perform Gross Assessment 

The purpose of the gross assessment was to assess the 
validity and relative importance of the numerous relation-
ships identified during the first two tasks. These relation-
ships were analyzed separately for each highway facility 
as the basis for selecting those design elements that offered 
the most potential for establishing cost-effective design 
criteria. 

Another aspect of the gross assessment involved an 
analysis of the effect of variations in design elements on 
both improvement costs and accident rates. Previous find-
ings were used to estimate changes in accident rates, 
and improvement costs were estimated based on current 
cost data. This gross assessment assigned the highest 
priorities to design elements that showed the highest 
potential for improvement cost reduction without a dis-
proportionate increase in accidents. 

Phase II Research 

The second phase for this research consisted of develop-
ing the accident and geometric relationships for the design 
elements of pavement width, shoulder width, and shoulder 
surface type. A cost-effectiveness methodology was devel-
oped that can be incorporated into the design process for 
these design elements. The research approach consisted of 
the following major tasks: 

Develop data bases. 
Quantify accident relationships. 
Develop cost-effectiveness methodology. 
Prepare users manual. 

Develop Data Bases 

Accident and geometric inventory data files were ob-
tained from the state highway agencies of Kansas, Mary-
land, New York, Texas, and Washington. These states 
were selected on the basis of the availability of accident 
and geometric data in the detail specified by the data 
analysis plan. Preference was given to states that had a  

good distribution of data for both rural and urban high-
way facilities and that had these data readily available on 
computerized records. No state contacted had .a com-
posite file of both accident data and geometric inventory 
data. Therefore, it was necessary that these two separate 
files have adequate location identification for compiling a 
merged accident and geometric file. 

Merged data base files of accident and geometric data 
were prepared for the states of Maryland, New York, and 
Washington for -the rural two-lane -highway facility. This 
task was very tedious and required considerably more 
effort than initially envisioned. - Washington had six sepa-
rate geometric inventory -files that required -merging with 
the accident file; and New York was in the process of 
completing an update of the geometric file. Repeated data 
verification was necessary to ensure that the merged data 
base file had been compiled accurately. As a result of 
these difficulties, the original research plan for Phase II 
was modified to include only rural two-lane highway 
facilities and the data bases of Maryland, New York, and 
Washington. 

Quantify Accident Relationships 

Initially, the data base files were analyzed separately 
for each of the states. Multiway frequency distribution 
tables were produced for each state by highway facility. 
These,  tables provided a distribution of the number of 
observations (accidents by ADT group, terrain, and width 
of pavement and shoulder). Both the number of observa-
tions and the accident rate were obtained for each cell of 
the tables. These tabulations showed many empty cells 
because design practices result in shoulder widths and 
pavements widths occurring in specific combinations. 
Generally, wider shoulders were associated with wider 
pavement widths. 

The next step was to examine the cells of the tables to 
determine the availability of sufficient observations on 
which to perform regression analysis. 

Variables selected to be related to accident experience 
in a regression model included terrain type, section length, 
average daily traffic, pavement width, shoulder width, and 
shoulder surface type. The roadway sections were strati-
fied by horizontal curvature and ADT level. Initially, 
curvature was stratified in two levels: tangent (0 deg) and 
greater than 0 deg. ADT strata were 0 to 999; 1,000 to 
2,499; 2,500 to 4,999; and 5,000 and greater. Terrain 
type and shoulder ,type were included in the regression 
models as dummy variables. 

The initial regression models included only linear forms 
of the design element variables. No data transformations 
were used. The variables used to represent accident ex-
perience were accident rate, total accidents per section, 
and the ratio of property-damage-only accidents to total 
accidents. Models were developed with each of these 
variables regressed on the array of design element variables. 

The results and the models developed were examined. 
Explained variation in the criterion variables was small, 
usually less than 10 percent. Design element variables were 
not significant in explaining variation in accident experi-
ence. 
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Although the results of the regression analysis were not 
statistically significant, definite trends in the accident rate 
were observed. Therefore, additional analyses were 
directed toward data summaries by groupings of sections 
with homogeneous geometric characteristics and at least 
10,000 daily vehicle miles of exposure. The following 
statistics were computed for each combination of ADT 
group, horizontal curvature group, shoulder type, pavement 
width, and shoulder width: (1) property-damage-only 
(PDO) fraction, (2) PDO fraction standard error, (3) 
true (weighted) accident rate, (4) accident rate standard 
deviation, (5) upper and lower confidence interval (95 
percent) for accident rate, (6) number of roadway sec-
tions, (7) total accidents, (8) total miles, and (9) total 
vehicle miles. 

The statistics were developed for each of the three state 
data bases and the combined data base for Maryland 
and Washington. 

The final step in the analysis involved an ayeraging 
technique using the concept of analysis of variance to 
estimate the effects of the different variables. These effects 
were then used to predict accident rates for each cell of the 
matrix. The rates provided the basis for developing 
accident rate adjustment factors to estimate the effect on 
the accident rate for any combination of pavement width, 
shoulder width, or shoulder type. 

Develop Cost-Effectiveness Methodology 

A methodology was developed for "tailoring" the de-
signs of individual projects rather than developing designs 
through the rigid application of design standards. The 
methodological approach was limited to consideration of 
the impact of variation of geometric standards on safety. 
It did not address design decisions related to highway 
capacity, vehicle characteristics, or other related design 
considerations. 

Although the cost-effectiveness methodology was pri-
marily directed toward the design elements of pavement 
width, shoulder width, and shoulder type, it can also be 
applied to other design elements as their effects on ac-
cidents are identified and quantified. 

Prepare Users Manual 

A Users Manual was prepared that incorporated the 
cost-effectiveness methodology and the accident-geometric 
relationships for pavement width, shoulder width, and 
shoulder type. Step-by-step procedures, together with de-
tailed examples, were provided so as to facilitate use by 
state highway agencies. 

The Users Manual was field tested in two state highway 
agencies. As a result of these field tests, certain procedures 
were modified to better reflect the actual design decisions 
required for the design elements of pavement width, 
shoulder width, and shoulder type. 

CHAPTER TWO 

FINDINGS 

The results of this research project are presented in two 
separate sections that coincide with the two phases under 
which the research was conducted. The first section 
discusses the findings of the literature review and identi-
fies specific design elements that have a potential for cost 
reduction without an adverse effect on safety. The second 
section of this chapter consists of the results obtained 
through an analysis of accident and geometric files from 
three state highway agencies. The effects of pavement 
width, shoulder width, and shoulder surface type are 
presented for rural two-lane highways. 

PREVIOUS RESEARCH 

A literature search encompassing design elements and 
safety relationships resulted in over 400 reports and pub-
lications being identified. These ranged from national 
studies, such as the Bureau of Public Roads Study on the 
relationships between accidents and the geometric and 
traffic characteristics of the Interstate System, to research 
efforts associated with thesis requirements for advanced  

education degrees. The scope of •  these research efforts 
varied from a single class of highway facility to multiple 
facilities, and from a single design element to multiple 
elements. The design element and safety relationships 
identified from the literature search are related to a 
specific highway facility and design element/feature. 
Significant findings are discussed in the following sections 
for each major design element. Appendix B contains 
synopses for all significant findings of the literature search. 

Traveled Way - 
The traveled way as defined for this research included: 

(1) number of lanes, (2) lane width, (3) surface cross 
slope, (4) surface type, (5) skid resistance, and (6) sur-
face visibility. 

Number of Lanes 

An increase in the number of lanes on freeways and at 
intersection approaches reduces the accident rate (3, 4, 5). 



Lane Widths 

The accident rate decreases as the lane width increases 
for rural two-lane highways (6, 7, 8, 9, 10, 108, 109, 110). 
Dart and Mann (8) also concluded that the accident rate 
for a 12-ft lane width did not differ significantly from the 
accident rate for an 11-ft lane. Raff (11), Perkins (12), 
and Stohner (13) concluded that there was no discernible 
trend between the accident rate and lane width, or total 
paved surface width. The roadway width for two-lane 
urban arterials was found to be unrelated to the accident 
rate by Gupta and Jam (6), Head (14), and Mulinazzi 
and Michael (15). Wider lane and pavement widths on 
bridges result in lower accident rates at these locations 
according to findings by Jorgensen (16), Gunnerson (17), 
and Raff (11). 

Surface Cross Slope 

For rural two-lane highways, Dart and Mann (8) 
found that the accident rate increases as the pavement 
cross slope decreases or becomes flatter. 

Skid Resistance 

The coefficient of pavement friction is related to the 
accident rate, and particularly to wet-weather accidents 
(19, 20, 21, 22, 23). These studies found that as the co-
efficient of pavement friction increased, the accident rate 
and the percent of wet-weather accidents were reduced. 

Auxiliary Lanes 

Auxiliary lanes included truck climbing lanes, left-turn 
lanes at intersections, and speed transition lanes at inter-
changes. 

Left-Turn Lanes 

The installation of left-t'urn storage lanes at median 
openings and intersections on divided arterials reduces 
the number of rear-end collisions (24). The use of two-
way left-turn lanes in the median of an urban arterial 
reduces accidents, particularly rear-end accidents (25, 26, 
27,28). 

Truck Climbing Lanes 

Glennon (30) develops support for warranting truck 
climbing lanes based on the relationship that the vehicle 
involvement rate in accidents increases as the difference 
between its speed and the average speed increases. A 10-
mph differential is proposed as a standard, because the 
accident involvement rate increases sharply at a 10-mph 
reduction. 

Transition Lanes 

As the length of speed transition lanes at interchanges 
increases, the accident rate is reduced (31, 32). 

Shoulder 

Shoulder surface type and shoulder width accounted 
for most previous research efforts related to shoulders. 

Shoulder Width 

Previous reseajeli has differed on the cffcct of shoulder 
width on the accident rate. Several studies concluded that 
as the shoulder width on rural two-lane highways in-
creases, the accident rate decreases (10, 11, 12; 13, 33, 
34, 35, 36, 37). A few of the studies reported statistical 
significance for intermediate ranges of traffic volume (2,000 
to 5,000 ADT); however, most findings were based on 
reasonable trends. 

Blensly and Head (37, 38) reported that in the 2,000 
to 2,999-ADT range for rural two-lane highways, property 
damage and total accidents showed a significant tendency 
to increase as shoulder width increased. Belmont (39) re-
ported a tendency for injury accident rates to increase 
with paved shoulder width, except at traffic volumes of 
less than 2,000 vpd, where the trend may be reversed. 

Some of these same studies reported that it could not 
be shown that increasing the paved shoulder width con-
tributed to accident reduction on level, tangent two-lane 
highways (11, 12, 36, 38). However, Raff (11) and 
Billion and Stohner (33) developed findings that, as the 
shoulder width is increased on horizontal curves, the 
accident rate is decreased. 

Wider shoulders on bridges or greater lateral clearance 
reduces the accident rate according to two studies (40, 41). 
These findings are based on accident data from the Inter-
state System and freeways. 

Shoulder Surface  Type 

Roadways with paved shoulders have a significantly 
lower accident experience than similar highways having 
unpaved shoulders of the same width (42). This study 
also concluded that a lower accident severity was asso-
ciated with the paved shoulders. 

Median 

Design variables associated with medians include 
median width for traversable medians, type of barrier 
median, and median openings or crossovers. 

Median Width 

The accident and severity rate for the roadway and 
the median decreases as the median width increases (43). 
The cross median accident rate and severity for deterring-
type medians decrease with increasing median widths 
(18, 44, 45). The California median study (44) reported 
that the total accident rate for freeways was unrelated to 
the median width. 

Another study by Cribbins et al. (46) on urban and 
rural multilane divided highways found the median width 
to be unrelated to the total injury and accident rate. 
However, the median width showed significance at the 
0.10 level for specific types of accidents. For example, 
median width was significantly related to accidents in-
volving vehicles hit from the rear after turning through 
median openings. 

The effect of median width on the accident rate at 
divided highway grade intersections was found to be in-
versely proportional to the median width in an Ohio study 
(47). However, an Australian study (48) on urban inter- 
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sections found the median width to be unrelated to the 
accident rate. 

Type of Median Barrier 

Cable-type iiiedian barriers have higher total and fatal 
accident rates than solid beam or concrete types (49). 
Findings from this study of 929 barrier miles on California 
freeways also indicate that the concrete barrier experi-
ences a lower fatal accident rate than the cable or beam 
type. Other studies support the effect of a nontraversable 
median barrier in terms of (1) it decreases the fatal ac-
cident rate, (2) it increases the injury accident rate, (3) 
it increases the property-damage-only accident rate, and 
(4) it increases the total accident rate (50, 51, 52). The 
addition of median barriers as part of urban street im-
provements was shown to reduce the total accident rate 
(53, 54). The presence of antiglare screen as part of the 
median barrier decreases the accident and severity rates 
at certain locations (56, 57). 

Median Openings and Crossovers 

As the number of median openings increases, U-turn 
accidents increase and the total accident and injury ac-
cident rates increase for both rural and urban facilities 
(24, 46, 55). 

Roadside 

Numerous design features are associated with the road-
side. These include slopes, ditches, guardrail, fixed ob-
jects within the right-of-way, frontage roads, and clear 
roadside area. Access control, or the number of access 
points for highway facilities, and the steepness of side 
slopes have been some of the most researched roadside 
items, as well as clear roadside area. 

Slopes and Ditches 

Most of the research on the steepness of side slopes has 
been related to the effect of vehicle occupants through 
modeling techniques, such as the Highway Vehicle Ob-
ject Simulation Model (HVOSM) (58), and has not been 
related to accident experience. Results indicate that 
steeper front or back slopes produce more severe oc-
cupant acceleration when struck (58). Wide trapezoidal 
and rounded ditches are less severe than vee and narrow 
ditches (58). A study by Glennon and Tamburri (59) 
concluded that the accident severity increases as foreslopes 
steepen and embankment heights increase. 

Guardrail 

The Glennon and Tamburri study (59) also concluded 
through the use of accident experience that guardrail is 
justified at (1) bridge rail ends, (2) abutments and piers, 
(3,) steel posts adjacent to the shoulder, and (4) steel 
sign posts in gore areas. The use of guardrail at light 
posts did not appear to be justified. 

Access Control 

As the number of entrances and the intensity of road-
side development increase, the accident rate increases (8,  

11, 34, 60, 61). These findings were applicable to both 
rural and urban highway facilities. Other research related 
to access, such as commercial entrances and intersections, 
concurs in the finding that, as the number of access points 
increase, the total accident and injury accident rates in-
crease (14, 24, 46, 62, 63, 64). 

Clear Roadside Area 

Several studies concluded that the distance a fixed ob-
ject is placed from the edge of pavement is inversely pro-
portional to its probability of being struck by a vehicle. 
Huelke and Gikas (65) summarized three studies con-
cluding that approximately 80 percent of the objects struck 
are 11 to 24 ft from the edge of pavement. 

Vertical Alignment 

Raff (11) concluded that grade on tangents was un-
related to the accident rate for all rural highway facilities. 
This differs from other research that found that, as the 
grade on tangents increases, the accident and severity 
rates also increase (18, 40, 66). This finding was also 
applicable to increasing grades on horizontal curved sec-
tions (40). King and Goldblatt (67) found that the 
presence of large differences in the grades in the approach 
legs of an intersection increases the accident rate. 

Traffic Control 

Traffic control as a design element includes roadway 
lighting, pavement markings, delineators, signs, and 
signals. 

Roadside Lighting 

Two research studies (70, 71) reported no discernible 
relationship between lighting intensity and the total and 
injury accident rates; however, these were based on 
limited data bases. Several other studies of lighting im-
provements on urban freeways and arterials (72, 73, 74, 
75, 76) reported findings that the replacement of poor 
lighting with improved lighting significantly reduces the 
accident and severity rates. 

Pavement Markings 

The placement of edgeline markings on rural two-lane 
highways results in a reduction of fatal and injury ac-
cidents (77, 78). However, these two studies differed on 
the effect of edgelirie marking on the number of persons 
injured and the total number of accidents. An Arizona 
study (79) concluded that neither edgelining nor post 
delineators had any deterrent effect on accident occurrence. 
A study by the Ohio Department of Highways (80) found 
that delineators placed on the outside edge of curves were 
effective in reducing accidents. 

Signs 

Box (81) completed a state-of-the-art survey on the 
relationships of traffic control devices, including signs, to 
highway safety. Findings relative to signs included the 
following: 
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At low-volume, isolated urban intersections and low-
volume, low-speed rural intersections, yield signs were 
effective in reducing accidents. 

If traffic volumes of the approaches are balanced, 
the conversion of two-way stops to four-way stops can 
significantly reduce accidents. 

If traffic volumes of the approaches are unbalanced, 
the conversion of two-way stops to four-way stops can 
result in an increase in accidents. 

Traffic Signals 

The number of traffic signals (and signalized intersec-
tions) per mile of urban arterial was found to be directly 
proportional to the accideflt rate (14, 15, 24, 46). Many 
of the research findings on traffic signal installation and 
operation have been incorporated into the manual on 
Uniform Traffic Control Devices (MUTCD). Research 
by Box (81) summarizes research on traffic signals prior 
to 1970. The following are significant findings from Box's 
efforts as well as others: 

The installation of unwarranted signals at intersec-
tions can result in an increase in accidents, particularly 
rear-end accidents (81, 83). 

The installation and modernization of warranted 
signals, with proper channelization, generally result in a 
reduction in accidents (81, 84, 85). 

The installation of DON'T W.T,K signals for pedes-
trians significantly reduces pedestrian accidents at urban 
intersections (85). 

Flashing beacons have been shown to reduce ac-
cidents, particularly at low-volume intersections (81, 84, 
86). 

As the percent green time on the main road or 
street decreases, the intersection accident rate increases 
(63). 

Special left-turn signal phases have a safety ad-
vantage over signals without special left-turn phases (29, 
81). 

Fully traffic-actuated signals have been shown to 
significantly reduce the rear-end accident rate at signalized 
intersections (81). 

Nighttime full-color operations have been shown to 
be safer than flashing operations (81). 

Right turn allowed on red signal does not intro-
duce a sufficient hazard to not warrant it, even with heavy 
pedestrian traffic (81). 

Logical Safety Relationships 

Logical safety relationships were identified for those 
combinations of design features and highway facilities 
where no relationship had been reported or documented 
from previous studies, but for which logical judgment 
indicated that a relationship should exist. These relation-
ships were then examined carefully to determine their 
validity. In some instances, the basic research on a design 
element had been directed to a particular type of high-
way—and logic indicated the findings would be equally 
applicable to other categories of facilities. Multidisciplin-
ary accident investigation (MDAI) information was used 
as one basis to support the validity of the assumptions. 

A description of these logical relationships, together with 
expected safety results, is given in Appendix C. 

Potential Applications 

The combinations of previously established safety rela-
tionships and logical (verified) relationships resulted in an 
array of design features for various highway facilities to 
be evaluated and assessed relative to their potential for 
cost reduction and safety effectiveness. Table 1 sum-
marizes the established and logical relationships. For es-
tablished relationships, the reference source number (or 
numbers) is shown in parentheses in the appropriate 
square of the matrix. A brief synopsis of each reference 
source is given in Appendix B. For verified logical rela-
tionships, the letter "L" is shown in the matrix and is 
discussed in Appendix C. 

Gross Assessment 

The purpose of the gross assessment was to establish 
a relative priority of importance to the design elements 
identified as having an effect on safety. This assessment 
considered both construction or improvement costs neces-
sary for the design element, as well as accidents that 
could reasonably be associated with the design elements. 

The term "gross" should be clearly understood. Deci-
sions on alternative design practices were investigated that 
reflected probable ranges of geometric configurations, 
ranges of improvement cost increments, and ranges of 
effect on traffic safety—all under the general conditions 
of typical improvement projects. The best available sources 
of information were used for estimating changes in costs 
and changes in accident rates, but the findings must be 
recognized as a gross assessment, without the precision 
that might be expected from analysis of a specific individual 
project. The findings are valid from the standpoint of 
establishing a relative ranking of the most significant study 
areas. The assessment was performed separately by type 
of highway facility and by design feature. 

Several factors were considered for establishing priority 
ranking among types of highway facilities in terms of 
potential cost-effectiveness improvements in safety-related 
design features. For each type of facility, the following 
information was summarized: (1) future highway im-
provement needs, (2) total mileage, (3) daily vehicle 
miles, (4) average number of daily vehicles, and (5) 
accident rates. 

The 1922 National Highway Needs Report (90) and 
the 1974 National Transportation Plan (91) provided 
sources of information for the first four items. These data 
are summarized in Table 2. The particular significance of 
two-lane rural highways stands out clearly. It constitutes 
over 86 percent of the total mileage, carries almost 39 
percent of the traffic, and the estimated future improve-
ment needs amount to about 46 percent of the total. 

Vehicle miles, and particularly the average number of 
daily vehicles, are measures of the gross and average 
vehicular exposure on the highway system. Exposure is a 
very critical factor in cost-effectiveness, cost-benefit, and 
cost-safety-effectiveness analyses. In general, expensive 
improvements (high standards) on low-volume facilities in 
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TABLE 1 

SITMMARY OF RSTARTJSHED AND LOGICAL RELATIONSHIPS 

(AItCORILS 01 hIGHWAY FACILII IES 

(1N(RAL rONTINUOUS NON-CONTINUOUS 

D 	1 n Element Freeways 
Multilane 
Divid 

Multilane 
Uisdvided 

Two- 
lane Structures 

Roilrood 
Highway 

and Features Including Ilsrol Rural Rural tirlxsn and In,cisections Oracle Inter- 

Interstate lbqIaays Hinliways FIshwnys Art.,rials Rridriet (At C,rocle) Crossings changes 

Number of Lanes 3.4 I. 1 

lone Width L I I j' M 
Surface Cross Slope I. I 1 8 1 L I I I 

0 
SurfaceYES 10  

31TTsustc'nce _______ _________ ___   I 19,20,21,27,23 

Surface Visibility 

Number of tones  

Function _________ _________ 2425 56,27,28,29  
V 

Z tone 	'.idtis 
length of Lone __________ __________ __________ __________ ________ __________ ____________ _________ 

1132 30 

> Troosirions ________________  
18  

Thce Cross Slope _____________ 

18  

X Slid Resistance  
Surface Visibility 

10,11,12,13 

wIdth 
18 L 1 

33,34,35,3 
37,38,39 L 40,41 18  

Cross Slope 
V 

L L I L I I 

Surface T'pe 	 ' 18  1. 42 	 1 1 18 18  

Wrz2e 
's 

 

lkt. 	Otleis 
— 

width 
44, 

L 46 18 47,43  

oe I_ t so,5i5 . 53 . 54 _____________  

L 
-- bir Prerc".cc 

t Crossoers 	Cr einos 55 L 6j - 

GTore 	recn 56,57 1 1 

Slopes L I 
I  

L I 
I 

1 1 58.59 

Ditce  _L  I L I L  58 

Access (Entror.ces) 60 
811,34,60, 14,2,46, 

63,64.  

,.. Gundroil L L _L  L ______ 41  59 

Fence  L I L  1 1 1 1  1  

tfrer 30'ricr5 — L I _L  L I L I 	- L 

dIccs i  [  I L I I ______ L 9,65 

O Frontce lood I L I -  I L I L 	. L I 

ePpthwas  
- 

L 

r 

_L 
L.inogTets/ Outlels I. 	. L I I. I I L L 1 

t— Grade on Tanoents 
,,18,40, 

11  11 1 18 67 1 18  

Grrde on Cur'cs 60.66 	—  -  11 ________ 1 

< 

l

u

t

" 

Lengtis of Grcjrie — 	_________ 

e

i 

 L ____________ — ________ L ____________  

S~Z VerticnlCurva?ure _LcnT) I. L 1  L I 

Verticcl Clearcsncc I L L I 6 6 

Tit Distance 	s'ert. & Hori.) 6,11,18, 1 1 1 - - 	I 
34  6 18 18  

16  1 7,11 67 	11 
-'-Vt 

6 18 _J_  
Z1ntthoTCUrvC - L 1 

_ 0? Supersution 69 _________ 1  L 1 

Q 

________ 

_____ 

Transihons TSpu1s) 
_c 

1 I. 1 1 1 I 

L Z,71,77, L L I 74 7 	76 i I 	L 

- Mnr I I I. LL!L12 _L__  
0Liu'stor ____ 1 1 78lJ _L _L _L so 

g(CuhJe, v/arni 	ulat2j, t I I L l _1 lii 82 1 

14, 15,24. 
_Q__-  

- ____- 

Other features 
' 

-Q 

0 Corstinrily I I I L I 

Numbers refer to reference nunlers of espol,Iisled relotlonsfIps, Appersdi* B. 

1." Isa v.rfied IogkriI relationihip. 
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TABLE 2 

ANALYSIS OF RELATED DATA FOR HIGHWAY FACILITIES 1 

Percent of Total 

Daily Average No. 

Highway Vehicle of Daily 

Needs Mileage Miles Vlhicles 

Freeways, including Interstate 11.0 3.9 23.5 12,619 

Multilane Divided Rural Highways 4.3 1.2 2.2 3,770 

Multilane Undivided Rural Highways 2.2 0.5 0.9 3,770 

Twa-lane Rural Highways 46.3 86.3 38.6 938 

Urban Arterials 36.2 8.1 34.8 8,989 

100.0 100.0 100.0 

1." Excludes local roads and urban non-arterial systems 

SOURCE: 	(90) U. S. Department of Transportation 'Port II of the 1972 National Highway Needs Report, 

April 1972. 

(91) U. S. Department of Transportation 1974 National Highway Transportation Plan,' 

July 1975. 

the name of safety and efficient operation are less justifi-
able than on high-volume facilities. On this basis, the lower 
volume, two-lane rural highways would be prime candi-
dates for cost savings without a commensurate loss in 
safety effectiveness. 

Motor vehicle accident rates provide some indication 
of the importance of safety effectiveness to a particular 
facility type. Generally, accident and fatality rates in-
crease as the degree of access control decreases, and high-
way accidents in rural areas are more severe than those in 
urban areas. This is illustrated by the following statistics 
(92): 

Interstate and other access-controlled facilities ex-
perience a lower fatality rate than other highway systems. 
This is illustrated by an examination of fatality rates for 
the Interstate System and all highway systems. In 1968 
and 1973 the respective fatalities on the Interstate System 
per 100 M veh-mi were 2.98 and 2.31, with a steady de-
crease between those years. The respective fatality rates 
for all highway systems for those same years were 5.28 
and 4.21, also with a steady decrease. 

Of the 55,096 fatalities for 1973, 34,862 occurred in 
rural areas and 20,234 occurred in urban areas. The 
fatality rate per 100 M veh-mi was 5.80 in rural areas and 
2.86 in urban places, with an over-all rate of 4.21. 

Accident statistics show the importance of safety-effective-
ness considerations for urban arterials, nonaccess-con-
trolled four-lane rural highways and two-lane rural high-
ways. 

The foregoing statistics also indicate the relative rank-
ing of continuous highway facilities, in terms of their 
potential for cost savings as a result of cost and safety 
effectiveness design considerations as follows: 

Two-lane rural highways. 
Urban arterials.  

Multilane rural highways. 
Freeways. 

The basic criterion for the ranking of design features was 
that there be a potential for cost savings in the design 
of that feature without commensurate adverse effect on 
safety. 

Cost Savings. A first step was to determine the potential 
cost savings for each of the design features having 
identified relationships with safety. Reasonable ranges for 
design geometrics were established as the basis for es-
timating both cost and accident changes with reasonable 
limits. For example, a range of 9 ft to 12 ft was estab-
lished for lane widths. Widths less than 9 ft or greater 
than 12 ft are uncommon and not considered reasonable. 

Similar ranges were established for other design fea-
tures. In some instances, a range was not applicable-the 
alternative was to include or not include a particular 
design feature such as guardrails, signals, etc. 

Estimates were made of typical improvement costs at 
the lower and upper limits of the range of geometric 
standards, and the difference was measured as a per-
centage of the total construction cost of a typical project. 
This percentage reflects the potential cost savings related 
to individual design features. The initial estimates were 
made for a typical two-lane rural highway and the find-
ings were modified to reflect the other types of highway 
facilities. 

The greatest potentials for cost savings were found in 
lane width, shoulder width, and shoulder surface type. 
Many design features (such as cross slope of traveled way 
and superelevation) exhibited little or no cost savings 
potential. 

For many of the alignment features (such as curvature, 
sight distance, grades, height of embankment, etc.), it 
was impractical to establish precise values for each feature 
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because of the complex interrelationships among them. 
These features were considered separately in terms of 
relative significance to safety with cost effects grouped as 
alignment features. 

Safety Ef-Jects. Additional analyses were made of those 
design features having significant potential for cost sav-
ings. The purpose was to determine the effect on traffic 
safety of variations of design features within the estab-
lished range of geometric limits. Following are two 
criteria and assumptions that were used in estimating the 
change in accident rates: 

Highway design element features, either singly or in 
combination, generally contribute to the frequency or 
severity of accidents. Allocating a specific portion of 
safety effectiveness to a feature is at best crude. Simple 
correlations between elements and safety effectiveness 
were employed when they were known. Conflicting re-
search results were weighted and judged in an elementary 
fashion. 

Many of the design element features are surrogate 
measures presenting near impossible allocation problems. 
When overlap existed because of surrogate features, the 
estimated change in accident rate was allocated to the 
feature that was more easily measured and consequently 
more easily controlled by the designer. 

Relative Ranking, A relative ranking of the design 
element features was made, primarily considering the 
potentials for cost savings and the impact on the accident 
rate. Also considered were the frequency with which the 
design element features occur in the average design project 
and the relative importance of safety in a total cost-
effectiveness analysis used to support decisions. 

The following priority groups were established for the 
relative ranking of design element features: 

Priority Group 1—Design element features that 
show the highest potential for cost savings without 
a commensurate loss in safety effectiveness; 
Priority Group 2—Design element features that 
show good potential for cost savings without a 
commensurate loss in safety effectiveness; and 
Priority Group 3—Design element features that 
exhibit less potential for cost savings. 

Each design element feature identified as having a degree 
of cost savings, without a commensurate loss in safety 
effectiveness, was assigned to one of the preceding priority 
groups. 

Separate evaluations by highway facilities and design 
element features were made. In some instances, quantita-
tive values were developed, and this facilitated the priority 
ranking. For other design features, quantitative measures 
could not be established, and it was necessary to use 
judgment in ranking. Table 3 summarizes the relative 
ranking of the design element features by highway 
facilities according to the three identified priority groups. 
Many design features, very important to highway safety, 
were not included in the listing. This should not be 
construed as downgrading their safety consideration. 
Rather, it indicates that these features have less potential 
for significant cost savings in a cost-effectiveness approach 
to highway design. 

RESULTS OF DATA ANALYSES 

Data analyses during Phase II were directed toward 
the effect of lane width, shoulder width, and shoulder 
surface type on accident experience for rural two-lane 
highways. 

Data Bases 

Geometric and accident data from the state highway 
agencies of Maryland, New York, and Washington were 
used as the basis for developing relationships between 
designated design elements and accidents. On receipt of 
the files from each state, selected characteristics for each 
section of highway (shoulder width, shoulder surface type, 
pavement width, terrain, number of lanes, urban or rural 
area, average daily traffic volume, horizontal curvature, 
and accident experience information—number of ac-
cidents, number of property-damage-only accidents, num-
ber of fatal and injury accidents) were extracted. Com-
plete data bases (i.e., merged geometric and accident 
files) were prepared for Maryland, Washington, and New 
York. Road sections containing intersections, railroad 
crossings, and bridges were removed from the data base 
of each state, inasmuch as these features are related to the 
accident rate. This filtering of data bases was done to 
obtain more homogeneity in the data within and between 
the states. 

Cross tabulations and frequency distributions were per-
formed for various combinations of the design element 
variables and traffic characteristics. These included: traffic 
volume groups, terrain type, horizontal curvature, lane 
width, shoulder surface type, shoulder width, and total 
roadway width. Table 4 summarizes the section length 
data and the number of observations available for each 
category of highway in the three state data bases. Each 
section of highway was considered an observation. 

Initial Regression Analyses 

Thirty-six regression models were produced for each 
state using accident rate as the dependent variable and 
36 models with number of accidents as the dependent 
variable. The stratification scheme used in the develop-
ment of these models contained four levels of ADT (0 to 
999; 1,000 to 2,499; 2,500 to 4,999; and 5,000 and 
greater), three levels of curvature (0 deg, greater than 
0 deg to less than or equal to 3 deg, and greater than 3 
deg), and three levels of shoulder surface type (paved, 
unpaved, and no shoulder, including curb if applicable). 

The independent variables used in the accident rate 
models were terrain, pavement width, and shoulder width 
(for models containing paved and unpaved shoulders 
only) and shoulder surface type if both shoulder and curb 
were represented in a particular model category. The 
model based on total accidents contained the same set of 
independent variables listed previously and in addition 
used ADT and section length. 

The over-all R2  values obtained in predicting accident 
rates were quite small, usually less than 0.08. That is, 
most often less than 8 percent of the variance was ex-
plained by the set of independent variables in any of the 
models. In the total accident models, as well, very little 



TABLE 3 

RANKING OF DESIGN ELEMENT FEATURES BY PRIORITY GROUPS 

RURAL HIGHWAYS URBAN HIGHWAYS 

DESIGN ELEMENT FOUR-LANE FOUR-LANE 2,4 and 6 LANE 4 and 6 LANE STRUCTURES 
FEATURE IWO-LANE UNDIVIDED DIVIDED FREEWAY U'JDVIDED ARTERIAL DIVIDED ARTERIAL FREEWAY AND BRIDGES 

lone width 1 1 1 3 1 1 2 2 

Shovlder width 1 1 1 3 1 1 2 2 

Shoulder surface type 1 1 1 3 1 1 2 

Median width N.A. N.A. 2 3 N.A. 2 3 

Median type N.A. N.A. 2 3 N.A. 2 3 

Median barrier type N.A. N.A. 2 3 N.A. 2 3 

Horizontal cjrvoture 2 2 2 3 3 3 

Sight distance 2 2 2 3 3 3 

Access control 2 2 2 N.A. 2 2 N.A. 

Roadsde slope 2 2 2 3 2 2 3 

2 2 2 3 2 

C-ucrdroil 2 2 2 3 2 

Auxiliary tcte 3 3 .3 3 3 3 3 

Fixed objects 3 3 3 3 3 3 3 3 

Barriers 3 3 3 3 3 3 3 3 

Frontage roads 3 3 3 3 

Ligs*ing 3 3 3 3 

Drcinoae inlets/outlets roadside 3 3 3 3 

PRIORITY GROUPS 

Design e!ernent features that show the highest potential for cost savings without a commensurate loss in safety effectiveness. 

Deson e!ernent Ceatures  that show good potential for cost savings without a commensurate loss in safety effectiveness. 

Design eersent features  that exhibit less potential for cost savings. 



13 

of the variance was explained by the set of independent 
variables. As is generally true in such analyses, the R2  
values usually increased as the number of independent 
variables used in the model is incrsed 

A summary of the significant findings from the regres-
sion models for total accidents is given in Table 5. Of 
the total 15 relationships found to be significant at the 95 
percent level, 13 indicated that, as either the pavement 
width or shoulder width increased, the total accidents 
decreased. The other two significant relationships in-
dicated an increase in accidents for increasing widths. (It 
should be noted that these occurred in the extremities of 
the range of ADT groups.) 

The over-all standard error of the model, examined to 
determine the amount of prediction error associated with 
the model, was extremely large in the majority of the 
analyses. This is further evidence that the set of in-
dependent variables is not explaining much of the depen-
dent variable and, therefore, would not be highly reliable in 
predicting total accident or accident rates from a simple 
linear regrssion. 

A supplemental analysis of the Maryland data base was 
performed using the Pearson product-moment coefficients 
to identify key design elements that affect accident fre-
quencies. The results of this analysis supported the find-
ings of linear regression analyses. Although there was 
evidence from the correlation coefficients that the ac-
cident rate decreases with increasing pavement and 
shoulder widths for traffic volumes between 1,000 and 
5,000 vpd, the findings also supported the opposite rela-
tionship for traffic volumes less than 1,000 and greater 
than 5,000. Appendix D presents the complete findings 
of the correlation coefficient analysis. 

The results of the regression analyses suggested that this 
approach was not adequate. Changes in sign of the re-
gression coefficients were commonplace, indicating that 
the model was not explaining the true physical relation-
ship between accident rate and highway geometrics, if one 
existed. These findings indicate that straight lines do not 
effectively explain how accident rates vary across the 
quantitative variables of shoulder and pavement widths 
or across ADT levels. 

TABLE 4 

SECTION LENGTH DATA FOR STATE DATA BASES 
Highway Facility 

Rural Rural Rural Urban 
2-Lane 4-Lane 4-Lane Arterial 

Divided Undivided 

Average Length Miles 

Maryland 0.09 0.38 0.09 0.26 
Washingto, 0.16 0.25 0.20 0.18 
New York 0.42 0.34 0.17 0.28 

Total Length Miles 

Maryland 1,937.58 34.76 6.72 62.99 
Washington 2,010.77 32.77 6.27 228.38 
New York 8,449.89 420.34 131.04 386.10 

Number of Sections 

Maryland 22,018 91 73 247 
Washington 12,336 129 27 1,305 
New York 20,071 1,251 780 1,404 

Assessment of Data Bases 

As the basis for developing a more flexible model, at-
tention was focused on the five study variables of shoulder 
and pavement widths, ADT, degree of curvature, and 
shoulder type. The data bases were aggregated into cells 
defined by categories of the study variables. Accident 
rates and their sampling errors were calculated and ex-
amined. 

After an initial study of New York, Maryland, and 
Washington data, it became obvious that a sparseness of 
certain geometrics occurred for various reasons, such as 
individual state construction practices. In addition, the 
large numbers of possible conditions (6 shoulder widths, 
4 pavement widths, 4 ADT levels, 3 shoulder types and 2 
curvatures) diffused the data so that many estimates of 
accident rates for a given set of conditions were based on 
few road sections. This resulted in estimates with very 
high sampling errors. 

Since the definitions of geometrics and the general data 
storage procedures used by highway authorities in both 

TABLE 5 

SUMMARY OF REGRESSION MODEL COEFFICIENTS (F TEST AT 95 PERCENT 
LEVEL OF SIGNIFICANCE) 

MARYLAND WASHINGTON NEW YORK TOTAL  

PW SW PW SW 9W SW PW SW Total ADT 
GROUPS + - + - + - + - + - + - + - + - + - 

0-1000 1 1 1 
1003-2,500 1 1 2 1 3 2 5 
2,503-5,030 1 1 2 1 1 4 2 6 
5,030+ 1 1 1 1 2 1 2 

TOTAL 1 2 3 1 4 1 1 2 2 7 6 2 13 

TOTAL NUM8ER OF COEFFICIENTS WITH EACH SIGN 

MARYLAND WASHINGTON NEW 'TURK TOTAL  

PW SW PW SW PW SW 9W SW To'aI ADT 
GROUPS - - ± - 

0-i000 9 0 3 3 3 3 3 1 0 5 2 2 12 8 8 6 20 14 
1,000-2,500 4 5 2 4 0 6 1 3 2 6 2 4 6 17 5 11 11 28 
2,503-5,033 3 6 0 6 2 4 1 3 1 6 2 3 6 16 3 12 9 28 
5,003+ 6 3 2 4 4 1 2 2 4 2 3 1 14 6 7 7 21 13 

TOTAL 22 14 7 17 9 14 7 9 7 19 9 10 38 47 23 36 61 83 
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Washington and Maryland were similar, it was feasible 
to combine these two states into a larger base from which 
more stable estimates could be made. As a result of the 
preliminary analyses, it became obvious that property-
damage-only accidents for New York had not been re-
ported to the same extent as the other data base states. 
The percent property-damage-only accidents was ap-
proximately half that reported by the other states. There-
fore, only the Maryland-Washington data base was used 
in subsequent analyses. 

The individual state data base files and the combined 
Maryland-Washington files were analyzed for highway 
sections having homogeneous geometric and traffic volume 
characteristics. The following information was obtained 
for various combinations of traffic volume groups, hori-
zontal curvature, pavement width, shoulder width, and 
shoulder surface type: accident rate, number of roadway 
sections, accident rate standard deviation, upper confidence 
interval for accident rate, lower confidence interval for 
accident rate, property damage only fraction (PDOF), 
standard deviation of PDOF, total accidents, total miles, 
and total vehicle miles. 

These preliminary analyses took the form of tables and 
graphs, examples of which are given in Tables 6 and 7 and 
Figure 1. In Table 6, showing typical accident rates for the 
Maryland-Washington combined file, there are 24 cells 
(one for each of 6 shoulder widths and each of 4 pavement 
widths). Each cell contains five elements as indicated in 
the upper left-hand corner: accident rate, N (the number 
of road sections), standard deviation of accident rate, and 
upper/lower 95 percent confidence interval end points. 
This 24-cell pattern was reported for all combinations of 
shoulder type, ADT range, and horizontal curvature. 
Table 7 follows the same format, but the cells contain 
different data: PDOF (the fraction of accidents that were 
property damage only), N (the number of road sections), 
the sampling error of PDOF, the total number of accidents 
on these sections, the total length of these sections, and the 
total vehicle miles on these sections (total miles X ADT). 
The accident rates of Table 6 were also graphed as shown 
in Figure 1. The graphs indicate rate as a function of 
shoulder width. Up to four sets of points (one for each 
pavement width) are depicted, each denoted by a different 
symbol. 

Examination of the tabulated and graphed data suggested 
several points of interest. First, it was apparent that the 
sampling errors for a number of the cells are fairly large. 
(Coefficients of variation as large as 1 can be found.) 
Second, while the accident rates do not appear to vary 
linearly with the independent variables (i.e., they do not 
fall on a straight line), they do appear to vary in a mono-
tone way (i.e., continually increase or continually decrease 
as an independent variable increases). Although these 
monotonic trends are not consistent with the linear approxi-
mations tested earlier in the research, they show that some 
measurable relationships might still exist. Finally, more 
than half of the cells were empty, necessitating a collective 
analysis rather than independent analyses on each subset of 
the data. 

Additional analyses were made of these data summaries  

to determine whether or not they were in general accord 
with previous research findings and, more importantly, 
whether the trends and indications were reasonable. Figure 
2 illustrates the generally decreasing accident rate for 
increasing traffic volume groups and the higher accident 
rates associated with roadway sections having unpaved or 
no shoulders. This figure represents the data from two 
states, but other states portray the same trends. These 
findings are in agreement with other research efforts in 
this area. They also appear to be reasonable, since road-
ways with higher traffic volumes frequently have wider 
lane widths, wider shoulders, and also paved shoulders—
design features conjectured to be associated with safer 
roads. 

The General Linear Hypothesis 

The foregoing observations suggested an analytical ap-
proach that would (to the extent that the data could) pro-
vide guidance to the highway designer or, engineer in de-
fining design element/accident relationships. This ap-
proach, smoothing by way of the general linear hypothesis, 
incorporates several desirable features. First, the relation-
ship between accident rate and the study variables is not 
assumed (as was done in the regression analyses) to be of 
the regression form: rate = constant1  + constant2  X varia-
ble. The approach instead provides a measure of accident 
rate change across the levels of a study variable. The result 
of this approach is a statement, such as increasing the 
pavement width from 18, or less, ft to 19 to 20 ft decreases 
the base accident rate by X percent (for a given set of 
conditions; ADT, curvature etc.). Second, the general 
linear hypothesis can incorporate unequal sampling errors 
associated with individual cells in the estimation of effects. 
In this way, more variable rates estimates are given less 
weight in determining the effect of the geometries on 
accident rate. Third, the approach provides a straight-
forward objective method for smoothing the raw estimates 
and interpolating estimates to geometric configurations 
for which no data were available (i.e., the empty cells). A 
detailed description of this procedure is given in Appen-
dix D. 

The use of the general linear hypothesis with dummy 
variables, in place of the simple linear regressions tried at 
the outset of the project, lends a greater generality to 
describing the relation between accident rates and geo-
metrics. This'generality is obtained at the expense of a 
more complicated description. Instead of estimating one 
regression coefficient to multiply shoulder width by, a 
separate effect is needed for each category of width. Thus, 
in place of three coefficients to describe the quantitative 
variables of shoulder widths, pavement width, and ADT, 
14 estimated effects (6 shoulder widths, 4 pavement widths, 
and 4 ADT's are needed). To allow for interactions further 
increases the complexity. A simple linear regression inter-
action can be estimated for shoulder width and ADT, for 
example, by including their product in the model. Only 
one coefficient results. Using the more flexible approach 
requires that 24 (6 X 4) effects be estimated. 

The primary objective of these data analyses is to quan-
tify the effect on the accident rate of increasing or decreas-
ing the pavement or shoulder width or by using unpaved 
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ACCIDENT RATE STATISTICS FOR MARYLAND AND WASHINGTON COMBINED 
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or paved shoulder surface types. Because accident rates 
for a given geometric design vary from state to state, it 
seems more appropriate to develop multiplicative (as op-
posed to additive) factors that will modify a base condition 
(fixed geometrics) to reflect conditions for a state's par-
ticular highway environment. In this way, it is assumed 
that a given reduction in shoulder width will change the 

base rate by a certain percentage, rather than by a fixed 
increment or decrement in accident rate. 

The general linear hypothesis can produce such multi-
plicative constants easily. It is only necessary to analyze 
the log accident rate, determine "additive effects" for it, 
and then take antilogs. The effects then become multipli-
cative for the actual rate. In the simplest case, 
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Figure 1. Accident rate versus shoulder and pavement widths. 
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log r=+c+error 	 (1) 

where a.i  indicates the change in log accident rate associated 
with the ith  shoulder width category and p is the base log 
accident rate. In this situation, taking antilogs yields a 
multiplicative factor of 

r = e,s e 	error 	 (2) 

r1 = 1 	 (3) 

where 1A is now the base accident rate and a j  is a percentage 
change in the base rate for the ith  shoulder width category. 
The estimated effects and smoothed values that were ob-
tained were based on log accident rates. 

The most general model would include estimates of the 
main effect of each factor, as well as all possible inter-
actions between them. An interaction effect between 
shoulder width and ADT, for example, suggests that the 
percentage change in the base rate on roads with 10-ft 
shoulders to roads with 7- to 8-ft shoulders is different for 
each ADT level. The results of these analyses suggested 
that such interactions do not account for much of the 
variation in rates and can be ignored. In the resulting 
smoothed estimates, accident rates are predicted by multi-
plying a base rate by five factors, each indicating the level 
of a control variable. 

Tables 8 and 9 give the smoothed accident rates for the 
Maryland-Washington data base and the two horizontal  

curvature groups for the 1,000 to 2,499 ADT and varying 
shoulder widths. Table 10 presents the same information 
for the "no shoulder" category. Similar tabulations were 
prepared for the other ADT groups and are provided in 
Appendix E. Although the New York data base was not 
usd in developing the final relationship, the smoothed 
accident rates and sampling errors are presented in Ap-
pendix B. 

Generally, the estimated effects agree with engineering 
intuition. One instance where this was not so was for 
pavement width, where a general reduction in rate with in-
creasing width was interrupted by an upswing in rate for 
the 24-ft pavement category. A second example associated 
with shoulder width was of a similar nature. Again, a 
reduction of rate from 1- to 2-ft shoulder widths to 9, or 
more, ft was observed. The zero shoulder width category, 
however, showed a particularly low rate not in agreement 
with the others. (This result suggests problems with the 
state data files, inasmuch as some road sections were coded 
as having a shoulder type of "no shoulder" and a positive 
shoulder width was coded). 

Sampling Error and Statistical Significance 

When using mathematical models constructed from 
sample data, the estimated effects must be viewed in light 
of their sampling errors and, thus, their statistical sig-
nificance. In both of the assembled data bases, coefficients 
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TABLE 8 

MARYLAND-WASHINGTON COMBINED SMOOTHED 
ACCIDENT RATE-LESS THAN THREE DEGREES 
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3Ji_LDERT(PE;UNFRMED 	ROT RRNUE; 	1000-2499 	HURIO. C)jRiOf: 

PRUEMEHI WIDTH 

ROE F:RTE 18 ftP LETT 	19-20 	21-2823 OR MOPE 

sHOULDER 

 

WIDTH ------------- ---------------------- --- --------- 

1-2 FT 2.15 	1.51. 	1.77  

1.79 	1.56 	1"1 	1.59 

1. 	1.38 	1.25 	1.40 

Sr 	7.Cfl 1..5 	1.27 	1.12 

S OP MOPE FT 1.37 	1.21 

All Pavement and Shoulder Widths 
Less Than 30  Curvature 

TRAFFIC VOLUME GROUP 

Figure 2. Accident rates by traffic  volume groups. 
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of variation as high as 1 can be found (i.e., the sampling 
error was about as large as the estimated rate). Few 
coefficients of variation were less than 0.1, suggesting that 
true differences in rates tiiay be difficult to detect with the 
sample sizes that were available from the state records. 
Thus, although the effects obtained with the multiplicative 
model were measurable, their precision is poor. In such a 
situation, it is not clear as to whether the differences are 
real or are merely statistical artifacts. 

Appendix E displays the sampling errors for the 
smoothed accident rates for the Maryland-Washington data 
base. Generally, the smoothed estimates have coefficients 
of variation in the neighborhood of 20 percent. The rates 
for the no-shoulder condition have somewhat less precision. 
(This is comforting, because the estimated values are lower 
than might be expected.) The important aspect of the 
errors deals with the comparison of rates. Because it is the 
change in rates across geometric conditions that is being 
evaluated, it is in this capacity that the rates should be 
examined. 

Using the Maryland-Washington smoothed rates for 
paved shoulders and horizontal curvature less than 3 deg, 
values of 1.69 and 0.96 can be found for the 1- to 2-ft 
shoulder, 18-, or less, ft pavement; and 9-, or more, ft 
shoulder, 23-, or more, ft pavement. The difference in rate 
of 0.73 accidentR per M vh-mi muRt be compared to its 
sampling error to determine its statistical significance. 
This is found from the two errors of 0.17 and 0.08, given 

in Appendix E, as V0.172  + 0.082 = 0.19 since the vari-
ance of the difference of two independent random quanti-
ties is the sum of their individual variances. A difference 
of 0.73 is statistically significant in light of a sampling error 
of 0.19. A more informed statement is to say that, with 95 
percent confidence, the difference between acident rates 
for these two sets of conditions is 0.73 ± 1.94 X 0.19 (i.e., 
somewhere between 0.36 and 1.10). 

TABLE 10 

MARYLAND-WASHINGTON COMBINED SMOOTHED 
ACCIDENT RATE—NO SHOULDER 

SHOULDER TYPE: No Shoolder 	SHOULDER WIDTH: OFt. Florleorilol Cerve < 3  

PF')EMENT t.IT  0TH 

TOO FATE 	1:3 OP LESS. 	13-53 	31-52' 	33  'T IOPE 

POT FF1105 -------------------------------------------------- 

	

3.37 	3.15 	3.41 

1300-5499 	 1.79 	1.52 	1.43 

83 333R 	 1.11 	.82 	1.53 	.71 

SHOULDER TYPE: NO SHOULDER 	SHOULDER WIDTH: 0 Ft. Horizontol Curve>3 

F'AI..EtEIiT NIOTH 

000 PATE 	1:3 OR LETW 	19-20 	21-22 	22: OP I11
-;F'E 

ROT F:RIIOE 

3.29 	2.74 	2.4:3 	3.77 

2.i39, 	1.23' 	1.65 	1:35 

5.339 	1.51 	1.3.7 

89 lOPE 	 2.25 	1. 	1.75 	1.97 

The results obtained by the general linear hypothesis 
represent generally predicted relationships, although there 
were some inconsistencies. The precision of the smoothed 
rates was estimated by use of the sampling errors of the 
input data and tended to show larger coefficients of varia-
tion for those groups of inconsistent rates. 

CHAPTER THREE 

INTERPRETATtON AND APPLICATION 

The purpose of this study was clearly defined earlier as 
"an optimization of geometric design standards for highway 
facilities, both urban and rural, that reflects a regard for 
economy without sacrificing traffic safety." Methodology 
was to be developed that would permit designs to be 
tailored for each individual project through cost-effective-
ness evaluations. This is a radical departure from the 
general practice of rigidly following established design 
standards. And it differs from the objective of typical 
safety research projects, whereby the goal is to maximize 
the safety effects of an individual design element or project. 

DESIGN ELEMENT SAFETY RELATIONSHIPS 

The bases for developing design element accident rela-
tionships consist of two sources: (1) previous research, and 
(2) data analyses performed as part of this research. This 
section addresses the safety relationships for pavement 
width, shoulder width, and shoulder surface type. 

Previous Research 

The effects of pavement width, shoulder width, and 
shoulder surface type have been the focus of numerous 
studies, as discussed in Chapter Two. Typically, those 
studies were designed and conducted in a broader context 



than NCHRP Project 3-25. The findings were reported for 
ranges of pavement and shoulder widths, which make 
quantification into absolute values for design purposes 
impractical. The major significance and value of the 
previous research efforts is that they provide credibility and 
support to the findings of this study. This is particularly 
important when statistical significance cannot be developed, 
as is the situation in the findings of this project. Neverthe-
less, when similar findings, including apparent inconsist-
encies, are obtained from several independent sources, the 
validity of the findings is strengthened. 

Although quantified numerics were not developed for 
previous research findings of pavement width, shoulder 
width, and shoulder surface type, the effect of these 
geometrics on the accident experience for rural two-lane 
highways has been validated. How these findings relate to 
the results of this project will be demonstrated in the 
following. 

Pavement Lane Width 

Pavement width has a relatively small effect on the 
accident rate, particularly for highways having traffic 
volumes of less than 1,000 or more than 5,000 vpd. 

The accident rate decreases as the pavement/lane 
width increases up to an 11-ft lane and then remains fairly 
cuiistaiit. 

Shoulder Width/Surface Type 

The accident rate for roadways with paved shoulders 
is lower than for roadways with unpaved shoulders of the 
same width. 

As the shoulder width increases, the accident rate 
decreases for both tangent and horizontal curved sections 
of highway. 

For selected traffic volume groups, generally less than 
1,000 or greater than 5,000 vpd, there is a tendency for the 
accident rate to increase as the shoulder width increases. 

Shoulder width has a greater effect on the accident 
rate than pavement/lane width. 

Although there is not unanimity in these findings, they 
represent the over-all consensus of previous reséàrch efforts 
on the design elements of pavement width, shoulder width, 
and shoulder surface type. 

Data Analyses and Quantification 

The design element accident relationships developed as 
part of the data analyses were based on the combined data 
base of Maryland and Washington. The smoothed accident 
rates presented in Appendix E by ADT group and degree 
of horizontal curvature represent values for only this data 
base. These values are meaningless to any other agency, 
unless by chance they happened to have similar accident 
reporting experience and environmental characteristics. 
Therefore, several steps are necessary before the results of 
this study can be used by a state highway agency in a cost-
effectiveness design methodology. These steps include the 
following: 

Determine the percent increase in accident rate for 
incremental reductions in pavement and shoulder geO- 
metrics. 	 - 

Determine percent of property-damage-only (PDO) 
accidents—aôcounting for accident seventies—by the in-
cremental geometrics. 

Establish base accident rates, for roadway sections 
having pavement and shoulder geometrics for 'a maximum 
design, 24-ft pavement with 10-ftshoulders. 

Steps 1 and 2 represent the results of the analyses to 
quantify the safety effect of reducing the pavement and 
shoulder geometrics and are presented in this report as 
accident rate adjustment factors to be applied to the base 
accident rates of each state. Step 3 must be performed by 
'each highway agency prior to using the cost-effectiveness 
methodology. 

Effect of Incremental Designs 

The effect of varying the pavement and shoulder geo-
metrics was calculated for the data base states and is pre-
sented as accident rate values in Appendix E. In order 
to apply these established relationships for pavement width, 
shoulder width, and shoulder surface type to other states' 
data bases, it is necessary to express the relationships in 
terms of a common base. This can be done by selecting a 
maximum design combinatiori of pavement width and 
shoulder width. On the basis of current design practiëe, 
this would be a 24-ft pavement and 10-ft shoulders for 
rural two-lane highways. 

The accident rate adjustment for the maximum design 
selected is expressed as unity, or 1.00. Accident rates for 
design combinations less than the maximum are expressed 
as an increment of the rate for the maximum design. For 
example, assume that the accident rate for a 24-ft pave-
ment, 10-ft shoulder is 1.50 accidents per M veh-mi and the 
accident rate for a similar roadway of 20-ft pavement, 4-ft 
shoulder is 3.00. The incremental increase in accident rate 
for the lower design category is expressed as 2.00, or twice 
the rate for the maximum design. After this has been done 
for all incremental designs of pavement and shoulder 
widths, a table of incremental adjustment factors can be 
applied to the base accident rate, 24-ft pavement, 10-ft 
shoulder, of any agency. Base accident rates must be 
established for each traffic volume group, for degree of 
horizontal curvature, and for paved and unpaved shoulders. 

The smoothed accident rates developed from the general 
linear hypothesis will be the accident rates used to establish 
the incremental adjustment factors. Table 11 presents the 
smoothed accident rates for the Maryland-Washington data 
base and the design category of 1,000 to 2,499 ADT and 
less than 3-deg horizontal curvature. Separate values have 
been developed for paved and unpaved shoulders. As 
shdwn in this Table, the smoothed accident rate for a 24-ft 
pavement is higher than the rate for a 22-ft pavement. 
Although this is inc6nsistent with the expectation of the 
effect of increased pavement width, it is consistent with the 
research findings that showed this effect and with those 
that showed no measurable safety improvement between 
the two pavement widths. 
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Since the over-all trend was for lower accident rates to 
be associated with the higher pavement widths, it does not 
appear reasonable to use the smoothed accident rate for the 
24-ft pavement that shows a higher accident rate than the 
22-ft pavement. Therefore, an average value for the 22-
and 24-ft pavements was used as the base rate in calcu-
lating the incremental adjustment factors. This has the 
additional effect of conservatism in estimating the geo-
metric effects on safety. 

Table 12 gives the smoothed accident rates for the no-
shoulder design category. For the 1,000 to 2,499 ADT 
group, less than 3-deg horizontal curvature and 18-ft 
pavement, the accident rate is 1.79 accidents per M veh-mi. 
This value is lower than the comparable facility with 2-ft 
unpaved shoulders with a rate of 2.16 accidents per M 
veh-mi. Is this to be interpreted as saying an 18-ft pave-
ment with no shoulders is safer than an 18-ft pavement 
with 2-ft unpaved shoulders? As discussed in Chapter Two, 
the "no shoulder" category had larger sampling errors 
than the paved and unpaved shoulder categories. This 
indicates that a confidence interval for the "no shoulder" 
smoothed accident rates would be wider. Therefore, the 
accident rate that will be used in calculating the incre-
mental adjustment factors for "no shoulders" will be the 
same rate as for 2-ft shoulders. Again, this interjects a 
degree of conservatism in the adjustment factors for the 
no-shoulder facilities. 

The resulting adjustment factors, based on the Maryland-
Washington data base, for rural two-lane highways are 
given in Table 13 and Figure 3. These factors remain 
constant for all traffic volume groups and degree of hori-
zontal curvature category because of the criteria used in the 
linear hypothesis smoothing process. This dOes not indicate 
that the accident rate is the same for an identical increment 

- 

of pavement width between two traffic volume groups—it 
is just that the percent increase is the same. The actual 
incremental value for the accident rate will be based on the 
base rate (24-ft pavement, 10-ft shoulders) for that traffic 
volume group and category of horizontal curvature. 

Because the preceding relationships were based on the 
data bases from only two states, a validation test was per-
formed to assure their applicability to other states. The 
design element safety relationships given in Table 13 were 
used to estimate accident frequencies on a group of road-
way sections in Alabama for which actual accident data 
were available. The results indicated that 85 percent of 
the actual averaged accident rate were explained by the 
design element safety relationships from Table 13. This 
high degree of correlation between estimated and actual 
accident rates further supports the validity of the relation-
ships. Complete results of this test are given in Appendix F. 

Accident Severity 

Three accident severity classifications are typically asso-
ciated with traffic accidents. These are fatal accidents, 
nonfatal injury accidents, and property-damage-only acci-
dents. Ideally, it would be best to have the capability to 
predict the number of accidents within each severity 
classification for a roadway section with specific design 
features. This would reqOire the development of separate 
relationships for each severity classification for each cate-
gory of pavement width, shoulder width, and shoulder 
surface type. 

Although the preceding is the optimum, ,atal accidents 
do not lend themselves to the development of such relation-
ships. First, they are relatively small in number, thus 
prohibiting the size of sample necessary for establishing 
statistically valid relationships. Second, over 50 percent of 
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TABLE 12 

MARYLAND-WASHINGTON COMBINED SMOOTHED 
ACCIDENT RATES-NO SHOULDER 

SHOULDER WIDTH: OFt. Horizontol Corve <3 

PAt EFIEIIT III 0TH 

41:0 FATE 1:1' 'JR LESS 13-28 81-22 	32 	7 IEEE 

POT F:AFIGE 

2.37 5.15 	2.41 

1005-24P9 1.79 1.5:3 1.43 	1.65 

1.81 1.613 1.45 	.62 

F:CF.E 1.31 .5 1.53 

SHOULDER TYPE: NO SHOULDER SHOULDER WIDTH, 0 Ft. 	Horizontol Curve>3 

FtRFEtENT WIDTH 

900 FATE 15: OF.: LESS 19-25 21-22 	2.3 CF NOPE 

POT PITItCE 

2.74 2.48 	2.77 

1.65 	1. 

8.5:3 1.84 1.47 	1.87 

5058 CF MOPE 3.2(1 1.95 1.74 	1.97 

SHOULDER WIDTH (FEET) 

Figure 3. Percent accident rate increase from base rate.  

TABLE 13 

ACCIDENT RATE ADJUSTMENT FACTORS 1  (RURAL 
2-LANE HIGHWAYS) 

Shoulder Width 
Pavement Width (Feet) 

18 or Less 	20 	22 24 

0-2 1.85 1.64 1.57 1.57 

3-4 1.51 1.34 1.29 1,29 

5-6 1.34 1.18 1.14 1.14 

7-8 1.20 1.06 1.02 1.02 

9-10 1.18 1.04 1.00 1.00 

1/ 	........... -- 
easea on tvtarylana-vvasnlngron UOTO Dale. 

fatalities are directly attributable to alcohol involvement 
and other nonroadway-related factors, such as seatbelt use. 
Even though the roadway design might contribute to these 
accidents, their occurrence on well-designed, extremely 
safe roadways could adversely influence the results, or at 
least diminish the meaning of the results. Finally, the 
difference between an "injury accident" and a "fatality 
accident" is often a matter of inches. seconds of ambulance 
arrival time, medical care after removal from the scene, 
age and health of the driver, and a whole host of other 
"chance" factors. This has been recognized for some 
time, and it was summarized by the Federal Highway 
Administration (FHWA PPM 21-16, March 7, 1976) as 
follows: 

Because fatality figures are often small and a matter 
of chance, the state may prefer to combine fatality 
and injury totals to play down the possibility of select-
ing an improvement project on the basis of chance. 

The accident data analyses provided information on the 
percent property-damage-only accidents for each traffic 
volume group, horizontal curvature category, and each 
increment of pavement width, shoulder width, and shoulder 
surface. type. There was no apparent relationships between 
either lane width or shoulder width. Therefore, it was 
decided to express the property-damage-only estimate as a 
function of ADT, curvature, and shoulder surface type. 
Table 14 illustrates the percent property-damage-only 
accidents for these categories. As shown in Table 14, there 
is a tendency for the percent property-damage-only acci-
dents to be lower for the horizontal curvature category of 
3 deg and greater. That is, these sections have a greater 
percentage of injury and fatality accidents and are more 
hazardous than the noncurved sections of highway. 

Because of the small difference in fractional property-
damage-only accidents, FPDO, between traffic volume 
groups, the adjustment factors for FPDO were developed 
as a function of curvature and shoulder surface type. A 
base FPDO rate as a function of ADT serves as the base 
value to which these adjustments are added. The following 
formula is used: 

FPDO = BFPDO + PDOADJ 	(4) 
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where BFPDO is the base PDO rate as a function of ADT, 
and PDOADJ is an adjustment factor, which is a function 
of both shoulder surface type/existence and curvature. 

The adjustment factors for curvature and shoulder sur-
face type were developed independently, using the Mary-
land-Washington data base. Table 15 shows the number of 
property-damage-only and total accidents used in deter-
mining the adjustment factors Considering first the curva-
ture, the following results are obtained: 

Weighted Adjustment 
Curvature 	Average FPDO from Average 
<3 deg 	 0.5656 + 0.016 
~: 3 deg 	 0.5332 - 0.016 

Average 	 0.5494 

Considering the three shoulder type categories similarly 
yields the following: 

Shoulder Weighted Average Adjustment from 
Type FPDO Average 

None 0.572 + 0.010 
Unpaved 0.556 - 0.006 
Paved 0.558 - 0.004 

Average 	 0.562 

A single adjustment factor is obtained by summing the 
two separate values for curvature and shoulder surface 
type category. Table 16 shows the resulting FPDO adjust-
ment factors. These adjustment values are to be used in 
conjunction with FPDO base values developed from each 
agency's own accident data. For example, if the base rate 
was 0.545 and ADT 1,200, with curvature greater than 3 
deg and an unpaved shoulder surface, 

FPDO = BFPDO + PDOADJ 	(5) 

would become 

FPDO = 0.545 + (- 0.022) = 0.523 (6) 

The value of the base fractional property-damage-only 
base, BFPDO, is obtained from a state's accident records. 
It is calculated as the weighted average of all PDO acci-
dents for rural two-lane highways by traffic volume group. 
Table 17 giyes the values obtained from the Maryland-
Washington data base. These are shown for illustrative 
purposes only, as each state should replace these with its 
own estimate for the appropriate traffic volume group. 

The final step in accounting for accident severity involves 
determining the ratio of injury accidents to fatal accidents. 
Because fatality accidents are rare in comparison with 
nonfatal accidents, it is not possible to correlate injury/ 
fatality ratios with specific roadway geometries. To obtain 
a pattern as to the relative number of fatality accidents with 
respect to injury accidents, it is necessary to classify the 
roadway system in rather broad categories. For example, 
probably the broadest classification meaningful in deter-
mining injury/fatality ratios is the urban/rural breakdown. 
Data from several sources indicate that the severity of any 
given accident in a rural area is generally higher than in 

TABLE 14 

PERCENT PROPERTY-DAMAGE-ONLY ACCIDENTS 
(MARYLAND-WASHINGTON DATA BASE 2-LANE 
RURAL HIGHWAYS) 

ADT GROUP CURVATURE 

SHOULDER TYPE 

NONE 	UNPAVED 	PAVED 

0 - 999 Less than 3 degrees 57.4 56.7 53.4 

3 degrees and greater 42.9 52.4 52.7 

1,000 - 2,499 Less than 3 degrees 55.1 54.2 59.0 

3 degrees and greater 45.2 51.1 53.6 

2,500 - 4,999 Less than 3 degrees 60.5 58.0 53.4 

3 degrees and greater 62.5 56.3 58.8 

5,000 and Greater Less than 3 degrees 63.3 57.9 56.7 

3 degrees and greater 37.5 53.4 52.2 

TABLE 15 

PROPERTY DAMAGE AND TOTAL ACCIDENTS 
(MARYLAND-WASHINGTON DATA BASE, 2-LANE 
RURAL HIGHWAYS) 

ACCIDENT TYPE CURVATURE 

SHOULDER TYPE 

TOTAL NONE UNPAVED PAVED 

Preperty Damage 
Only 

Less than 3 degrees 321 1,170 608 2,099 

3 degrees and greater 44 301 185 530 

ALL 
Less than 3 degrees 547 2,078 1,086 3,711 

3 degrees and greater 91 567 336 994 

TABLE 16 

FRACTIONAL PROPERTY DAMAGE ONLY 
ADJUSTMENTS 

CURVATURE 

SHOULDER SURFACE TYPE 

UNPAVED PAVED 

Less than 3 degrees 

3 degrees and greater 

0.010 

-0.022 

0.012 

-0.020 

TABLE 17 

FRACTIONAL PROPERTY DAMAGE ONLY 
RATES—MARYLAND-WASHINGTON DATA 
BASE 

TRAFFIC VOLUME GROUP  

0 - 999 1000 - 2499 2500 - 4999 
5000 and 

1 	Greater 

0.553 0.545 0.570 0.571 
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an urban area. For example, data from one state indicate 
that the injury/fatality ratio was 10.8 in rural areas, 
whereas it was 47.7 in urban areas. This significant differ-
ence must be considered when estimating the ratio for the 
new roadway under design. As a minimum, each state 
should determine the injury/fatality ratio for rural two-
lane highways in its state. It is also desirable to develop 
this ratio by the applicable traffic volume groups. 

Base Accident Rates 

Base accident rates must be determined for the appro-
priate traffic volume group, horizontal curvature category, 
and shoulder surface type. This is the accident rate for the 
maximum design to be used in each of these subdivisions. 
In most cases, this design will be a 24-ft pavement with 
10-ft shoulders, although a state may elect to use a different 
maximum for selected traffic volume groups. The state's 
accident records are used to calculate the base accident 
rate for roadway sections with the selected pavement and 
shoulder widths according to ADT, curvature, and shoulder 
surface type subdivisions. Table 18 illustrates the base 
rates obtained from the Maryland-Washington data base. 

DESIGN USER MANUAL 

Implementation of the design element accident relation-
shiidentifiedduiing this researchrequires that - the :rela  
tionships be incorporated into a cost-effectiveness method-
ology suitable for use in the design process. The applica-
tion and use of the methodology must be clearly set forth 
so that the typical user will readily be able to understand 
the concepts and procedures involved with a cost-effective 
highway design process. A Users Manual has been devel-
oped for this purpose and is presented in Appendix I. 

Use of Manual 

The Users Manual presents the methodology for "tailor-
ing" designs for individual projects rather than developing 

TABLE 18 

BASE ACCIDENT RATES MARYLAND-WASHINGTON 
DATA BASE (2-LANE RURAL HIGHWAYS, 24-FT 
PAVEMENT, 10-FT SHOULDERS) 

ADI GROUP CURVATURE 

SHOULDER rs'PE 

UNPAVED 	PAVED 

0 - 999 Less than 3 degrees 1.85 1.44 

3 degrees and greater 2.13 1.66 

1,000 - 2,499 Less than 3 degrees 1.23 0.96 

3 degrees and greater 1.42 1.11 

2,500 - 4,999 Less than 3 degrees 1.24 0'.97 

3 degrees and greater 1.43 1.12 

5,000 and greater Less than 3 degrees 1.31 1.03 

3 degrees and greater 1.51 1.18 

designs through the application of fixed design standards. 
Tailoring is limited to considering the impact of variations 
in the pavement width, shoulder width, and shoulder 
surface type on safety. It does not affect decisions related 
to highway capacity, vehicle characteristics, or other similar 
design considerations. 

There are four major phases associated with the cost-
effectiveness methodology: 

Phase 1—Determine construction costs 
Phase 2—Determine accident costs. 
Phase 3—Determine candidate designs. 
Phase 4—Select final design. 

As shown in Figure 4, the first two phases of developing 
construction and accident costs can be performed con-
currently and independently of each other. The last two 
phases must be performed in the sequence shown and after 
construction and accident costs have been developed. 

Phase 1—Determine Construction Cost 

Estimated construction costs must be developed for each 
alternative to be considered during the design process. 
These costs are estimated for each project and take into 
consideration all of the variables currently considered in 
estimating project construction costs. The cost-effectiveness 
design methodology does not change any procedures cur-
fëñtliéd in estirnatinQ &onstruction-Eb-sts, but is inold 
only when some costs are developed and in the manner in 
which they are summarized. 

Because the cost-effectiveness methodology is used to 
select the most cost-safety-effective combination of pave-
ment width, shoulder width, and type of shoulder, estimated 
construction costs must be developed before the values for 
these design elements can be finalized. Therefore, esti- 
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Figure 4. Cost-e/jectiveness methodology. 
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mated costs will be developed for a range of potential 
design alternatives. Accuracy in total project costs, or 
costs per mile, is not as critical as the difference in costs 
between two pavement widths or shoulder widths. It is die 
difference in costs between two alternatives that affects the 
results of the cost-effectiveness analysis. For each project 
the following costs are to be developed: 

- 1. Basic construction cost, excluding pavement and 
shoulder. 

Pavement costs. 
Unpaved shoulder costs. 
Paved shoulder costs. 

Incremental construction costs are then determined for 
pavement width, paved shoulder width, and unpaved 
shoulder width. Incremental costs for pavement and 
shoulder widths are the additional costs, over and above 
the minimum design, required to add 1 ft of pavement 
and shoulder, respectively. 

Phase 2-Determine Accident Costs 

Accidents and associated costs are estimated for each 
design alternative under consideration. The following 
steps are involved: 

Estimate total annual accident frequency. 
Estimate accident seventies. 
Select unit accident costs. 
Calculate present worth of accident costs. 

Annual accidents for a specific roadway design are esti-
mated by using the appropriate adjustment factors from 
Table 13 and the base rate for the design category. The 
base rate is the accident rate (accidents per million vehicle 
miles) for the maximum design to be considered. The 
accident rate for any design is determined by multiplying 
the base rate by the adjustment factor. Annual accidents 
are obtained by multiplying the adjusted accident rate by 
the estimated average annual vehicle miles of travel over 
the service life of the improvement. This process is 
repeated for each combination of pavement width, shoulder 
width, and shoulder surface type to be considered as an 
alternative. 

Accident seventies are estimated through use of the 
state's fractional property-damage-only, FPDO, accidents 
and the ratio of injury accidents to fatal accidents. The 
adjustment factors developed during this study for hori-
zontal curvature and shoulder surface type (Table 16) 
are also used. 

Unit accident costs place an economic value on accidents 
for use in comparing the difference in accident costs be-
tween alternatives. National unit costs, such as those 
developed by the Department of Transportation or the 
National Safety Council, can be selected unless the agency 
has developed its own unit costs for traffic accident 
seventies. The actual values selected are not as important 
as their consistent application within the agency. 

Total accident costs are based on the estimated service 
life of the project, annual accidents, and unit accident 
costs. Accident costs should be expressed in terms of the 
present worth of these costs. This permits a direct correla- 

tion of construction costs and accident costs in the eco-
nomic analysis. 

Phase 3-Determine Candidate Designs 

The first two phases involve calculating the construction 
and accident costs for any alternative design, or combina-
tion of pavement width, shoulder width, and shoulder 
surface type. Because of the large number of possible 
combinations of these alternatives, the designer must select 
only those alternatives, or combinations, that are practical 
in terms of the highway agency policy, route continuity, 
and other nonsafety benefits related to the project. After 
these designs have been selected, the construction and 
accident costs are calculated for each. 

These alternatives are next arrayed by increasing con-
struction costs. Table 19 illustrates a typical array. Note 
that an ascending construction cost does not necessarily 
lead to a decreasing accident cost. For example, the alter-
native for 20-ft pavement, 4-ft paved shoulders has an 
estimated accident cost of $159,000, which is more than 
the preceding alternative at a lower construction cost. 
Since an increase in construction costs accompanied by an 
increase in accident costs could not possibly be 'a cost-
safety-effective design, these alternatives should be elimi-
nated from further analysis. 

Figure 5 illustrates the selection of the candidate design 
alternatives. Accident costs are plotted against construction 
costs, and a line is drawn through those points that have 
both increasing construction costs and decreasing accident 
costs. These are the candidate design alternatives identified 
in Table 19; reference numbers have been assigned to each 
candidate design shown in this table. 

The candidate design alternatives in Table 19 are for 
roadway segments within the project limits that have hori-
zontal curvature of less than 3 deg. Another group of 

TABLE 19 

EXAMPLE SUBSET OF ALTERNATIVES ARRANGED 
BY LOWEST CONSTRUCTION COST FIRST 

Pavement 
Width 

Shoulder 
Width 

Shoulder 
Surface Type Segment Cost Accident Cost 

Reference 
Number 

20 4 Unpaved $102,000 $163,000 1 

6 Unpaved 106,000 150,000 2 

8 Unpaved 109,000 137,000 3 

4 Paved 110,000 159,000 * 

6 Paved 121,000 146,000 

8 Paved 129,000 132,000 4 

22 4 Unpaved 149,000 147,000 * 

8 Unpaved 153,000 137,000 

10 Unpaved 156,000 118,000 5 

4 Paved 157,000 144,000 

8 Paved 168,000 129,000 * 

10 Paved 176,000 114,000 6 

24 4 Unpaved 199,000 131,000 a 

8 Unpaved 203,000 115,000 * 

10 Unpaved 706,000 99,000 7 

4 Paved 207,000 128,000 

8 Paved 218,000 112,000 

10 Paved 227,000 96,000 8 

* Eliminated from further analysis due to increasing accident costs. 
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made. Appendix G contains complete results of these 
tests. 

The over-all results of the field tests showed that the 
personnel were able to follow the procedures set forth in 
the Manual and had little difficulty in developing the 
required input data. However, two observations are made, 
which concern input data development: (I) procedures 
for estimating construction costs for the alternatives 
should be computerized by each agency; and (2) accident 
base rates, and other accident input data, should be 
prepared by the state agency responsible for accident 
records. 

In both tests, an actual project that had recently been 
completed was used. And, in both cases, the most cost-
safety-effective design had not been constructed—a higher 
design had been constructed. However, it must be empha-
sized that the higher designs selected were according to 
statewide design policy and that safety was not the only 
design consideration. As stated in previous sections, other 
design considerations may override the most cost-effective 
design based on safety considerations only. 

Computer Programs 

Figure 5. Selection of candidate design alternatives. 	 The calculation of construction and accident costs for 
each potential design alternative can be time consuming 

candidate design alternatives must be selected for segments 	and repetitious. To expedite these calculations, a FOR- 
that have3deg  or greater - horizon1aleurvature.-Alterna- 	TRAN próãm has - been-  written toperforrn - these - basic 
tives from each curvature group are combined into 	calculations. This program, Roadway Evaluation and 
practical designs for the project under consideration. 	Analysis Program (REAP), calculates the following in- 

formation for each combination of pavement width, 
Phase 4—Select Final Design 	 shoulder width, and shoulder surface type under con- 

The final design is selected from the alternatives identi-
fied in Phase 3. No rigid procedure is specified, forcing 
a design onto the decision-maker. Rather, the methodology 
of Phase .3 produces all of the information required for 
cost-benefit, marginal cost-benefit, and breakeven analyses. 
The alternative designs being analyzed, using this methodol-
ogy, can be effectively compared with each other and 
with other alternative projects. Each alternative that in-
volves an expenditure fund is an optimum safety design for 
that given expenditure of funds. 

It is at this point that the designer must take into account 
other design characteristics that affect the final selection 
of pavement width, shoulder width, and shoulder type. 
The final design selected must represent the agency's high-
way improvement policy in terms of these design features, 
as well as the most cost-safety-effectiveness design. 

Field Test of Manual 

The Users Manual was tested in Alabama and Pennsyl-
vania with personnel from the respective highway agencies. 

These tests consisted of state personnel developing the 
necessary accident data and construction costs from state 
records and then applying these data to the cost-safety-
effectiveness methodology presented in the Users Manual. 
Members of the NCHRP Project 3-25 staff were available 
during these tests to assist the state personnel and to clarify 
procedural elements of the methodology. As a result of 
these tests, minor modifications of the Users Manual were  

siuei aLloll; 

Segment construction costs. 
Present worth of the accident cost in dollars. 
Total number of accidents. 
Accident rate (accidents per million vehicle miles). 
Number of fatal accidents. 
Number of injury accidents. 
Number of property-damage-only (PDO) accidents. 

Table 20 illustrates the REAP output for each road-
way segment. Because of the different incremental ac-
cident rate adjustment factors for the two categories of 
horizontal curvature, costs and accidents are calculated 
separately for each category. The resulting costs are 
summarized to obtain total project costs. 

The REAP program was successfully executed by state 
personnel in Alabama and Pennsylvania without any 
difficulties or assistance from the project staff. The 
REAP program, together with complete documentation, 
is included in Chapter Six of the Users Manual in Ap-
pendix I. 

One additional observation on the use of computer pro-
gramming resulted from the field test of the Users 
Manual. Combination of construction and accident costs 
for the curvature categories and each design alternative, 
together with the listing of the project alternatives by 
increasing construction costs, is also time consuming and 
tedious. This task could be accomplished more efficiently 
by a computer program. The incremental increase in 
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construction and accident costs for each project could 
also be incorporated into this program. 

ECONOMIC AND SAFETY BENEFITS 

Application of the cost-safety-effectiveness methodology 
presented in this report and the Users Manual (Appendix 
I) provides answers relative to the extent of additional 
safety provided on rural two-lane highways by wider 
pavements and shoulders and by paving shoulders. 	By 
developing 	alternative 	designs 	as 	specified, 	an 	agency 
can determine what the additional construction costs for 
higher designs are purchasing in terms of reduced ac- 
cidents and accident seventies. 

As an example, Table 21 gives construction costs and 
accident data for 	a typical set of project 	alternatives. 
Marginal 	safety 	costs, 	or reduced 	accident 	costs, 	are 
shown for each alternative together with the additional 
construction costs. 	Accumulation of the increased con- 
struction 	costs 	and 	reduced accident costs in the last 
two columns provides the total safety benefits obtained 
for 	additional 	construction expenditures. 	The first ex- 
penditure of $3,113,000 is required to construct the proj- 
ect in its most basic form. 	Additional investments after 
that point are viewed as contributing additional safety 
benefits. Figure 6 shows how the accident cost decreases 
with 	iiiicasitig 	eoiisliuelioii 	expeiidliure. 	Accumulative 
increased construction costs are less than the accumulative 
reductions in accident costs up to the alternative whose 
construction costs are $3,158,000. 	At this point the ad- 
ditional construction costs exceed the accumulative reduc- 
tion in accident costs. This alternative, and the remaining 
alternatives, 	cannot be justified on a cost-benefit basis. 
However, because the construction-accident cost trade-off 
is so dependent on estimated costs of accidents by severity, 
it is not recommended that this be the sole criterion for 
selection of the construction expenditure. Rather, it should 
be recognized that each of the policies specified is optimal 
for the corresponding construction expenditure. Judgment 0 

must be made at this point in light of alternative uses of 
funds, using similar results of other project analyses. 

Improvement Benefits 

Application of the cost-safety-effectiveness methodology 04 
will permit an agency to select designs of pavement width, 
shoulder width, and shoulder type that are optimum from 
a safety standpoint. This is not to infer the lowest possible 
accident costs, but rather the lowest accident costs for 
that expenditure of funds. 	Depending on other design 
criteria that may offset the final alternative selected, this Z 
concept of "tailoring" the design for each project will 
result in lower construction costs than would have been 
required without it. 

Any reduction in construction costs for a given project 
can be applied to the improvement of additional miles 
of highway that would not have been possible without 
the availability of these additional monies. In this regard, 
use of the cost-safety-effectiveness methodology will permit 
additional miles of highway to be improved, even though 
to a lower design standard. 	This methodology provides 
the "innovative approach to design" and "the consideration 
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TABLE 21 

EXAMPLE COST AND BENEFIT DATA FOR ALTERNATIVES 

Accumulative 

Increased Reduced Marginal Reduced 
Shoulder Construction Accident Construction Accident Construction Accident 

Pavement Width Width/Type Costs Costs Costs 

Curve  

Costs Costs Costs 

Tangent Curve Tangent 

20 20 4U 41.1 $3,113,000 $130,300 

20 20 4U Oh 3,115,000 129,000 $ 2,000 $ 1,300 $ 	2,000 $ 1,300 

20 20 Oh 61J 3,132,000 114,700 17,000 14,300 19,000 15,600 

20 20 4P 4P 3,135,000 100,800 3,000 13,900 22,000 29,500 

20 20 4P OP 3,136,000 99,800 1,000 1,000 23,000 30,500 

20 22 4P OP 3,143,000 99,600 7,000 200 30,000 30,700 

20 20 OP OP 3,158,000 88,800 15,000 10,800 45,000 41,500 

20 22 OP OP 3,165,000 88,600 7,000 200 52,000 41,700 

22 22 6P OP 3,262,000 85,800 97,000 2,800 149,000 44,500 

of each project individually" that was specified in the 
1977 AASHTO Geometric Design Guide for Resurfacing, 
Restorationand Rehabilitation (R-R-R) of Highways and - 
Streets (111). The range of pavement and shoulder 
widths specified in that Guide may be used as minimum 
and maximum values in application of the cost-safety-
effectiveness methodology. 

Safety Benefits 

Effective use of the methodology presented in this re- 	- - 
port and the Users Manual will provide safety benefits  
in excess of those that would be obtained without their use. 
Although safety benefits are not maximized for each 
project, total safety benefits are increased by the im-
provement of more miles of facilities, rather than a few 
miles of improvements that are built to designs that are 
not cost effective. 

3.0 	 3.1 	 3.2 	 3.3 
Construction Costs 
($110001000) 

Figure 6. Construction costs and accident costs. 

In illustration, the maximum design alternative given 
in Table 21 has a construction cost of $3,262,000. This 
is $97,000 greater than the next lowest alternative. The 
additional reduction in accident costs is only $2,800. If 
the $97,000 is not expended on the maximum alternative, 
it is available for use on another project where the safety 
return will be higher. 

Limitation of Applications 

The design element safety relationships developed dur-
ing this research were limited to rural two-lane highways 
and to the design elements of pavement width, shoulder 
width, and shoulder surface type. Only these design ele-
ments can be included in the cost-safety-effectiveness 
methodology at the present time. The effect that these 
design elements has on the accident rate is relatively 
small, particularly the pavement width. Because of this, 
it will be difficult to justify the higher design standards 
that one has become accustomed to, on the basis of 
safety. This is vividly demonstrated in the lack of in-
creased safety for a 24-ft pavement as compared to a 22-ft 
pavement. 

As stated previously, the methodology presented here 
only addresses the safety aspects of these design elements. 
The designer must take into consideration the agency's 
over-all design policy for elements such as paved shoulders 
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versus unpaved shoulders. Terrain, vehicle characteristics, 
and environmental criteria also must be considered. For 
any given project, these operational factors and the state's 
over-all policy may negate the safety design considerations. 

APPLICATION TO ADDITIONAL DESIGN ELEMENTS 

As recognized in the research statement for NCHRP 
Project 3-25, this research could not address all of the 
design elements associated with the roadway. As a result 
of Phase I reviews and investigatory efforts, design ele-
ments were selected for in-depth analysis and quantification 
that offered the most potential for cost reduction without 
an unfavorable effect on safety. Existing geometric and 
accident records available from state highway agencies 
were to be used with no new data collection to be per-
formed. With this as the primary thrust, the development 
of design element safety relationships was limited to pave-
ment width, shoulder width, and shoulder surface type for 
rural two-lane highways. 

The cost-safety-effectiveness methodology presented in 
this report and the Users Manual (Appendix I) has been 
developed such that additional design elements and high-
way facilities can be incorporated into the cost-effective-
ness methodology as these are developed. Previous re-
search efforts, as reported in Appendix lB, have encom-
passed numerous efforts to obtain relationships for several 
other design elements. Most of those findings are not 
oriented toward integration into the economic design 
process as presented in this report. Chapter Seven of the 
Users Manual in Appendix I discusses how future rela-
tionships can be incorporated into the economic meth-
odology. 

Basically, there is a major subdivision in the considera-
tion of "other design elements." The first has to do with 
redesign and upgrading primarily, because it involves the 
removal or correction of identified hazards. The second 
area may involve either new construction or upgrading. 
It pertains to general continuous roadway modification, 
such as the consideration for general roadside obstacle 
removal. Both of these possibilities will be discussed in 
this section. It is important to remember the over-all ap-
proach used to obtain optimal roadway designs from the 
safety point of view. Construction costs and the accident 
costs associated with each particular design combination 
under consideration are calculated. Construction costs are 
estimated directly, and accident costs are obtained using 
relationships developed from research. A procedure is 
presented in Chapter Four of the Users Manual, which 
utilizes these costs to select the most appropriate design 
for each segment of roadway. This same over-all concept 
will be applied as additional design elements are con-
sidered, whether they be particular hazardous location 
modifications or general geometric design improvements. 

Design for Hazard Elimination 

The improvement of any highway segment should con-
sider previous accident experience and particularly any 
identified hazardous location. As part of the design 
process, the designer should consider what this hazard will 
contribute to the accident frequency and severity, if it is 
not corrected as part of the routine reconstruction or 
special countermeasure implementation. The accident es- 

timate should reflect what is anticipated to occur in the 
future after normal construction. That is, it should take 
into consideration the reconstruction project, but it should 
not consider any other special countermeasures that may 
be performed simultaneously. These will be considered 
separately. 

Alternative countermeasures should be proposed that 
will eliminate or minimize the effect of the hazard. Each 
of these will have a different effect on accident frequency 
and severity. These effects must be estimated, together 
with the additional construction costs. Only the additional 
costs above those covered within the REAP modules 
should be considered; otherwise, costs will be added twice. 
The purpose of obtaining these additional construction 
and accident cost data for each alternative countermeasure 
is to develop an optimal policy specifying which counter-
measure, if any, should be implemented at each hazardous 
location. These additional costs are added to the costs 
obtained from the economic analysis on pavement width, 
and shoulder type. For each design alternative originally 
under consideration, there are now two alternatives—with 
and without the countermeasure to the hazardous loca-
tion. However, more than one countermeasure may be 
proposed as feasible. Although the number of alternatives 
is greatly increased, the results are easily integrated into 
the methodology beginning at Phase 3. That is, the alterna-
tives are arranged in order of construction cost; ineffective 
alternatives are immediately eliminated; and the cost-
benefit analysis can proceed as given in the stepwise 
procedure. 

What is accomplished by the foregoing procedure is 
that a trade-off is considered between the high-hazard 
abatement alternatives and the geometric modifications. 
The cost-benefit methodology will assure that funds are 
channeled from one to another such that the degree of 
safety will be at a maximum level, and all non-cost-safety-
effective investments will be eliminated. 

Design for Other Geometrics 

Just as the methodology can be applied to trade-offs 
between lane width, shoulder width, shoulder surface type, 
and countermeasures to hazards, it can be extended to 
include other geometric design elements. However, before 
this can be accomplished with any degree of reliability, 
relationships must be developed that effectively predict 
accident frequency and severity for any combination of 
geometries. While this research is going on, however, de-
signers might choose to establish an estimated relationship 
that will serve to exercise and test the methodology. 
Chapter Seven of the Users Manual is directed at aiding 
in this endeavor, as well as demonstrating the use of the 
relationships once they become available. 

The problem of determining the relationship between 
roadside design characteristics and accident frequency and 
severity is complicated by the large variety of possible 
roadside configurations that might occur. Various slope 
and ditch configurations may appear in combination with 
an infinite variety of possible fixed objects, ranging in 
dimension from "point" objects to continuous barriers, 
and located at any distance from the roadway edge. The 
problem of predicting accident frequency and severity as 
a function of all these variables is discussed in detail in 
Appendix H. 
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CHAPTER FOUR 

CONCLUSIONS AND ADDITIONAL RESEARCH NEEDS 

The conclusions to bg derived from this research repre-
sent a significant change in the current design practice of 
using a fixed set of design standards to select pavement 
width, shoulder width, and shoulder surface type. How-
ever, these measure do not differ significantly from what 
many state highway agencies are applying to highway 
facilities totally financed from state sources. Whether or 
not the use of "lower standards" for roads not funded 
from Federal sources is by choice, or by necessity, is not 
completely certain. In fact, it probably is a combination 
of both. 

The impact of reduced revenues from motor-fuel taxa-
tion and the effect of inflationary trends on highway im-
provement programs have been extensively documented. 
It is also recognized that current improvement program 
levels are not keeping abreast of the continued deprecia-
tion of our nation's highways (112). Without substantial 
increases in funding, other solutions must be developed 
for increasing the extent and coverage of highway im-
provement programs. One such solution is presented in 
this report; that is, to "tailor" the design for each project 
through a cost-effectiveness methodology. In this way, 
costs may be reduced for an individual project, and these 
funds may be applied to additional projects resulting in 
more system utility. 

CONCLUSIONS 

The following major conclusions, drawn from this re-
search, are related to the current design process and the 
effect of specific design elements on accident frequency 
and severity: 

The effect of design elements on safety  can be 

quantified. Safety relationships for pavement width, 
and shoulder surface type were developed for rural two-
lane highways. Previous research findings and data 
analyses performed as part of this research were used to 
quantify the effect of these design elements on safety. 

Pavement width has a small effect on accident ex-
perience. Statistical analyses performed during this study 
support previous research findings that the pavement 
width, or lane width, has a minor effect on accident fre-
quency. Final data analyses indicate no measurable dif-
ference in the accident rate between 24-ft pavements and 
22-ft pavements. 

Application of a cost-safety-effectiveness methodol-
ogy may produce lower designs for certain elements. 
From a safety standpoint, many of the pavement and 
shoulder widths being constructed by current design stand-
ards cannot be justified. Actual data from two completed 
improvement projects were used to test the validity of the  

cost-safety-effectiveness methodology. For both projects, 
optimal safety designs were identified that were less ex-
pensive than those actually constructed. 

The cost-safety-effectiveness methodology can be in-
corporated into a state's design process. Results of the 
two field tests demonstrated that the methodology pre-
sented in the Users Manual is practical for use as part of 
the design process. 

The cost-safety-effectiveness methodology cannot re-
place, or supersede, design procedures related to traffic 
and operational factors. Other design criteria must be 
considered in the final design for any project. Safety is 
only one input into the design process, and other criteria 
and policy may override safety design considerations. 

Reconstruction projects with low projected traffic 
volumes offer the most potential for cost reduction by ap-
plication of the cost-safety-effectiveness designs. Recon-
struction of existing facilities can become quite expensive, 
particularly when additional right-of-way is required be-
cause of major widening. From a safety standpoint, many 
of the additional widths will not be justified for low traffic 
'volume routes. 

Additional research is required to quantify the safety 
effect of additional design elements.' Although consider-
able research has been conducted on several design ele-
ments, few findings permit their use in an economic 
analysis. 

ADDITIONAL RESEARCH NEEDS 

As stated in the preceding conclusion, and throughout 
this report, there is a need to conduct additional research 
on design elements having a potential for cost reduction. 
The need for this research is urgent in that only three 
design element safety relationships were quantified during 
the NCHRP Project 3-25 research. Other design ele-
ments identified during Phase I as having high potential 
included median width/type, clear roadside area, and 
roadside slope. These elements, together with pavement 
width and shoulder width for other categories of highway 
facilities, should receive priority for any additional re-
search. 

As evidenced from the difficulties encountered by using 
existing geometric and accident data files, any additional 
research related to geometric design elements should be 
based on the collection of new geometric information. 
Data needs should be identified and collected expressly 
for the defined research. The effort and resources re-
quired to obtain, validate, clean-up, and finally merge 
existing state geometric data with accident data can be 
better utilized in a new data collection effort of geo-
metrics. Existing state accident data should be used and 
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states should be chosen for accident data collection that 
have precise reference systems and accurate accident 
reporting techniques. Accuratley collected geometric char-
acteristics can then be associated with the corresponding 
accident history. 

A detailed statement of research requirements for road- 

side considerations is given in Appendix H. This was 
developed with a view toward integrating the results into 
the cost-safety-effectiveness methodology presented in this 
report. All additional research related to the safety effect 
of design elements should have the objective of total 
integration into the cost-safety-effectiveness methodology. 
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because of the large scope of the initial library search and 
the need to rapidly abstract detailed information from 
applicable references. The bibliography categories are as 
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1 	Multiple Design Elements 
2 	Individual Design Elements 
3 	Rails, Barriers and Roadside Hazards 

	

4 	Skid Resistance 
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7 	Highway-Rail Grade Crossings 
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Data were developed from 659 mi of California free-
ways. The rate of increase in the accident rate per 10,000 
vpd is as follows: 

Increase in Accident 
Number of Lanes 	 Rate per 10,000 vpd 

4 	 0.240 
6 	 0.094 
8 	 0.078 

Source: (4)—Smith, R. N., "Predictive Parameters for 
Accident Rates." State of California, Division of High-
ways (Sept. 1973) 29 pp. 

Finding—This study confirmed the findings of the previ-
ous California study. However, this work classified free-
ways by urban and rural! suburban. Results are shown in 
Figure 3 from (4). 

SYNOPSES OF LITERATURE RESEARCH 

Synopses of the findings of the literature research on the 
cost and safety effectiveness of highway design elements 
are presented in this appendix for the following major 
highway facilities: 

Freeways, including Interstate 
Multilane Divided Rural Highways 
Multilane Undivided Rural Highways 
Two-Lane Rural Highways 
Urban Arterials 
Structures! Bridges 
Intersections 
Railroad-Highway Grade Crossings 
Interchanges 
Highways in General 

FREEWAYS, INCLUDING INTERSTATES 

Traveled Way 
Surface Type 

Number of Lanes 

SAFETY RELATIONSHIP—As the number of lanes 
increases, the accident rate decreases. 

Source: (3)—Lundy, R. A., "Effect of Traffic Volumes 
and Number of Lanes on Freeway Accident Rates." State 
of California, Division of Highways (July 1964) 16 pp. 

Findings—The study related the total accident rate to 
the average daily traffic (ADT) for 4-, 6-, and 8-lane free-
ways as illustrated in the following figure (Fig. VI from 
(3)). 

SAFETY RELATIONSHIP—The presence of bitumi-
nous pavement (vs. concrete) on mainline freeway sections 
between interchanges decreases the number of accidents. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

Findings—As part of a multiple linear regression anal-
ysis, one of two freeway mainline models showed 

ACCIDENTS PER MILLION VEHICLE MILES vs AVERAGE DAILY TRArrIC 

CcIifrnio Frevwovs  1960 - 196T - 19G2 
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Figure VI (p.16) 
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significance with respect to the presence of bituminous 
pavement. Many other variables also enter the models. 
This relationship shows the incremental contribution of 
the presence of bituminous pavement. The reduction in 
total annual accidents due to the presence of bituminous 
pavement is 0.02 per 1,000 vpd. It is noted that, generally, 
resurfacings are bituminous overlays and are thus subject 
to less cumulative traffic, related polishing, and loss in skid 
resistance. Ihese bituminous wealilig surfacc3 have, on 
the average, less exposure and could contribute to the 
study's finding. Surface type (as bituminous or concrete) 
is not a very objective characteristic, unless other surface 
properties, such as skid resistance, are considered or in-
dicated. 

Auxiliary Lanes 

Safety relationships for auxiliary lanes on freeways can 
be found under the headings "Interchanges" and "High-
ways in General." 

Shoulders 

Shoulder Width 

SAFETY RELATIONSHIP NO. 1—Accidents on main-
line freeway sections between speed change lanes increase 
as the left  shoulder width increases. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

Finding—In one of two freeway mainline models, the 
left shoulder width was significantly related to accidents. 
The model was derived by using a multiple linear regression 
technique. Other variables, such as section length, are 
included. The models in this particular study determine 
the number of annual accidents, not the accident rate, 
although the rate could also be determined by manipulating 
the equations. An increase of 1 ft on the left shoulder 
width increases the annual accidents 0.012 per 1,000 vpd. 
It is noted that the logical explanation for this finding lies 
in the observation that wider left shoulders can promote 
left shoulder parking. Vehicles parked on the left shoulder  

create an element of surprise and a greater hazard by being 
near the fast lane of travel. 

SAFETY RELATIONSHIP NO. 2—The right shoulder 
width is unrelated to the number of accidents. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

Finding—For the range of right shoulder widths studied 
(right shoulder widths on freeways are relatively uniform), 
right shoulder width was unrelated to the number of 
accidents for both freeway mainline models. 

Shoulder Surface Type 

SAFETY RELATIONSHIP—Paved right shoulders pro-
duce less accidents than unpaved right shoulders. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

Finding—In both of the mainline models studied (and 
in eight other models related to interchanges, ramps, etc.), 
paved right shoulders were significantly safer than unpaved. 
The relationships are quantified as follows: 

Reduction in Annual Accidents 
Due to Presence of Paved 

Model 	 Right Shoulder 

Roadway between speed 	 - 
change lanes 	 0.090 per 1,000 vpd 

Roadway between inter- 
changes 	 0.027 per 1,000 vpd 

Median 

Median Width 

SAFETY RELATIONSHIP NO. 1—As' the median 
width increases, the accident and severity rates decrease. 

Source: (43)—Garner, G. R., and Deen, R. C., "Ele-
ments of Median Design in Relation to Accident Occur-
rence." Hwy. Res. Rec. No. 432 (1973) pp.  1-11. 
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Finding—In a study of approximately 430 mi of freeway 
in Kentucky, a decrease in the total accident and the injury 
plus fatality accident rates occurred with an increase in 
the median width. Some medians were depressed; others 

Figure 4. Total accident rate versus median 
width. (p. 5) 
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SAFETY RELATIONSHIP NO. 2—The median width 
is unrelated to the total accident and injury accident rates. 

Source: (44)—Moskowitz, K., and Schaefer, W. E., 
"California Median Study: 1958." HRB Bull. 266 (1960) 
pp. 34-62.  

were raised; and slopes within the median varied. The 
general trends observed are shown in Figures 4 and 5 from 
(43), as follows. 

Figure 5. Total accident severity rate 
versus median width. (p. 5) 
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Finding—In a study of 265 mi of freeways (8,000 ac-
cidents) in California, a relatively flat trend was observed 
between total accident and injury accident rates and median 
width. The quantitative relationships obtained from the 
study are shown in Figure 2 from (44). 
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Figure 2 (p.  40) 
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SAFETY RELATIONSHIP NO. 3—As the median 
width increases, the accident rate for vehicles hitting the 
median barrier decreases. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

Finding—For two mainline freeway models, the follow-
ing simple correlation was observed: 

Accident Rate for Vehicles 
Which Hit the Median Barrier 

Median Width (ft) (acc./M veh-mi) 

6-15 0.56 
15-17 0.38 
17-34 0.33 
37-59 0.25 
60-90 0.19 

90 and over 0.00 

SAFETY RELATIONSHIP NO. 4—As the median 
width increases, the median accident and the median acci-
dent severity rates decrease. 

Source: (43)—Garner, G. R., and Deen, R. C., "Ele-
ments of Median Design in Relation to Accident. Occur-
rence." Hwy. Res. Rec. No. 432 (1973) pp. 1-11. 

Finding—In a study of 430 mi of Kentucky freeway, a 
trend showing a decrease in median accident and median 
accident severity rates with an increase in median width 
was recognized. The quantitative relationships are shown 
in Figures 7 and 8 from (43). 

Source: (45)—Johnson, R. T., "Effectiveness of Median 
Barriers." Hwy. Res. Rec. No. 105 (1966) pp.  99-112. 

Figure 7. Median accideiit rate versus 
median width. (p. 7) 
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Finding—In this study of approximately 200 mi of 
California freeway, it was found that the median accident 
rate decreased as the median width incrçased. It was also 
stated that in 90 to 95 percent of the median accidents, the 
median barrier was hit. The following figure (Fig. 3 from 
(45)) shows the quantitative relationships between the 
median accident rate and median width for cable and beam 
barriers. 
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SAFETY RELATIONSHIP NO. 5—As the median 
width increases, the cross median accident rate for de-
terring-type medians decreases. 

Source: (44)—Moskowitz, K., and Schaefer, W. E., 
"Calitornia Median Study: 1958." HRB Bull. 266 (1960) 
pp. 34-62. 

Finding—In a study of approximately 265 mi of free-
way in California, the cross median accident rate was 
found to decrease with increasing median width for deter-
ring-type medians. It was also stated that cross median 
fatalities accounted for about 0.9 percent of all highway 
fatalities. The quantitative relationship is shown in Figure 
9 from (44). 

Median Type 

SAFETY RELATIONSHIP NO. 1—The traversable 
median barrier is more safety  effective (considering total 
and injury accident rates) than the nontraversable type for 
average daily traffic (ADT) below 130,000 vpd. For ADT's 
greater than 130,000 vpd, the nontraversable median is 
more effective. 

Source: (44)—Moskowitz, K., and Schaefer, W. E., 
"California Median Study: 1958." HRB Bull. 266 (1960) 
pp. 34-62. 	 // 

Finding—From an analysis of 265 mi of California 
freeway, traversable and nontraversable median ,w'ere com-
pared for safety effectiveness over a range of ADT's. 
Around 130,000 ADT, the traversable median became less 
effective. The results are shown in Figure 3 from (44).  
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SAFETY RELATIONSHIP NO. 2—The cable-type 
median barrier has higher total and fatal accident rates 
than the beam or concrete types. 

Source: (49)—Tye, E. J., "Median Barriers in Cali-
fornia." Traffic Eng., pp. 25-29 (Sept. 1975). 

Finding—A comparison of 929 barrier mi on California 
freeways resulted in accident rates that illustrate the superi-
ority of the concrete barrier in terms of safety effectiveness. 

A comparison of accident experience on 909 median 
barrier mi on California freeways, made using 1973 acci-
dent data, showed that the cable-type median has a higher 
total and fatal accident rate than the metal beam and con- 
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crete barrier types. The 1973 accident rates for the barrier 	(denoted by an asterisk in the table), as published in the 
types were as follows: source document, is incorrect; it should be 2,886.3. 

A second table (Table 2 from (50)) shows the relation- 
Fatal Total ship to fatal accidents. 	Thus, property-damage-only acci- 

Accidents Accidents dent rates and injury accident rates can be determined and 
Barrier per per shown to increase as a result of the installation of median 
Miles 100 Mveh-mi Mveh-mi barriers. 	Note that if a comparison is made between the 

Concrete 	 139 0.08 0.18 actual accident occurrence in the after period and after 

Metal Beam 	344 0.17 0.18 period assuming before-period accident rates, the installa- 

Cable 	 426 0.24 0.28 tions of the median barrier (1) decreased fatal accidents by 
17, 	(2) 	increased injury accidents by 516, and 	(3) 	in- 

r1,,,+r l-,, 	20 
Barrier Presence F 	F JUU5 	•J 

Source: 	(51 )-Olivarez, 	D. 	R., 	"Safety 	Experiences 
SAFETY RELATIONSHIP-The presence of a non- with Concrete and Metal Beam Barriers." 	Proceedings, 

traversable median barrier (1) decreases the fatal accident Second Western Summer Meeting of the Highway Re- 
rate, (2) increases the injury accident rate, (3) increases the search Board, 190 pp. (1969). 
property-damage-only accident rate, and (4) increases the Finding-The results of a before-and-after study to 
total accident rate, measure the effect of the installation of metal and concrete 

Source: (50)-Johnson, R. T., "Effectiveness of Median barriers on safety showed an increase in the total and fatal 
Barriers." Hwy. Res. Rec. No. 105 (1966) pp. 99-112. plus injury accident rates. The before condition was a 12-ft 

Finding-In a before-and-after study of 54 mi of free- traversable 	median 	(6-in, 	curbs). 	The 	following 	table 
way in California, each of the conditions stated in the fore- (from (51), p. 18) shows the quantitative results. 
going safety relationship was found. 	The following table Source.' 	(52)-Galati, 	J. 	V., 	"Study 	of 	Box-Beam 
(Table 1 from (50) shows the increase in the total and in- Median Barrier Accidents." HRB Spec. Rept. 107 (1970) 
jury plus fatal accident rates. 	It is noted that the total pp. 133-139. 

TABLE 1 	(p. 	101) 
EFFECT OF MEDIAN BARRIER INSTALLATION ON ACCIDENTS 

All Accidents 	 Injury and Fatal Accidents 

Barrier Length 	MVM 	 Rate Change 	 Rate Change 	Ratioa 
Type 	(ml) 	 No. 	Rate 	 No. 	Rate 

Abs.. Percent 	 Abs. Percent 

Before Installation 

Cable 26.6 1,195.6 1,586 1.33 	- 	- 713 0.60 	- - 	2.22:1 
Beam 27.6 1, 633.8 2,690 1.65 	 - 1,204 0.74 	.- - 	2.23:1 

Total 54.2 2 1.51 	- 	- 1711'7 0.68 	- - 	2.22:1 

Alter Installation 

Cable 26.6 1,217.8 2,231 1.75 	+0.42 	+32 904 0.71 	+0.11 18 	2.46:1 
Beam 27.6 1 	608.5 3,330 1.98 	+0.33 	+20 1,612 0.96 	40.22 30 	2.06:1 

Total 42 2, 958. 3* 16T 1.88 	.i-0. 37 	+25 iT6 0.85 	+0.17 25 	2.21:1 

°Of all accident rate to injury and fatal accident rate. 

TABLE 2 (p. 102) 
EFFECT OF MEDIAN BARRIER INSTALLATION ON FATAL ACCIDENTS, 1959-1963 

Barrier Length  100 MVM 	

No. Fatal Accidents 	

Rate 	
Rate Change 

Type 	(ml) 	 All Cross- Non-Cross- Involving 	Abs. 	Percent Median Median Barrier 

Before Installation 

Cable 	26.6 11.96 31 9 	22 	. (0) 2.59 	- 	- 
Beam 	27.6 16.34 31 13 	18 (0) 1.90 	- 	- 

Total 	54 28.30 (i)) 2.19 	- 	- 
After Installation 

Cable 	26.6 12.78 21 1 	20 (12) 1.64 	-0.95 	-37 
Beam 	27.6 16.81 27 0 	27 ( 	3) 1.61 	-0. 29 	-15 

Total I (T5) 1.62 	-0.57 	-26 
All Calif. urban freeways, 1960-1962: 

With barriers 32.88 54 - 	- - 1.64 	- 	- 
Without barriers 182,50 481 - 	- - 2.64 	- 	- 



(M.døn 

(p. 18) 
EFFECT OP NEDIAN BARRIER INSTALLATION ON ACCIDENTS 

For a lk Year Period Before and After Construction 
(7-64 thru 12-65 and 7-66 thru 12-67) 

All Accidents Injury and Fatal Accidents 
Barrier Length NVM ADT Rate Change Rate Change Ratio 
Type (mi) No. Rate No. 	Rate  

Abs. Percent Abs. 	Percent 

 Before Installation 

Concrete 10.2 205.6 36,845 296 1.44 - 	- 149 	.72 	- 	- 2.00:1. 
Beam 4.4 60.6 25,160 59 .97 - 	- 26 	.43 	- 	- 2.26:1 
Total 14.6 266.2 33,323 355 1.33 - 	- 175 	.66 	- 	- 2.02:1 

 After Installation 

Concrete 	10.2 	233.1 	41,775 	424 	1.82 	+.38 	+26 	173 	.74 	+.02 	+ 3 	2.46:1 
Beam 	4.4 	78.2 	32,490 	106 	1.36 	+.39 	+40 	49 	.63 	+.20 	-+46 	2.16:1 
Total 	14.6 	311.3 	38,977 	530 	1.71 	+.38 	+29 	222 	.71 	+.05 	+ 8 	2.41:1 
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Finding-The findings of this before-and-after study of 
9.4 mi of Interstate in Pennsylvania are similar to previous 
studies, with one exception: injury accidents decreased and 
injuries increased in the after period. 

Glare Screen 

SAFETY RELATIONSHIP-The presence of antiglare 
screen as part of the median barrier decreases the accident 
and severity rates. 

TABLE 3 	(p. 136) 
ACCIDENT SEVERITY DURING BEFORE AND 

AFTER STUDY PERIODS 

ADT and Before After Percent 
Severity (1966-1966) (1967-1968) Difference 

Average daily 
volume 44,000 46,000 + 4.5 

Total accidents 81 93 *14 
Fatal accidents 2 2 0 
Injury accidents 39 31 -20 
Property damage 

accidents 40 60 *50 

Total killed 2 2 0 
Total injured 43 52 +21 

Figure 1. Installation of box-beam barrier in 4-ft median. 

Rgure 1 (p. 133) 

Median Crossovers 

SAFETY RELATIONSHIP-U-turn accidents increase 
with an increase in the number (and placement) of median 
crossovers. 

Source: (55)-Garner, G. R., "Accidents at Median 
Crossovers." Hwy. Res. Rec. No. 312 (1970) pp. 55-63. 

Finding-The study compared nine different highways in 
Kentucky. Observation found that the following primary 
variables affect U-turn accidents on limited-access facilities: 
(1) ADT, (2) proximity of crossovers to urban areas, (3) 
presence of major interchanges between controlled access 
facilities, (4) number of crossovers, and (5) nearness of 
crossovers to interchanges. 

Source: (56)-Coleman, R. R., and Sacks, W. L., "An 
Investigation of the Use of Expanded Metal Mesh as an 
Anti-Glare Screen." Hwy. Res. Rec. No. 179 (1967) pp. 
68-73. 

Finding-A before-and-after study of the safety effec-
tiveness associated with the installation of metal glare 
screen on 1-76 in Pennsylvania fund that the glare screen 
was effective in reducing accidents. Control sections were 
established and results were significant at the 15 and 7 
percent levels for control sections 1 and 2, respectively, 
using a Fischer-Irwin test. Results are given in Table 1 
from (56). 



TAttlE I 	
(p. 	73) 

ACCIDENT 3TATISTICS-ttlFORE" AND AFTER 	STUDY 

No. 01Arr,drnla 

C onlet,l Section I' - Control Sec lion 2' At-G lane Screen SectIon0  

Type - tl.'lore Alter tl.t,tre 	 After Ilelore Alter 

Total Day Night 	Total 	Day 	Night 	Total Day Night Total Day Night Total 
Day Night Total Day Night 

Fatal 0 I I 0 I I 0 0 	0 	 2 	3 1 I 2 It 0 

Injory 8 3 II 0 4 14 35 SI 	66 	37 	26 	63 14 12 26 12 7 19 

Property 
54 	124 	92 	58 	150 32 17 49 30 16 46 damage 16 18 34 25 13 38 70 

Total 24 22 46 35 18 53 lOS 85 	190 	130 	86 	216 47 30 77 42 23 65 

nntadrs 2-yr period. 00111. 1961 through Aug. 1963 
lncludrs 2-yr Irrtod. Oct. 1963 through Sept. 1965 

°LR 769, SIn. 154 to Sla. 2 
50 

 . 9600 II. 
78. 
	.  	
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3 	
4, 

Sb 	9 
	16O0S

eLR 769 SI 	25 10 
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56 

Source: (57)-Musick, J. V., "Accident Analysis Before 
and After Installation of Expanded Metal Glare Screen." 
Department of Public Safety, Columbus, Ohio (Apr. 1969) 
18 pp. 

Finding-The installation of a metal glare screen on a 
curved short section (2° 30') of 1-71 in Ohio, median width 
16 ft with a metal beam barrier, appeared to reduce the 
total accident rate. The following table presents the study 
results: 

Accident Rates 
Before atd After Glare Fence Installation 

(Accidents per Million Vehicle Miles) 
Northbound Southbound Both Directions 

Before 	1.93 	1.54 	1.75 
After 	1.53 	1.02 	1.28 

Roadside 

Roadside relationships found in the literature are most 
often associated with a type of highway facility. See the 
"Highways in General" category. 

Vertical Alignment 

Grade on Tangents 

SAFETY RELATIONSHIP NO. 1-As the grade on 
tangents increases, the accident and severity rates increase. 

Source: (40)-Vostrez, J., and Lundy, R. A., "Compara-
tive Freeway Study A-IV- 1." State of California, Division 
of Highways (Apr. 1964) 116 pp. 

Finding-This study compared approximately 200 mi of 
California freeway. The following figure and tables (Fig. 
7 and Tables II and III from (40)) show the over-all study 
results with respect to freeway alignment. Note that the 
percent of trucks was a relevant factor in the findings. 

SUMMARY OF TABLES ii AND III (p. 8) 

ACCIDENT RATES 

Tables n a III Sections 	1,15,16 Sections 	20, 28 & 29 Section 	23 

45% Trucks !I/o Trucks 17,20,23,28,29 

STRAIGHT LEVEL 0.84 0.84 1.12 

STRAIGHT UP GRADE 0.94 0.7/ 1.5/ 

STRAIGHT DOWN GRADE 1.13 /07 1.29 

CURVED LEVEL /13 0.86 1.83 

CURVED UP GRADE /75 /78 /69 

CURVED DOWN GRADE 2.02 2.10 1.88 

STRAIGHT 0.88 0.86 1.1t 

CURVED /37 1.55 1.8/ 

GRADE /50 /35 1.61 

LEVEL 0.89 0.85 1.32 

TOTALS 0.98 /05 1.40 



LEVEL UP 	I DOWN LEVEL UP DOWN 

STRAIGHT CURVED 

Sections 20, ze, a," 
AU Seethe.(Z) 

S.ctioe 23 (31 

II) 45% T,ucfl 

(23 Section.. i, 15,16,1?. 
20,23,26,26 

(3: 11°.'. Teec. 

ACCIDENT RATES 
by 4liqnment Type 
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Figure 7 (p. 9) 

TABLE III (p.  7) 
EFFECT OF TRUCK TRAFFIC ON ACCIDENT RATES 

TruckTrofficlt% 
PDO IN.). FAT.iTOT.IMVMc/ MVM /M VM 

STRAIGHT LEVEL 	)) 223 /17 8 348 3/0 / /2 0.40 

STRAIGHT UP GRADE (b) 33 

35 

29 

/7 

0 

I 

62 

53 

4/ /.51 0.7/ - 

STRAIGHT DOWN GRADE (c) 4/ 1.29 0.44 

CURVED LEVEL (4) /44 72 3 2/9 /20 1.83 0.63 

CURVED UP GRADE (e) 39 39 3 9/ 48 /69 0.88 

CURVED DOWN GRADE (I) 52 37 I 90 48 1.8$ 0.79 

STRAIGHT (abc) 29/ 163 9 .ij 392 , /8 0.44 

CURVED (del) 235 /48 7 390 2/6 /8/ 0.72 

GRADE (bcef) /59 /22 5 256 /78 1.6/ 0.71 

LEVEL (ad) 367 /89 II 557 430 /32 0.47 

TOTALS 525 3/1 /6 953 608 1.40 054 

Sections 20, 28,29 
Truck Trotfic 45 0/,  

STRAIGHT LEVEL (a) 277 

48 

75 

96 

23 

35 

3 

2 

0 

376 

73 

ItO 

446 

/03 

/03 

0.84 

0.7/ 

0.0? 

0.24 STRAIGHT UP GRADE (b) 

STRAIGHT DOWN GRADE (c) /07 0.34 

CURVED LEVEL (d) 42 

/02 

32 

35 

4 

4 

78 

/4/ 

/66 

91 

79 

79 

0.86 

/28 

0.40 

0.50 CURVED UP GRADE (e) 

CURVED DOWN GRADE (I) /22 44 0 2/0 0.56 

STRAIGHT (abc) 400 

266 

/54 

II! 

5 

8 

559 

.185 

652 

249 

0.86 0.24 

CURVED (dcl) /55 0.48 

GRADE (bce I) 347 

3/9 

/37 

128 

6 

7 

490 

454 

364 

537 

1.35 0.39 

LEVEL (od) 0.65 0.25 

TOTALS 666 265 /3 944 901 1.05 0.3/ 
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Source: (66)—Bitzel, F., "Accident Rates on German 
Expressways in Relation to Traffic Volume and Geometric 
Design." Roads and Road Construction, Vol. 35, pp.  18-20 
(Jan. 1957). 

Finding—A study of accident rates on German freeways 
showed a significant increase in the accident rate for sec-
tions with steep gradients. The accident rate for gradients 
of 6 to 8 percent was over four times greater than that for 
gradients of less than 2 percent. The involvement rate for 
heavy trucks on upgrades was particularly high-70 per-
cent of all accidents on upgrades involved trucks. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

Finding—For one of the two freeway mainline models, 
grade was shown to be significant. Annual accidents were 
shown to increase 0.010 per 1,000 vpd for a 1 percent 
change in grade (up or down). 

SAFETY RELATIONSHIP NO. 2—The accident rate 
is unrelated to the grade on tangents. 

Source: (11)—Raff, M. S., "Interstate Highway Acci-
dent Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding—In a study of the Interstate System, using data 
from more than nine states, the grade alone (not in combi-
natinn) is unrelated to the accident rate. 

Grade on Curves 

SAFETY RELATIONSHIP—As the grade increases on 
curved sections, the accident and severity rates increase, 
particularly for curved-downgrade sections. 

Source: (40)—Vostrez, J., and Lundy, R. A., "Compar-
ative Freeway Study A-IV-I." State of California, Division 
of Highways (Apr. 1964) 116 pp. 

Finding—The findings for this source are presented 
under heading "Grade on Tangents" in the previous sec-
tion. 

Source: (66)—Bitzel, F., "Accident Rates on German 
Expressways in Relation to Traffic Volumes and Geometric 
Design." Roads and Road Construction, Vol. 35, pp.  18-20 
(Jan. 1957). 

Finding—Sections of German expressways with steep 
gradients and sharp horizontal curves in combination were 
shown to have higher accident rates than sections with 
flatter gradients and curves. The accident rates for the 
same gradient intervals are two to three times higher on 
curves with radii of 400 to 1,000 m as on curves of 4,000-rn 
radius. For example, the accident rate was found to be 132 
accidents per Mveh-km on sections with curve radii over 
4,000 m and 6 to 8 percent gradient. For the same gradient 
and sections with curve radii of 400 to 1,000 m, the acci-
dent rate was 233 accidents per Mveh-km. 

Sight Distance 

SAFETY RELATIONSHIP—As the minimum stopping 
sight distance increases, the number of accidents decreases. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

Finding—For one of two freeway mainline models, the 
minimum stopping sight distance was shown to be signifi-
cant. It was also shown to have a similar effect in five other 
models (interchange and structure). For the freeway main-
line, a 100-ft increase in the stopping sight distance pro-
duces a decrease of .0007 per 1,000 vpd in the number of 
annual accidents. This holds for stopping sight distances 
up to 2,600 ft. 

Horizontal Alignment 

Degree of Curve 

SAFETY RELATIONSHIP NO. 1—As the degree of 
curvature increases, the accident rate increases. 

Source: (11)— Raff, M. S., "Interstate Highway Acci-
dent Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding—The controlled access, four-lane category of 
the following tables (Tables 16 and 17 from (11)) shows 
an increase accident rate for increases in the degree of 
curvature. Tangents and curves are compared in the 
second table. Also see "Grade on Tangents" for other 
study information. 

Source: (66)—Bitzel, F., "Accident Rates on German 
Expressways in Relation to Traffic Volume and Geometric 
Design." Roads and Road Construction, Vol. 35, pp.  18-20 
(Jan. 1957). 

Finding—The findings for the source under "Vertical 
Alignment—Grade on Curves" supports the relationship 
that the accident rate increases as the degree of curvature 
increases. 

SAFETY RELATIONSHIP NO. 2—As the circuity 
factor (actual length divided by the straight-line distance) 
increases, the falling-asleep-type accident rate decreases. 

Source: (66)—Bitzel, F., "Accident Rates on German 
Expressways in Relation to Traffic Volume and Geometric 
Design." Roads and Road Construction, Vol. 35, pp.  18-20 
(Jan. 1957). 

Finding—On German expressways, monotonous, 
straight, long sections experienced a much higher falling-
asleep-type accident rate. The quantitative results are 
shown as follows: 

- length of road between two points 
Circuity - straight-line distance between points 

All Falling-Asleep-Type 
Accident Rate 

Circuity (per 100 million vehicle/kms) 
Expressway 	1.18 

	
32.5 

Expressway 2 	1.04 
	

88.2 

Superelevation 

SAFETY RELATIONSHIP—The use of less than 
AASHTO recommended standards for superelevation of 
curves can result in a signif icant  increase in the wet-
weather accident rate. 

Source: (69)—Dunlap, D. F., Fancher, P.S., Scott, R. 
E., MacAdam, C. C., and Segel, L., "Recommended Modi-
fication of Superelevation Practice for Long Radius 
Curves." NCHRP Research Results Digest 72 (May 1975) 

10 pp. 



Table 16 (p.  33) 

ACCIDENT RATES ON CURVES, BY DEGREE OF CURVATURE AND ROADWAY TYPE 

Type 1 accident rates (All states, using adjustment factors) 

Two-Lone Roads Three-Lone Roads Four-Lane Roads 

Undivided Divided Controlled access 

Per mit. Per mit. Per rail. Per mu. Per mit. 
vehicle- vehicle- vehicle- vehicle- vebicle- 

Crvoture Number miles - Number 	miles Number 	miles Number miles Number nsiles 

Degrees 

0-2.9 504 2.6 11 	5.6 98 	4.9 95 2.4 180 2.4 

3-5.9 596 3.6 11 	9.8 90 	8.4 65 4.2 162 3.4 

6-9.9 338 3.6 6 	14.1 16 	7.9 5 11.9 38 5.6 

lOormore 354 4.8 11 	28.0 3 	5.8 12 30.6 0 - 
Type 2 accident rates (Selected states, without adjustment) 

0-2.9 340 1.8 0 	- 43 	1.9 33 0.7 180 1.6 

3-5.9 447 2.5 0 	0.0 33 	2.1 52 2.7 162 2.3 

6- 9.9 287 2.9 0 	 - 10 	2.9 1 1.2 38 4.5 

10ornore 281 3.4 1 	10.0 0 	- 0 - 0 - 
Type 3 accident rates (Allstates, without adjustment)  

0-2.9 504 1.6 11 	1.7 98 	1.9 95 1.8 180 1.6 

3-5.9 596 2.5 11 	2.8 90 	2.6 65 2.4 162 2.3 

6-9.9 338 2.8 6 	3.5 16 	3.3 5 3.1 38 4.5 

lOormore 354 3.5 11 	7.3 3 	1.2 12 6.7 0 - 

Table 17 (p.  33) 

ACCIDENT RATES ON TANGENTS AND CURVES,1  BY ROADWAY TYPE 

Type 1 accident rates (All states, using adjustment factors) 

Two-Lone Roads Three-Lane Roads Four-Lane Roads 

Undivided Divided Controlled access 

Permit. Per mil. Permit. Per mit. Per mit, 
vehicle- vehicle- vehicle- vehicle- vehicle- 

Number miles Number 	miles Number 	miles Number mles Number miles 

Tangents 6,474 3.7 227 	6.1 1,348 	6.4 982 4.6 774 2.2 

Curves 1,704 3.3 39 	10.2 210 	6.5 177 	- 3.8 380 2.9 

Type 2 accident rates (Selected states, without adjustment) 

Tangents 4,259 3.1 115 	5.3 757 	3.3 829 2.9 774 1.7 

Curves 1,355 2.5 1 	2.5 86 	1.9 86 1.3 380 2.0 

Type 3 accident rates (All states, without adjustment) 

Tangents 6,474 2.3 227 	2.5 1,348 	2.7 982 2.9 774 1.7 

Curves 1,794 2.3 39 	2.8 210 	2.2 177 2.1 380 2.0 

1 All volumes, grades, curvatures, etc. 
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Finding—The accident investigation portion of this 
study, using Ohio Turnpike data, indicates that during wet-
pavement conditions, the margin of safety and maneuver-
ability is less on many long-radius curves built with lower 
than AASHTO recommended superelevation rates than on 
tangent sections and on sharper curves. As a result, the 
accident potential is increased at these sites (around 1-deg 
curve). Quantitative data are shown in Figure 1 from 
(69)—note the jump in the accident rate for those sections 
where standard superelevation did not exist. 

300  

annual number of accidents decreases. (It is noted that this 
relationship, although significant, probably should not be 
used since sign placement, letter size, message complexity 
and length, and time available for message reading at 
normal operating speeds are very likely more relevant to 
the designer.) 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

S 
1) 
1 

t = total crashes 
s = single—vehicle crashes 
w 	wet—pavement crashes 

Grade = 0±0.67. 

tv 
S 	

S 	- W. 	
w 

w — w 

000, 	0i 	0022' 	0044' 	106, 	1028' 	1050' 	2012' 
to 	to 	to 	to 	to 	to 	to 

0021' 0043 105' 1027' 1049' 2011' 2023' 

Degree of Curvature 

Figure L Expected relationship between curvature and crash rate; 
Ohio Turnpike data. (p. 9) 

Traffic Control 

Delineators 

SAFETY RELATIONSHIP—The presence of deline-
ators reduces the number of annual accidents on freeways. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric Traffic Characteristics of the 
Interstate System." Bureau of Public Roads (Aug. 1969) 
95 pp. 

Finding—In one of two freeway mainline models, de-
lineators were shown to contribute to safety effectiveness. 
Similar results were found in two of the interchange 
models. For the mainline, the presence of delineators de-
creased annual accidents 0.01 per 1,000 vpd. 

Guide Signs 

SAFETY RELATIONSHIP—As the number of in for-
mation signs readable from the roadway increases, the 

Finding—In only one model of 13, the roadway between 
speed change lanes, did the number of guide signs readable 
from the roadway show a significant decrease on the num-
ber of accidents. For each additional sign, a decrease in the 
number of annual accidents of 0.024 per 1,000 vpd re-
sulted. 

Roadside Lighting 

SAFETY RELATIONSHIP NO. 1—There is no discerni-
ble relationship between lighting intensity and the accident 
and injury accident rates. 

Source: (70)—Huber, M. J., and Tracy, J. L., "Effects 
of Illumination on Operating Characteristics of Freeways 
—Part I." NCHRP Report 60 (1968) pp.  3-48. 

Finding—Accident data on the Connecticut Turnpike 
were analyzed for changes in accident rate that could be 
related to change in illumination intensity (47 mi of high-
way with a 4.1-mi test section of lowered illumination). No 
evidence was found that night-type accident rate was re- 



lated to the level of illumination on the test section. Results 
from Table 24, page 45 of reference (70), are summarized 
as follows. 

Accident rates on Connecticut Turnpike. 

Night Day 
Night. 

Million Million Day 
Route Vehicle- Vehicle- Ratio 

Section Miles Time Accidents Miles Rate Accidents Miles Rate Rate 

West 27.6 Before 357 253 1.4 556 858 0.65 2.17 
During 204 97.3 2.09 30-1 331 0.91 2.28 

Test 4.1 Before 79 43.7 1.80 167 179.7 0.93 1.93 
During -. 36 16.5 2.18 95 68.3 1.39 1.57 

East 15.9 B-ture 82 83.8 0.98 263 346 0.76 1.30 
[)uring 60 31.8 1.89 95 131,8 0.72 2.62 
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Source: (/1)-Yates, J. G., and Beatty, R. L., "Relation-
ship Between Lighting and Accident Experience Between 
Interchanges." Hwy. Res. Rec. No. 312 (1970) pp.  85-92. 

Finding-In this study, using urban Interstate data, a 
comparison by lighted units and unlighted units (between 
9:00 p.m. and 4:00 am.) showed accident rates to be 
higher on lighted units. Quantitative data for this finding 
are illustrated in Figures 4, 5, and 6 from (71). 

SAFETY RELATIONSHIP NO. 2-The night illumina-
tion of freeways shows a smaller night-to-day accident rate 
ratio than unlighted freeways. (Note that the night-to-day 
accident rate ratio is not an appropriate measure of safety 
effectiveness.) 

Source: (72)-Johnson, R. T., and Tamburri, T. N., 
"Continuous Freeway Illumination." California Division 
of Highways (May 1965). 

Finding-The Los Angeles study found approximately 
30 percent of the travel occurring at night on Los Angeles 
freeways. The night-day ratio of accidents per million 
vehicle miles was. 1.58:1 for illuminated freeways and 
1.85:1 for unilluminated freeways. 

Source: (73)-Box, P. C., "Relationship Between Illumi-
nation and Freeway Accidents." Illuminating Eng. (May-
June 1971). 

Finding-This study, sponsored by the Illuminating En-
gineering Research Institute, found that errors ranging 
from 19 to 62 percent were observed between computer 
printouts and source accident reports. They found the 
following night-day accident rate ratios: For lighted free-
ways, 1.43; and for unlighted freeways, 2.37. It was con-
cluded that lighting an urban freeway resulted in a 42 
percent reduction in night accidents (18 percent over-all) 
and a 52 percent reduction in fatal and injury accidents 
occurring at night. 
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Figure 4. Accident rate by number of lanes. (p.88) 
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Figure 5. Accident rate by period of day on 2-lane mainline units. 
(p.88) 
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MULTILANE DIVIDED RURAL HIGHWAYS 

Roadside 

Access 

SAFETY RELATIONSHIP—As the access control in-
creases, the accident rate on four-lane divided rural high-
ways decreases. 

Source: (60)—Kihlberg, J. K., and Tharp, K. J., "Ac-
cident Rates as Related to Design Elements of Rural High-
ways." NCHRP Report 47 (1968) pp. 165-173. 

Finding—This study demonstrated the importance of 
access control on four-lane divided rural highways. Re-
sults showing accident rates for different levels of access 
control are as follows: 

Accident Rates 
Access Control Total Multivehicle Single Vehicle 

Full 0.67 0.38 	0.31 
Partial 0.91 0.58 	0.33 
None 1.84 1.38 	0.42 

Vertical Alignment 

Grade on Tangents 

SAFETY RELATIONSHIP—On four-lane divided high-
way sections on tangents, the accident rate does not appear 
to be significantly affected by the grade. 

Source: (11)—Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding—The study found that grade on tangents was 
unrelated to the accident rate for four-lane divided high-
ways. Results were similar for other highway types. 

Horizontal Alignment 

Degree of Curve 

SAFETY RELATIONSHIP—As the degree of curva-
ture increases, the accident rate increases. 

Source: (11)—Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp. 18-45. 

Finding—The following figure (from (11), p. 32) il-
lustrates the trend in accident rate for increases in degree 
of curvature. Note that the width of the bars indicates 
the number of observations associated with the particular 
point. 

IG.II - 	01.0.L8NC DVIOED CURVES 
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Degree of Curvature(p. 32) 

Source: (7)—Coburn, T. M., "The Relation Between 
Accidents and Layout on Rural Roads." International 
Road Safety and Traffic Review, pp. 15-20 (Autumn 
1962). 

Finding—This study of rural roads in Great Britain 
found that, as curvature increased on rural roads, the 
accident rate increased. The trend was consistent on 
four-lane divided highways as well as on two- and three-
lane carriageways. 

A comparison was made of similar trends reported 
by the Raff study (11), which confirmed the findings of 
the British study that accident rates are higher on sharp 
curves than on slight curves. However, it also showed 
that the rates for tangents on certain categories of roads 
were higher than the average for all curved sections. This 
latter finding was supported by another British study that 
showed that, although accidents tended to cluster on 
curves, the accident rate for tangents appeared to be 
dependent on the length of the tangent. The accident 
rates on tangents were relatively low on roads where 
curves were frequent and relatively high where curves 
were infrequent. 

MULTILANE UNDIVIDED RURAL HIGHWAYS 

Roadside 

Access 

SAFETY RELATIONSHIP—As the access poizi.i and 
traffic increase along a facility, the accident rate increases. 

Source: (60)—Kihlberg, J. K., and Tharp, K. J., "Ac-
cident Rates as Related to Design Elements of Rural High-
ways." NCHRP Report 47 (1968) pp. 165-173. 

Finding—The scope of the study included all rural 
highways. Undivided multilane facilities were not strati-
fied by any access measures. All were designated as having 
no access control. However, a decrease in accident rates 
from no access control, to partial, to full, for divided 
four-lane facilities was observed. 

Vertical Alignment 

Grade on Tangents 

SAFETY RELATIONSHIP—On four-lane divided 
highway sections on tangents, the accident rate does not 
appear to be significantly affected by the grade. 

Source: (11)—Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp. 18-45. 

Finding—The study found that grade on tangents was 
unrelated to the accident rate for four-lane divided high-
ways. Results were similar for other highway types. 

Horizontal Alignment 

Degree of Curve 

SAFETY RELATIONSHIP—As the degree of curva-
ture increases, the accident rate on curves increases. 

Source: (11)—Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp. 18-45. 

Finding—This study included data from several states. 
It was one of the only sources having sufficient data to 
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analyze four-lane undivided rural highways. The follow-
ing figure (from (11), p. 32) shows the results of an 
analysis of curvature. As the degree of curvature in-
creased, the accident rate on curves increased. Note that 
the bars indicate the relative number of observations on 
which the accident rate is based. 
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Source: (7)—Coburn, T. M., "The Relation Between 
Accidents and Layout on Rural Roads." International 
Road Safety  and Traffic Review, pp.  15-20 (Autumn 
1962). 

Finding—This study of rural roads in Great Britain 
found that, as curvature increased on rural roads in 
general, the accident rate increased. The trend was more 
consistent for two- and three-lane roads. 

TWO-LANE RURAL HIGHWAYS 

Traveled Way 

Lane Width 

SAFETY RELATIONSHIP NO. 1—The accident rate 
decreases as the lane width increases. 

Source: (6)—Gupta, R. C., and Jam, R., "Effect of 
Certain Geometric Design Characteristics of Highways on 
Accident Rates for Two-Lane, Two-Way Roads in Con-
necticut." Univ. of Connecticut, Connecticut Department 
of Transportation (August 1973) 227 pp. 

Finding—This study used multiple regression equations 
to relate accident rates to various geometric characteristics 
ratings (adequacy ratings). The following points were 
brought out by these analyses. First, roadway width 
rating has a significant effect on only the multiple vehicle 
accident rate when considered with other variables. An 
increase in this rating results in a decrease in accident 
rates in all the two-lane rural highway categories studied, 
except single vehicle accident rates (including and ex-
cluding intersection accidents) and property damage ac-
cident rates (excluding intersection accidents). Second, 
when the rural highway data are classified into different 
groups on the basis of ADT, it is found that roadway 
width rating (1) has a significant effect on all accident 
rates, except single vehicle accident rate at traffic volumes 
less than 1,400 vpd; (2) affects only the single vehicle 
accident rate on roads with intermediate traffic volumes 
(1,500 to 2,900 ADT); and (3) does not affect accident 
rate at higher traffic volumes (3,000 to 6,900 ADT). 

Source: (7)—Coburn, T. M., "The Relation Between 
Accidents and Layout on Rural Roads." International 
Road Safety and Traffic Review, pp. 15-20 (Autumn 
1962). 

Finding—A survey of accident rates on two-lane roads 
in Buckinghamshire for the period 1946 showed that the 
accident rate on these roads decreased as the width in-
creased. The nonjunction injury accident was 2.3 M veh-mi 
for roadway widths of 16 to 17 ft, whereas the rate de-
creased to 1.7 accidents per M veh-mi roadway widths of 
22 to 24 ft. However, it should be noted that the ADT 
varied from 460 vpd for the 16- to 17-ft roadways to 
2,630 vpd for the 22- to 24-ft roadways. Therefore, ADT 
may be affecting the accident rate because it was not 
held constant for the analysis. 

Source: (8)—Dart, 0. K., Jr., and Mann, L., Jr., "Re-
lationship of Rural Highway Geometry to Accident Rates 
in Louisiana." Hwy. Res. Rec. No. 312 (1970) pp.  1-16. 

Finding—As can be seen from the following figure 
(Fig. 3 from (8)), the accident rate decreases as the lane 
width increases up to 11 ft, then remains relatively con-
stant. 

LANE WIDTH, FT. 

Figure 3. Accident rate versus lane width. (p . 9) 

Source: (9)—Cope, J. A., "Traffic Accident Experi-
ence—Before and After Pavement Widening." Traffic 

Eng., pp. 114-115 (Dec. 1955). 
Finding—The widening of 244.3 mi of two-lane rural 

highways in Illinois (generally from 9- to 12-ft lanes) 
showed significant decreases in the accident rate, par-
ticularly on sections with high accident rates. A rela-
tionship between the amount of improvement, the traffic 
volume, and the accident rate was established by grouping 
the various sections together by original accident rate from 
low to high. This grouping is shown in the following table 
along with the average amount of improvement and 
average original traffic volume for each group: 

Group Average 

Original Acci- Number Percent of Original 

dent Rate of Sections Improvement Volume 

Less than 1.5 2 21.5 2,170 

1.5-1.9 6 25.2 2,284 

2.0-2.4 7 34.4 2,700 

2.5 and up 7 46.6 3,006 
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This table indicates that widening becomes more effec-
tive as the original accident rate and traffic volume in-
crease. These accident rate improvements excluded in-
tersection- and construction-related accidents. Accident 
reduction by type of accident was as follows: 

Before After Percent 
Widening Widening Reduction 

Fatal Accidents 37 22 40.5 
Injury Accidents 384 308 19.8 
Property Damage 514 361 29.8 

Total 935 691 26.1 
Narrow Pavement 

Contributed 176 84 52.3 

Source: (10)—Shah, K., "A Methodology to Relate 
Traffic Accidents to Highway Design Characteristics." A 
thesis presented to Graduate College of Ohio University 
(Aug. 1968) 62 pp. 

Finding—Pavement width data showed a definite rela-
tionship with the accident rate. Narrow pavements, 15 to 
20 ft, showed more contribution to accidents than wider 
pavements of 22 to 24 ft. The rate on pavements of 18 ft 
was more than 120 percent higher than the rate on those 
22- or 24-ft wide. Table XII from (10) indicates that 
pavement widths did affect the accident rate on two-lane 
rural highways. 

0 
0 

0 
0 

I I I 

0 

I 

11+ 16 18 20 22 21+ 26 28 30 32 31+ 

Pavement Width (feet) 

Figure 6 (p. 32) 

ACCIDENT RATE AS A FUNCTION OF 
PAVEMENT WIDTH FOR TWO-LANE HIGHWAYS 

TABLE XII (p. 30) 

ACCIDENT RATES RELATED TO PAVEMENT WIDTH 

Accident Rate 

Accident Pate 	 (ter miii ion 

	

Width 	 Number of Accidents 	(per million vehicle-miles) vehicle atL) 

	

feet 	2-lane 1+-lane All Highways 2-1ane 7-1ane All Highways Cope Baluwin 

16 1+ 1+ 3.17 3.17 5.2 

18 50 50 +.35 1+.35 2.3 	3.8 

20 67 67 3.36 3.36 3.5 

22 32 32 1.81+ 1.81+ 1.1+ 

21+ 52 52 1.91+ 1.91+ 3.1+ 

33 3 3 +.12 1+.12 

48 38 38 1.83 1.83 

52 1 1 2.93 2.93 

As can be seen from Figure 6 (also from (10)) the 
accident rate on 33-ft pavement width was 4.12, almost 
as high as the rate on 18-ft pavement width. This in-
dicated that pavements 22- to 24-ft wide had fewer 
accidents than narrow and wider pavements. 

Although pavement width was a significant contributing 
factor to accidents, there were other factors that accounted 
for 64 percent variation in the data. 

Source: (108)—"Safety Considerations in Highway 
Design and Traffic Operations." Project Committee on 
Road Safety, Roads and Transportation Association of 
Canada, Technical Publication No. 5 (1975) 68 pp. 

Finding—This research presented conclusions based on 
the review of several reports. No new data or analyses 
were given. 

Source: (109)—Jacobs, G. D., "A Study of Accident 
Rates in Developing Countries." Department of the En- 
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vironment, TRRL Laboratory Report 732 (1976) 14 pp. 
Finding—The accident rate decreases for increasing 

road width, as can be seen from Figure 5 (from (109), p. 
19). 

Source: (110)—Shannou, P., and Stanley, A., Pave-
ment Width Standards for Rural Two-Lane Highways." 
Pacific Northwest Regional Commission and Idaho Trans-
portation Department (Dec. 1976) 24 pp. 

Finding—The primary area of concern is the rela-
tionship among construction cost, maintenance cost, and 
accident costs as related to paved width. Results are com-
pared with the minimum paved widths currently specified 
by the Idaho Division of Highways. The only configura-
tion of interest is full-width roadway paving, or paving 
that covers both driving lane and shoulder. The structural 
section of the shoulder is assumed to be the same as 
that of the travel lane. The analysis revealed a general 
tendency for accident rates to decline as pavement width 

Construction 	Minimum Paved 
Year ADT 	Width (ft) 

0- 	249 20 
250- 	399 20 
400- 	749 24 
750- 999 28 

1,000-1,999 34 
2,000-2,999 40 

SAFETY RELATIONSHIP NO. 2—No relationship 
exists between the accident rate and lane widths on flat 
tangents. 

Source: (11)—Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp. 18-45. 

Finding—If two-lane tangents are classified only accord-
ing to pavement width without consideration of traffic 
volume, shoulder width, or other feature, there is no 
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Fig. 6 ACCIDENT RATE/ROAD WIDTH (p. 1 9) 
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increased. A second observation was that terrain type 
sometimes has a stronger influence on accident rate than 
does pavement width. An economic analysis was under-
taken to compare long-term monetary effects associated 
with several pavement width options. Traffic accident 
data were used to estimate annual accident costs for 
several pavement widths under various assumptions about 
traffic growth, interest rate, and the cost of an individual 
accident. Construction and maintenance costs were es-
timated using recent Idaho and Nevada data. Over-all 
economic comparisons were made among various widths in 
six different ADT ranges. 

Results of the economic analyses were used in attempt-
ing to determine reasonable minimum pavement widths 
for various ADT ranges. The suggested minimums are:  

discernible trend in the accident rate. The results are 
shown in Table 7 from (11). 

Source: (12)—Perkins, E. T., "Relationship of Accident 
Rate to Highway Shoulder Width." HRB Bull. 151 
(1957) pp.  13-14. 

Finding—No significant trend or relationship was deter-
mined between the accident rate and the total surface 
width (lane widths plus shoulder width). Table 2 (from 
(12)) summarizes the data for accidents, mileage, and 
traffic data and accident rates by total surface width on. 
two-lane Connecticut highways (without control of access) 
for four years, 1951 through 1954. 

Source: (13)—Stohner, W. R., "Relation of Highway 
Accidents to Shoulder Width on Two-Lane Rural High-
ways in New York State." Proc., 35th Annual Meeting 
of HRB, pp.  500-504 (1956). 
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TABLE7 	(o. 27) 

ACCIDENT RATES ON TWO-LANE TANGENTS, BY WIDTH OF PAVEMENT 

Type 1 (All States, Type 2 (Selected Type 3 (All States, 
Pavement using adjustment States, without without 

Width factors) adjustment) adjustment) 

Feet Number 	Per mil Number 	Per mil. Number 	Per mil. 
vehic.-miles vehic.-miles vehic.-miles 

16or less 246 	5.5 246 	3.3 246 	4.3 
18 1,795 	4.0 742 	2.9 1,795 	2.1 
20 3.263 	3.4 2,434 	3.0 3,263 	2.3 
21 or22 506 	4.7 359 	3.1 506 	2.6 
23or24 299 	3.8 138 	3.9 299 	1.9 
25 45 	2.4 38 	1.9 45 	1.6 
26 47 	4.0 47 	3.6 47 	3.3 
27 47 	3.3 42 	3.4 47 	2.5 
28 132 	4.6 132 	3.6 132 	3.6 
29ormore 94 	3.1 81 	2.8 94 	2.5 

TABLE 2 (p. 14) 
ACCO)ENTS. MILI:Aor ANt) TRAFFiC DATA AND ACCTDF.NT 

RAVEN IIY TOTAl. SURFACE WIDTH ON TWO. LANE 
('o9y4rc'nc:UT IIII;IIWAYS 	IWIIIII1II r 	('4,II'rIlOI, OF 

ACCESS) 80*5 lOUIS YEAISS lost TISIIOIJGH 1954 

Tntl 	Tir tdi 
.urlaCp nuninber vrhlrle-m)Ie, daily p,r 
.,tdlh 05 )Snlndr,d truilu hundred nilitlon 
J , nr0.)enL rotlllnn.)vulunie vehIeI.n,lIea 

14 I 0.009 200 000 
16 II 0.020 500 550 
IS IS 0.068 400 280 
20 113 0.493 600 230 
22 325 1.587 000 200 
24 900 4,268 1.200 230 
26 2,501 8.601 1,400 200 
28 5,018 *9.706 2,000 250 
30 4,680 17. 172 3,100 .

0 32 656 3,760 3.100 230 
34 630 1.762 4,600 360 
36 264 1.135 3,300 250 
38 757 2.646 4,000 270 
40 136 0.712 6,000 *90 
42 142 0.510 4,500 260 
44 0.042 4,500 20 

loIlor - -- 
eiiihl,d 16,672 62. 804 2,000 270 
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Figure 5. Accident rate versus pavement cross slope. 	(p. 1 0) 

Finding-The conclusion of this study was that the 
pavement width between 16 and 24 ft is not substantially 
related to accidents. 

Cross Slope 

SAFETY RELATIONSHIP-The accident rate in-
creases as the pavement cross, slope decreases. 

Source: (8)-Dart, 0. K., Jr., and Mann, L., Jr., "Re-
lationship of Rural Highway Geometry to Accident Rates 
in Louisiana." Hwy. Res. Rec. No. 312 (1970) pp.  1-16. 

Finding-The pavement cross slope has an important 
effect on the accident rates as related to traffic volume. 
The findings indicate that the flatter the cross slope, the 
higher the accident rate (see following Fig. 5 from (8)). 

Shoulders 

Shoulder Width 

SAFETY RELATIONSHIP NO. 1-As the shoulder 
width on tangents increases, the accident rate decreases. 

Source: (33)-Billion, C. E., and Stohner, W. R., "A 
Detailed Study of Accidents as Related to Highway 

Shoulders in New York State." Proc., 36th Annual Meet-
ing of HRB, pp.497-508 (1957). 

Finding-Shoulders from 5 to 7 ft wide have lower 
accident rates than shoulders of 3 to 4 ft wide on two-
lane rural highways of 20-ft pavement widths. 

Source: (34) -Schoppert, D. W., "Predicting Traffic 
Accidents from Roadway Elements of Rural Two-Lane 
Highways with Gravel Shouders." HRB Bull. 158 (1957) 
pp. 4-26. 

Finding-Motor vehicle accidents are directly related to 
vehicle volumes and certain physical features of the high-
way. This relationship is strong enough in the higher 
ADT ranges to make possible reasonably accurate predic-
tions of total accidents on the basis of known physical 
features. 

Although the highway design elements such as lane 
width, shoulder width, and sight distance restriction are 
related to accidents, they do not ordinarily serve as good 
predictors of accidents. Generally speaking, wider lanes, 
wider shoulders, and unimpaired sight distance result in a 
safer highway. 

Source: (35)-Belmont, D. M., "Effect of Shoulder 
Width on Accidents on Two-Lane Tangents." HRB Bull. 
91 (1954) pp.  29-32. 
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(D. 502) 
COMPARISON OF DISTRIBUTIONS OF TRAVEL AND ACCIDENTS WI'ftI X' RELABILITY FACTORS, BY SHOULDER WIDTH AND 

ALINEMENT ON 2-LANE RURAL HIGHWAYS WITH 20-FT PAVEMENTS. 

Ahoement 
Shoulder 

Width, 	Ft 

Travel (10% Samp1) Accidents (1947-1955) 
 Accident 

Index0  
Theoret,cal 

Accidents 	(No.) 
X- 

Contribution 

MVM Percent Number Percent 

lveI 
Tangent 

s 

-22.72 
5 - 7 

8 & over 
137.34 

31.63 

10.37 
62.67 
14.43 

58 
287 
107 

7.89 
30.00 
14.19 

0.74 
0.61 
0.58 

78 
473 
109 

5.13 
73.14 

0.04 

All 191.69 87,47 452 19.95 0.69 660 78.31 

Grade 

3 . 4 
O - 7 

$ & over 

1.52 
9.97 
2.26 

6.69 
4.65 
1.03 

13 
59 
8 

1.72 
7.82 
1.06 

2.49 
1.72 
1.03 

6 
24 
8 

12.00 
18.30 

0.00 

All 11.75 6.27 80 10.61 1.69 47 31.18 

Curve 

3 - 4 
5 - 7 

8 & over 

2.08 
7.66 
1.80 

0.95 
3.50 
0.82 

41 
113 
19 

5.44 
14.99 

2.52 

5.72 
4.28 
8.07 

7 
26 
6 

165.14 
291.12 
28.17 

All 11.64 5.27 173 22.94 

2.12 

4.95 39 484.43 

S - 4 0.24 6.11 16 	, 19.27 1 225.00 
Grade 5 - 7 1.72 0.78 29 5.85 4.94 6 08.17 
and 8 & over 9.21 0.0 4 0.53 5.30 1 0.00 

Curve  

All 2.17 0.09 49 6.20 6.57 8 322.17 

3 - 4 26.56 12.12 128 16.98 1.40 91 408.07 
6 - 7 156.65 71.50 498 64.72 6.91 139 470.81 

All 8 & over 35.90 16.58 138 18.30 1.12 124 37.21 

All 219.15 100 754 100 1,00 754 916.09 

Accident Index is equal to percent of accidents in any geometric category divided by the percent of travel (MVM) in the same category. 

Finding-California accident records for 1948 were 
examined for the relationship between shoulder width and 
accident occurrence on two-lane tangents. For similar 
traffic volumes, shoulders 6 ft wide were safer than nar-
rower shoulders and, also, at volumes over 5,000 vpd, 
safer than wider shoulders. 

Figures 1 and 2 from (35) illustrate the observed and 
theoretical relation between accident rates and shoulder 
widths. 
Source: (13)-Stohner, W. R., "Relation of Highway Ac-

cidents to Shoulder Width on Two-Lane Rural Roads in 
New York State." Proc., 35th Annual Meeting of HRB, 
pp. 500-504 (1956). 

Finding-Considering the entire system of rural two-
lane roads in New York State, there exists a measurable 
relationship between shoulder width and accident rate. 
The wider the shoulder, within reasonable limits, the lower 
is the accident rate. This is especially true for property 
damage accidents. 

The fatal and injury accident rate has a downward 
trend as the shoulder width is increased from 3 to 8 ft, 
as shown in Table 3 (from (13)). 

This relation is also shown in the following figures 
(Fig. 5, p.  503) for fatal and injury accidents and also 
for property damage accidents. 

Source: (36)-Head, J. A., and Kaestner, N. F., "The 
Relationship Between Accident Data and the Width of 
Gravel Shoulders in Oregon." Proc., 35th Annual Meet-
ing of HRB, pp. 558-576 (1956). 

Finding-The study included only two lanes (10 ft or 
wider), essentially straight and level rural roads with 
gravel shoulders, sight restrictions of 30 percent or less, 
and without speed zones. 

In the two highest ADT ranges (3,600 to 5,500 and 
5,600 to 7,500), the frequency of all types of accidents 
appeared to decrease as shoulder width increased. Sta-
tistically, the only reliable trends were that total accidents 
and property damage accidents decreased as shoulder 
width increased in the 3,600 to 5,500 ADT range. Figures 
4 and 5 from (36) illustrate the predicted accidents per 
1-mi section of two-lane highways. 

Source: (37)-Blensly, R. C., and Head, J. A., 
"Shoulders and Accident Experience on Two-Lane Rural 
Highways: A Summary." HRB Bull. 266 (1960) pp.  28-
33. 

Finding-Several studies have been made that attempt 
to determine the relationship between the frequency of 
accidents and the width of shoulders on two-lane rural 
highway sections. This report brings together the informa-
tion available from these past studies and correlates them 
with Oregon's concluding research on this phase. The 
studies of gravel shoulders on two-lane rural highways 
have indicated a tendency for total accidents and prop-
erty damage accidents to decrease as the shoulder width 
increased for the intermediate traffic volume ranges. No 
relationship was indicated for the low- and high-traffic 
volume ranges, nor was any relationship found for per-
sonal injury accidents. 

Source: (10)-Shah, K., "A Methodology to Relate 
Traffic Accidents to Highway Design Characteristics." A 
thesis presented to Graduate College of Ohio University 
(Aug. 1968) 62 pp. 

Finding-In this study, a general decrease,  in the ac-
cident rate was found with an increase in shoulder width, 
except at a shoulder width of 8 and 9 ft, where there 
was an upward tendency in the accident rate. These 
data are shown in Table XIII from (10). 
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Figure 1. Observed relation between accident rates and 
shoulder widths. (p.  31) 
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Figure 2. Theoretical relation between accident rates and 
shoulder widths. (p.  31) 

Iq 

(p.502) 
TABLE 3 

ACCIDENT RATES IN RELATION TO 
SHOULDER WIDTH 

ShOUt- Milderes M.V.M. F.&I. 

3 576.20 349.75 459 1.31 356 1.02 
4 1026.28 501.51 581 1.16 479 0.96 
5 2557.08 1409.08 1501 1.07 984 0.70 
6 1299.15 763.27 892 1.17 544 0.71 
7 1661.38 1006.92 1027 1.02 555 0.55 
8 789.05 508.33 508 1.00 319 0.63 
9 375.02 251.84 268 1.06 139 0.55 

10 342.90 295.15 354 1.20 139 0.47 
11 and 119.08 107.32 132 1.23 62 0.58 

over 

Total 8746.14 5193.47 5722 1.10 3577 0.69 
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Figure 5. Accident rates by shoulder width on 2-lane 
pavements (10-24'). (p.  503) 
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Shoulder Width feet 
Figure 4. Predicted personal injury accidents from 

shoulder width and average daily traffic. 

(p. 564) 

Shoulder Width - feet 
Figure 5. Predicted property damage accidents from 

shoulder width and average daily traffic. 

(p. 565) 

TABLE XIII (p. 3) 
ACCIDENT RATES RELATED TO SHOULDER WIDTH 

Shoulder Accident Rate 
Width Number of Accidents •  (per million vehicle miles) 
Feet 2-Lane 4-Lane All Highways 2-Lane 	4-Lane 	All Highways 

0 1 1 2 3.85 	2.93 	3.32 

2 36 36 3.29 	 3.29 

3 48 48 3.80 	 3.80 

4 45 45 3.66 	 3.66 

5 6 6 3.32 	 3.32 

6 11 11 1.29 	 1.29 

8 23 25 48 1.62 	3.44 	2.23 

9 6 6 5.01 	 5.01 

10 32 8 40 1.88 	0.99 	1.59 

20 5 5 0.92 	0.92 
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SAFETY RELATIONSHIP NO. 2—The accident rate 
increases as the shoulder widths on tangents increase, for 
selected traffic volumes. 

Source: (38)—Blensly, R. C., and Head, J. A., "Sta-
tistical Determination of Effect of Paved Shoulder Width 
on Traffic Accident Frequency." HRB Bull. 240 (1959) 
pp. 1-23. 

Finding—In the 2,000- to 2,999-ADT range, property 
damage and total accidents showed a significant tendency 
to increase as shoulder width increased. 

Source: (39)—Belmont, D. M., "Accidents Versus 
Width of Paved Shoulders on California Two-Lane Tan-
gents-1951 and 1952." HRB Bull. 117 (1956) pp.  1-16. 

Finding—A tendency was found for injury accident 
rates to increase with paved shoulder width, except at 
traffic volumes of less than about 2,000 vpd, where the 
trend may be reversed. 

The indicated increase could be substantial. At 6,000 
vpd, the accident rate would be about 70 percent higher 
for 8-ft than for 2-ft shoulders, the difference decreasing 
linearly for decreasing volumes. These values may not 
be very accurate; they undoubtedly reflect to some extent 
the influence of hidden factors. In general, however, 
there appears to be a primary association between shoulder 
width and accident occurrence. 

Source: (37)—Blensly, R. C., and Head, J. A., 
"Shoulders and Accident Experience on Two-Lane Rural 
Highways: A Summary." HRB Bull. 266 (1960) pp. 
28-33. 

Finding—In the 2,000- to 2,900-ADT range, property-
damage-only accidents and total accidents showed a 
significant tendency to increase with increase in paved 
shoulder width. 

SAFETY RELATIONSHIP NO. 3—The shoulder 
width on tangents is unrelated to the accident rate. 

Source: (38)—Blensly, R. C., and Head, J. A., "Sta-
tistical Determination of Effect of Paved Shoulder Width 
on Traffic Accident Frequency." HRB Bull. 240 (1959) 
pp. 1-23. 

Finding—From a study of accidents and paved shoulder 
width on two-lane rural tangents, it could not be shown 
that increasing the width of paved shoulders was actually 
helpful in reducing accidents on level, tangent two-lane 
highways. 

Source: (36)—Head, J. A., and Kaestner, N. F., "The 
Relationship Between Accident Data and the Width of 
Gravel Shoulders in Oregon." Proc., 35th Annual Meet- 
ing of HRB, pp.  558-576 (1956). 	- 

Finding—T here was no relationship between accident 
frequency and gravel shoulder width on two-lane tangents 
of less than 3,600 ADT. 

Source: (11)—Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding—For two-lane tangents classified only accord-
ing to their shoulder width, there is no indication that 
shoulder width has any effect on the accident rate (see 
Table 8 from (11)). 

Source: (12)—Perkins, E. T., "Relationship of Ac-
cident Rate to Highway Shoulder Width." HRB Bull. 151 
(1957) pp.  13-14. 

Finding—There is neither a definite relationship be-
tween shoulder width and accident rate nor a definite 
relationship between pavement width, shoulder width, 
and accident rate for two-lane rural highways. Table 1 
from (12) shows this finding. 

SAFETY RELATIONSHIP NO. 4—As the shoulder 
width increases on horizontal curves, the accident rate 
decreases. 

Source: (33)—Billion, C. E., and Stohner, W. R., "A 
Detailed Study of Accidents as Related to Highway 
Shoulders in New York State." Proc., 36th Annual Meet-
ing of HRB, pp.  497-508 (1957). 

Finding—The accident rate decreases as the shoulder 
width increases on horizontal curves. This finding is 
shown in Table 3 from (33). 

Source: (11)—Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding—On two-lane curves the accident rate de-
creases as the shoulder width increases, up to 10 ft, then 
it increases. This is shown in Table 9 from (11). 

Shoulder Surface Type 

SAFETY RELATIONSHIP—Paved shoulders have 
lower accident rates than unpaved shoulders of the same 
width. 

Source: (42)—Heimbach, C. L., Hunter, W. W., and 
Chao, G. C., "Paved Highway Shoulders and Accident 
Experience." Trans. Eng. J. ASCE, Vol. 100, pp.  889-907 

(Nov. 1974). 
Finding—On the basis of a sample of 3,054 individual 

roadway sections taken from the North Carolina Rural 
Primary System, for two-lane two-way roadways: (1) a 
significantly lower accident experience is associated with 
various types of highways having predominantly 3-ft to 
4-ft (0.9-m to 1.2-m) paved shoulders, when compared 
with the identical highway counterpart in the unpaved 
shoulder category, and (2) a significantly lower accident 
severity index is associated with homogeneous highway 
sections having 3-ft to 4-ft paved shoulders, when com-
pared with the identical highway counterpart having 
unpaved shoulders. 

The formula used to calculate the severity index used 
weighting factors representing the relative cost associated 
with various types of accidents (fatality, injury, or prop-
erty damage). The severity of the accident was classified 
by the most severe injury in the accident. The average 
severity index value for paved shoulders was 2.719 and 
3.219 for unpaved shoulder sections. The difference 
between these two values was statistically significant at the 
90 percent confidence level. 

Roadside 

The effect of roadside slopes, guardrail, fixed objects, 
etc. has not been studied for the individual highway 
facility categories such as two-lane rural highways or 
urban arterials. For this study, research results and 
safety-effective relationships for these features have been 
included in the "general" category. 
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TABLE 8 (p. 28) 

ACCIDENT RATES ON TWO-LANE TANGENTS BY WIDTH OF SHOULDERS 

Shoulder 
width 

Type I (All States, 
using adlustmen.t 

factors) 

Type 2 (Selected 
States, without 

ad justment) 

Type 3 (All States, 
without 

ad justment) 
feet Number Per mu. Number Per mil. Number I 	Per mu. 

vehic. 	mis.  vehic.-mis.  vehic.-mis. 

Curb 10 2.9 3 0.8 10 1.4 

0-4.9 2,673 3.9 2,012 3.1 2,673 2.6 

5-7.9 2,789 3.6 1,556 3.1 2,789 2.0 

8-9.9 525 3.6 338 3.0 525 2.4 

10 or more 476 1 	4.1 350 3.3 476 2.8 

Table 1 (p.  13) 

ACCIDENT, MILEAGE AND TRAFFIC DATA AND ACCIDENT RATES BY VARIOUS PAVEMENT AND SHOULDER 
WIDTHS ON TWO-LANE CONNECTICUT HIGHWAYS (WITHOUT CONTROL OF ACCESS) FOR FOUR YEARS 1951-1954 

Pavement Paved shoulder width (feet) 
TotI or 

surface Item weighted 
width (It) 0 1 2 3 4 5 6 7 8 9 10 	average 

No. of accidents 1 0 4 39 122 144 196 34 22 562 
Vchicle_milesa 0.002 0.011 0.023 0.181 0.706 0.734 0.593 0.129 0.075 0 0 	2.454 

14 Avg daily traffic 200 700 400 500 1100 1500 1900 1200 1100 1200 
Accident rateb 500 0 170 220 - - 

 
170 200 331) 960 290 230 

No. of accidents 11 2 17 43 116 66 55 138 6 454 
Vehicle-miles a  0.009 0.023 0.074 0.232 0.398 0.216 0.183 0.501 0 0.034 0 	1.668 

16 Avg daily traffic 400 600 500 700 1200 1200 1300 3500 2100 1200 
Accident rateb 1200 90 230 - - 	190290 310 300 280 180 270 

No. of accidents 	13 	23 	43 	254 	410 	455 	127 	52 	 1377 
Vehicle-miles a  0.022 0.097 0.166 1.009 1.456 1.818 0.438 0.253 	0 	0 	0 	5.259 

18 	Avg daily traffic 	400 	600 	600 1100 1500 2000 2300 4000 	 1500 
Accident rateb 	590 	240 	260 	250 	280 	250 	290 	210 	 260 

No. of accidents 	34 	86 	196 	969 2321 	3362 	438 	437 	140 	35 	 8018 
Vehicle-miles a 	0.141 0.328 0.977 3.024 9.446 12. 434 1.754 1.239 0.612 0.211 	0 	30.166 

20 	Avg daily traffic 	900 	800 1000 1500 2500 4000 3300 5700 4600 5300 	 2700 
Accident rateb 	240 	260 	200 	320 	250 	270 	250 	350 	230 	170 	270 

No. of accidents 	31 	257 	753 	1536 	834 	194 	187 	144 	670 	85 	142 	4833 
Vehicle-mItes5  0.155 1.034 2.944 5.927 2.725 0.901 0.489 0.523 2.462 0.449 0.510 18.119 

22 	Avg daily traffic 	800 1400 1200 1500 1600 3500 3200 2400 3800 6600 4500 	1700 
Accident rateb 	200 	250 	260 	20 	310 	220 	380 	280 	270 	190 	280 	260 

No. of accidents 	31 	107 	617 	391 	172 	 52 	51 	 1 	1428 
Vehicle-miles a 0.138 0.368 2.283 0.999 0.872 	0 	0 0.173 0.263 	0 0.042 	5. 138 

24 	Avg daily traffic 	1100 	1300 2100 3300 2300 	 5900 5100 	4500 	2300 
Accident rateb 	220 	290 	270 	400 	200 	 300 	190 	 20 	280 

No. of accidents 	121 	475 1630 3238 3975 4221 	1003 	857 	883 	126 	143 	16672 
Total or 	

Vehtcle_mllesa 	0.467 1.861 6.467 11.372 15.601 16.103 3.457 2.818 3.412 0.694 0.552 	62.804 
weighted 	Avg daily traffic 	800 1100 1300 1400 2000 3300 2600 3600 3800 5600 4500 	2000 
average 	Accident rateb 	260 	260 	250 	280 	250 	260 	290 	300 	260 	180 	260 	270 

a hundred millions 
bper hundred mIllion vehicle-miles 

Table 3 (excerpt, p. 502) 

COMPARISON OF DISTRIBUTIONS OF TRAVEL AND ACCIDENTS WITH X' RELIABILITY FACTORS. BY SHOULDER WIDTH AND 
ALINEMENT ON 2-LANE RURAL HIGHWAYS WITH 204"T PAVE,M0NTS. 

Alignment 
Shoulder 

Width, Ft. 
Travel (1O% Sample) Accidents (1947-1955) Accident 

Index * MVM TPeet 7qurnber Percent 

Curve 

_________ 

3-4 
5-7 

8&over 

2.08 
7.66 
1.80 

I 	0.95 
3.50 

I 	0.82 

41 
113 
19 

5.44 
14.99 
2.52 

5.73 
4.28 
3.07 

All 11.54 L 5.27 173 22.94 4.35 

*Accident index is equal to percent of accidents in any geometric category divided by the 
percent of travel (MVM) in the same category. 
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Table 9 (p.  28) 

ACCIDENT RATES (TYPE 3) ON TWO-LANE CURVES, BY VOLUME OF TRAFFIC, 

PAVEMENT WIDTH, AND SHOULDER WIDTH 

0 - 4,900 vehicles per day  
Sl1i1der width  

Less than 5 feei._.._4 5 - 7.9 feet 8 - 9.9 feet 10 feet or more Total 

Per ml. Per mit. Per mit. Per mU. Per mu. 
Pavement width Number vehicle- Number vehicle- Number vehicle- Number vehicle- Number vehicle- 

miles miles • mIles miles miles 
Feet 

16 or less 28 1.5 5 1.1 0 - 0 - 33 1.4 
18 257 2.7 153 2.0 4 1.3 1 0.7 415 2.4 
20 473 3.0 219 1.9 40 1.4 33 2.2 765 2.4 
21-22 58 2.3 5 0.7 2 1.7 26 2.3 91 2.0 
23-24 22 2.5 31 1.4 I 0.3 0 0.0 54 1.6 
25ormore 15 1.3 5 1.2 0 - 9 4.2 29 1.6 

Total 853 2.7 418 1.8 47 1.3 69 2.3 1,387 2.3 

5,000 - 9,900 vehIcles per oay  

16 or less 1 0.9 1 0.7 0 - 0 - 2 0.8 
18 7 3.5 12 1.2 5 5.0 0 - 24 1.8 
20 230 3.2 84 2.4 3 1.2 10 2.0 327 2.9 
21-22 6 2.7 13 2.3 0 - 3 3.3 22 2.5 
23-24 0 - 2 0.6 1 3.3 0 - 3 0.8 
25 or more 9 4.7 8 2.0 0 - 7 2.8 24 2.9 

Total 253 3.2 120 2.0 9 2.4 20 2.4 402 2.7 

All volumes 

16 or less 1 	29 1.5 6 1.0 J 	0 - I 	0 - 35 1.4 
18 264 2.7 165 1.9 I 	9 2.2 1 0.7 439 2.3 
20 705 3.1 305 2.0 I 	43 1.4 I 	43 2.1 1,098 2.5 
21-22 I 	64 2.3 18 1.4 2 1.7 I 	29 2.4 113 2.1 
23-24 I 	22 2.5 33 1.3 2 0.6 0 0.0 57 1.5 
25or more 24 1.7 13 1.6 0 - 16 3.6 53 2.0 

Total 11.108 2.8 540 1.8 Jso 1.4 [89 2.3 1,793 2.3 

Access 

SAFETY RELATIONSHIP-As the roadside develop-
ment increases and the number of entrances increases, 
the accident rate increases. 

Source: (60)-Kihlberg, J. K., and Tharp, K. J., 
"Accident Rates as Related to Design Elements of Rural 
Highways." NCHRP Report 47 (1968) PP.  165-173. 

Finding-The purpose of this study was to determine 
the relationship of motor vehicle accidents to highway 
types and highway design elements. The study consisted 
of two phases: Phase 1 was a one-year study to determine 
the accident and severity rates for various highway types; 
Phase 2 was a two-year study to extend these rates to 
various geometric elements of the highway. Phase 1 re-
sults, verified by Phase 2, were as follows: (1) four-lane 
highways had higher accident rates than two-lane high-
ways when there was no median and no access control; 
and (2) access control had the most powerful accident 
reducing effect, and partial control of access was partially 
effective. 

The following table of smoothed rates for Ohio rural 
highways (4,600 to 6,899 ADT) is illustrative of the 
findings: 

Highway Type Total 
Multi- 
Vehicle 

One 
Vehicle 

2-lane, No Access Control 1.75 1.22 0.45 
2-lane, Partial Access Control 1.39 1.06 0.32 
4-lane, No Median, No Access 

Control 2.56 1.98 0.48 
4-lane, Median, No Access Control 1.84 1.38 0.42 
4-lane, Median, Partial Access 

Control 0.91 0.58 0.33 
4-lane, Median, Full Access Control 0.67 0.38 0.31 

Source.' (61)-Prisk, C. W., "How Access Control 
Affects Accident Experience." Public Roads, Vol. 29, 
No. ll,pp. 266-267 (Dec. 1957). 

Finding-Head-on, angle, and pedestrian collisions com-
prise 10 percent of all freeway accidents. Facilities with 
partial or no control of access experience 35 to 50 percent 
accidents in those categories. 

The total accident rate, fatality rate, and injury rate on 
full access-control facilities were found to be lower than 
on partial access control or no control for both rural and 
urban facilities. The following results were found for the 
period 1949 to 1955: 

Fatalities 	Injuries 	Total 
per 100 	per 	Accidents 
Mveh-mi Mveh-mi Mveh-mi 

Rural 

Full Control 	3.4 	1.36 	1.56 
Partial 	. 	6.3 	1.48 	2.09 
None 	 10.3 	2.14 	3.44 

Urban 

Full Control 	2.2 	0.89 	1.94 
Partial 	 5.6 	1.64 	5.23 
None 	 4.1 	2.61 	5.01 

Source: (11 )-Raff, M. S., "Interstate Highway Acci-
dent Study." HRB Bull. 74(1953) pp. 18-45. 

Finding-The more roadside establishments per mile, the 
higher the accident rate. This was significant for one group 
of data only (two-lane tangents). 
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Source: (34)-Schoppert, D. W., "Predicting Traffic 
Accidents from Roadway Elements of Rural Two-Lane 
Highways With Gravel Shoulders." HRB Bull. 158 (1957) 
pp. 4-26. 

Finding-Access to the highway through driveways or 
intersections is directly related to accidents at all ADT 
levels. The number of access points is a reasonably good 
predictive index of the number of potential accidents 
within an ADT group. 

The number of accidents increases with the number of 
situations presenting a change in conditions and, thus, 
requiring a decision on the part of the motor vehicle 
operator. Accidents on low-volume roads do not appear 
to be related to any roadway feature. Accidents increase 
when (1) vehicle volumes increase, (2) access points in-
crease, and (3) sight distance is impaired and/or cross 
section is reduced. 

The most important factor in the prediction of traffic 
accidents is the vehicle volumes on the highway. Points 
of access are second in importance. The design features 
such as lane width, shoulder width, and sight restrictions 
are third. 

Source: (8)-Dart, 0. K., Jr., and Mann, L., Jr., "Re-
lationship of Rural Highway Geometry to Accident Rates 
in Louisiana." Hwy. Res. Rec. No. 312 (1970) pp.  1-16. 

Finding-For rural highways in Louisiana, the accident 
rate was shown to increase as the conflicts per mile increase 
(see Fig. 4 from (8)). Traffic conflicts were defined as the 
total number of traffic access points on both sides per mile 
of highway section and included only minor road inter-
sections and principal access driveways to abutting property 
along highway sections. Intersections with major roads 
were considered as break points between study sections. 

TRAFFIC CONFLICTS PER MILE 

Figure 4. Accident rate versus traffic 

conflicts. (p.  10) 

Vertical Alignment 

Grade on Tangents 

SAFETY RELA TIONSHII-'--il 'here is no relationship 
between the percent gradient on tangents and the accident 
rate. 

Source: (11)-Raff, M. S., "Interstate Highway Acci-
dent Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding-On two-lane, rural, tangent highway sections 
the accident rate does not appear to be significantly affected 
by grade. 

Grade on Curves 

SAFETY RELATIONSHIP-As the grade on curves 
increases, the accident rate increases. 

Source: (11) -Raff, M. S., "Interstate Highway Acci-
dent Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding-The grade on curves of facilities with low 
ADT is unrelated to the accident rate; the curve, however, 
is significantly related. As the grade increases on curves of 
facilities with high ADT, the accident rate increases; in this 
case, the curve is not significant. (See following Table 
21 from (11), p.  36.) 

TADLE2I (p. 36) 
ACCIDENT RATES (TYPE 3) ON TWO- LANE C IJRVES. BY VOL.- 
UME OF TRAFFIC. DEGREE OF CURVATURE. AND GRADE 

o - 4,900 vehicles per day 

Grade 
Curvature I Less than 31, 1 3' or more 

chicic- I 	vehicle- I 	Ivehicle- 

0-2.9 317 	1 1.4 78 2.0 395 1.6 
3-5.9 317 2.3 106 2.4 423 2.3 
6 • 9.9 194 3. 0 69 2.3 263 2. 8 
10 or mor 155 3. 4 150 3.8 305 3.6 
Total 983 1 	2.1 403 2. 1 1.386 2.3 - 

5,000 - 9.900 vehicles per day 
0 - 2. 9 86 1.9 22 2. 9 1 	108 2.0 
3 - 5.9 117 2.8 55 4. 1 172 3.2 
6 - 9.9 51 2.6 22 3.1 73 2.7 
10 or morc 27 2. 5 22 3.9 

1 
49 3.0 

Total 281 2.4 321 3.6 402 2.7 

All volumes 

0-
2.9 	1 405 I. 6 100 2.2 505 1.6 

3 - 5.9 I 	434 2. 4 161 2.8 595 2. 5 
6 - 9. 9 245 2.9 93 2.5 338 2.8 
10 or inore 382 3.2 172 3.8 354 3.5 
Total 	11,266 2.2 526 2.8 1.792 2.3 

Sight Distance 

SAFETY RELATIONSHIP-As the frequency of sight 
distance restrictions increases, the accident rate increases. 

Source: (11)-Raff, M. S., "Interstate Highway Acci-
dent Study." HRB Bull. 74 (1953) pp. 18-45. 

Finding-Table 14 from (11) indicates that the accident 
rate increases as the frequency of sight distance restrictions 
(600 ft in fiat and rolling terrain and 400 ft in mountainous 
terrain) increases, from 0 to about 3 per mi (two-lane 
tangents). 
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Table 14 (excerpt, p.  30) 
Frequency of Sight Distance 

Restrictions 

0.0to0.9 2.0 

1.0to1.9 2.5 

2.0to2.9 3.1 

3.0 to 3.9 3.0 

4.0 to 4.9 3.0 

5.0to5.9 2.7 
Source: (34)-Schoppert, D. W., "Predicting Traffic 

Accidents from Roadway Elements of Rural Two-Lane 
Highways with Gravel Shoulders." HRB Bull. 158 (1957) 
pp. 4-26. 

Finding-An analysis of the data presented in this report 
confirms the theory that accidents are essentially chance 
occurrences resulting from errors in judgment. The num-
ber of accidents increases with the number of situations 
presenting a change in conditions and, thus, requiring a 
decision on the part of the motor vehicle operator. These 
data confirm this theory in the following ways: (1) ac-
cidents on low-volume roads do not appear to be related to 
any roadway feature; and (2) accidents increase when: (a) 
vehicle volumes increase, (b) access points increase, (c) 
sight distance is impaired, and (d) the cross section is 
reduced. 

Source: (6)-Gupta, R. C., and Jam, R., "Effect of 
Certain Geometric Design Characteristics of Highways on 
Accident Rates for Two-Lane, Two-Way Roads in Con-
necticut." Univ. of Connecticut, Connecticut Department 
of Transportation (Aug. 1973) 227 pp. 

Finding-From an investigation of two-lane, two-way 
roads in Connecticut, subdivided according to ADT, re-
stricted sight distance was found to have a significant effect 
on all rural accidents except total and multiple vehicle 
types. 

Horizontal Alignment 

Degree of Curve 

SAFETY RELATIONSHIP-The accident rate in-
creases as the degree of.curve increases. 

Source: (7)-Coburn, T. M., "The Relation Between 
Accidents and Layout on Rural Roads." International 
Road Safety and Traffic Review, pp.  15-20 (Autumn 
1962). 

Finding-Studies of accident rates per vehicle mile in 
Great Britain showed a distinct tendency for accidents to 
cluster on bends, particularly on the very sharp bends. For 
two- and three-lane roadways, the number of injury ac-
cidents per million vehicle miles increased from 2.5 for 
tangents and curved sections with radii greater than 2,900 
ft to 3.8 for curved sections with radii from 950 ft to 550 
ft. Curved sections with radii less than 550 ft showed a 
tremendous increase in the injury accident rate-an aver-
age value of 14.2 injury accidents per million vehicle miles. 

Another finding indicated that, as the frequency of 
curved sections increased, the accident rate decreased and 
was distinctly lower than for tangents and roadway sections 
that had infrequent curves. 

Source: (11)-Raff, M. S., "Interstate Highway Acci-
dent Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding-As the degree of curvature increases, the 
accident rate increases for all types of highways (see Figs. 
8-12 and Table 16 from (11)). 

The accident rate increases when degree of curvature 
increases and volume remains constant (Table 20 from 
(11), p.35). 

Source: (6)-Gupta, R. C., and Jam, R., "Effect of ,  
Certain Geometric Design Characteristics of Highways on 
Accident Rates for Two-Lane, Two-Way Roads in Con-
necticut." Univ. of Connecticut, Connecticut Department 
of Transportation (Aug. 1973) 227 pp. 

Finding-An investigation of two-lane, two-way roads in 
Connecticut showed that, of all four geometric design 
characteristics, horizontal curvature has the highest corre-
lation with accident rate between 1,500 and 6,900 vpd; 
whereas, for traffic volumes less than 1,400 vpd, roadway 
width has the highest correlation. Additionally, the hori-
zontal curvature has a significant effect on all but fatal 
accident rate. 

Length of Tangent 

SAFETY RELATIONSHIP-The length of flat tangents 
(less than 3 percent grade) is unrelated to the accident 
rate. 

Source: (11)-Raff, M. S., "Interstate Highway Acci-
dent Study." HRB Bull. 74(1953) pp. 18-45. 

Finding-The length of flat tangents is unrelated to the 
accident rate; however, as the ADT increases, the accident 
rate also increases (see Fig. 3, p.  26 from (11)). 

Traffic Control 

Edge/me Marking 

SAFETY RELATIONSHIP NO. 1-The placement of 
edgeline markings on two-lane pavements results in a re-
duction of fatal and injury accidents. 

Source: (77)-Musick, J. V., "Effect of Pavement Edge 
Marking on Two-Lane Rural State Highways in Ohio." 
HRB Bull. 266 (1960) pp.  1-7. 

Finding-In Ohio, 116 mi of two-lane rural highway 
were selected, and 61 mi were edgemarked and 55 miles 
were not edgemarked. Pavement width was 24, 22, and 
20 ft, with shoulder widths from 4 to 8 ft. The difference 
between a before period (1956) and an after period of one 
year after application was observed. The results were as 
follows: (1) there was a net reduction of 19 percent in 
accidents after edgemarking (0.16 significance level t-test 
and a 0.22 chi-square test); (2) there was a 37 percent 
reduction in injuries and fatalities (0.02 chi-square test); 
(3) accidents occurring at intersections and other access 
points decreased 63 percent after edgemarking; (4) there 
was a net decrease in night accidents of 35 percent (0.11 
chi-square test); and (5) although there was a decrease in 
day accidents, the amount was not significant. 

Accident Rate 
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TABLE 20 (p. 35) 
ACCIDENT RATES ON TWO-LANE CURVES, BY VOLUME OF 

TRAFFIC AND DEGREE OF CURVATURE 

Type 1 	accident 	rates 	(All States, 	using 	adjustment factors) 

cur a u v t re 	] 900 v.p. d. 5,000 v.p. d. or more .,......,H Number Per niillion Nmber u Per million 
Degrees  vehicle-mile s  vehicle-mites 

0- 2.9 395 2.7 111 2.1 
3.0 - 5.9 423 3. 7 173 3.4 
6.0 or more 569 4.4 123 3. 1 

Type 	2 accident 	rates 	(Selected 	States, Without 	adjustment) 

0- 2.9 231 1.8  
3.0 - 5.9 278 2.3 169 3. 1 
6.0 or more 448 3.2 120 2.9 

Type 3 accident rates (All States, Without adjustment) 

395 	1.6 	Ill 1.9 
423 	2.3 	173 	3.1 

1 

6.0 or more 	569 	3.2 	123 	2.8 

- COUR-I,U9( DIVIOCO CURVES 

0 1. 4 5 5 10 12 W.  1R 8 20 EV 

FIG.12- FOUR-LRRE OVIOEO CURVES. - --  
WITH  CONTROLLED ACCESS 

ij i
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CURVATURE 

Figure 3 (p. 26) 
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Figures 8-12. Accident rates on curves, 
by degree of curvature. (p. 32) 

TABLE 16 (p. 33) 
ACCIDENT RATES ON CURVES. BY DEGREE OF CURVATURE AND ROADWAY TYPE 

Type 1 accident rates (All states, using adjustment factors) 

Two-lane roads Three-lane roads Four-lane roads 

Undivided Divided Controlled access 
Curvature Per mit. Per mtl. Per intl. Per mit. Per mit. 

Number vehicle- Number vehicle- Number 	vehicle- Number vehicle- Number vehicle- 
miles miles miles miles miles 

Degrees  
0-2.9 504 2.8 11 5.6 98 4.9 95 2.4 180 2.4 
3 -5.9 596 3.6 11 9.8 90 8.4 65 4.2 162 3.4 
6 -9.9 338 3.6 6 14.1 16 7.9 5 11.9 38 5.6 
lOor more 354 4.6 11 28.0 3 5.8 12 30.6 1 	0 - 

Type 2 accident rates (Selected states 	without adjustment) 

0- 2.9 340 1.8 0 . 43 1.9 33 0.7 180 1.6 
3- 5.9 447 2.5 0 0.0 33 2.1 52 2.7 I 	162 2.3 
6 -9.9 287 2.9 0 - 10 2.9 1 1.2 I 	38 4.5 
lOormore 281 3.4 1 10.0 0 - 0 - j 	0 - 

Type 3 accident rates (All States,, without adjustment)  

0- 2.9 504 1.6 11 	. 1.7 98 1.9 	. 95 1.8 180. 	1.6 
3-5.9 596 2.5 11 2.8 90 2.6 65 2.4 162 	2.3 
6-9.9 338 2.8 6 3.5 16 3.3 5 3.1 38 	4.5 
lOormore 354 3.5 11 7.3 3 1.2 12 6.7 0 	- 

Source: (78)-'-Basile, A. J., "Effect of Pavement Edge 
Markings on Traffic Accidents in Kansas." HRB Bull. 308 
(1962) PP.  80-86. 

Finding-A study was made on the effect of edgelines on 
29 pairs of sections totaling 384 mi of rural highways. 

All test sections were 20 to 26 ft wide; shoulder width 
varied from 1 to 6 ft. The before period was 1959, and 
the after period was 1960. Main conclusions were: (1) 
edgelines resulted in a significant reduction in the number 
of fatalities; (2) accidents at intersections and driveways 
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were significantly reduced during both daytime and night-
time conditions; (3) accidents between access points were 
not significantly changed; (4) turning collisions associated 
with access points were reduced during daytime conditions; 
(5) there was no significant change in the number of per-
sons injured or in the total number of accidents; and (6) 
night accidents on dry pavements were significantly in-
creased. There was a 79 percent reduction in fatalities. 

SAFETY RELATIONSHIP NO. 2—The introduction 
of edgelines does not affect  the number of persons injured 
or the total number of accidents. 

Source: (78)—Basile, A. J., "Effect of Pavement Edge 
Markings on Traffic Accidents in Kansas." HRB Bull. 308 
(1962) pp. 80-86. 

Finding—A before-and-after study of one year on the 
effect of edgelines indicated no significant change in the 
number of persons injured or the total number of accidents. 

Source: (79)—Arizona Highway Department, "Delinea-
tion vs. Edge-Stripe, Cost and Effect" (June 1963) 

Finding—An Arizona study of the effect and cost of 
edgelining two-lane highways versus steel post delineators 
was made. The conclusion was that neither edgelining nor 
post delineators had any deterrent effect on accident 
occurrence. 

Delineators 

SAFETY RELATIONSHIP NO. 1—Delineators placed 
on the outside edge of curves are effective in reducing 
accidents. 

Source: (80)—Taylor, W. C., and Foody, T. J., "Curve 
Delineation and Accidents." Ohio Department of High-
ways (1966). 

Finding—The use of 3-in, circular centermount reflec-
tors, mounted 4 ft above the pavement at the outside edge 
of shoulder were cost effective in reducing accidents on all 
curves greater than 5 deg, and more cost effective on all 
curves of 10 deg or less and with central angles between 20 
deg and 40 deg. 

SAFETY RELATIONSHIP NO. 2—Post delineators do 
not have any effect on accidents. 

Source: (79)—Arizona Highway Department, "Delinea-
tion vs. Edge-Stripe, Cost and Effect" (June 1963). 

Finding—An Arizona study of the effect and cost of 
edgelining two-lane highways versus steel post delineators 
was made. The conclusion was that neither edgelining nor 
post delineators had any deterrent effect on accident 
occurrence. 

URBAN ARTERIALS 

Traveled Way 

Lane Width 

SAFETY RELATIONSHIP NO. 1—On two-lane urban 
streets having up to 12,000 ADT, the roadway width is 
unrelated to the accident rate. 

Source: (6)—Gupta, R. C., and Jam, R., "Effect of 
Certain Geometric Design Characteristics of Highways on 
Accident Rates for Two-Lane, Two-Way Roads in Con-
necticut." Univ. of Connecticut, Connecticut Department 
of Transportation (Aug. 1973) 227 pp. 

Finding—This study was concerned with two-lane state 
highways in Connecticut. The highways were categorized 
by rural and urban environments and ADT. The exact 
nature of the more heavily traveled two-lane urban high-
ways is not described beyond commercial/industrial and 
residential. Thus, placing the highly traveled facilities in 
the arterial category may not be entirely correct. 

The study used Connecticut's sufficiency ratings as in-
dependent variables in a multiple linear regression techni-
que. The ratings are proportional to a roadway feature. 
For example, the roadway width rating is directly pro-
portional to the roadway width. None of the geometric 
ratings correlated very well with accidents on two-lane 
urban facilities. 

SAFETY RELATIONSHIP NO. 2—In relation to traffic 
control and other factors, the pavement width is either 
insignificant or unrelated to the urban arterial accident rate. 

Source: (14)—Head, J. A., "Predicting Traffic Accidents 
from Roadway Elements on Urban Extensions of State 
Highways." HRB Bull. 208, (1959) pp. 45-63. 

Finding—In a study of urban extensions of state high-
ways in Oregon, pavement width was found to have a 
mixed and minor effect on the accident rate. Of seven 
variables studied, using a multiple linear regression tech-
nique, pavement width had the least significance in ex-
plaining the accident rate. 

Source: (15)—Mulinazzi, T. E., and Michael, H. L., 
"Correlatiot of Desigii Characteristics and Operational 
Controls with Accident Rates on Urban Arterials." Eng. 
Bull. of Purdue University: Proc., 53rd Annual Road 
School, pp.  150-173 (Mar. 1967). 

Finding—This study of 100 urban arterial highway 
sections in Indiana showed that the street width was unre-
lated to the accident rate. A multiple linear regression 
correlation technique was used on 26 independent vari-
ables. Also, in the 15 case studies, which provided an 
excellent inference to accident causes on urban arterials, 
pavement width is not mentioned as relevant. As with 
most urban arterial studies, pavement width is not men-
tioned as relevant. As with most urban arterial studies, 
traffic control and access characteristics were important. 

Auxiliary Lanes 

Function 

SAFETY RELATIONSHIP NO. 1—The presence of 

left-turn storage lanes at median openings (and intersec-
tions) on divided arterials reduces the number of rear-end 
collisions. 

Source: (24)—Cribbins, P. D., Horn, J. W., Beeson, F. 
W., and Taylor, R. D., "Median Openings on Divided 
Highways: Their Effect on Accident Rates and Levels of 
Service." Hwy. Res. Rec. No. 188 (1967) pp. 140-157. 

Finding—Divided multilane facilities with no access 
control and nonmountable medians were the subject of this 
study. The authors used simple and multiple linear regres-
sion correlation techniques. The number of medians with 
and without left-turn storage were two of the ten inde-
pendent variables studied. Equations were developed for 
(1) accidents at openings with storage, and (2) accidents 
at openings without storage and other locations. An 
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auxiliary finding showed that storage lanes decreased the 
number of rear-end collisions, which account for approxi-
mately one-third of all collisions. 

SAFETY RELATIONSHIP NO. 2-The use of two-way 
left-turn lanes in the median of an arterial can reduce 
accidents, particularly rear-end accidents. 

Source: (25)-Sawhill, R. B., and Neuzil, D. R., 
"Accidents and Operational Characteristics on Arterial 
Streets with Two-Way Median Left-Turn Lanes." Hwy. 
Res. Rec. No.31 (1963) pp.  20-56. 

Finding-A before-and-after type study at one location 
documented the results of installing two-way left-turn lanes 
in the median of an urban arterial. A decline in the total 
accident experience was observed. Results and other data 
are shown in Table 4 and Figures 13 and 15 from (25). 
(Note that two-way left-turn lane (auxiliary lane) studies 
are also documented under the "Intersection" category. 

Shoulders 

No research specifically related to the shoulder was 
identified. Those studies that treated pavement width and 
roadway width included the shoulder width, if any, in these 
measurements. 

Median 

Median Presence 

SAFETY RELATIONSHIP-The presence of a median 
reduces the total accident rate. 

Source: (53)-Foley, J. L., Jr., "Major Route Improve-
ments." HRB Spec. Rep. 93 (1967) pp. 166-171. 

Finding-This paper presents several before-and-after 
studies of street improvements. Many involved the con-
version of an undivided highway to a divided one, in addi- 

TABLE 4 	(p. 32) 
SUMMARY OF AIRPORT WAY ACCIDENTS 13Y TYPE OF COLLISION 

Years Before 2WLTL InstallatIon Years After 2WLTL Installation 
Type 

of 4 3 2 I 1 2 3 4' 
CollIsion -________  

no. n,,. 'yn o. no. '/,, 14o. , No. 4 No. °b 

Rear end 36 58.2 39 53.5 38 54.3 37 59.6 	46 65.7 18 41.8 27 61.3 17 42.5 
Sideswipe 10 16.1 16 21.9 18 25.7 9 14.5 	7 10.0 6 13.9 3 6.8 9 22.5 
Anglo 3 4.8 5 6.8 9 12.8 6 9.7 	9 12.9 9 21.0 6 13.6 3 7.5 
Leftturn 3 4.8 1 1.4 1 1.4 0 0 	4 5.7 1 2.3 4 3.1 3 5.0 
Hit parked car 6 9.7 5 6.8 2 2.9 4 6.5 	1 1.4 0 0 2 4.6 2 5.0 
Other 4 6.4 7 9.6 2 2.9 6 9.7 	3 4.3 9 21.0 2 4.6 7 17.5 

Total 62 100.0 73 100.0 70 100.0 62 100.0 	70 100.0 45 100.0 44 100.0 41 100.0 

Estimated on the bnsts of 6 months expertence 
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TABLE 1 (p. 166) 
DRUID PARK LAKE DRIVEa 

Item 	Before 	Alter 	Change (i) 

Width 40 ft two 32-ft roadways 	- 
plus 4-ft median 

ADT 28,900 28,200 	 -2 

Injury accidents 11 9 	 -18 

Total accidents 39 30 	 -23 

°L.ngth of r.constwction, 	mile. 
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tion to widening and other improvements. Tables 1 and 5 

from (53) show results from those examples with safety 
data. 

Source: (54)—Box, P. C., "Access Control and Accident 
Reductions." Municipal Signal Engineer (1965). 

Finding—This article describes a major street improve-
ment made at one location. The addition of a median 
barrier, RIGHT-TURN ONLY signs at driveways, and three 
lanes in each direction, where the urban arterial was previ-
ously 56 ft wide and undivided, resulted in a 50+ percent 
decrease in the midblock accident rate. 

About 35 percent of urban accidents involve midblock 
conditions and 75 percent of the injury-producing midblock 
accidents involve left turns from driveways. 

Source: (48)—Leong, H. J. W., "Effect of Kerbed 
Median Strips on Accident Rates on Urban Roads." Proc., 
Fifth Conference of the Australian Road Research Board, 
Vol. 5, Part 3, paper 666, pp. 338-360 (1970). 

Finding—A before-and-after study of the effects of 3-ft-
wide curbed median installations on 21 sections of highway 
in Sydney and the City of Newcastle showed a significant 
decrease in head-on collisions at midblock and minor 
intersections and a significant increase in other midblock 
accidents. There was a significant decrease in the over-all 
accident rate, due primarily to a reduction in accidents at 
major intersections. 

Median Width 

SAFETY RELATIONSHIP—The median width is not 
significantly related to the total accident and injury accident 
rate on urban arterials. 

Source: (46)—Cribbins, P. D., Aray, I. M., and Donald-
son, J. K., "Effects of Selected Roadway and Operational 
Characteristics on Accidents on Multilane Highways." 
Hwy. Res. Rec. No. 188 (1967) pp. 8-25: 

Finding—The subject of the study was 92 multilane 
divided highway sections in North Carolina. The highways 
were located in both urban and rural environments. The 
urban or rural designation was not used to categorize the 
sections because of the thorough description of the traffic 
and roadside access characteristics. The median width was 
found to be unrelated to the total injury and accident rates. 
However, the median width showed significance at the 0.10 
level for various subsets of all accidents. For example, 
median width was related to accidents involving vehicles hit 
from the rear after turning through median openings. The 
study used the multiple linear regression technique. 

Median Openings 

SAFETY RELATIONSHIP NO. 1—As the number of 
median openings increases, the total and injury accident 
rates at median openings without storage lanes increase. 

Source: (46)—Cribbins, P. D., Aray, I. M., and Donald-
son, J. K., "Effects of Selected Roadway and Operational 
Characteristics on Accidents on Multilane Highways." 
Hwy. Res. Rec. No. 188 (1967) pp. 8-25. 

Finding—Although the total number of median openings 
was not significantly related to the total and injury accident 
rates, it was significantly related to the median opening 
accident rate. When storage lanes are present at the open-
ing, the number of openings is unrelated to the median 
opening accident rate. 

SAFETY RELATIONSHIP NO. 2—The number of 
median openings per mile without storage lanes increases 
the total accident rate. 

Source: (24)—Cribbins, P. D., Horn, J. W., Beeson, F. 
W., and Taylor, R. D., "Median Openings on Divided 
Highways: Their Effect on Accident Rates and Levels of 
Service." Hwy. Res. Rec. No. 188 (1967) pp. 140-157. 

Finding—This particular article represents further safety 
analysis of the 92 highway sections in North Carolina. 
Several multiple regression equations were developed for 
subsets of the total accident experience and total accidents 
per mile. With respect to median openings, the results in-
dicate that as median openings without storage lanes in-
crease, the number of accidents per mile increases; and both 
median openings, with and without storage, are directly 
related to accidents between median openings. 

Roadside 

Control of Access (Roadside Entrances and Exits) 

Generally, all of the major urban arterial studies found 
control of roadside access factors to be second only to 
exposure in safety importance. 

SAFETY RELATIONSHIP NO. 1—As the access point 
index increases, the total accident and injury rates increase. 

Source: (46)—Cribbins, P. D., Aray, J. M., and Donald-
son, J. K., "Effects of Selected Roadway and Operational 
Characteristics on Accidents on Multilane Highways." 
Hwy. Res. Rec. No. 188 (1967) pp. 8-25. 

Finding: In this study (previously described) the access 
point index was used as a measure of roadside access points 
and their volumes. The access point index is the estimated 
total of all movements entering or leaving the site from 

TABLE 5 (p. 	68) 
SKOICIE BOULEVARD 

Item Before 	 After Change Co 

Width 56 ft 	Two 36-ft roadways - 
plus median 

Total accidents 151 	 98 -35 

Injury accidents 62 	 38 -31 

Intersection 
accidents SI 	 75 +27 

Mid-block accidents 92 	 23 -15 

°Length of w,d.ning, /2  mit.. 
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commercial and industrial roadside development, private 
drives, and intersecting roadways expressed on a per mile 
basis. Thus, the index would be proportional to the number 
of conflict points along the facility and the exposure at the 
points. 

SAFETY RELATIONSHIP NO. 2-As the number of 
commercial driveways per mile and/or commercial units 
per mile increases, the accident rate increases. 

Source: (14)-Head, J. A., "Predicting Traffic Accidents 
from Roadway Elements on Urban Extensions of State 
Highways." HRB Bull. 208 (1959) pp. 45-63. 

Finding-This study (previously described) developed 
several linear equations for arterials grouped by ADT 
ranges and number of lanes (two or four). In each equa-
tion, the number of commercial units per mile was sig-
nificantly related to the accident rate. Also, commercial 
units were found to be the most important predictor. 

Source: (62)-Mulinazzi, T. E., and Michael, H. L., 
"Correlation of Design Characteristics and Operational 
Controls with Accident Rates on Urban Arterials." Eng. 
Bull, of Purdue University: Proc., 53rd Annual Road 
School, pp.  150-173 (Mar. 1967). 

Finding-The 100 study sections in this study were 
stratified by type of arterial. The number of median and 
heavy volume commercial driveways per mile was sig-
nificantly related to the accident rate for low-volume 
(1,200 to 5,800 ADT) sections. 

SAFETY RELATIONSHIP NO. 3-There is no sig-
nificant difference in accident rates between roads having 
no access points and those having access points serving 
only noncommercial purposes. 

Source: (63)-Stover, V. G., Adkins, W. G., and Good-
knight, J. C., "Guidelines for Medical and Marginal Access 
Control on Major Roadways." NCHRP Report 93 (1970) 
147 pp. 

Finding-This study was concerned with the influence 
medial and marginal accesses have on arterial operations. 
This finding corroborates previously mentioned findings-
little-used access points act similarly to no access points 
at all. The study did no new research. The source quoted 
is Kipp, 0. L., "Final Report on the Minnesota Roadside 
Study," HRB Bull. 55 (1952) pp.  33-37. 

SAFETY RELATIONSHIP NO. 4-As the number of 
intersections per mile increases, the total accident and 
injury accident rates increase. 

Source: (46)-Cribbins, P. D., Aray, J. M., and Donald-
son, J. K., "Effects of Selected Roadway and Operational 
Characteristics on Accidents on Multilane Highways." 
Hwy. Res. Rec. No. 188 (1967) pp.  8-25. 

Finding-Although all intersection openings per mile 
were tested, only signalized intersection openings were 
significant and used in the final regression equation. 

Source: (24)-Cribbins, P. D., Horn, J. W., Beeson, F. 
W., and Taylor, R. D., "Median Openings on Divided 
Highways: Their Effect on Accident Rates and Levels of 
Service." Hwy. Res. Rec. No. 188 (1967) pp.  140-157. 

Finding-In this study, intersections were, grouped as: 
(1) signalized with left-turn storage; (2) signalized with-
out left-turn storage; (3) all intersections with left-turn 
storage; and (4) all intersections without left-turn storage, 

each on a per mile basis. All were significantly related to 
the accident rate. The relative importance of the variables 
as predictors in the equation used to predict accidents per 
mile is as follows (from page 148 in Ref. 21) 

Type of Intersection 	 Relative Importance 
Total number of intersections per 
mile without left-turn storage 	 3.29 

Number of signalized intersections 
per mile without left-turn storage 	 3.00 

Total number of intersections per mile 
with left-turn storage 	 2.71 

Number of signalized intersections per 
mile with left-turn storage 	 2.70 

The foregoing grouping indicates the importance of left-
turn storage and signalization at intersections. 

Source: (62)-Mulinazzi, T. E., and Michael, H. L., 
"Correlation of Design Characteristics and Operational 
Controls with Accident Rates on Urban Arterials." Eng. 
Bull, of Purdue University: Proc., 53rd Annual Road 
School, pp.  150-173 (Mar. 19,67). 

Finding-In this study (previously described) the num-
ber of heavy volume intersections per mile was directly 
related to the total accident rate for all arterial sections 
studied. Note that this section on roadside access control 
uses the findings of several major studies of arterial high-
ways. The following sources present the important equa-
tions developed by the studies. 

Source: (14)-Head, J. A., "Predicting Traffic Acci-
dents from Roadway Elements on Urban Extensions of 
State Highways." HRB Bull. 208 (1959) pp.  45-63. 

Finding-The following equations can be used to predict 
accident rates on urban sections of the state highway sys-
tem (from p.  56) in Ref. 14): 

2-Lane, 5,000 - 9. 999 ADT 
A=-7.54+0.09 ADT i 0. 12 CU+0.3GINT 

+ 0.94 SIG + 0.06 SP - 0.01 PA 

2-Lane. 10.00C or Over ADT 
A = -18.21 + 0.09 ADT + 0.25 CU 4 0.07 CD\V 

+ 0.41 INT + 3.87 SIG - 0. 16 SP 

4-Lane, Under 9,000 ADT 
A = 4. 60 + 0. 07 CU + 6.78 SIG 

4-Lane, 9,000 - 17.999 ADT 
A = 7.93 + 0.04 CU + 0. 03 INT + 2. 70 SIG 

- 0. 10 SP + 0.05 PA 

4-Lane, 18,000 or Over ADT 
A = 1.79 + 0.18 ADT + 0.04 CU + 0.23 INT 

+ 0.80 SIG - 0. 70 SP - 0. 09 PA 

in which: 

A = Accidents per million vehicle miles. 
ADT = The average daily traffic divided by 100. 
CU = The number of commercial units per mile. 
CDW = The number of commercial driveways per mile. 
INT = The number of intersections per mile. 
SIG = The number of traffic signals per mile. 
SP = The indicated speed. 
PA = The pavement width in feet. 
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Source: (62)-Mulinazzi, T. E., and Michael, H. L., 
"Correlation of Design Characteristics and Operational 
Controls with Accident Rates on Urban Arterials." Eng. 
Bull, of Purdue University: Proc., 53rd Annual Road 
School, pp.  150-173 (Mar. 1967). 

Finding-The accidents per mile for urban arterials can 
be expressed in the following simplified regression equa-
tions (from p.  159 in Ref. 62): 

Using data from all 100 study sections 
Y 	-0.261 + 1.256X1  + 3.909X3  + 6.086S5  

where 
Y = Number of accidents per mile anii ua liv 
X1 = Volume (ADT) on the section in thousands of 

vehicles 
X3= Number of heavy volume inteocctiuns per mile 
X5= Number of traffic signals per mile 
R2= 0.74 

Using data from the 35 low volume sections (Al)'!' between 
1200 and 5800) 

'1' = 3.789 + 0.252X5  ± 10.032X,,;  
where 

= Number of heavy and medium volume commercial 
drives per mile 

X15= Parking allowed 
R2 0.52 

Using data from the 32 high volume sections in Indianapolis 
Y = 1.630 ± 7.222X2  + 4.510X 1  

IVIIC IC 

X3  = N umber of heavy volume intersections per mile 

21= Number of 4-way intersections per mile 
R2 = 0.62 

Using data from the 68 two-lane sections 
Y = 0.894 - 1.754X5  + 5.990Xa 

where 
X5= Volume (ADT) on the section in thousands of 

- 	vehicles 
X5=. Number of traffic signals per mile 
R2= 0.62 

Source: (46)-Cribbins, P. D., Aray, J. M., and Donald-
son, J. K., "Effects of Selected Roadway and Operational 
Characteristics on Accidents on Multilane Highways." 
Hwy. Res. Rec. No. 188 (1967) pp.  8-25. 

Finding-The following equation can be used to predict 
accidents per mile on arterials (see also Table 3 from 
(46)): 

Y= -28.34191 + 0.00011x1  + 3.28169X + 0.34218X6  
+ 0.00050X7  = 7.34777X8  

Source: (24)-Cribbins, P. D., Horn, J. W., Beeson, 
F. W. and Taylor, R. D., "Median Openings on Divided 
Highways: Their Effect on Accident Rates and Levels of 
Service." Hwy. Res. Rec. No. 188 (1967) pp.  140-157. 

Finding-The following equation can be used to predict 
total accidents per mile (for the 21-month period studied, 
from p.  148 in Ref. 24): 

YT = -0.41946 + 0.00618 xi + 0.00990 x3  + 0.05424 x4  + 0.16601 x1  + 0,2367 x. 

	

T* = 	 (2.27) 	(1.14) 	(8.19) 	(2.70) 	(3.00) 

+ 0.02745 x + 0.06885 xg  + 0.01147 x10 	 (1) 

	

(1.54) 	(2.71) 	(3.29) 

where: 

V1= log 10 of total accidents per mile 

Width of the median in feet, 

	

X3 	Speed limit posted (mph), 

X4 ADT volume (1000's) 

Number of signalized intersections with left-turn storage 
facilities per mile, 

	

X6 	Number of signalized intersections without storage facilities 
per mile, 

	

X7 	Number of median openings with left-turn storage facilities 
per mile-excluding intersections, 

X8  = Number of median openings without storage facilities per 
mile-excluding intersections, 

X9  = Number of intersections with left-turn storage facilities 
per mile, 

- Nuiriber of ii-iteusections without storage facilities per 
mile. 

I * is the relative importance of the variables. 

Vertical Alignment 

Vertical Clearance 

SAFETY RELATIONSHIP-Vertical clearance is un-
related to the accident rate on two-lane urban roads. 

Source: (6)-Gupta, R. C., and Jam, R., "Effect of 
Certain Geometric Design Characteristics of Highways on 
Accident Rates for Two-Lane, Two-Way Roads in Con-
necticut." Univ. of Connecticut, Connecticut Department 
of Transportation (Aug. 1973) 227 pp. 

Finding-In this study (previously described) the ver-
tical clearance was unrelated to the accident rates on two-
lane urban roads in Connecticut. The investigation used a 
vertical clearance rating that was directly proportional to 
the vertical clearance. 

Table 3 (excerpt, p. 5) 

Stepwise Multiple Linear Regression Values 

Characteristic Variable - Coefficient Student t 	R 2 	y 	 b0  

Step 4 
Access-point index Xi 0.00011 3.43833 	0.6852 	4.6379 	-28.34191 
Signalized openings X3 3.28169 3.04109 
Speed limit X. 0.34218 3.38655 
Volume X7 0.00050 4.31364 
Level of service X8  7.34777 2.25747 
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Horizontal Alignment 

Degree of Curve 

SAFETY RELATIONSHIP—As horizontal curvature 
increases, the accident rate on two-lane urban highways 
increases. 

Source: (6)—Gupta, R. C., and Jam, R., "Effect of 
Certain Geometric Design Characteristics of Highways on 
Accident Rates for Two-Lane, Two-Way Roads in Con-
necticut." Univ. of Connecticut, Connecticut Department 
of Transportation (Aug. 1973) 227 pp. 

Finding—For two-lane urban roads having between 
3,000 and 7,900 ADT, horizontal curvature had the highest 
correlation of the geometric element features studied, 
although none of the relationships was strong. 

Sight Distance 

SAFETY RELATIONSHIP—Restricted sight distance 
tends to increase the accident rate on two-lane urban roads. 

Source: (6)—Gupta, R. C., and Jam, R., "Effect of Cer-
tain Geometric Design Characteristics of Highways on 
Accident Rates for Two-Lane, Two-Way Roads in Con-
necticut." Univ. of Connecticut, Connecticut Department 
of Transportation (Aug. 1973) 227 pp. 

Finding—Although none of the safety relationships dis-
covered as a result of this study was strong, restricted sight 
distance did show a tendency to be associated with high-
accident sections of two-lane urban roads, particularly for 
single vehicle accidents. 

Traffic Control 

Lighting 

SAFETY RELATIONSHIP—The replacement of poor 
lighting with improved lighting significantly reduces the 
accident and severity rate. 

Source: (74)—Christie, A. W., "Street Lighting and 
Road Safety." Traffic Eng. and Control, Vol. 8, No. 4, pp. 
229-233 (Aug. 1966). 

Finding—In a before-and-after study of improved light-
ing at 64 urban locations in Great Britain, accidents and 
severity were reduced significantly. The technique employs 
a ratio (r) which is used to adjust for traffic change and 
measure the apparent safety impact of lighting. If r is 
equal to 1, the lighting apparently has no effect; if r is less 
than 1, a reduction in darkness accidents is apparent; if 
r is greater than 1, darkness accidents apparently increased. 

darkness accidents after improvement 

- darkness accidents before improvement 
r 

- daylight accidents after improvement 

daylight accidents before improvement 

Lighting improvements were made at 84 urban locations. 
Using the ratio (y) as a measure if improvement, the fol-
lowing was obtained: 

Type of Accident 	 Ratio (r) 

Fatal 	 0.50 
Serious 	 0.67 
Slight 	 0.73 

Total 	0.70 

Significance was tested at the 0.05 level and all ratio 
values were significant except the fatal accidents. Similar 
improvements on dual-carriageway roads also resulted in 
significant reductions in accidents. 

Source: (75)—Stark, R. E., "Studies of Traffic Safety 
Benefits of Roadway Lighting." Hwy. Res. Rec. No. 440 
(1973) pp.  20-28. 

Finding—In this work, the author reviews previous 
studies on lighting and accidents: Box, P. C., "Relighting 
Kansas City, Missouri," The American City (Mar., Apr., 
May, and June 1956). 

The relighting of major routes in Kansas City reduced 
property damage accidents about 4 percent, injury acci-
dents about 18 percent, and fatal accidents about 28 
percent. Prior to lighting, approximately 63 percent of 
pedestrian fatal accidents occurred at night; after lighting, 
an average of 30 percent occurred at night. Tables 2 and 
3 from (75) show accident statistics for Kansas City light-
ing improvements. 

Note that many before-and-after lighting studies do not 
mention the steps taken to consider roadway improve-
ments, other than lighting that may have accompanied 
lighting improvement and influenced the safety outcome. 

Source: (76)—Lipinski, M. E., Meador, G. C., Gil-
bronson, A. L., Taylor, M. L., Berg, W. D., Anderson, C. 
L., and Wertman, R. H., "Summary of Current Status of 
Knowledge on Rural Intersection Illumination." Hwy. 
Res. Rec. No. 336 (1970) pp.  33-62. 

Finding—This study quoted the following findings from 
the article: "Public Lighting Needs," Illuminating Eng., 
Vol. 61 (Sept. 1966): 

Over-all nighttime accidents along 93 mi of major 
routes in Kansas City decreased with increasing amounts 
of illumination (see Fig. 1 from (76)). 

In Trenton, N.J., the street lighting system was im-
proved by a 36 percent increase in average illumination. 
Pedestrian nighttime accidents were reduced by 30 percent 
(see Fig. 2 from (76)). 

Signals 

SAFETY RELATIONSHIP—The number of traffic 
signals (and signalized intersections) per mile is directly 
proportional to the accident rate. 

Source: (14)—Head, J. A., "Predicting Traffic Acci-
dents from Roadway Elements on Urban Extensions of 
State Highways." HRB Bull. 208 (1959) pp.  45-63. 

Finding—The number of signals per mile was shown to 
be a good indicator of accidents in this study. 

Source: (15)—Mulinazzi, T. B., and Michael, H. L., 
"Correlation of Design Characteristics and Operational 
Controls with Accident Rates on Urban Arterials." Eng. 
Bull, of Purdue University: Proc., 53rd Annual Road 
School, pp.  150-173 (Mar. 1967). 

Finding—The number of traffic signals per mile was 
shown to be a good predictor of the accident rate for all 
100 study sections, and for 68 sections of two-lane arterials. 

Source: (46)—Cribbins, P. D., Aray, J. M., and Donald-
son, J. K., "Effects of Selected Roadway and Operational 
Characteristics on Accidents on Multilane Highways." 
Hwy. Res. Rec. No. 188 (1967) pp. 8-25. 

Finding—Signalized openings per mile were shown to be 
a good predictor of accidents on urban arterials. 
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Table 2. Change in proportion of accidents at night on relighted streets in Kansas City. (p. 23) 

Traffic 

Vehicles 
per 
Hour Accident Type 

Before 

Day 

Night 

Number Percent 

After 

Day 

Night 

Number Percent 

Light 150 to 500 Property damage 324 201 40 365 200 35 
Injury 47 45 49 57 34 37 
Fatality 3 3 50 2 1 33 

Medium 500 to 1,200 Property damage 1,411 828 37 1,443 789 35 
Injury 172 210 55 152 135 47 
Fatality 10 17 63 6 5 45 

Heavy 1,200 to 2,400 Property damage 547 323 37 672 340 34 
Injury 75 96 56 59 51 46 
Fatality 3 8 73 2 4 67 

Total Property damage 2,282 1,352 37 2,480 1,329 35 
Injury 294 351 54 268 220 45 
Fatality 16 28 64 10 10 50 

Table 3. Fatal and injury accidents after major route relighting in Kansas City. (p. 23) 
Night Accidents 

Lighting Day Accidents Before After Change 
Level Route  
(HFC) Miles Before 	After •  Number Percent Number Percent Number Percent 

0.2 to 0.39 38.7 80 	99 67 46 86 46 e19 +28 
0.4 to 0.59  40.8 126 	99 Jfl 50 82 45 -91 -52 
0.6 to 0.79 7.2 45 	23 43 49 23 50 -20 -47 
0.8 to 0.89 5.9 31 	36 72 70 28 44 -44 -61 
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Figure 2. Effective reduction in pedestrian nighttime accidents in relation to increase in 
illumination levels in Trenton, New Jersey (p. 38) 
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Source: (24)—Cribbins, P. D., Horn, J. W., Beeson, F. 
W., and Taylor, R. D., "Median Openings on Divided 
Highways: Their Effect on Accident Rates and Levels of 
Service." Hwy. Res. Rec. No. 188 (1967) pp.  140-157. 

Finding—Signalized intersections per mile were shown 
to have a greater impact on the accident rate than unsig-
nalized plus signalized intersections per mile. Note that, 
when arterials are studied continuously including the 
intersections, signalized intersections are more important 
predictors because they occur at high-volume intersections. 
Signalized intersections are not necessarily more hazardous. 
This subject is discussed in more detail under the category 
"Intersections" where intersections are treated as individual 
facilities. 

STRUCTURES/BRIDGES 

Traveled Way 

Roadway (Traveled Way Plus Shoulder) 

SAFETY RELATIONSHIP—As the bridge width minus 
the roadway width increases, bridge accident and injury 
rates decrease. 

Source: (16) Jorgensen, Roy and Associates, Inc., and 
Westat Research, Inc., "Evaluation of Criteria for Safety 
Improvements on the Highway." Bureau of Public Roads 
(1966) 227 pp. 

Finding—This study developed the following bridge-
roadway width and safety relationships (see Figs. H-is, 
H-16, H-17, and E-3) from two studies: (1) Gunnerson, 
H. E., "Narrow Bridge Study," Iowa State Highway Com-
mission, Feb. 1961—a before-and-after study; and (2) 
Williams, S. J., and Fritts, C. E., "Let's Build Safety into 
Our Highways," Public Safety,  May 1955—a comparative 
study. 

Source: (17)—Gunnerson, H. E., "Narrow Bridge Ac-
cident Study." Iowa State Highway Commission (1959) 

3 pp. 
Finding—A group of 65 bridges with less than 24-ft 

clearance were compared to 7 control bridges with 30-ft 
clearance. On the 65 bridges, the pavements were widened 
to 24 ft and the bridge widths were not widened. The 
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pavements and bridges were both widened on the 7 control 
bridges. The results indicate that widening the pavement 
and not the bridge markedly increases the accident rate. 
Widening both reduces the accident rate. (See following 
tables from p.  3 in (17).) 

Narrow Bridge Accident Data 

Study covered 12( Year )_ 1948 through 1959 

Highway Surface Widened - Bridge Remains Bridge Widened 

Traffic 0 to 999 Traffic 1.000 to 2.999 Traffic 3.000 & over Control ,/ 
12 Bridges Studied 46 Bridges stddied Bridges studied 7 Bridges studied 

(1.728 Bridge Months) (6.624 Bridge Months) (1.008 Bridge Months) (1.008 Bridge Months) 

Before After Before After Before After Before After 

,tal Bridge Months 902 826 4.772 1.852 638 370 795 213 
Dtal Accidents 5 25 144 95 23 32 28 1 
ridge Nit 1 13 61 52 11 14 7 1 
t ju:ies* 2 18 74 62 11 14 19 2 
roperty Damage $990 $12,028 $100.856 $92.040 $16,267 $16.353 $14.291 $1,700 

No fatality in the 353 accidents covered. 

/ Traffic range is from 1.580 v.p.d. to 3.630 v.p.d. 

Narrow Bridge Accident Data 

Showing the Accidents. itit Bridges. Injuries and 
Property Damage per 1.000 months 

Highway Surface Widened - Bridge Remains Bridge Widened 

Traffic O to 066 Traffic 1.003 to 2,999 Traffic J.000 & over Control 	,/ 
12 Bridges 46 Bridges 7 Bridges 7 Bridges 

Before I 	After Before After Before After Before After 

,ccider.ts 5.5 30.3 30.2 51.3 36.0 86.5 35.2 4.7 
.it Bridges 1.1 15.7 12.8 28.1 1.7.2 37.8 8.8 4.7 
:njuries 2.2 21.8 15.5 33.5 17.2 37.8 23.9 9.4 
r 'aperty Damage $1,098 $14,562 $21,134 $49,698 $25,497 $44,197 1 	$17.976 $7.961 

/ Traffic range is from 1.580 v.p.d. to 3.630 v.p.d. 

Source: (11)-Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp.  18-45. 

Finding-This study also found that extra width on 
bridges reduces the accident rate. (See Table 31 from 
(11).) 

Table 31 (p.42) 

Accident Rates (Type) at Bridges and Overpasses on Two-Lane Roads Less Than 30 Feet Wide 

Relative Width of the Roadway and Adjoining Pavement, and Actual Width of Bridge Road 

Width of roadway on bridge 

Less than 20 20 . 24 feet 25 . 29 feet 30 - 34 feet 35 feet or more 

l'er ten Per ten 
Relative width 

i' rr tm Pr ten - 	Per ten 
Number 	million Number million Number 	million Number 	million Number . million 

vehicles _______ vehicles  vehicles  vehicles  vehicles 
Feet 
Bridge narrower 
by more than 
I foot 17 S. 1 4 2.5 0 - 0 - 0 - 
From 1 foot 
narrower to I 
foot wider 28 5.6 27 2.7 	. 1 0.9 0 - 0 - 
Bridge wider by: 
1.1 	.3.0 5 25.0 76 4.0 0 0.0 0 0.0 0 - 
3.1 -5.0 2 20.0 76 3.1 7 2.6 2 4.0 0 
5.1 	-7.0 0 - 13 1.6 2 0.5 2 2.0 0 
more than 7 0 . 0 0.0 4 0.2 14 0.7 14 0.9 

Total 52 7.2 196 31 14 0.4 18 0.8 14 0.9 
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Shoulder 
	

Shoulder Type 

Shoulder Width 

SAFETY RELATIONSHIP-On long freeway bridges 
(generally greater than 300 ft), as the shoulder width 
increases, the accident rate decreases. 

Source: (40)-Vostrez, J., and Lundy, R. A., "Com-
parative Freeway Study A-IV-1." State of California, 
Division of Highways (Apr. 1964) 116 pp. 

Finding-In this section of the comparative study, 9 
bridges averaging 1,000 ft in length were compared. Seven 
bridges had three lanes in one direction and a 40-ft curb-to-
curb width, while two bridges (with shoulders) had four 
lanes in one direction with a 58-ft curb-to-curb bridge 
width. It was noted that the bridges without shoulders had 
34 percent higher accident rates than the freeways they 
served, whereas the bridges with shoulders had the same 
accident rates as the freeways which they served (see table, 
p. 15, from (40)). 

(p. 15) 

	

Bridge 	Average 	% of 

	

MVM 	Accidents Accident Rote Freeway Rate Average 

Bridges 
Without 	92.0 	136 	1.48 	1.10 	134 
Shoulders 

Bridges 
With 	14.4 	7 	0.49 	0.51 	 96 
Shoulders 

Source: (41 ) -Cirillo, J. A., "Interstate System Accident 
Research-Study II." Hwy. Res. Rec. No. 188 (1967) 
pp. 1-7. 

Finding-This study examined accidents at structures on 
Interstate freeways. For bridge lengths 300 ft to 499 ft 
long, the difference in accident rate between clearances less 
than 6 ft and 9 to 12.9 ft is statistically significant at the 
0.10 level. Thus, wider minimum lateral clearance on 
structures reduces accident rates (see following Table 3 
from (41)). 

SAFETY RELATIONSH1P-Paved right shoulders are 
safer than unpaved right shoulders at underpasses and 
adjacent to overpasses on freeways. 

Source: (18)-Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding-This study developed models to explain ac-
cident relationships for various portions of freeways. Two 
of those models, the overpass and underpass models, 
relate to accidents at structures. Several variables enter 
each model, which takes the form of a multiple linear 
equation; thus, it is possible to measure the relative con-
tribution each variable makes to determining the accident 
rate. Results showed that the presence of a paved shoulder 
reduced annual accidents 0.048 per 1,000 vpd for under-
passes and 0.18 for overpasses on freeways. 

Median 

Width 

SAFETY RELATIONSHIP-The wider the median at 
overpass structures, the greater the accident rate on free-
ways. 

Source: (18)-Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding-For the overpass model, a 10-ft increase in 
the median width results in a 0.006 per 1,000 vpd an-
nual increase in accidents. It has been postulated that 
the reason for this finding is that wide medians neces-
sitate separate structures for each direction of travel. The 
median space between the structures is often accom-
panied by a steep slope to the highway below the over-
pass. This presents the hazard. 

Table 3 (p. 6) 

ACCIDENT RATE BY LENGTH OF STRUCTURE (OVERPASS AND BRIDGE) 
AND MINIMUM LATERAL CLEARANCE 

Structure Minimum Lateral Number of Number of 
Accident Rate 	Cost per Accident 

Length Clearance Accidents Vehicles 
per 100 Million 

(It) (It) Vehicles 

Less than 50 	Less than 6 15 54,016,350 27.77 115 
Less than 50 	6-8.9 14 33 090, 900 42.31 185 
Less than 50 	9-12.9 5 57, 845, 200 8.64 64 
50-99 Less than 6 12 56,702,750 21.16 955 
50-99 6-8.9 22 132, 856, 350 16.56 749 
50-99 9-12.9 25 79,683,150 31.37 573 
100-149 Less than 6 115 220,548,650 52.14 985 
100-149 6-8.9 18 126,315,550 14.25 403 
100-149 9-12.9 11 44,197,850 24.89 492 
150-199 Less than 6 101 307,976,050 32.79 796 
150-199 6-8.9 28 77, 639, 153 36.06 588 
150-199 9-12.9 12 34,050,850 35.24 588 
200-299 Less than 6 129 255, 835, 800 50. 42 969 
200-299 6-8.9 21 83,503,350 25.15 915 
200-299 9-12.9 17 56,038,450 30.34 828 
300-499 Less than 6 185 172, 645, 000 107. 16 820 
300-499 6-8.9 26 38,398,000 67.71 759 
300-499 9-12.9 12 34,463,300 34.82 728 
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Roadside 

Guardrail 

SAFETY RELATIONSHIP—The presence of guard-
rail at structure obstructions reduces the accident severity 
rate. 

Source: (41)—Cirillo, J. A., "Interstate System Re-
search—Study II." Hwy. Res. Rec. No. 188 (1967) pp. 
1-7. 

Finding—In a study of structure-related safety of 2,000 
mi of Interstate highway, a comparison of accident costs 
between protected and unprotected end of overpass or 
underpass piers on abutments showed guardrails to be 
safety effective. The following tables and figures (Tables 
1 and 2 and Figs. 2 and 3 from (41)) show the cost of 
single vehicle accidents for protected and unprotected 
structures. 

Vertical Alignment 

Grade 

SAFETY RELATIONSHIP NO. 1—For underpass 
structures, as the percent grade increases, the accidents 
increase on freeways. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—For underpasses, as the percent grade in-
creases 1 percent, the annual accidents are increased 0.026 
per 1,000 vpd. 

SAFETY RELATIONSHIP NO. 2—The presence of a 
downgrade decreases the accident rate at overpasses and 
increases the rate at underpasses on freeways. 

Table 1 (p. 3) 

COST PER ACCU)ENT DY SPEED AND ODJECT HIT, SINGLE-VEHICLE ACCIDENTS 

Object Rit Speed 
(mph) 

Number of 
Accidents 

Total Cost 
(5) 

Cost per Accident 
(5) 

End of overpass or Lct. Than 40 10 8,500 850 
underpass pier or 40-60 48 66,550 1.390 
abutmni 'nt p.ntmicd fIner 89 I) 21.300 1

1 9
420 

by guardrail Total 73 80.3O 1320 

Guardrail protecting end of Lens Than 40 7 3.480 500 
overpass or occdorpans 40-60 39 21,380 550 
pier of abutment Over 00 13 13,190 1,020 

Total 59 	- 38.060 650 

End of overpass or Leon Than 40 2b 2.250 1,  130b 
underpass pier of 40-60 10 5,900 590 
abutment, although Over 60 4 2,950 740 
protected by goardrail° 

Oao,d,oit no, penetroted nod protected obj,ct no, Idt. 
One nacideot noted o 3-nd, rock ncsnanting In, $500 p,spo,ry dunng. 

Table 2 (p. 5) 

COST PER ACCIDENT BY OBJECT HIT, SINGLE-VEHICLE ACCIDENTS 

Number of 	Total Cost 	Cost per 
Object Hit 	 Accidents 	W 	Accident 

($) 

Guardrail protecting end of overpass 
structure 146 128,540 880 

End of overpass structure, although 
protected by guardrail 16 16, 960 1,060 

End of overpass structure not protected 
by guardrail 36 56,840 1,580 

Guardrail protecting underpass pier 
or abutment 17 12,560 580 

Underpass pier or abutment not 
protected by guardrail 135 133,500 990 

Underpass pier or abutment, although 
protected by guardrail 18 21,700 1,210 

Guardrail protecting highway post 24 8,380 350 
Highway signpost although protected 

by guardrail 6 2,500 420 
Highway signpost not protected by 

guardrail 115 69,810 610 
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Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The presence of a downgrade produced a 
decrease of 0.012 accidents per year per 1,000 vpd for 
the overpass model and an increase of 0.020 accidents 
per year per 1,000 vpd for the underpass model. 

Sight Distance 

SAFETY RELATIONSHIP—As the stopping sight 
distance at freeway structures increases, the accident rate 
decreases. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—For both the underpass and overpass models, 
increased stopping sight distance up to 2,600 ft improved 
safety. The decrease in annual accidents per 1,000 vpd 
for a 100-ft increase in sight distance is as follows: 

Change in Annual Accidents 
(per 1000 vpd per 100 ft 
increase in stopping sight 

Model 	 distance) 
Underpass 	 —0.002 
Overpass 	 —0.0008 

Vertical Clearance 

SAFETY RELATiONSHIP—The vertical clearance at 
structures on two-lane roads and streets is unrelated to 
the accident rate. 

Source: (6)—Gupta, R. C., and Jam, R., "Effect of 
Certain Geometric Design Characteristics of Highways 
on Accident Rates for Two-Lane, Two-Way Roads in 
Connecticut." Univ. of Connecticut, Connecticut Depart-
ment of Transportation (Aug. 1973) 227 pp. 

Finding—In a study of two-lane state highways in 
Connecticut, the vertical clearance was found to be un-
related to the accident rate. 

Horizontal Alignment 

Degree of Curve 

SAFETY RELATIONSHIP—As the degree of curva-
ture increases at underpasses, the accident rate decreases. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—Although the relationship is supported by 
the study finding, it is stated that the results may be 
questionable and contrary to engineering judgment. 

Traffic Control 

Lighting 

SAFETY RELATIONSHIP—When lighting intensity 
is increased at under passes, the accident rate decreases. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The investigation of underpass lighting 
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showed that the decrease in annual accidents per 1,000 
vpd per ft-c increase in lighting intensity was 0.02. 

INTERSECTIONS (AT GRADE) 

Traveled Way 

Layout (Number of Approaches or Legs) 

SAFETY RELATIONSHIP—As the number of ap-
proaches (legs) to an intersection increases, the inter-
section accident rate increases. 

Source: (81)—Box, P. C., "Traffic Control and Road-
way Elements—Their Relationship to Highway Safety! 
Revised: Chapter 4, Intersections." Highway Users Fed-
eration for Safety and Mobility (1970) 9 pp. 

Finding—This state-of-the-art report on intersections 
contains findings from several other sources supporting 
this relationship, as follows: 

Marks, H., "Subdividing For Traffic Safety," Proc., 
Ninth Annual California Street and Highway Conference, 
Univ. of California, Berkeley (Jan. 1957). In Los Angeles 
County subdivisions, 660 local street intersections were 
studied, involving 108 mi of local streets. Only right-
angle accidents were checked, because these were found 
to represent 83 percent of all intersection accidents. In a 
comparison of uncontrolled intersections in limited-access 
subdivisions (few streets running entirely through the sub-
division), the cross-type was found to have 14 times the 
accident frequency of the T-type. The study also dis-
closed that the accident frequency for cross-type intersec-
tions in gridiron subdivisions was 41 times that of T-types. 

WaIlen, M. A., "Landscaped Structures for Traffic 
Control," Traffic Eng., Vol. 31, No. 4 (Jan. 1961). A 
study was made in three Richmond, Calif., neighborhoods  

involving 17 mi of streets containing 104 intersections. 
Some intersections were controlled, including at least one-
third of the T-types. Findings are of interest in illustrating 
over-all rates, which averaged 2.0 accidents per 100,000 
veh-mi of travel in the gridiron subdivisions, as compared 
to a 1.1 rate in a limited-access design. The accident fre-
quency was 0.52 per intersection in the gridiron areas, and 
0.27 in the limited-access subdivision. 

Staffield, P. R., "Accidents Related to Access Points 
and Advertising Signs," Traffic Quart., Vol. VII, No. 1 
(Jan. 1953). Accidents were studied at low-volume rural 
intersections along Minnesota highways. The data were 
from 343 T-type and 250 cross-type intersections. The 
average daily traffic volume of major routes was under 
5,000, and the ADT on cross routes was under 500. 
Traffic volume was found to have the greatest effect on 
accident frequency at cross-type intersections, as shown in 
Figure 1. 

Michael, H. L., and Petty, D. F., "An Analysis of 
Traffic Accidents on County Roads," Traffic Safety Re-
search and Review, Vol. 10, No. 2 (June 1966). Cross-
type intersections of Indiana county roads were found to 
experience an accident frequency four times that of T-
and Y-types. 

Source: (63)—Stover, V. G., Adkins, W. G., and Good-
knight, J. C., "Guidelines for Medial and Marginal Access 
Control on Major Roadwayt" NCHRP Report 93 (1970) 
147 pp. 

Finding—The following source and finding were used in 
this study of medial and marginal access control: Peterson, 
A. 0., and Michael, H. L., "An Analysis of Traffic Ac-
cidents on a High-Volume Highway," Eng. Bull, of Purdue 
University, Vol. 49, No. 5 (Sept. 1965). Intersection 
accidents per 100 million vehicles increased when the num-
ber of approaches increased. 
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It't"l \'ll M. lNItL1Sl: I 10!'J 
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Source: (11)—Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp. 18-45. 

Finding—In this study of the Interstate System, three-
way intersections were found to have lower accident rates 
than four-way intersections on two-lane rural roads. Table 
28 from (1 1) supports the study finding. 

Number of Approach Lanes (and Approach Widths) 

SAFETY RELATIONSHIP—As the number of ap-
proach lanes increases, the accident rate involving left-
turning vehicles decreases. 

Source: (5)—Shaw, R. B., and Michael, H. L., "Evalua-
tion of Delays and Accidents at Intersections to Warrant 
Construction of a Median Lane." Hwy. Res. Rec. No. 257 
(1968) pp.  17-33. 

Finding—This important intersection study modeled 
both operational delay and accidents involving left-turning 
vehicles at intersections. Eleven intersections (see Tables 
1 and 2 from (5)) were studied within a 60-mi radius of 
Lafayette-West Lafayette, Indiana. Each intersection has 
the following characteristics: (1) signal or stop control, 
(2) four approaches, (3) intersection at right angle, (4) 
restricted parking, and (5) suburban or rural location. 

In the accident analysis portion of the study, a multiple 
regression correlation technique was employed with good 
results, considering the limited number of locations in-
vestigated. Table 6 shows the variables tested to explain 
the variation in accidents involving left-turning vehicles. 

One purpose of the study was to determine the accidents 
caused by left-turning vehicles for intersections with and 
without left-turn lanes. In this study, data on accidents 
with median lanes clearly indicated the almost total ab-
sence of accidents caused by left-turning vehicles. (The 
assumptions accompanying this finding may not be en-
tirely valid; however, this does not negate the validity of 
the equations developed for intersections without median 
lanes.) Thus, equations to predict left-turn accidents 
were developed only for those intersections without median 
lanes and they are as follows (from p.  27 in Ref. 5). 

Equation 7 - 

Auxiliary Lanes 

Left-Turn Lanes 

SAFETY RELATIONSHIP NO. 1—The presence of 
left-turn lanes reduces the accident rate at intersections. 

Source: (5)—Shaw, R. B., and Michael, H. L., "Evalua-
tion of Delays and Accidents at Intersections to Warrant 
Construction of a Median Lane." Hwy. Res. Rec. No. 257 
(1968) pp.  17-33. 

Finding—Study results described in the foregoing sec-
tion indicate substantial differences in left-turn-involved 
accidents between intersections without and with median 
left-turn lanes. 

Source: (26)—Thomas, R. C., "Continuous Left-Turn 
Channelization and Accidents." Traffic Eng., Vol. 37, No. 
3, pp.  37-40 (Dec. 1966). 

Finding—A 4-mi suburban "shopping center" segment 
of roadway with 48 intersections (12 with signals) was 
studied before and after the installation of a continuous 
left-turn channelization project. The findings revealed that 
accidents over-all were reduced 28 percent with the follow-
ing reductions: (1) left-turn, 6 percent; (2) rear-end, 52 
percent; and (3) injury and fatal, 28 percent. 

Source: (27)—Tamburri, T. N., and Hammer, C. G., 
"Evaluation of Minor Improvements: (Part 5) Left-Turn 
Channelization." State of California, Division of High-
ways, Traffic Department (1968) 52 pp. 

Finding—California performed before-and-after studies 
on 53 left-turn channelization intersections. Over-all ac-
cident reduction was set at one-third, with 48 percent 
reduction at unsignalized intersections and a 17 percent 
reduction at signalized intersections. Painted channeliza-
tion reduced accidents 32 percent, and physically pro-
tected left-turn bays reduced accidents 64 percent—both 
at the unsignalized intersections. Warrants based on past 
accident histories are given. 

Source: (28)—Hoffman, M. R., "Two-Way, Left-Turn 
Lanes Work!" Traffic Eng., Vol. 44, pp.  24-27 (Aug. 
1974). 

Suburban Intersections Without Median Lanes 

AS = 1.2411 - 1. 0882 X7 + 0.0029 X10 + 1.3094 X12 

	

- 0.8496 X13 + 0.0824 X14 - 1.6262 X16 + 0.0443 X17 	
(R 	0.61) 

Equation 8 - 

Rural Intersections Without Median Lanes 

Y AR = 0.6411 - 0.2848X7 - 0.0110X8  + 0.0045X10 

	

- 0.0077 X + 0.8690 X13  - 0.6018 X14  - 2.9019 X15 	
(R = 0.68) 

+ 6.0704 X16  

These equations support the relationship that increases 	Finding—In this study, 6.58 mi of continuous two- 
in the number of approach lanes and/or width decrease 	way, left-turn lanes were examined to determine the 
the left-turn accident rate. 	 effect on accidents. For the one-year period after the 
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Table 28 (p. 40) 
ACCIDENT RATES (TYPE 3) AT INTERSECTIONS AT GRADE' ON TWO-LANE ROADS, BY TOTAL VOlUME OF 

TRAFFIC, PERCENTAGE OF CROSS TRAFFIC, TYPE OF INTERSECTION, AND PERCENTAGE OF NiGhT TRAFFIC 

0 - 4,900 vehicles per day  

0 - 9 percent cross traffic 	 10 or more percent cross traffic 

3 -way 4 -way 3 -way 4 -way 
Intersection Intersection Total Intersection Intersection Total 

Night Per ten 
Number 	million 

Per ten 
Number million 

Per ten 
Number million 

Per ten 
Number l  million 

jPer ten 
Nunuberl  million Numbei 

Per ten 
million 

traffic 
vehicles vehicles vehicles ....vehicles ....Jvehicles vehicles 

Percent 
10 - 19 83 2.9 48 	5.0 131 	3.4 18 	15.0 30 	23.1, 48 19.2 
20-29 143 2.0 185 	3.9 328 	2.6 58 	5.4 61 	7.1 125 6.2 
30-39 	. 112 0.9 107 	1.8 219 	1.2 53 	4.5 52 	5.3 105 4.9 

Total 339 1.5 340 1 	2.9 1 	678 2.0 129 5.4 149 7.2 278 6.3 

33 T 
5,000 - 9,900 vehicles per day 

72 	3.7 	43 	13.4 	18 10 	19 2.8 39 5.2 13.8 61 13.6 
20- 29 35 3.3 19 5.0 54 	3.8 	9 	11.2 	23 14.4 32 13.3 
30 - 39 69 0.9 31 2.2 100 	1.1 	58 	4.3 	37 6.1 95 4.8 

Total 137 1.3 89 3.5 226 	1.8 	110 	6.3 	78 8.7 188 7.1 

All volumes 

10-19 118 2.8 89 5.1 207 3.5 61 13.9 48 18.5 109 15.6 
20 -29 178 2.2 204 4.0 382 2.9 67 5.8 90 8.1 157 6.9 
30 	39 186 0.9 138 1.9 324 1.1 112 4.3 89 5.4 201 .4.7 

Total 482 1.4 431 3.0 913 1.9 240 5.7 . 	227 7.5 467 6.5 

'Excludtng rotary intersections, Interchanges at gride separations, and Intersections with more than Ior approachee. 

TABLE i(p. 20) 
SUMMARY CHARACTERISTICS OF STUDY INTERSF.CTIONS WITHOUT MEDIAN LANES 

Weekday Approacha 
Intersection Location Type of Area 	Type of Signalization ADT Plus Weekday 

Opposing ADT 

US 52 Bypass and 
Union S. Lafayette Suburban 	Fixed time 17, 500 

US 52 Bypass and 
SR 26 Lafayette Suburban 	Fixed time 18,000 

US 52 Bypass and 
Salisbury St. Lafayette Suburban 	Semitraffic actuated 15, 800 

US 52 and US 231 Lafayette Rural 	Stop sign controlled (flasher) 7, 100 
SR 100 and 56th St. Indianapolis Rural 	Fully traffic actuated 10, 500 
SR 100 and Fall 

Creek Rd. Indianapolis Rural 	Stop sign ciunt rolled (flasher) 7, 600 
SR 100 and US 31 Indianapolis Suburban 	Fully traffic actuated 12,900 
US 35 (SR 22) and 

US 31 Bypass Kokonso Suburban 	Fully traffic actuated 9, 500 

°WeIiday ADI's based on 1965 volii,ve data. 

TABLE 2 	(p. 20) 
SUMMARY CHARACTERISTICS OF STUDY INTERSECTIONS WITH MEDIAN LANES 

Weekday Approach5  
Intersection Location Type of Area 	Type of Signalization ADT Plus Weekday 

Opposing ADT 

US 31 and US 35 Kokonso Suburban 	- 	Fully traffic actuated 22,000 
US 31 and SR 26 Kokorno Rural 	Fully traffic actuated 15, 100 
SR 100 and 30th St. Indianapolis Suburban 	Fully traffic actuated 27, 500 

S 

°Weekday ADT'S based on 1965 aoluuee data. 

improvements, total accidents were reduced by 33 per-

cent (from 532 to 356). Head-on, left-turn and rear-end 

accidents showed the largest percent decrease with a 

valuation of 45 and 65 percent, respectively. The most 

significant experience was the reduction in total casualties, 

which dropped from 352 to 208, a 41 percent :"duction. 

SAFETY RELATIONSHIP NO. 2-The presence of 
left-turn lanes at two-phase signalized intersections can 
increase the accident rate. 

Source: (29)-Webb, G. M., "The Relation Between 
Accidents and Traffic Volumes at Signalized Intersec-
tions." Proc., Institute of Traffic Enginçers, pp..  149-167 
(1955). 



TABLE 6 (p. 27) 
INDEPENDENT VAUIAIILES-SUIIUIIISAN AND RURAL ACCIDSNT RATES 

Number 	 Variable 

2 	Type of area, suliu rh:ut or rural 
3 	Flasher (St ''p )contvollcd 
4 	Fixed-tintc c,eit rolled sulalicatlon 
S 	S,niitralfic -,icluuied 	whiled signalIzation 
6 	Futly traffic -actu:hte,i Cost it, lied stgnalt7ai loll 
7 	Nijitiher of at)prlb.iiil lulls 
8 	Width of approar It roadway it the intersection, it 
9 	Width of opposing roadway at the iuiterSectiotl, it 

10 	Approac Ii volume per hour at I lute tile accident occurred, vph 
11 	opposing volume per hour :it time the accident or curled, vph 
12 	Weekday atbprilach, ADT, vpd 
13 	Weekday approach ADT plus weekday opposing ADT, vpd 
14 	Total intersection weekday ADT, vpd 
15 	Ratio of approach volume per hour to capacity of approach direction 
16 	Ratio of opposing volume per hour to capacity of opposing direction 
17 	Average speed through tile intersection for a nondetayed through 

vehicle, It, see 

Finding-Study scope included all two-phase signalized 
intersections on the California Rural State Highway Sys-
tem with at least one year of continuous operation between 
1.948 and 1952. Sample size was 186 intersections. Rear-
end accidents on the minor road were omitted. Only 
straight, four-legged intersections were included in a 
further stratification of the sample. The resulting sample 
was 97 intersections. Approach speeds were stratified as 
follows: urban, 25 mph or less; semiurban, 25 to 45 mph; 
and rural, 45 mph and more. 

The following relationships (from page 152) were 
ftund for four-legged intersections (97 intersections): 

N = m x' y5 to express the traffic-accident relationship. 

N = Average number of accidents per year 
m = Constant coefficient of x-v terms 
x = 1/100 of the average daily traffic on the State highway 
y = 3/100 of the aserage daily traffic on the cross road 

The formulas computed for the three groups are shown: 
Urban type intersection 	 N = 0.030 x' "  yot  R 	.86 
Semi-Urban type intersection 	N = 0.170 x°° vo" R = .80 
Rural type intersection 	 N 	0.280 x°"  y'" R = .87 

The stratified data used to develop the relationships are 
as follows (from page 153): 

Number of Total Number Total Years of 
Speed Group Intersections of Accidents Accident Exposure 

Urban 23 444 86 
Semi-Urban 60 1,202 186 
Rural 14 622 48 

An auxiliary before-and-after investigation (using in-
tersections other than the sample of 97) of the installation 
of left-turn lanes at two-phase signals showed an over-all 
increase in the accident rate. This demonstrated the need 
for three-phase signalization (at least in California) at 
these intersections. The following table (from p.  160) 
shows the effect of two-phase signals with a median lane. 

(p. 160) 
LEFT-TURN WAITING LANE 

Speed Major Hwy. Minor Hwy. Accidents/yr. Deviation 

Group • Traffic Traffic Occurring 	Predicted + - 
Semi-Urban 34,800 21,800 7.3 	18.1 10.8 

25,800 8,000 22.5 	10.9 11.6 
8,500 ' 2,700 3.2 	44 32 

12,500 3,200 6.5 	5.5 1.0 
30,000 1,900 2.3 	6.7 4.4 

Rural 21,000 5,400 26.5 	13.7 32.5 
9,800 6,200 36.8 	93 27.3 

13,500 4,200 14.5 	10.1 4.4 
19,200 1,500 6.0 	90 30 
32,200 5.800 6.5 	17.4 10.9 
34,700 2.200 30.0 	8.8 21.2 
9,400 4,100 28.5 	8.4 20.1 
9,500 1,500 16.6 	6.3 10.3 

23,000 2,800 8.0 	11.8 38 

Median 

Median Width 

SAFETY RELATIONSHIP NO. 1-Accident frequency 
at divided highway grade intersections is inversely propor-
tional to the median width. 

Sou,ce; (47)-Priest, R. V., "Statistical Relationships 
Between Traffic Volume, Median Width, and Accident 
Frequency on Divided Highway Grade Intersections.", 
Hwy. Res. News No. 13 (June 1964) pp.  9-20. 

Finding-One of the primary objectives of this study 
was to determine the effect of median width on accident 
frequency at divided highway grade intersections. In the 
investigation, 316 such Ohio intersections were studied 
and 975 accidents tabulated. 

An exposure index was developed to relate the inter-
secting volumes. The exposure index is the product of 
the traffic volume code numbers that can be determined 
for each roadway from the following table (Table 1, p. 
10). 

TABLE 

PRIMARY AND SECONDARY 
TRAFFIC VOLUME CODES 

Primary (ADT) it 10' Secondary (ADT) a 10' 

Traffic Vol. Traffic 	Traffic Vol. Traffic 
Code No. 	Vol. 	Code No. 	Vol. 

Under 10 1 Under 2 
10- 	15 2 2- 4 
15. 	30 3 4- 	6 
20- 25 4 6- 	8 
25- 30 5 8-10 
30- 35 6 10-12 
35- 40 7 12-14 
40- 45 8 14-16 
45- 50 9 16-18 
50- 55 10 18-20 
55- 60 11 20-22 
60- 65 12 22-24 
65- 70 13 24-26 
70- 75 14 26-28 
75- 80 II 28-30 
80- 85 16 30-32 
85- 90 17 32-34 
90- 95 18 34-36 
95-100 19 36-38 

100-105 20 38-40 
105-110 21 40-42 
110-115 22 42-44 
115-120 23 44-46 
120-125 24 46-48 
125-130 25 48-50 
130- 135 26 50-52 
135-140 27 52-54 
140-145 28 54-56 
145-150 29 56-58 
150-155 30 58-60 
155-160 31 60-62 
160-165 32 62-64 
165- 170 33 64-66 
170-115 34 66-68 
175-180 35 68-70 

For exposure indices between 35 and 100 (a typical 
range) the accident frequency was found to be inversely 
proportional to the median width. Figures 1 and 2 from 
(47) illustrate this relationship. 

SAFETY RELATIONSHIP NO. 2-The median width 
is unrelated to the accident rate. 

Source: (49)-Leong, H. J. W., "Effect of Kerbed 
Median Strips on Accident Rates on Urban Roads." Proc., 
Fifth Conference of the Australian Road Research Board, 
Vol. 5, Part 3, paper 666, pp. 338-360 (1970). 

Finding-In a study of 21 sections of urban roads, the 
difference in accident rates between 3-ft to and 15- to 
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Med 40' & over 

Med 20' to 39' 

Med 0' to 19' 

ACCIDENT FREOUENCY 

Figure 1. Number of accidents per year related to exposure index for various median 
width group. (p. 13) 

16-ft median intersections was insignificant. The sample 
of wide medians, 15 ft and 16 ft, was too small to ade-
quately substantiate the finding. 

Roadside 

Access and Development 

SAFETY RELATIONSHIP NO. 1—As the presence of 
roadside features increases, the intersection accident rate 
increases. 

Source: (64)—McMonagle, J. C., "Effect of Roadside 
Features in Traffic Accidents." Traffic Quart., pp. 228-
243 (Apr. 1952). 

Finding—A 70-mi length of US 24 in Michigan was 
studied. Highway sections were divided into those with 
and those without intersections. Within the "intersection" 
highway sections, a comparison was made of the fre- 

quency of features per mile (stores, gas stations, etc.) 
and the accident rate. As indicated from the following 
data—the greater the number of features, the greater the 
accident rate: 

Accident Rate 
Per Year Per Million 

Measure of Roadside Features 	Vehicle Miles 

No roadside features 	 3.74 
0 to 3.99 features per 1000 ft 	 9.06 
4.00 and over features per 1000 it 	13.48 

It was also noted that 70 percent of the accidents occurred 
at the intersections. 

SAFETY RELATIONSHIP NO. 2—As the total width 
of driveways within 200 ft of the intersection increases, 
the intersection accident rate increases. 
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Source: (63)—Stover, V. G., Adkins, W. G., and Good-
night, J. C., "Guidelines for Medial and Marginal Access 
Control on Major Roadways." NCHRP Report 93 (1970) 

147 pp. 
Finding—Although this study established no new rela-

tionships, the accident relationships of prior research were 
used. The following finding (from Petersen, A. D., and 
Michael, H. L., "An Analysis of Traffic Accidents on a 
High-Volume Highway," Eng. Bull, of Purdue University, 

Vol. 49, No. 5, Sept. 1965) was stated: Intersection ac-
cidents per 100 million vehicles increased when (1) per-
cent green-time on the bypass decreased, (2) bypass or 
cross-street ADT increased, (3) percent left turns from 
the bypass increased, (4) maximum approach speed in-
creased, (5) number of intersection approaches increased, 
and (6) total width of driveways within 200 ft of the in-
tersection increased. 

Vertical Alignment 

Grade 

SAFETY RELATIONSHIP—The presence of large 

di/jerences in the grades in the approach legs of an inter-

section increases the accident rate. 
Source: (67)—King, G. F., and Goldblatt, R. B., "Re-

lationship of Accident Patterns to Type of Intersection 
Control." Trans. Res. Rec. 540 (1975) pp. 1-12. 

Finding—An analysis of variance and a regression 
analysis were performed on data sets for 250 intersec-
tions. The set of intersections was analyzed with, no 
stratification. For example, urban and rural intersections 
were mixed and differentiated by the variables. For the 
over-all equation (accident evaluation index as the de-
pendent variable), an R2  = 0.582 was recorded. Several 
measures of effectiveness were tested as dependent varia-
bles. Grade was found to be significant for almost every 
measure of effectiveness. Tables 5 and 6 from (67) 
show results of the analysis. 

Table 5. Independent variables for regression analysis. (P. 6) 
Symbol Delinhtion Explanation 

Total volume Variable consisting of the sun, over the number of approaches of volume 
per lane 

Split Variable representing najor-nhivor critical approach lane split 

x, Urban Binary (0, I) if the intersection is (rural, 	urban) 

X. CBD Binary (0, 1) if the intersection is (non-Cltl), Cf,tD) 

conflict Variable representing total potential conflicts at the intersection 

Left-lu rn conflict Variable representing total left -turn conflict potential 

n, Approach sight distance 1 if the intersection has 2 or more approaches with fair sight distance or 
or iiil,re approaches wiUi poor sight distance; 0 otherwise 

Grade Binary (0, 1(11 any approaches are (level, not level) x. 
 Log volume Log of x 4  

forced 
Multitihase Binary (0, 1) if signal control (is, is not) 2 1,hase; Bus variable is 

out of Die stop equations 

x,, One-way Binary (0, 1) if 1 or more approaches (are not, are) I-way 

Daylight Variable representing l,erce,tle of all accidents occurring during day- 

tight hours 

X. Major volume Variable representing major street volume 

 Square of major volume Square of x,, 
Major street split Variable representing the major street directional split 
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Horizontal Alignment 

Intersection Angle 

SAFETY RELATIONSHIP-Skewed four-legged in-
tersections experience lower accident rates than intersec-
tions with straight approaches. 

Source: (29)-Webb, G. M., "The Relation Between 
Accidents and Traffic Volumes at Signalized Intersections." 
Proc., Institute of Traffic Engineers, pp.  149-167 (1955). 

Finding-Another auxiliary observation made in this 
study (previously described in more detail under "Auxili-
ary Lanes") relates to skewed intersections. This type of 
intersection appeared safer than the primary sample set 
of 97 straight-legged intersections. 

Seven of the eight intersections in the Semi-Urban 
range had less accidents than expected. The average for 
the seven was 43 percent less. The one other intersection 
in the Semi-Urban range and the one intersection in the 
Rural range showed 24 percent and 12 percent more 
accidents, respectively. The effect of angle or direction 
of skew on accidents might possibly affect accident gen-
eration but no conclusions could be drawn from this 
small sample. 

Traffic and Traffic Control 

Layout and Traffic 

SAFETY RELATIONSHIP-At two- and four-lane 
intersections, as the percentage of the cross-traffic volume 
increases, the accident rate increases. 

Source: (11)-Raff, M. S., "Interstate Highway Ac-
cident Study." HRB Bull. 74 (1953) pp. 18-45. 

Finding-In this study of the Interstate System, a total 
of over 6,000 intersections was available for analysis. The 
following tables (Tables 26 and 27 from (11)) show the 
direct effect increasing the percentage cross traffic has on 
the intersection accident rate. 

Source: (47)-Priest, R. B., "Statistical Relatioiiships 
Between Traffic Volume, Median Width, and Accident 
Frequency on Divided Highway Grade Intersections." 
Hwy. Res. News No. 13 (June 1964) pp.  9-20. 

Finding-Figure 6 from this study (previously de-
scribed) supports the foregoing relationship. 

Source: (29)-Webb, G. M., "The Relation Between 
Accidents and Traffic Volumes at Signalized Intersections." 
Proc., Institute of Traffic Engineers, pp. 149-167 (1955). 

SKEW INTERSECTIONS 

Speed Major Hwy. Minor Hwy. Accidents/yr. Deviation 
Group Traffic Traffic Occurring Predicted 4 	- 
Smi-Urhr'n 12,00 2,700 2.2 5,2 3.0 

11,900 2,700 2.6 5.1 2.5 
11,000 2,000 3.7 4.4 0.7 
19,000 1,700 3.3 5.3 2.0 
16,900 13,200 4.3 10.8 6.5 
25,500 12,800 16.0 12.9 3.1 
37,400 8,100 5.0 12.9 7.9 
14,500 7,000 6.3 6.0 1.7 

Rural 24,000 13,800 21.6 19.3 2.3 

Curvature 

SAFETY RELATIONSHIP-Intersections with curved 
approaches develop higher accident rates than those with 
straight approaches. 

Source: (29)-Webb, G. M., "The Relation Between 
Accidents and Traffic Volumes at Signalized Intersections." 
Proc., Institute of Traffic Engineers, pp.  149-167 (1955). 

Finding-Intersections with curved approaches were 
compared with the accident rates of the straight-legged 
intersections. There were four intersections of this type; 
three were semiurban and one was rural. Two of the 
semiurban and the one rural intersection had 30 per-
cent more accidents than would be expected, and the 
other, semiurban intersection had 137 percent more ac-
cidents than was shown by the expectance graph. 

Finding-This study developed curves relating cross-
road and main road traffic to accident frequency for two-
phase signalized intersections. Curves are illustrated in 
Figures 1, 2, and 3 from (29) (see section on "Auxiliary 
Lanes" for study description). 

Source: (87)-McDonald, J. W., "Relation Between 
Number of Accidents and Traffic Volume at Divided 
Highway Intersections." HRB Bull. 74 (1953) pp.  7-17. 

Finding-McDonald studied 150 divided highway inter-
sections (1,811 accidents) to produce a chart (shown as 
follows in Fig. 2 from p. 10) in estimating future accident 
rates at nonsignalized intersections. Crossroads had stop 
control. 

Also, an expression for the accident rate was given as: 

N = 0.000783 V055 V,!0.633 
 

CURVES IN APPROACH LEGS 

Speed Major Hwy. Minor Hwy. Accidents/yr. Deviation 
Group Traffic Traffic Occurring 	Predicted + 	- 
Semi-Urban 16,800 1,500 6.0 	4.7 1.3 

16,000 900 9.0 	3.8 5.2 
20,700 2,300 8.3 	6.1 2.2 

Urban 23,000 16,500 12.8 	9.9 2.9 
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Table 26 (p.  39) 

ACCIDENT RATES AT INTERSECTIONS AT GRADE1  ON TWO- AND TIIREE-LANE ROADS, BY TOTAL 

VOLUME OF TRAFFIC AND PERCENTAGE OF CROSS TRAFFIC 

Type I accident rates (All states, using adjustment factors) 

I 	 Two-lane roads Three-lane roads 

0 - 4.900 5,000 - 9,900 10,000 or more 0 - 4,900 5,000 - 9,900 10,000 or more 
v.p.d. v.p.d. v.p.d. v.p.d. v.p.d. v.p.d. 

Per ten Perten Per ten Per ten Per ten Per ten 
Cross Number million Number million Number million Number million Number l  million Number million 
traffic vehicles vehicles vehicles vehicles .jvehicles vehicles 
Percent 
0 -9 676 3.6 229 2.2 9 0.9 17 4.1 25 9.6 24 34.4 
10- 19 116 11.3 56 6.3 0 0.0 0 0.0 0 - 0 - 
20 or more 162 9.2 118 8.7 3 1.9 0 	JO. 

0 -_30 40.8 0 - 
Type 2 accident rates (Selected states, without adjustment) 

0-9 363f2.0 213 1.8 9 O.ij 2 3.3 6 2.1 24 26.7 
10 - 19 63 7.1 54 5. 5 0 0. 0 0 I 	- I 	0 - 0 - 
200rmore 118 6.9 .117 8.1 3 1.9 0 L 	-.......I 30 25.0 0 - 

Type 3 accident rates- (All states, without adjustment) 

0-9 678 2.0 229 1.8 9 0.8 1.7 25 3.5 24 26.7 
10- 19 116 6.0 56 5.3 0 0.0 0 0.0 0 - 0 - 
20 or more 162 6.5 118 7.5 3 1.9 0 0.0 30 25.0 0 - 
'Excluding rotary intersections. 

Table 27 (p.  39) 

ACCIDENT RATES AT INTERSECTIONS AT GRADE ON FOUR-lANE ROADS, DY TOTAL VOLUME 

OF TRAFFIC AND PERCENTAGE OF CROSS TRAFFIC 

Type I accident rates (All states, using adjustment factors) 

Undivided roads Divided roads' 

0 - 4,900 5,000 - 9,900 10,000 or more 0 -4,900 5,000 -9,900 10,000 or more 
v.p.d. v.p.d. v.p.d. - 	v.p.d. v.p.d. v.p.d. 

Per ten Per ten Per ten Per ten Per ten Per ten 
Cross Number l  million Number j million Number million Number 	million Number million Number l million 
trattic vehicles Ivehicles vehicles vehicles vehicles _jvehicles 
Percent I I 
0-9 33 8.8 184 I 	9.9 302 4.6 15 	3.6 131 5.4 309 7.8 
10-19 15 22.9 22 I 	48.7 123 32.3 7 	17.5 25 10.8 130 28.3 
20 or more 0 0.0 -  34j 56.7 236 42.2 0 	- 13 13.6 97 22.4 

Type 2 accident rates (Selected states, without adjustment)  

0 - 9 13 	4.6 	62 	3.8 	1 	255 	3.1 	IS 	13.3 	91  238 4.5 
10-19 14 	28.0 8 	8.0 	123 	28.6 	7 	17.5 	25 

	113.4 
1.4 130 124.5 

20 or more [_0 	- 15 	21.4 	L 	227 	36.0 	[ 	0 	- 	13 	11.8 97 19.4 

Type 3 accident rates 	All states, without adjustment) 

0-9 33 	j 	3.4 4 	J 	1 5 	[i02 	3.0 	15 	1 3.2 	131 	3.2 309 4.2 
10 - 19 15 	21.4  JJ2 14.7 	I 	123 	28.6 	7 	17.5 	25 	10.0 130 24.5 
200r more OJ0.0 4 	18.0 j236 	35.2 	0 	- 	13 	11.8 97 19.4 

'ExcludIng rotary intersections. 
'Eclud*ng those with controlled access 

where N = number of accidents per year, Yd = ADT en-
tering from the divided highway, and V, ADT entering 
from the crossroad. 

Signs 

SAFETY RELATIONSHIP NO. 1-At low-volume, 
isolated urban intersections and low-volume, low-speed 
rural intersections, yield signs are effective in reducing 
accidents. 

Source: (81)-Box, P. C., "Traffic Control and Road-
way Elements-Their Relationship to Highway Safety! Re-
vised: Chapter 4, Intersections." Highway Users Federa-
tion for Safety and Mobility (1970) 9 pp. 

Finding-This state-of-the-art research discusses the 
findings of several yield sign and safety effectiveness 
studies. 

1. Kell, J. H., "Applications of Yield Right-Of-Way 
Signs," Traffic Eng., Vol. 28, No. 10 (July 1958). Yield 
signs were found to be an effective measure at previously 
uncontrolled and isolated urban low-volume intersections 
in Berkeley, Calif., where accidents were reduced 44 per-
cent at a total of 13 intersections; and in Seattle, Wash., 
where a 52 percent reduction at a total of 30 intersections 
was achieved. In one urban area, a local street was as-
signed right-of-way across 9 consecutive intersections by 
use of yield signs. A study showed that the ADT in- 
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creased from 1,100 to 1,350, but accidents during the 
18-months before and after periods decreased 46 per-
cent. The average annual accident frequency per intersec-
tion with yield signs in place was 1.0. 

2. DeLeuw, Cather and Company, "The Effect Of 
Regulatory Devices on Intersectional Capacity and Opera-
tions," Final Report NCHRP Project 3-6 (Aug. 1966);  

also "Effect of Control Devices on Traffic Operations," 
NCHRP Report 41 (1967). DeLeuw Cather studied 
yield-controlled intersections in four different cities. Three 
of the intersections were studied while they were un-
controlled, and again after yield control was installed. A 
total accident sample of 38 was obtained. At one inter-
section, the average annual frequency dropped from 2.7 

PRIMARY (A.D.T.) IO 

Figure 6. Number of accidents per year related to traffic volume at dividedhighway 
grade intersections. (p• 7) 
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(uncontrolled) to 1.0 (with yield)—a change of 63 per-
cent. The other two locations each dropped from about 
1.8 to 1.4 accidents per year, or a reduction of 23 percent. 

SAFETY RELATIONSHIP NO. 2—If the traffic vol-
umes of the approaches are balanced, the conversion of 
two-way stops to four-way stops can significantly reduce 
accidents. 

Source: (81)—Box, P. C., "Traffic Control and Road-
way Elements—Their Relationship to Highway Safety! 
Revised: Chapter 4, Intersections." Highway Users Fed-
eration for Safety and Mobility (1970) 9 pp. 

Finding—State-of-the-art research reported the follow-
ing: 

1. Wenger, D. M., "Accident Characteristics at Four-
Way Stop Control Versus Two-Way Stop Control,"  
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Bureau of Highway Traffic, Pennsylvania State University 
(1958). Data from 38 intersections were analyzed and 
before-and-after accident rates were calculated for time 
periods exceeding one year. Most of the intersections 
were of major type. Entering volumes ranged from 3,500 
to 18,900 vpd, with a weekday entering volume of 6,200 
required to reach the warrant for change to four-way con-
trol (500 vph for the high 6 hr, with 40 percent from the 
cross street). A reduction in total accidents equal to 56 
percent was found, as shown in Table 2. Five of the inter-
sections showed an increase in accidents, four of which 
met the warrant for traffic signals in the manual on 
Uniform Traffic Control Devices. Certain conclusions are 
self-evident from Table 2, such as a pronounced reduction 
in right-angle type accidents and a slight but significant 
increase in rear-end accidents. Intersection sight distances 
were also examined. It was found that conversion to 
four-way stop signs produced a greater accident reduction 
effect at intersections with highly restricted sight distances 
than at intersections with unrestricted sight distances. 

Table2 (p. 4) 

concluded that the use of four-way stop control is satis-
factory as an interim measure pending traffic signal in-
stallation. 

SAFETY RELATIONSHIP NO. 3-If the traffic vol-
umes of the approaches are unbalanced, the conversion 
of two-way to four-way stops can result in an increase in 
accidents. 

Source: (81)-Box, P. C., "Traffic Control and Road-
way Elements-Their Relationship to Highway Safety! 
Revised: Chapter 4, Intersections." Highway Users Fed-
eration for Safety and Mobility (1970) 9 pp. 

Finding-State-of-the-art research reported the follow-
ing: 

1. Syrek, D., "Accident Rates at Intersections," Traffic 
Eng., Vol. 25, No. 8 (May 1955). The study of certain 
accident types at Los Angeles County intersections in-
cluded comparisons of rates under different volume ratios, 
as shown in Table 3. 

EFFECT OF CHANGE FROM TWO-WAY TO FOUR-WAY STOP 
Overall Accident Rate 

per Million Enterinj Vehicles  
Type of Before 	After Overall Change 
Accident (Two.way Stop) 	(Four-way Stop) - 	(Percent) 

Right.angle 0.56 0.14 -75 
Rear-end 0.10 0.12 +20 
Pedestrian 0.05 0.05 0 
Fixed Object 0.02 0.01 -50 
Head-on 0.06 0.02 -67 
Sideswipe 0.08 0.05 -38 
Turning 0.18 0.12 -33 

OVERALL 
ALL ACCIDENTS 0.95 0.45 -56 

SOURCE: "Accident Characteristics at Four-Way Stop Control Versus Two-Way Stop Control," by D. M. Wenger, Student Thesis, Bureau 
of Highway Traffic, Pennsylvania State University, 1958 (96). 

The summary conclusion from this work is that four-
way stop signs can be an effective control measure, from 
the safety standpoint, when used as provided in the manual 
on Uniform Traffic Control Devices at major-type inter-
sections with traffic in the range immediately below that 
for signal warrants, and where a reasonable balance exists 
between cross-street and main-street volumes. 

2. Hammer, C. I., Jr., "Evaluation of Minor Improve-
ments, Signs, Part 6," Traffic Department, State of Cali-
fornia, Transportation Agency, Department of Public 
Works, Division of Highways (May 1968). The change 
from two-way to four-way stop control was analyzed at 
six California highway intersections. A reduction was 
found in accident rate from 1.97 to 0.46 accidents per M 
veh mi, or 77 percent. Right-angle accidents were reduced 
from 78 to 12. All of the intersections met warrants for 
four-way stop control, and three met the California war-
rants for traffic signals, which basically conformed to the 
Manual on Uniform Traffic Control Devices. This study 

The importance of considering major and minor route 
volumes as part of any contemplated control change from 
two-way to four-way stop is self-evident from Table 3. 

Signals 

SAFETY RELATIONSHIP NO. 1-The installation of 
unwarranted signals at intersections can result in an in-
crease in accidents, particularly rear-end accidents. 

Source:' (81)-Box, P. C., "Traffic Control and Road-' 
way Elements-Their Relationship to Highway Safety! 
Revised: Chapter 4, Intersections." Highway Users Fed-
eration for Safety and Mobility (1970) 9 pp. 

Finding-This research discussed the following prior 
research: 

1. Vey, A. H., "Effect of Signalization on Motor 
Vehicle Accident Experience," Proc., Institute of Traffic 
Engineers (1933). An early comprehensive study of the 
effect of signalization on intersection accidents included 
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Table (rs S' - 

PARISON OF STOP SIGN ACCIDENT RATES 

Rate per. Million Vehicles 

Two-way Stop 	Four-way Stop 

7ADT Oove'r 

Condition 1 
(Major ro 	5000 

Cross 	3000) 	 .72 	 .42 

Condition 2 
(Major ro  

12,000) 	 .26 	 .85 

SOURCE: "Acident R-s a 'nte,ectk 	t', D. Syrrk. May, 195 (4). 

data on 599 intersections in 24 cities. Vey concluded that 
the installation of traffic signals reduces accidents an 
average 20 percent; however, accidents increased at more 
than one-third of the intersections studied. Accidents were 
related to weekday hourly volume (average of the 12 hr of 
highest volume). After signalization, at locations having 
volumes above 900 vpli, eveiy intersection in this study 
showed a decrease in the total number of accidents. Other 
findings disclosed: (a) an increase in rear-end accidents, 
(b) a decrease in right-angle accidents, and (c) an in-
crease in accidents at intersections where the accident 
frequency was three or less before signalization. 

2. Solomon, D., "Traffic Signals and Accidents in 
Michigan," Public Roads, Vol. 30, No. 10 (Oct. 1959). 
Another report covered 39 intersections that had been 
signalized in urban and rural areas of Michigan. Accidents 
increased an average of 23 percent, with the greatest per-
centage occurring at the simpler intersection types such as 
the T-type and undivided cross. Injuries decreased 20 per-
cent, however, and fatalities dropped 50 percent. An 
evaluation of the kinds of accidents after signalization  

disclosed that rear-end accidents increased 200 percent; 
head-on accidents, 157 percent; and sidewipe accidents, 74 
percent. Angle collisions decreased 51 percent and other 
kinds of accidents decreased 39 percent. 

A considerable variation in accident rate by intersection 
type after signalization was found in the study, as shown in 
Table 4. It was concluded that traffic signals tend to in-
crease accident rates at simple types of intersections and, 
conversely, tend to decrease accident rates at complex 

intersections. 
The Michigan data were also grouped according to the 

five intersections having greater than the ADT average 
of 20,200, and the eight having entering volumes below this 
average. The accident rate increased from 1.72 to 2.27 
(32 percent) by signalization of the lower volume inter-
sections. It decreased slightly, however, from 1.31 to 1.29 
(2 percent) at the above average volume intersections. 

Source: (83)—Young, T. E., "New Traffic Signals—

Their Effect on Street Utilization." HRB Spec. Rep. 93 

(1967) pp. 84-95. 

Table 4 (p.  6) 

CHANGE IN ACCIDENT RATE AFTER INSTALLATION OF TRAFFIC SIGNALS 

Accident Rate per 
Million Vehicles 

Intersection AOT 
Change In 
Number of 

Enterin 	Intersections 6 	_________________ Net Change 

Type Average Accidents Before After in Rate 

11800 +78% 1.7 3.0 +73% 

Cross, undivided 20,000 +61 1.3 2.0 +53 
—16 

Cross, divided 27,200 + 4 1.3 1.1 
1.3 —69 

Multi-leg 16,900 —47 4.1 

OVERALL 20,200 +23% 1.5 1.8 +19% 

SOURCE DATA FROM: "Traffic Signals and Accidents in Michigan." by David Solomon, Public Roads, Oct., 1959. p.  236. from 

Table 2. (79) 



Finding—In a summary statement considering the review 
of several studies, Young suggests the following points for 
consideration and discussion: 

Signalization is not, per se, a reliable accident reduc-
tion measure. 

Signalization is most likely to produce an accident 
reduction when standard warrants are met, and is most 
likely to produce a significant increase in accidents where 
signal control is unwarranted. 

Notwithstanding, a well-designed traffic signal in-
stallation need not produce a significant increase in acci-
dents even at locations where signalization is completely 
unwarranted, unless special design problems are present. 

Where serious accident increases do occur following 
signalization, the problem can usually be traced to design 
problems and signal design deficiencies, unrelated to 
presently established warrants. 

Restricted visibility of approaching traffic is an im-
portant factor in intersectional right-of-way control not 
directly covered in present warrants, and an important 
design factor in signalization regardless of warranting 
conditions. 

Signalization will substantially increase intersectional 
delay at the volume levels provided in the 1961 MUTCD 
warrants. 

A delay warrant for signalization appears to be 
desirable. However, it should takeinto account the varying 
acceptability to the public of different levels of delay under 
different traffic control conditions. 

SAFETY RELATIONSHIP NO. 2—The installation 
and modernization of warranted signals, with proper 
channelization, generally result in a reduction in accidents. 

Source: (81)—Box, P. C., "Traffic Control and Roadway 
Elements—Their Relationship to Highway Safety/Revised: 
Chapter 4, Intersections." Highway Users Federation for 
Safety and Mobility (1970) 9 pp. 

Finding—This state-of-the-art research reported the fol-
lowing findings: 

Smith, W. C., and Vostrez, J. J., "Evaluation of Minor 
Improvement Projects," Hwy. Res. News Number 13 
(June 1964). A study of minor improvement projects in 
California found over-all accident rate reductions averaging 
39 percent when traffic signals were installed at 32 loca-
tions. In this before-and-after study, it was noted that 79 
percent of the projects resulted in improved accident rates, 
and approximately half of the projects resulted in an 
accident decrease of more than 50 percent. 

Wilson, J. E., "Minor Improvement Program," Traffic 
Digest and Review, Vol. 13, No. 6 (June 1965). In a more 
recent study on 125 California locations where new signals 
were installed during 1964, it was found that accidents 
were reduced at 61 percent of the intersections. 

Results of the two preceding California studies showing 
a decrease in accidents after signal installation were in 
conflict with results of previous studies which showed that 
signals did effect an over-all increase in accidents. 

Australian Road Research Board, Vol. 5, Part 3, paper 601, 
pp. 304-315 (1970). 

Finding—Andreassend showed the relationship between 
previous accidents and percent change in number of acci-
dents for 41 intersections studied on a before-after basis 
where vehicle-actuated signals were installed. Also, 44 
other intersections were similarly studied where upgrading 
and flashing signals improvements were made. Reductions 
of accidents given in percent are as follows: 

New Signals Upgrading 	Flashers 
Over-all 	 31.9% 	29.2% 	42.2% 
Right Angle 	71.6% 	49.8% 	52.2% 

The average number of right-angle accidents for all 
three cases was between 5 and 7 accidents per year. He 
also reviewed and gave results for several other studies. It 
is of interest to note that the many before-after studies per-
formed with respect to signalization reveal widely varying 
results, indicating that it is the particular application which 
determines its accident reducing potential. 

Source: (85)—Malo, A. F., "Signal Modernization." 
HRB Spec. Rept. 93 (1967) pp.  96-116. 

Finding—This article summarized the findings of several 
before-and-after studies of signal modernization. The 
examples of traffic-signal modernization described in the 
foregoing indicate that modern signal controls tailored to 

_the needs of traffic can improve the efficiency of inter-
sections and reduce accidents. It is obvious that improved 
visibility is a major factor in accident reduction. The in-
troduction of mast-arm or overhead signals in every case 
resulted in reduced accidents. Observations have shown 
that the use of all red periods by Wayne County and the 
City of Detroit has been successful. 

Tables 1 and 4 from (85) present the effects of signal 
modernization on accident reduction in Detroit and Los 
Angeles, respectively. From the Detroit data in Table 1, 
the following accident reductions are observed: right-angle, 
75 percent; rear-end, 24 percent; pedestrian, 46 percent; 
other types, 33 percent; and over-all 47 percent. Details of 
three additional intersections in Los Angeles are shown in 
Tables 5, 6, and 7. 

SAFETY RELATIONSHIP NO. 3—The introduction 
of DON'T WALK signals for pedestrians significantly reduces 
pedestrian accidents at urban intersections. 

Source: (85)—MaIo, A. F., "Signal Modernization." 
HRB Spec. Rept. 93(1967) pp. 96-116. 

Finding—This article (previously described) examined 
before-and-after studies of signal modernization. The 
Detroit study showed a significant decrease in pedestrian 
accidents after the installation of DON'T WALK signals (see 
Table 2, p.  97 from (85)). 

SAFETY RELATIONSHIP NO. 4—Flashing beacons 
have been shown to reduce accidents, particularly at low-
volume intersections. 

Source: (81)—Box, P. C., "Traffic Control and Roadway 
Elements—Their Relationship to Highway Safety/Revised: 
Chapter 4, Intersections." Highway Users Federation for 
Safety and Mobility (1970) 9 pp. 

	

Source (84)—Andreassend, D. C., "Another Look at 	Finding—This research presented the following findings 

	

Traffic Signals and Accidents." Proc., Fifth Conference, 	with respect to flashing beacon installation: 



TABLE 4 (p 109) 
EFFECTS OF TRAFFiC SIGNAL MODERNIZATIONS ON ACCIDENT REDUCTION, LOS ANGELES, CALIF. 

Before ModernIzation 	 After Modernization 
Location 

	

	
Location 

BA LT RE Other Total RA LT RE Other Total 

1st Si. and Mission Rd. 	 5 	4 	5 	9 	23 	4 	I 	t 	2 
tot St. and Virgil Ave. 	 7 	2 	0 	0 	9 	3 	4 	I 	I 
6th St. and Central Ave. 	 3 	0 	2 	I 	6 	1 	I 	I 	3 

6 0 3 2 It 0 0 1 	2 
67th St. and Western Ave. II 0 1 . 	3 15 0 1 2 	1 
Century Blvd. and Vermont St. 7 0 13 2 22 8 4.. 4 	4 
LaBrea Ave. and Wilshire Blvd. to 1 6 0 t7 $ I 4 	I 

Grand totals 49 7 30 II 103 12 Il 14 	14 

151h St. and Alameda St. 

g 	Boston-Denter 
6 	Calverl - Linwoid 

Chateiers-Charlevotx 
Chartrvoin-Grand Btvc. 

IS 	Chartevoix-Van I)yke 
Chene-Ferry 

- 	Chtvago- Fourteenth 
52 	Ctairmoovt-Twelfth 

Conner- Kercheval 
Coriner-Vernor 
Elmhorsl- Fourteenth 
Eloihornt -Linwood 
Ferry -Ronsell 
Grand Blvd. -Kerct.eval 
Grand Blvd. - Mt. Elttn.:t 
Grand Blvd. -K. Vernor 
Kerchevat-McCteltan 
Kercheval-St. Jean 
Kervheoat-Van Dyke 
Twlft h-Webb 

Total 

Percent change 

After (1960) 

Ilcar Other Eed 

	

1 	1 

	

2 	2 

	

3 	2 

	

6 	1 

	

2 	5 

	

.4 	2 

	

2 	2 

	

12 	6 
I 	2 

	

7 	3 
I 	2 

	

7 	2 

	

3 	5 

	

4 	4 

	

17 	10 

	

3 	3 

	

3 	I 

	

5 	2 

	

0 	4 
d 	2 

	

9'7 	61 

	

- 2•4 	-33 

Total 

3 
8 
7 
8 

10 
8 

22 

13 

II 
8-
II 
30 
12 

10 
I? 
10 

208 

.47 

TABLE I (p. 97) 
ACCIDENTS BEFORE AND AFtER MODERNIZATION. DETROIT, MICH. 

Beture (1955) 
Dale of  

M,.dern,zat,on Angle Ped. linar Other Total Angle Ped. 
End 

Dec. 1958 	18 	- 	4 	I 	23 	I 	- 
Joly 1958 	4 	- 	2 	2 	8 	2 	- 
Jan. 1958 	13 	1 	3 	2 	tO 	2 	- 
Feb. 1958 	4 	- 	10 	3 	I? 	I' 	- 
Feb. 1958 	4 	I 	- 	2 	II 	.3 
April 1958 	14 	- 	12 	4 	30 	I 	I 
May 1958 	10 	- 	4 	I 	IS 	3 	- 
May 1958 	6 	I 	9 	9 	25 	3 	I 
Jan. 1959 	5 	- 	5 	2 	12 	1 	- 
Feb. 1958 	7 	1 	5 	2 	13 	3 	- 
May 1058 	2 	-- 	4 	3 	9 - 
Jane 1956 	12 	2 	10 	6 	30 	- 	2 
April 1958 	4 	I 	13 	19 	31 	-. 	- 
Feb. 1058 	12 	- 	6 	6 	24 	3 	- 
March 1958 	12 	I 	II 	9 	33 	3 	- 
June 1956 	It 	I 	13 	2 	27 	6 	- 
Jan. 1958 	10 	- 	7 	4 	21 	2 
Feb. 1950 	4 	3 	4 	2 	13 	3 	- 
Feb. 1058 	4 	I 	2 	3 	14 	4 
Aug. 1950 	5 	- 	3 	II 	19 	2 	- 

	

169 	13 	127 	II 	400 	tI 	7 

	

-95 	-46 

Type 

Left-turn 
Right . angle 
Rear-roil 
Sole - swipe 
Pedestrian 
Other 

Total 

Left - torn 
Right -angle 
Rear -mid 
Side- swipe 
Pedestrian 
Other 

Total 

Left-torn 
RigId - angle 
Rear -end 
Side-swipe 
Pedestrian 
Other 

Total 

TABLE 6 (p. 110) 
SUMMARY OF INTERSECTION AND APPROACH ACCIDENTS BY 

TYPE AND SEVERITY, LOS ANGELES, CALIF. 

Prop. Damage Injury 	 Fatal Total Change to 

Before After Before 	After 	Before 	After Before 	After Total (I) 

(a) Sonnet Blvd. and Highland Ave. 

10 2 9 	6 	0 	0 19 8 -58 
8 0 8 	2 	0 	0 IS 2 -88 
9 II B 	Il 	0 	0 17 22 .29 
6 3 2 	1 	0 	0 0 4 -50 
0 0 I 	1 	0 	0 I I 0 
1 3 2 	0 	0 	0 3 3 0 

34 19 30 	21 	0 	0 64 40 -38 

(b) Sonnet Blvd. and Laftrea Ave. 

3 4 6 	2 	0 	0 9 6 -33 
6 i 3 	4 	0 	0 9 5 .44 
4 10 5 	8 	0 	0 9 18 .100 
2 5 0 	I 	0 	0 2 6 .200 
0 0 3 	I 	0 	0 3 I -61 
4 3 0 	5 	0 	0 4 8 .100 

19 23 17 	21 	0 	0 36 44 .22 

(c) Hollywood Blvd. and Cower St. 

3 3 3 5 0 0 6 8 .33 
5 2 6 5 0 0 II 7 .31 
2 4 4 3 0 0 6 7 .17 
3 I 0 0 0 0 3 I -67 
0 0 0 1 0 0 0 I - 
4 2 0 0 0 0 4 2 -50 

17 12 13 14 0 0. 30 26 -13 

TABLE 5 (rs. 110 TRAFFIC CONTROL CONDITIONS, LS ANGELE , CALIF 

Belore After 
January I, 1959, toJune 30. 1960 Janoaey I, 	1964, tnJu,e 30, 	196.5 

(a) Sonnet Blvd. and highland Ave. a 

I. 	Twu-1,hast' ftoe,t-litse sIgnal. I. Actuated t,'It turns for Sonnet Blvd. 

2. 	No left torna from It,gtiland 2. No left lorva from highland Ave. 	(7:00a. .i. .7:00p. n.). 
Ave 	(3 OOp. n). -600 p. in. 1. 

3. 	highland Ave. 	oIl-centering  HIghland Ave. till-centering durIng a. in. 	i.nd p.m. 
during a. in. and p.m. peak hour.. peak hoar.. 

 Four-way mast arm indications. 
 Pedestrian signats. 
 Mercory tnmisaireo installed is conionction with 
- mast arm sigi.uis. 

(b) Sonnet Blvd. and Laftera Ave. b 

I. 	Twn-phane, 	toned-lime signal.  Two-phase, 	lixed-linie signal. 

2. 	Mast arms for Sonnet Blvd. only.  Mast arms for Sunset Blvd. only. 

No pedestrian signaln. 3. No pedestrian signals. 
 Three-second alt-red interval following 

LaBeea Ave. green. 

)c) Hollywood Blvd. and Gower St. C 

I. 	Two-pbaoe, fixed-time signal. I. Two-phase, 	lined-time signal. 
 Four-way mast arm indicaltons. 
 Pedestrian stgnaln. 
 Mercury Isininaires installed in conjunction with 

mast arm nignals. 

24-h, -1-.nI.,ivg inne,,nolivn: b.lm., 	,870, oft.,, 74,870 shs.,ge. -7.44 ,seni. 
24-h, ,nlmn. •nteming sI.onoi,nn b.lmn, 65,760, .1,.,, 67,760 nhang., .3.04 pn.vnvl. 

524'h, .nio,.,. nntn,ioq intCn.cIinfl helm., 36,500 ulinn, 41,670, vhovgr, .14.16 pe.s.nt 
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Solomon, D., "Traffic Signals and Accidents in 
Michigan," Public Roads, Vol. 30, No. 10 (Oct. 1959). 
In Michigan, 50 urban and rural intersections with average 
ADT of 8,000 had flashing beacons installed. Accident 
reductions averaged 26 percent for all types of intersections 
(T, cross, and multileg). The number of injuries was 
reduced 5 percent. All types of accidents were favorably 
affected, with reductions of 18 percent in rear-end, 32 
percent in head-on, 25 percent in sideswipe, and 29 percent 
in angle-type. When relating the beacons to volume, the 
accident decrease for intersections with lower volumes was 
found to be the most favorable. The report concluded that 
flashing. beacons should be employed at low-volume inter-
sections, leaving regular signals for use at higher volume 
locations. The average annual accident frequency was six 
at each flashing beacon intersection, and the average rate 
was 1.6 per million entering vehicles. 

Clyde, M. N., "Michigan Study Indicates Signals 
Increase Accidents," Traffic Eng., Vol. 35, No. 2 (Nov. 
1964). This before-and-after study showed that accidents 
were reduced 25 percent when flasher signals were in-
stalled. The seriousness of accidents at these flasher loca-
tions was also greatly reduced. Fatalities dropped from 63 
to 15 (60 percent), and injuries decreased from 566 to 290 
(49 percent). These improvements were attributed to the 
attention-getting characteristics of the flasher, which tends 
to make the motorist more cautious, as compared to traffic 
signals, which often require an objectionable stop for 
the driver. 

Connor, R. E., "Traffic Signals and Accidents on 
Rural State Highways in Ohio," Ohio Department of 
Highways (1960). Flashing beacons were installed at 15 
rural Ohio intersections with an average ADT of 4,800. 
Reductions of 47 percent in the number of accidents (also 
the injuries) and 88 percent in the number of fatalities 
were found. The flasher results were also compared with 
those of a standard traffic signal installation, with the 
conclusion that flashing beacons are more effective than 

1 -- Il-- IlIl 

i'•'It"'.'- I ! 

regular signals (from the safety standpoint) at volumes up 
to 6,000 ADT. Further, it was found that for red-yellow 
flashers and for four-way red flashers, multiple vehicle 
accident rates were reduced 31 percent and, in general, 
flashing beacons were effective both day and night. 

Source: (86)—Cribbins, P. D., "Evaluation of Traffic 
Control Improvements on Low-Voluume Highways." 
North Carolina State University (June 1969). 

Finding—This study observed that the use of signals or 
flashers at rural intersections can reduce the total accident 
severity. Data were not sufficiently complete to establish 
significance. 

Source: (84)—Andreassend, D. C., "Another Look at 
Traffic Signals and Accidents." Proc., Fifth Conference, 
Australian Road Research Board, Vol. 5, Part 3, paper 601, 
pp. 304-315 (1970). 

Finding: Note that the 42 percent accident reduction 
associated with this source, stated earlier in this section, 
supports the relationship. 

Signal Operations 

SAFETY RELATIONSHIP NO. 1—As the percent 
green-time on the main road or street decreases, the inter-
section accident rate increases. 

Source: (63)—St.over, V. G., Adkins, W. G., and Good-
night, J. C., "Guidelines for Medial and Marginal Access 
Control on Major Roadways." NCHRP Report 93 (1970) 

147 pp. 
Finding—This study compiled the research finding of 

several previous studies and quoted the following source 
with respect to signal operation: Peterson, A. 0., and 
Michael, H. L., "An Analysis of Traffic Accidents on a 
High-Volume Highway," Eng. Bull, of Purdue University, 
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Vol. 49, No. 5 (Sept. 1965). This study found that as the 
percent green-time on the bypass (main road) decreased, 
the accident rate increased. Note that the percent green-
time could be a rough surrogate measure for percent main 
or crossroad traffic volume. As such, it is consistent with 
findings regarding percent crossroad traffic. 

SAFETY RELATIONSHIP NO. 2—Special left-turn 
signal phases have a safety advantage over signals without 
special left-turn phases. 

Source: (81)—Box, P. C., "Traffic Control and Roadway 
Elements—Their Relationship to Highway Safety/Revised: 
Chapter 4, Intersections." Highway Userg Federation for 
Safety and Mobility (1970), 9 pp. 

Finding—This study discussed the findings of prior 
research from Fairfax, B. W., "Methods of Signalizing 
Left-Turn Movements at Channelized Intersections," Traffic 
Eng., Vol. 37, No. 8 (May 1967). Accidents among 37 
Seattle intersections were compared according to different 
methods of left-turn signal operation. A left-turn accident 
was defined as only one involving a left-turn vehicle and 
an opposing through vehicle. The number of accidents 
occurring during left-turn maneuvers were compared with 
the total number of accidents at each intersection. These 
were analyzed under two different conditions: one with the 
use of exclusive left-turn signals, and the other with control 
of part of the left-turn maneuver and the balance of the 
diivers allowed to turn on the circular green indication. 
The exclusive use of left-turn signals was studied under a 
variety of conditions involving the use of leading left-turn 
arrows and lagging left-turn arrows at intersections with 
and without left-turn bays. 

The average of left-turn accidents occuring at 12 loca-
tions with exclusive left-turn signals under various condi-
tions was 7 percent of the total accidents. The average of 
left-turn accidents taking place at 25 locations during 
control of part of the left-turn maneuver and no control 
during the balance of the circular green indication was 19 
percent of the total accidents. 

Source: (29)—Webb, G. M., "The Relation Between 
Accidents on Traffic Volumes at Signalized Intersections." 
Proc., Institute of Traffic Engineers, pp.  149-167 (1955). 

Finding—The details of this study were presented in 
preceding sections. An auxiliary finding of the study was 
that left-turn lanes with two-phased signals generally 
produced more accidents. The high number of left-turn 
accidents pointed out the importance of three-phased sig-
nals when left turns are present. This finding is docu-
mented in the "Auxiliary Lanes" section under "Inter-
sections." 

SAFETY RELATIONSHIP NO. 3—Fully traffic-
actuated signals have been shown to significantly reduce the 
rear-end accident rate at signalized intersections. 

Source: (81)—Box, P. C., "Traffic Control and Roadway 
Elements—Their Relationship to Highway Safety/Revised: 
Chapter 4, Intersections." Highway Users Federation for 
Safety and Mobility (1970) 9 pp. 

Finding—This state-of-the-art research discussed the 
following source with regard to traffic-actuated signal 
operation: Shindler, R., "A Comparative Study of Semi-
Actuated and Volume Density Traffic Signal Operation," 
Proc., Northwest Traffic Engineering Conference (1958). 

A study of accidents as related to type of signal control was 
reported by the Oregon Highway Department. A suburban 
intersection on a four-lane highway was studied for five 
years with semiactuated control and two years with volume-
density (full actuation) control. Accidents on the highway 
occurring within 150 ft of the intersection were checked. 
From these data, it was concluded that the average annual 
number of rear-end accidents was reduced by 62 percent 
after the change to fully actuated operation. Although 
this is only one location, this study indicates that lower 
accident potential may result when improved traffic signal 
phasing is provided for vehicles on the major highway. In 
addition, if a speed differential exists on two intersecting 
routes, stopping traffic unnecessarily on the higher speed 
route is the more hazardous. The problem involves not 
only the type of signal controller, but also the location 
(distance back from the stop line) of vehicle detectors. 
Definitive studies are needed to relate accidents to detector 
spacings. 

SAFETY RELATIONSHIP NO. 4—Nighttime full 
color operations have been shown to be safer  than flashing 
operations. 

Source: (81)—Box, P. C., "Traffic Control and Roadway 
Elements—Their Relationship to Highway Safety/Revised: 
Chapter 4, Intersections." Highway Users Federation for 
Safety and Mobility (1970) 9 pp. 

Finding—The study contained the following source and 
finding: Radelat, G., "Accident Experience as Related to 
Regular and Flashing Operation of Traffic Signals," District 
of Columbia Staff Report, District of Columbia Department 
of Highways and Traffic (June 1966). A staff report by the 
District of Columbia concluded that regular 24-hr "stop-
and-go" operation of traffic signals is safer than a flashing 
operation during night hours. Accidents decreased an 
average of 40 percent at the 162 locations during the period 
when full color operation was substituted for night flashing. 
Injury accidents were reduced by 50 percent and right-
angle accidents by 60 percent during the period previously 
controlled by flashing. Accidents decreased by 34 percent 
at nearby intersections where no change was made. At a 
third group of unrelated intersections used as a statistical 
control, accidents decreased 6 percent. 

SAFETY RELATIONSHIP NO. 5—Right-turn allowed 
on red signal does not introduce a sufficient hazard to not 
warrant it, even with heavy pedestrian traffic. 

Source. (81)—Box, P. C., "Traffic Control and Roadway 
Elements—Their Relationship to Highway Safety/Revised: 
Chapter 4, Intersections." Highway Users Federation for 
Safety and Mobility (1970) 9 pp. 

Finding—This study discussed the following source and 
findings regarding right-turn-on-red signal: Ray, J. C., 
"Experience with Right Turn on Red," Proc., Institute of 
Traffic Engineers (1956). Right turns are allowed on the 
red signal, after a stop, in several western states. The 
operation is allowed on an individual intersection basis in 
other areas. Accident experience was reported for 75 
California intersections in Richmond, San Francisco, and 
Berkeley. About one-fifth of the locations were in com-
mercial districts with heavy pedestrian traffic. The average 
annual accident frequency of each intersection was 15. 
Accidents involving right turns represented 3.2 percent of 
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all accidents, and the volume of right turns was 14 percent. 
Accidents involving right-turn-on-red totaled only 0.4 per-
cent, with the volume of such turns equaling 2.5 percent of 
total entering vehicles. From these data, it was concluded 
that the right-turn-on-red (after stop) regulation did not 
create a significant hazard at these signalized intersections. 

RAILROAD.HIGHWAY GRADE CROSSINGS 

Most research work on the subject of highway-rail grade 
crossing safety has concentrated on the development of 
logical relationships involving the probability of conflict. 
This prevailing approach to understanding safety at high-
way-rail grade crossings is primarily due to the difficulty of 
performing an analysis of historical accident experience at 
the crossings. Crossings experience very low accident rates. 
The mean number of annual accidents involving trains for 
the nation is 0.15 per crossing. 

Traffic Control and Sight Distance 

Traffic Control 

SAFETY RELATIONSHIP NO. 1—The accident fre-
quency for train-involved accidents at a highway-rail 
grade crossing is largely a function of the vehicle and train 
volume, type of protection, and characteristics of urban and 
rural areas. 

Source: (82)—Schoppert, D. W., and Hoyt, D. W., 
"Factors Influencing Safety at Highway-Rail Grade Cross-
ings." NCHRP Report 50(1968) 113 pp 

Finding—This study employed a sample of 7,500 grade 
crossings. The distribution of accident types for the sample 
was (1) one-third train involved, (2) one-third nontrain 
involved, train present, (3) one-third nontrain involved, no 
train present. A multiple linear regression technique was 
used to develop prediction equations. Crossings were strati-
fied by type of protection, ADT less than and greater than 
500, and urban or rural. The findings with respect to differ-
ent protection types were in agreement with previous 
research. For many cases, the results showed that the 
equation did not significantly predict better than chance 
(the probability of simultaneous arrival). The following 
summary of equations (from pp.  56 and 57 of reference 
(82)) is presented in support of the preceding relationship. 

A relative hazard index was prepared, usillig the mean 
number of accidents per year, for each protection type, 
which agreed closely with prior research. See following 
tabulation: 

Type of Protection Hazard Index 

Crossbucks 1.00 
Stop Signs 0.58 
Wig wags 0.34 
Flashing Light 0.20 
Gates 0.11 

SAFETY RELATIONSHIP NO. 2—Automatic gates 
produce a higher nontrain-involved accident rate than other 
types of highway-rail grade crossings. 

Source: (82)—Schoppert, D. W., and Hoyt, D. W., 
"Factors Influencing Safety At Highway-Rail Grade Cross-
ings." NCHRP Report 50 (1968) 113 pp. 

SUMMARY OF EQUATIONS (from pp.  56 and 57) 
Crossbucks: 

Highway volume below 500 per day: 

	

= X [38.90] 	 (30) 

Highway volume greater than 500 per day: 
Urban 

	

= X, [30.57] 	 (31) 

Rural 

	

X1  = X1 ,, [30.35] 	 (32) 

STOP signs: 
Highway volume below 500 per day: 

	

= X1 ,, [45.13 + 2.51 X7  + 13.5 X0] 	(33) 

Highway volume greater than 500 per day: 

	

X1 =X1( [ll.44] 	 (34) 

Wigwags: 

	

X1  = X, 16.06 + 0.02 X5  + 0.40 X71 	(35) 

Flashing light signals: 
Urban 

	

= X1  [3.23] 	 (36) 

Rural 

	

X, = X10  [9.30] 	 (37) 

Gates: 
Urban 

	

= X1, [3.23] 	 (38) 

Rural 

	

X, = X. [1.93] 	 (39) 

in which 

X1  = accidents per year, scaled by 100; 
X2 ADT; 

= angle of crossing, acute angle measured in degrees; 
X6  = total number of highway lanes; 

= maxinium absoluted approach gradient within 100 
ft of crossing; and 

X1 , = probability of coincidental vehicle and train arrival, 
scaled by 10 	or 

(1— e'") ( 10 ) 	
(40) 

86.400 

in which 

X3  = trains per day; and 
X2  = highway vehicles per day. 

Finding—An examination of nontrain-involved accidents 
showed that automatic gates experience significantly higher 
rates than other types of protection. The following equa-
tions (from p.  59) were developed, which support the 
foregoing relationship. 



For automatic gates, 

EA 
= 

ADT (0.00866 + 0.00036 X2 ) 
100 

and, for other types of protection, 

EA 
=ADT 

(0.00499 + 0.00036 X2 ) 
100 

where EA = nontrain-involved accidents per year and 
= number of daily trains. Note that several other 

studies have developed predictive equations; however, the 
equations showed poor potential in explaining the variation 
in accidents at rail-highway grade crossings. Some of these 
equations are presented in: Richards, H. A., and Bridges, 
G. S., "Traffic Control and Roadway Elements—Their Re-
lationship to Highway Safety! Revised: Chapter 1, Railroad 
Grade Crossings," Highway Users Federation for Safety 
and Mobility (1968). They are given as follows in Table 
1 (pp.2-3). 
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SYMBOLS 

A, = Expected number of accidents in 5 years. 

A. = Accident experience. 

= Accident probability factor. 

= Train speed factor. 

CB, = Type and spred of train factor. 

0, = Atignntcnt of track and highway factor. 

= Number of freight trains in 24 hours. 

0, = Approach gradient factor. 

H.T. = Hazarj index. 

K = Additional parantctcr. 

14 = Angle of cros\ing factor. 

N, = Number of tracks factor. 

P = Number of passenger trains in 24 hours. 

P' = Number of pedestrians in 24 hours. 

= Protection coefficient. 

Pr = Protection factor. 

R, = Road approach factor. 

S = Number of switch trains in 24 hours. 

SDR = Sight distance rating. 

= Time crossing is blocked. 

T = Average 24-hour train votune, 

T, 	Average daylight train volume. 

T, = Average train volume during stark hours. 

T, = Train volume factor. 

V = Average 24-hour traffic volume. 

V1 	Average daylight traffic volume. 

V, 	Average traffic volume duri,.g dark hours. 

Vt = Traffic volume factor. 

VF, = Exposure factor. 

X, = Condition of crossing factor. 

= Severity factor. 

Z = Number of traffic lanes. 

Table 1 (pp. 2-3) 

SELECTED HAZARD INDEX FORMULAS 

Poobod end Oi,nmirk fo,uuilu (63) 
V°'" X T°'" 

	

A5 = 1.28 
-, 	

± K 
F. _ 

.tfiteit,ippi Fo,mxlu ( 25) 

HI. = SDR 
+ A, 

.V.0 H.stnpshire ar,,iitla 54) 
H.I. = VTP 

The Ohio Method 59) 
H.I..= A, ± B, ~ 0, ~ L, — N, ± SDR 

l)isro,uin ,'jetF,od 87) 

T(Y-.o!t 

	

H.I. = 
-. _O 50 	SDR + A. 

Coxro Costa County (f ethod (23) 

H.J. = TZ (I - 2 7t8"°°) 

The O,,:o,, it.-, d (62) 

HI. = [V,T5P, + 1.4V,TP,) 

	

eeth DaAv,a Ruling Solem 	
= [N, + W + 	Lp, + D, ± G + Xil + 	+ SDR 

Idaho For,,m/o (33) 
HI. = V, x T, (CB, ± SDR + N, + Y,) 

(.6 Fea,nuls, (69) 

	

L(± 	+) -. SDR + N, + X, + R,[ + 2A, 
TO 

(— -- v — ) P, 

Cay sal Dt,oit Formxhs (50) 
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Hazard indices give approximately the same ranking to 
railroad grade crossings. Eleven formulas were tested on 
180 crossings. 

Sight Distance 

SAFETY RELATIONSHIP—Sight distance at railroad 
grade crossing aflects traffic safety  at grade crossings. 

Source: (68)—Richards, H. A., and Bridges, G. S., 
"Traffic Control and Roadway Elements—Their Relation-
ship to Highway Safety/Revised: Chapter 1, Railroad 
Grade Crossings." Highway Users' Federation for Safety 
and Mobility (1968) 7 pp. 

Finding—In addition to the hazard index equations, this 
source presented a reasonable logical consideration of sight 
distance requirements at crossings, as follows: 

The sight distance at a grade crossing influences the safety of the drivers 
decision to either stop or proceed (safely) through the crossing. 

The distance along the highway can be expressed as follows (from p. 5): 

= D1, + D, + D 

where 
Dj  = total distance from the crossing 
131, = distance traveled during think-reaction time 
131, = distance traveled during braking 

= final clearance between drivers eyes and the 
crossing. 

The distance traveled during think-reaction time 
is given in the following formula. 

= 1.47 S,.R, 
where 

S,, = speed of highway vehicle in miles per hour 
Rt  = think-reaction time 

The breaking distance is calculated by: 
sv2  

D1,= 30 (f .f g) 
where 

D, = distance traveled during braking 
= wet pavement friction coefficient for assumed 

speed 
g = grade of highway in percent 

The time required for a vehicle, at point "A" (in Figure 
1) to proceed safely is: 

- D5  + D 
T1,— 

S 1.47 

where 

T 	time required for highway vehicle to safely 
proceed 

S,, = speed of highway vehicle in miles per hour 
= additional distance required for vehicle to clear 

to opposite side of tracks 

The distance traveled by the train during the 
time for the vehicle to safely proceed over the 
crossing may then be calculated by: 

Drr = S(1.47)T 
where 

Drr = distance along railroad 
St  = Speed of train in miles per hour 

Note in Figure 1 that the two distances (along the rail-
road and the highway) define the visibility triangle. The 
triangle is defined by the vehicle and train speeds given in 
Table 3. 

INTERCHANGES 

Research of interchanges has been largely limited to the 
local types. Full directional interchanges, generally the 
freeway-to-freeway types, have not been studied as a 
unit. However, the elements of local interchanges are simi-
lar to those of the full directional type (e.g., ramps, speed-
change lanes, outer connections, etc). 

Interchange Layout 

Interchange Types 

SAFETY RELATiONSHiP—Considering the set of 
typical local interchanges, two complementary half dia-
monds and partial cloverleafs are the two safest. 
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Figure 1 	(p. 6) 
C!carancc 

A train at this point allows 
- 	vchicle 	A' to safely proceed 

across grade crossing 

3.econds-- 

li_I-_I I III Il- il II I I 	I 
20 ft. 

1,11/  
W.t p'enont brntiai 
distance at posted 
speed limit -- 

- 

Visibility Triangle 

Distance traveled during 
think-reaclion time 

" 
assumed to be 3 seconds / 

-1 

Source: (18) —Cirillo, J. A., Dietz, S. K., and Beatty, 	Finding—This study used data from 20 states in an 
R. L., "Analysis and Modeling of Relationships Between 	investigation of accident relationships on the Interstate 
Accidents and the Geometric and Traffic Characteristics of 	System. It is the primary existing published source of 
the Interstate System." Bureau of Public Roads (Aug. 	freeway and interchange safety relationships. The Inter- 
1969) 95 pp. 	 state System was categorized by 19 models: (1) six of the 
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Table 3 (p. 7) 
—I 

REQUIRED DESIGN SIGHT DISTANCES FOR COMBINATIONS 

OF HIGHWAY AND TRAIN VEHICLE SPEEDS 

Train Speed Highway Speed in MPH 

0 10 20 1 	30 1 	40 50 60 70 

Distance Along Railroad From Crossing 

162 126 94 94 99 107 118 129 10 
20 323 252 188 188 197 214 235 258 
30 484 378 281 281 295 321 352 387 
40 645 504 376 376 394 428 470 516 
50 807 530 570 470 492 534 586 644 
60 967 156 562 610 590 642 704 774 
70 1129 882 656 764 684 750 822 904 
80 1290 1008 752 752 788 856 940 1032 
90 1450 1134 844 844 884 964 1056 1160 

Distance Along Highway From Crossing 

20 65 125 	1 215 330 470 640 
J 	

840 

NOTE: Wci pa neninuti ContiuiinS anti a 	second lnl,,K-r;clion tunic is issiumad or th-e cilcolaupons. 

models treated the interchange layout by entire configura-
tion—e.g., full cloverleaf; (2) two models were developed 
for structures; (3) two models were developed for main-
lines; and (4) nine models treated parts of interchanges—
e.g., ramp, speed-change lane, etc. Thus, fifteen of the 
models were directly related to interchange safety. The 
total listing of the models is given in Table 4 from (18). 

Table 4. Model Categories (p. 15) 

The following figures (1 through 14 from (18)) illus-
trate the physical configurations of the interchange model. 

Findings for any of the models present only those 
features that were found to be significant. If a feature was 
not included in a model, it was unrelated to the number of 
accidents for that particular model. Distinguishing between 
the reasons a feature is unrelated to a model is important. 

Model 

Category 

Number 	( 	Type Name 

Unit 	- Ramp of a diamond 

2 Slip ramp 

3 Outer connection 

Direct and semi-direct Corsnection 

S loop 

6 )cc.eleratiors lane and adjacent roadway 

U  Aeeelo,stion lane and ad'acent roadway 

11 	 ' Roadway between speed change lanes 

I)rirtc.ratr,n half of a cornhtssed sneed change lane 

10 Acceleration half of a combined speed change lane 

11 Roadway between interchanges 

12 Underpass 

13 Overpass or major river crossing 

14 	Interchange Full cloverleaf 

15 Partial cloverleaf 

16 3-leg or trumpet 

17 Full diamond 

18 Half diamond 

19 Full slip ramp diamond 



FULL CLOVERLEAF INTERCHANGES 

Interstate 
	 Interstate 

Figure .2. Full cloverleaf with collector-distributor roadways. (p.5) Figure 1 
	

Full cloverleaf with no collector-distributor roadway (model 14). (p. 5) 

PAJtTIAL CLOVERLEAF INTERCHANGES (model 15). 

PARTIAL CLOVERLEAF INTERCHANGES (model 15) (continued). 

Interstate 

Interstate 

Figure 4. Partial cloverleaf with loops and ramps in northwest and 
southeast quadrants only. (p. 5) 

Figure 3 Partial cloverleaf with loops and ramps in northeast and 
southwest quadrants only. (p. 5) 



Interstate Interstate 

Figure 5. Partial cloverleaf with loops and ramps in northwest and 
northe9st qudrants only (or southeast and southwest quadrants 
only). p. 3) 

Figure 6. Partial cloverleaf with loops in northwest and northeast 
quadrants and ramps in southwest and southeast quadrants 
(or loops in southwest and southeast and ramps in northwest 
and northeast). (p. 5) 

TRUMPET OR THREE-LEC INTERCHANGES (model 16). 

Interstate Interstate 

Figure 7. Trumpet. (p. 6) 	Figure 8. Three-leg. (p. 6) 



DIAMOND INTERCHANGES 

Interstate 

Interstate 

Figure 10. Half diamond (model 18) (ramp9 on me side of crossroad 
and opposite side of Interstate). kP . 01 	 Figure 9. Full diamond (model 17). (p. 6) 

SLIP RAr"F DIAMOND TNTERCHANGES 

road 

Interstate 

road 
road 

rstate 

road 

Figure 12. Half slip ramp diamond (ramps on same side ofcrossroad 
and Opposite side of Interstate). (p. 6) Figure 11. Full slip ramp diamond (model 19). (p. 6) 



C-D Roadway 

Interstate 

Deceleration Lane/ 
	

Acceleration Lane 

Acceleration half-----_---- 
Deceleration half—< 	 - 	Outer connection 

of combined 
cceleration/deeeleratiOfl Loops 	- 	Terminal Area 

lane 	 - 	 -. 

Cross Road 

Figure 13. Full Cloverleaf (with Collector Distribution Roadway at top). 

I - 	,Foinage Road 

L 	/  

	

AccelerationLane 	 - 
11—Slip Ramp 	 \\—Sllp Ramp 

Interstate------- ---------------------- ------------------- --- ------ - -- 

k 

Ramp of Diamond 	 I oadway Between 

	

- 	 Speed Change Lanes 

Figure 14. Full Diamond Interchange (with slip ramp at top). 
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Three reasons (data gap, lack of variation, and high inter-
correlation with another independent variable) are given 
that preclude a significmnce test, and no conclusion can be 
drawn with respect to the safety relationship of the geo-
metric feature. Two reasons are given that establish a 
feature's insignificance to safety effectiveness, and these are 
low t-score (t < 2.0) and derived variable added little 
to R. When they are not included in a model, the follow-
ing features were found to be insignificant according to the 
latter two reasons: 

Right shoulder width (ft). 
Right shoulder type (1 = unpaved, 0 = paved). 
Upgrade or downgrade (1 = down, 0=up). 
Deviation from average structure or guardrail clear-
ance (ft). 
Deviation from average spacing of light poles (ft). 
Median type (1 = traversable, 0 = nontraversable). 
Average speed and standard deviation of average 
speed. 
Car hours of police patrol (car hours/ mile/ year). 

This section on interchanges is concerned with all models 
previously listed except 8, 11, 12, and 13. The finding 
illustrated in Figure 17, and related to the relative safety of 
interchange layouts, is concerned with only models 14 
through 19. The three-legged (trumpet) and half-diamond 
interchanges are eliminated from the comparison because 
they are special cases that do not provide typical four-
direction service. Considering this elimination, the analysis 
showed that the partial clOverleaf and the complementary 
half-diamond interchange types to be the most safety 
effective. 

Ramps 

Ramp Type 

SAFETY RELATIONSHIP NO. 1—On-ramps generally 
have lower accident rates than off-ramps. 

SAFETY RELATIONSHIP NO. 2—Ramps for entering 
or leaving the freeway at the high-speed lane (left-handed 
ramps) experience higher accident rates. 

SAFETY RELATIONSHIP NO. 3—The presence of 
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30 
14 = Full Cloverleaf 
15 = Partial Cloverleaf 

Three-leg 

162 = Trumpet 

17 = Full Diamond 

181=  Half Diamond 
19 = Full Slip Ramp Diamond 
18 	Two Complementary Half Diamonds 

, / , , 
/ 

I / 

 

Lu 
	

ZU 
	

Iku 

Mainline ADT (Thousands of Vehicles - Both Sides of Rcadway) 

Figure 17. Comparison of Seven Types of One Mile Sections (p. 14) 

collector-distributor roads at loop ramps decreases the 
accident rate. 

Source: (32)-Lundy, R. A., "The Effect of Ramp 
Type and Geometry on Accidents." Hwy. Res. Rec. No. 
163 (1967) pp. 80-119. 

Finding-The study included 722 California freeway 
ramps and 1,643 accidents. Accident rates for ramp types 
support the three preceding relationships. See Table 17. 

TABLE 17 (p. 116) 
ACCIDENT RATES (ACc/Mv) 

Ramp Type On Off On + Off 

 Diamond ramps 0.40 0.67 0.53 
 Trumpet ramps 0.84 0.85 0.85 
 Cloverleaf ramps without 

collector-distributor roads 0.72 0.95 0.84 
 Cloverleaf ramps with 

collector-distributor roadsa 0.45 0.62 061a 
 Loops without collector- 

distributor roads 0.78 0.88 0.83 
 Cloverleaf loops with 

collector-distributor lhoadsa  0.38 0.40 069a 
 Left side ramps 0.93 2.19 1.91 
 DIrect connections 0.50 0.91 0.67 
 Buttonhook ramps 0.64 0.96 0.80 
 ScIssors ramps 0.88 1.48 1.28 

Average 0.59 0.95 0.79 

°Oniy the On + Off rote includes the accidents occuriing on the collector-
distributor roads. 

Ramp Length 

SAFETY RELATIONSHiP NO. 1-For loop ramps 
with greater than 10 deg of curvature, as the distance from 
the nose to the beginning of curve increases, the accidents 
decrease. 

Source: (18)-Cirillo, J. A., Dietz, S. K., and Beàtty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding-For a 100-ft increase in the distance from the 
nose to the beginning of the curve, a decrease of 0.12 
accidents per year per 1,000 vpd was found. This is one 
finding that is logical and, at the same time, contradictory 
to the theory of exposure-greater length results in greater 
exposure and generally more accidents. The logic of this 
finding is that the driver has greater time to perceive and 
prepare for the curve at loop off-ramps and greater time to 
leave the curve and accelerate at loop on-ramps. 

SAFETY RELATIONSHIP NO. 2-As the length of an 
outer connection increases, the number of accidents in-
creases. 

Source: (18)-Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 



114 

the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—A 100-ft increase in the length of an outer 
connection resulted in a 0.016 increase in annual accidents 
per 1,000 vpd. 

Left Shoulder Width 

SAFETY RELATIONSHIP—As the left shoulder width 
increases, accidents at loops and diamond ramps decrease, 
and outer, direct and semidirect connections and slip ramps 
experience accident increases. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The following table shows the study findings 
that support the preceding relationship regarding left 
shoulder width: 

Change in Annual Acci-
dents per 1000 vpd for 
a 1-ft Increase in Left 

Ramp Type 	 Shoulder Width 

Loop 	 —0.026 
Ramp of Diamond 	 —0.009 
Outer Connection 	 +0.027 
Direct and Semidirect Connection 	+0.036 
Slip Ramp 	 +0.17 1 

These results compare favorably with similar findings 
between shoulder width on curves and tangents of two-lane 
highways. 

Right Shoulder Type 

SAFETY RELATIONSHIP—The presence of a paved 
right shoulder decreases the accidents at ioops, outer con-
nections, and diamond ramps. 

Source: (18)—Cirillo, I. A., Dietz, S. K., and Beatty, R. 
L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 
the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The following table shows the results of a 
consideration of right shoulder type: 

Change in Annual Acci-
dents per 1000 vpd for 

Ramp Type 	 Paved Right Shoulder 

Loop 	 —0.336 
Ramp of Diamond 	 —0.117 
Outer Connection 	 —0.143 

Length of Adjoining Speed-Change Lane 

SAFETY RELATIONSHIP—As the length of the ad-
joining speed-change lane increases, the number of ramp 
accidents decreases. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 
the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The following table shows the results of the 
finding pertaining to the length of adjoining speed-change 
lane and ramp accidents: 

Change in Annual Acci-
dents per 1000 vpd for 
a 100-ft Increase in the 
Length of the Adjoining 

Ramp Type 	 Speed-Change Lane 

Direct and Semidirect Connection 	—0.05 8 
Loop 	 —0.031 
Ramp of Diamond 	 —0.018 

Grade 

SAFETY RELATIONSHIP NO. 1—Downgrades are 
safer for direct and semidirect connections. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 
the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The presence of a downgrade on direct or 
semidirect connections decreases annual accidents 0.195 

per 1,000 vpd. 
SAFETY RELATIONSHIP NO. 2—An increase in the 

percent grade, regardless of sign, decreases accidents on 
direct and semidirect connections and ramps of diamonds; 
and increases accidents at slip ramps. 

Source: (18)—Cirillo, I. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 
the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The change in accidents for a percent increase 
in ramp grade is shown in the following table: 

Change in Annual Acci-
dents per 1000 vpd for 

Ramp Type 	a 1% increase in grade 

Direct and Semidirect Connection 	—0.158 
Ramp of Diamond 	 —0.011 

Slip Ramp 	 +0.043 

Note that results might have been better if exit and en-
trance were considered with direction and percent grade. 

Lighting 

SAFETY RELATIONSHIP—Increases in lighting in-
tensity decrease accidents on diamond ramps and increase 
accidents at loop and slip ramps. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
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of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The change in annual accidents per 1,000 vpd 
for a I ft-c increase in lighting intensity is shown in the 
following table: 

Change in Annual Accidents 
per 1000 vpd for a 1 ft-c 

Ramp Type 	Increase in Lighting Intensity 

Ramp of Diamond 	 —0.08 
Loop Ramp 	 +0.14 
Slip Ramp 	 +0.30 

Delineators 

SAFETY RELATIONSHIP—The presence of delinea-
tors at diamond ramps reduces the number of accidents. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 
the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The presence of delineators was shown to 
reduce annual accidents 0.22 per 1,000 vpd. 

Edge Markings 

SAFETY RELATIONSHIP—The presence of edge 
markings decreases accidents at outer connections and in-
creases accidents at ioop ramps. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—Results were apparently contradictory for 
pavement edge markings. The presence of markings at 
outer connections decreased annual accidents 0.13 per 
1,000 vpd, while edge markings at loops showed a 0.14 
increase. 

Surface Type 

SAFETY RELATIONSHIP—The presence of bitumi-
nous surface (rather than concrete) decreases the number 
of accidents at direct and semidirect connections and ioop 
ramps. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 
the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The presence of bituminous pavement de-
creased accidents for two ramp models as follows: 

Change in Annual Accidents 
per 1000 vpd for Presence 

Ramp Type 	of Bituminous Pavement 

Direct and Semidirect Connection 	—0.54 
Loop Ramp 	 —0.41 

These findings may be showing the importance of pave-
ment friction. Generally, cumulative traffic on bituminous  

pavement will be less than concrete. Thus, the chance of 
less polish on bituminous pavements is less. Without con-
sidering cumulative traffic and pavement surface friction, 
the results can be questionable. 

Speed-Change Lanes 

This section relates to acceleration and deceleration lanes 
acting primarily independently with the mainline, not as 
part of a weaving section. 

Left Shoulder Width 

SAFETY RELATIONSHIP—As the left shoulder width 
decreases, accidents for both speed-change lane types 
increase. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 
the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The following table shows results in support of 
the foregoing relationship: 

Change in Annual Accidents 
per 1000 vpd for a 1-ft 

Increase in Left Shoulder 
Speed-Change Lane 	 Width 

Deceleration 	 +0.005 
Acceleration 	 +0.016 

Right Shoulder Type 

SAFETY RELATIONSHIP—The presence of a paved 
right shoulder decreases accidents at both speed-change 
lane types. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics of 
the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The change in accidents to a paved right 
shoulder is as follows: 

Change in Annual Accidents per 
1000 vpd for the Presence 

Speed Change Lane 	of Paved Right Shoulder 

Acceleration 	 —0.077 
Deceleration 	 —0.042 

Stopping Sight Distance 

SAFETY RELATIONSHIP—As the stopping sight dis-
tance increases, the accidents at deceleration lanes decrease. 

Source: (18)—Cirillo, I. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—It was found that a 100-ft increase (up to 
2,600 ft) in the stopping sight distance decreased annual 
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- accidents per 1,000 vpd an amount of 0.0008 for a de-
celeratioñ lane. 

Grade 

SAFETY RELATIONSHIP—An increase in the per-
cent grade, regardless of direction, increases accidents as-
sociated with a deceleration lane. 

Source: (18)----Cirillo, J. A;, Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—A change in grade of 1 percent resulted in an 
increase of 0.005 annual accidents per 1,000 vpd. 

Lighting 

SAFETY RELATIONSHIP—As lighting intensity in-
creases, the accident rate at acceleration lanes increases 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The change in annual accidents per 1,000 vpd 
for a 1 ft-c increase in lighting intensity at acceleration 
lanes was found to be +0.02. This, finding seems counter 
to logic, as are the findings of lighting intensity at loop 
and slip ramps. 

Delineators 

SAFETY RELATIONSHIP—The presence of dèliñea-
tors decreases accidents at deceleration lanes. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The presence of delineators was found to 
decrease annual accidents per 1,000 vpd by 0.02. 

Edge Markings 

SAFETY RELATIONSHIP—The presehce of ede 
markings at deceleration lanes increases the number of 
accidents. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the GeOmetric and Traffic Characteristics 
of the Interstate System." Bureau Of Public Roads (Aug. 
1969) 95 pp. 

Finding—Edge markings at deceleration lanes resulted 
in a 0.02 increase in annual accidents per 1,000 vpd. 

Traffic 

SAFETY RELATIONSHIP—As the percent of traffic 
entering or leaving the mainline through a speed-change 
lane increases, the accident rate increases. 

Source: (31 )—Ciiillo, J. A., "The Relationship of Ac-
cidents to Length of Speed-Change Lanes and Weaving 

Areas on Interstate Highways." Hwy. Res. Rec. No. 312 
(1970) pp.  17-25. 

Finding—This article used data from "Interstate System 
Accident Research, Study II" to determine the relationship 
between speed-change lane length, percent diverging or 
merging traffic, and the accident rate. Figure 5 from 
(31) illustrates results for speed-change lanes of various 
lengths. 

Length of Lane 

SAFETY RELATIONSHIP NO. I--As the length of 
the acceleration lane increases, the accident rate decreases. 

Source: (32)—Lundy, R. A, "The Effect of Ramp Type 
and Geometry On Accidents." Hwy. Res. Rec. No. 163 
(1967) pp. 80-119. 

Finding—Figure 27 from (32) illustrates Lundy's find-
ing regarding length of acceleration and deceleration lanes. 

SAFETY RELATIONSHIP NO. 2—As the length of 
the deceleration lane increases, the accident rate increases, 
then decreases sharply after 900 ft. 

Source: (32)—Liindy, R. A., "The Effect of Ramp 
Type and Geometry of Accidents." Hwy. Res. Rec. No. 
163 (1967) pp.  80-119. 

Finding—Figure 28 from (32) illustrates Lundy's find-
ing that supports the preceding relationship. 

Weaving Sections 

Right ShOulder Type 

S4FETY RELATIONSHIP—The presence of a pOved 
right shoulder decreases accidents for the acceleration half 
of a weaving section. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis, and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of, the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp; 

Finding—The presence of a paved right shOuldef was 
found to decrease the number of annual accidents by 
0.053 per 1,000 vpd for the acceleration half of the 
Weaving section. 

Stopping Sight Distáhce 

SAFETY RE[ATIONSHIP—An increase in the sthp-
ping sight distance decreases accidents for the entire weav- 
ing section. 	, 

Source (18)—Cirillo J A, Dietz S K and Beatty,  
R L 	Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The following changes in annual accidents 
were found for the weaviOg section: 

Change in Annual Accidents 
per 1006 vpd for a 100-ft 
Increase in StOpping Sight 

Section Part 	 Distance 

Acceleration Half 	 —0.0012 
Deceleration Half 	. 	—0.0011 
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central angle, and deceleration lone length. (p. 114) 

Grade 	 Length of Weaving Section and Traffic 

SAFETY RELATIONSHIP—As the percent grade in- 	SAFETY RELATIONSHIP—As the length of the 
creases, regardless of direction, accidents increase for the 	weaving section increases and the traffic volume decreases, 
acceleration half and decrease for the deceleration half 	the weaving section accident rate decreases. 
of a weaving section. 	 . 	 Source: (31)—Cirillo, J. A., "The Relationship of 

Source: (18) —Cirillo, J. A., Dietz, S. K., and Beatty, 	Accidents to Length of Speed-Change Lanes and Weaving 
R. L, "Analysis and Modeling of Relationships Between 	Areas on Interstate Highways." Hwy. Res. Rec. No. 312 
Accidents and the Geometric and Traffic Characteristics 	(1970) pp. 17-25. 
of the Interstate System." Bureau of Public Roads (Aug. 	Finding—Figure 3 from (31) illustrates the study find- 
1969) 95 pp. 	 ing in support of the foregoing relationship. 

Finding—Annual accidents were found to decrease 
0.009 for the deceleration half and increase 0.021 for the 
acceleration half of the weaving section for a 1 percent 	- 
absolute increase in grade. 

Edge Markings 

SAFETY RELATIONSHIP—The presence of edge 
markings decreases the number of accidents on the de-
celeration half of the weaving section. 

Source: (18)—Cirillo, J. A., Dietz, S. K., and Beatty, 
R. L., "Analysis and Modeling of Relationships Between 
Accidents and the Geometric and Traffic Characteristics 
of the Interstate System." Bureau of Public Roads (Aug. 
1969) 95 pp. 

Finding—The presence of edge markings was found to 
uecrease one numoer oo annual acciuents 0.04 per 1,000 	 §I lt O 	54 . 
vpd at the deceleration half of a weaving section. 

S 



Lane Drops 

Presence of a Lane Drop 

SAFETY REL4TIONSHIP The rcmoval of a lane 
drop decreases the accident rate. 

Source: (88)—Failmezger, R. W., "Narrow Freeway 
Lanes for Increased Capacity." Traffic Eng., pp. 13-15 
(June 1975). 

Finding—This article presents the findings of a before-
and-after study involving a freeway-to-freeway interchange 
location in the State of Washington. The before condition 
involved the merging of two lanes of traffic from 1-5 and 
two lanes from 1-405 into two lanes of through traffic. This 
merging was causing confusion to the motorist, and the 
traffic capacity at the final merge point (which was at the 
end of a bridge) was exceeded. Consequently, there is 
high accident potential at the merge areas on the bridge 
deck and at points back in the queue. 

Several alternatives were considered and the final im-
provement involved restriping the bridge deck to provide 
three lanes in the total width of 32 ft available. Outside 
lanes were 11.25 ft and the center lane was 9.5. After 
this change in the traffic pattern, the congestion and lack 
of discharge capacity were eliminated. 

A on-year before-and-after analysis of accidents 
showed the following accident reductions: 

After 
Before No. 
No. Rate Change 

Fatal Accident 1 - 	- 1 
Injury Accident 22 6 	—16 
Property Damage Only 47 10 	—37 

Total Accidents 70 16 	—54 

The accident rate also dropped from 4.69 accidents per 
M veh-mi to 1.30 accidents per M veh-mi in the after 
period. 

Type of Lane Drop 

SAFETY RELATIONSHIP—There is no difference in 
the accident rates of different lane drop configurations. 

Source: (89)—Goodwin, D. N., "Investigation of Free-
way Lane Drops." NCHRP Report 175 (1976) 72 pp. 

Finding—This study examined 65 lane drops from 
throughout the country. No conclusions could be drawn 
regarding differences in accident rates between lane-drop 
configurations. 

HIGHWAYS IN GENERAL 

This section contains research that has not been cate-
gorized by the highway facilities investigated. The find-
ings are generally applicable to the continuous type of 
facility category (not intersections, interchanges, and rail-
road-highway grade crossings).  
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Traveled Way 

Skid Resistance 

SAFETY RELATIONShIP NO. 1—The accident rate, 
in general, decreases as the coefficient of pavement fric-
tion increases. 

Source: (19)—McCullough, B. F., and Hankins, K. D., 
"Skid Resistance Guidelines for Surface Improvements on 
Texas Highways." Hwy. Res. Rec. No. 131 (1966) pp. 
204-217. 

Finding—The first part of the study contains a litera-
ture review. Results of the review did not yield safety 
relationships between the coefficient of pavement friction 
and accidents; however, the statistics did show the im-
portance, through a gross assessment, of skid resistance 
to safety: 

Eight percent of the total number of accidents in 
day conditions involved skidding. Twenty-seven percent of 
the total number of accidents on wet roads involved 
skidding (Giles, C. G., and Sabey, B. E., "Skidding as a 
Factor in Accidents on the Roads of Great Britain," Proc., 
First International Skid Prevention Conference, Part I 
(Aug. 1959)). 

Virginia investigators report 0.66 percent of the 
total number of accidents in dry conditions were skidding 
accidents and 14.65 percent of the total number of ac-
cidents on wet roads were skidding accidents. Skidding' 
of some nature occurred in 35 percent of 35,507 accidents 
during 1956 in Virginia (Mills, J. P., Jr., "Virginia Ac-
cident Information Relating to Skidding," Proc., First 
International Skid Prevention Conference, Part I (Aug. 
1959)). 

From 1953 to 1956 in open country, one accident of 
every four or five involved slippery road conditions as a 
cause in Germany (Werner, B., "Accidents Involving 
Slippery Road Conditions in Germany," Proc., First In-
ternational Skid Prevention Conference, Part I (Aug. 
1959).). 

The next part of the study randomly selected 517 rural 
highway sections in Texas. The skid resistance was mea-
sured on each section. Results indicated that as the co-
efficient of pavement friction increased, the total and 
fatal and injury accident rates decreased. Figures 4, 5, 
6, and 7 from McCullough and Hankins (19) illustrate 

the results. 
SAFETY RELATIONSH1P NO. 2—As the coefficient 

of pavement friction increases, the percent of wet-weather 
accidents decreases. 

Source: (20)—Burns, J. C. and Peters, R. J., "Surface 
Friction Study of Arizona Highways." Hwy. Res. Rec. 

No. 471 (1973) pp.  1-12. 

Finding—The following results were published from 
the accident analysis part of the study (the derivation of 
the results was not stated): 

1. Most wet-weather accidents occurred in low skid-
resistant ranges. Less than 3 percent of the total Arizona 
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highway system had a coefficient of friction below 40; 
29 percent of the wet-weather accidents occurred in 
those areas. 

2. Less than 7 percent of the system had friction levels 
below 50 (measured on the MU meter); yet 43 percent 
of the wet-weather accidents occurred on those highways. 

The distribution of skid resistance readings for Arizona 
is shown in Figure 12 from Burns and Peters (20), as 
follows. 
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Figure 12. Interstate, state, and U.S. highway friction 
levels. (p. 9) 

Source: Mahone, D. -C. and Runkle, S. N., "Pavement 
Friction Needs." Hwy. Res. Rec. No. 396 (1972) pp. 
1-11. 

Finding—An examination of 521 sections of Interstate 
highway in Virginia was made to determine the relation-
ship between wet-pavement accidents and pavement fric-
tion, measured as the predicted stopping distance num-
ber (PSDN). As expected, the percent of wet-weather 
accidents was higher for low PSDN's. Figure 5 from 
Mahone and Runkle (21) illustrates the results in sum-
mary; the data are also presented in Tables 4 and 5 (the 
abbreviation AYD in Table 4 means average vehicles 
daily per lane). The relationships between accumulated 
traffic, pavement mix types, and skid number were also 
investigated. 

Source: (22)—Hankins, K. D., Morgan, R. B., Ashkar, 
B., and Tutt, P. R., "Influence of Vehicle and Pavement 
Accidents." Hwy. Res. Rec. No. 376 (1971) pp. 66-84. 

Finding—This study included 501 wet-weather accidents, 
in 10 central Texas counties, obtained over a 17-month 
period. Five factors believed to be important to wet-
weather accidents were studied. The factors in order of 
importance of their contribution to wet-weather accidents 
are as follows: 

The texture of the pavement at the accident site was 
small, or fine macro-texture (TX). 

The tread depths of the vehicle involved were small 
(TD). 

Figure 5. Summary of skid numbers versus percentage of wet 

accidents for all four site categories. (p. 9) 

Non-open roadway 

Open lnterchana-s 

0 	/ 	__ Non-open inlerchonges 

r— Open roadway 

1~~b_ - - - - 	-0 

40 42 44 46 48 50 52 54 56 56 60 

PSON (40 mph) 

The friction value of the pavement at the accident 
site was low (FR). 

The speed of the vehicle immediately prior to the 
accident was high (SP). 

The tire pressures of the accident vehicle were high 
(PR). 

An important additional finding was made; namely that 
40 percent of the wet-weather accidents involved a turning 
maneuver. 

To gain better insight to the problem, accidents were 
classified as follows in Table 1 from Hankins et al. (22), 
and an analysis of variance was performed. 

The results of the analysis showed the following variable 
importance for each category: 

Category Variable Order 
I —TX, +SP, —TD, —FR, +PR 
2 —TD, —FR, +PR, +SP, —TX 
3 —FR, +PR, —TX, +SP, —TD 
4 —SP, +TD, —FR, +PR, —TX 
5 —TX, +SP, —PR, —TD, —FR 
6 +PR, —TD, —TX, —SP, —FR 
8 —TX, —FR, +PR, —TD, +SP 

SAFETY RELATIONSHIP NO. 3—Increasing the co-
efficient of friction through surface improvements reduces 
the number of accidents. 

Source: (19)—McCullough, B. F., and Hankins, K. D., 
"Skid Resistance Guidelines for Surface Improvements on 
Texas Highways." Hwy. Res. Rec. No. 131 (1966) pp. 
204-2 17. 

Finding—A before-and-after study involving a deslick-
ing program in Texas was included as part of the literature 
review of this study. 

A few years ago a slick section of pavement in Texas 
was 'deslicked' by sawing small, closely spaced longi-
tudinal grooves in the concrete surface (6). This opera-
tion increased the coefficient of friction from 0.32 before 
sawing to 0.42 after sawing as measured by the stopping-
distance method at 30 mph with wet pavement condi- 
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Table 4. Skid number versus percentage of wet accidents. (p. 6) 
0 to 3,999 AVD 	 4.000 to 7,999 AVD 	 8.000 to 11,999 AVD 

	
12,000 to 15,999 AVD 

Accidents 	 Accidents 	 Accidents 	 Accidents 

Wet 	 Wet 	 Wet 	 Wet 
Section 	 ------ Section 	 Section 	 --- Section  

Weighted 	-- 	 Per- -.--- 	Per- --- -- 	 Per- ------ 	 Per- 
SN 	No. Mites Total No. cent No. Mites Total No. cent No. Mites Total No. cent No. Mite, Total No. cent 

Open Roadway 

41 
42 5 2.6 
43 16 8.5 
44 2 1.0 3 1 33 13 6.4 
45 12 7.9 
46 4 2.0 4 I 25 20 11.1 
47 2 1.0 9 3 33 21 10.9 
48 3 1.3 5 I 20 II 5.4 
49 2 1.1 2 0 0 6 3.2 
50 II 6.0 15 3 20 4 1.9 
51 8 4.3 10 0 0 
52 6 3.0 4 1 25 5 3.7 
53 12 5.8 30 6 20 
57 27 15.0 19 0 0 
62 36 18.5 34 5 15 
63 35 20.4 36 2 6 

Non-Open Roadway 

40 - 
4' 
42 4 2.1 
43 I 0.4 2 0 0 I 0.5 
44 9 5.2 
45 3 1.6 
46 1 0.5 I 0 0 7 3.0 
47 3 1.6 7 3 43 8 7.9 
48 4 2.3 
49 1 0.7 
50 4 2.2 14 3 21 2 1.2 
52 1 0.5 4 2 50 
53 2 1.1 7 2 29 
57 3 2.1 6 0 0 
62 3 2.0 3 I 33 
63 11 5.1 7 2 29 

Open Interchanges 

41 
42 I 	0.9 
43 3 	2.3 
44 
45 2 	1.2 
46 4 	3.2 
47 	 1 	0.6 9 I II 6 	4.0 
48 	 I 	0.5 2 0 0 3 	1.6 
49 	 2 	1.5 16 5 31 I 	OA 
50 	 5 	3.4 26 6 23 t 	0.1 
SI 	 2 	1.3 19 5 26 
52 	 2 	1.0 7 3 43 2 	0.6 
57 	 6 	4.0 7 0 0 
62 	 5 	2.8 9 2 22 
63 	 6 	4.6 IS 8 40 

Non-Open Interchanges 

tions. Immediately after the grooving work, the accident 
rate on the section decreased sharply, but within a year 
the grooves began to polish and the accident rate started 
to increase. 

Recently sections of the sawed concrete were overlaid 
with asphaltic concrete containing two different types of 
aggregate. Coefficient of friction values were obtained on 
the overlaid sections and also on the sawed section. 
Using the sawed section as a "before" coefficient and the 
coefficients obtained on the overlaid sections as "after" 
values, Table 1 compares the resultant accident rates. 
Even though there was a reduction in accidents on the 
sawed concrete from 1963 to 1964, the reduction of 

accidents on the overlaid sections was considerably 
greater. 

Source: (23)-Adam, V., and Shah, S. C., "Evaluation 
of Open-Graded Plant-Mix Seal Surfaces for Correction 
of Slippery Pavement." Transp. Res. Rec. No. 523 (1974) 
pp. 88-96. 

Finding-Louisiana tested several asphaltic overlays for 
skid resistance effectiveness on selected highway sections. 
The expanded clay plant mix seal performed best. As 
shown in Table 5 from Adam and Shah (23), after re- 
surfacing, the total accident rate declined and the wet-
weather accidents markedly declined. 
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Table 5. Summary of skid number versus percentage of wet accidents. (p. 7 
Open Roadway 	 Non-Open Roadway 	 Open Interchanges 	 Non-Open Interchanges 

Accidents 	 Accidentn 	 Accidents 	 Accidents 

Wet Wet Wet Wet 
Section -------- Section ------- Section -- ----- Section 

Weighted --- Per - Per- Per- --------- Per- 
SN No. Miles Total No. cent No. Miles Total No. Cent No. Miles Total No. cent No. Miles Total No. cent 

40 3 1.5 18 8 44 
41 4 2.4 29 9 31 12 6.6 96 42 44 2 1.1 47 21 49 1 	. 0.7 - 11 6 54 
42 14 1.0 56 21 38 4 2.1 42 14 33 2 1.8 17 4 24 2 0.7 18 I S 
43 16 8.5 48 14 29 2 0.9 I 0 0 3 2.3 22 2 0 4 3.9 137 63 46 
44 18 8.9 73 27 37 It 9.4 128 33 26 1 0.5 2 I 50 7 8.0 206 60 29 
45 15 9.9 58 7 12 8 4.7 52 8 tS 2 1.3 17 I 6 3 2.3 31 to 32 
46 27 14.4 114 It 10 14 7.6 124 28 23 4 3.2 38 5 13 7 5.2 95 15 16 
47 27 13.3 114 22 18 13 10_7 97 26 27 9 71 92 14 15 7 6.6 121 34 28 
48 22 8.5 69 tI 12 6 3.6 18 4 22 4 2.4 25 2 8 6 5.0 66 20 30 
49 8 4.3 15 I 7 I 0.7 3 0 0 3 1.9 19 6 12 3 7.9 196 54 28 
50 15 7.8 21 5 24 9 4.9 44 6 14 7 5.0 47 8 17 
51 8 4.3 tO 0 0 I 0.5 4 2 50 2 1.3 19 5 26 2 1.8 15 2 13 
52 15 8.7 81 13 16 2 1.1 7 2 29 5 2.6 30 tO 33 3 2.3 20 I 5 
53 12 5.8 30 6 20 
57 27 15.0 19 0 0 3 2.1 6 0 0 6 4.0 7 0 0 5 3.3 15 6 40 
82 36 18.5 34 5 15 3 2.0 3 I 33 5 2.8 9 2 22 3 2.5 13 2 15 
63 35 20.4 36 2 6 II 5.1 7 2 29 6 4.6 tS 6 40 

TABLE 1 

CLASSIFICATION OF ACCIDENTS (p. 75) 
Category Accidents 

t)esc ription Number Number Percent 

Accidents occurring on a tangent Or straight 
roadway section with no braking involved 1 57 14.4 

Accidents occurring on curves 2 125 31.5 
Accidents occurring on a tangettt with braking 

involved 3 42 10.6 

Arcidinls involvini,  nitiltipit- vehicles 4 56 Id 9 

Accidents occurring white passing 5 28 7.1 

Miscellaneous accidents 6 88 22.2 
Accidents in categories 1, 2, 3, and 5 7 252 63.6 
Accidents in all categories - 8 396 100.0 

TABLE 1 (p. 205) 
Accldentsa 

Coefficient Percent Reduction - Section Before 	Afterb in Accidents 
Before After (1963) 	(1964) 

1 .275 .462 974 	560 42.5 
2 .275 .359 1272 	814 36.0 
3 .275 .467 931 	620 33.4 

Sawed 
Concrete .275 960 	770 19.8 

°Accidents are given per 100 million vehicle miles based-on one year of observations. 

bitAfterli accidents have been extrapolated to a yearly basis from seven months of 

information. 

Table 5. Accident reduction before and after resurfacing. (p. 94) 

Accidents 	 Accident Rate 	Accident Rate Reduction 

Percent 	Rain 	Total 	 Total 
Period 	 Total Wet Wet 	Factor (mvm) Wet (percent) Wet 

Before 

January 1970 to May 1970 37 21 56.7 70 3.78 114.1 

After 

June 1970 to December 1970 38 9 21.0 84 2.80 41.1 	25.9 	64.0 
December 1970 to June 1971 17 2 11.8 29 1.72 28.6 	54.5 	74.9 
June 1971 to December 1971 38 5 31.2 96 2.78 19.2 	26.5 	83.2 

Number of 1 -hour periods during which 0.1 in. (2.5 mm) or more rain was-recorded. 
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Auxiliary Lane 

Truck Climbing Lane 

SAFETY RELATIONSHIP—The vehicle involvement 
rate in accidents increases as the di/Jerence  between its 
speed and the average speed increases. 

Source: (30)—Glennon, J.C., "An Evaluation of De-
sign Criteria for Operating Trucks Safely on Grades." 
Hwy. Res. Rec. No. 312 (1970) pp.  93-112. 

Finding—No basic accident investigation was performed 
in this study. The author develops support for warranting 
truck climbing lanes at a 10-mph reduction in speed 
based on the foregoing relationship taken from the follow-
ing source: Solomon, D., "Accidents on Main Rural High-
ways Related to Speed, Driver and Vehicle," Bureau of 
Public Roads, U.S. Department of Commerce (July 1964). 
The figure (Fig. 11 from Glennon (30)) supporting the 
relationship is as follows. 

The author agrees with the speed reduction curves em-
ployed in the 1965 AASHO standards (see following Fig. 
10 from (30)). But he does not agree with the use of the 
15-mph reduction curve as a standard. Glennon believes 
that 10 mph would be a better standard. He bases his ar-
gument on (1) the fact that the accident involvement rate 
increases sharply at a 10-mph reduction and (2) other 
operational advantages (see following Fig. 12 from (30)). 

Roadside 

Slopes (and Ditches) 

S4FETYRELATIONSHIP NOi —SteepEr front and/ 
or back slopes produce more severe occupant accelerations 
when struck. 

Source: (58)—Weaver, G. D., Marquis, B. L., and 
Olson, R. M., "Selection of Safe Roadside Cross Sec-
tions." NCHRP Report 158 (1975) 57 pp. 

Finding—In this study, the Highway Vehicle Object 
Simulation Model (HVOSM) was used to determine 
the safety of roadside cross sections. Various front and 
back slope combinations for different ditch configurations 
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produce different accelerations that may be tolerated by 
Iapbelt restrained (1.6) and unrestrained (1.0) vehicle 
occupants. The relationships are given in Figures 2, 3, 
and 4 from Weaver et al. (58). Slope combinations within 
the respective areas ot the curve produce tolerable ac-
celerations. The occupant-tolerable decelerations were 
taken from previous crash testing. The HVOSM was 
calibrated by field crashing vehicles on slopes. 

SAFETY RELATIONSHIP NO. 2-As foreslopes 
steepen and embankment heights increase, the accident 
severity increases. 

Source: (59)-Glennon, J. C., and Tamburri, T. N., 
"Objective Criteria for Guardrail Installation." Hwy. Res. 
Rec. No. 174 (1967) pp. 184-206. 

Finding-This study involved an examination of 1,000 
single vehicle accidents in California. The study uses the 
severity index concept (SI) to establish relative severity 
for fatal, injury, and property-damage-only accidents. A 
multiple linear regression equation for alternative severity 
ratios was developed that has the following basic form 
(from p.  189 in (59): 

Embankment SI = b1 + b2h + b3S + b4m + b5t 

where 

h = height of embankment, 
s = slope of embankment (inverse decimal equivalent), 

rn = size of embankment uiaterial, and 
t = slope of original ground at toe of embankment. 

Final equations contain only height and slope of embank-
ment. They are given in Table 4 (from 59) as follows. 

TABLE 4 (p. 9) 
MULTIPLE REGRESSION EQUATIONS 

REGRESSION EQUATION 
STAROARD 

COEFFICIENT 

Lioo, Si 	1.988 4 	0.0121. 	o 	1.933s 0.656 0.791 

1-4-17 Soi-Log SI 	2.250 + 	1.433Log19 •2.O6lLog(s) 0.700 0.753 

Log-Log Lo9(SI) = 	0.413 	0.1391-o9(h) o 	0.278 Log(,) 11.440 0.794 

Lines, SI 	2.189 	• 	0.007h 	• 	2-8I1s 0.910 0.788 

1-5-25 S.i-Log SI 	2.619 	2 020Lo9('l 	3.C64Lo9ISI 1.011 0.134 

Log-Log LogISlI = 0.505 * 	0.164L79T) 	0.329Log4s1 1.010 0.785 

Line, SI 	2.649 	0 	G.010o 	* 	3.015, 0.966 0.804 

4-25 Se,,i-Log SI 	3.146 	+ 	2.185Log(hl • 	3.316Log(s) 1032 0.712 

- Log-Log Lo91SI) = 0.066 0 0.16OLoq(h) 	• 	0 T24Lo9*sI 0.903 0.804 

Line SI 	2.565 + 	0.01906 	o 	3.341, 0.108 0.785 

1-428 Seoi-Log SI 	= 	3.151 	• 	2.3261_og' 	•3.566Lo$sI 1.190 0.141 

- Lo5-Log LogISI) 	= 	0.570 • 	0.061Lo;(h' 	• 	0.336L*0sI 1.212 0.790 

Lin.*, SI 	0.187 + 	0.0606.9.570. 4163 j 	0.110 

1710-100 	- S,,i-Log SI 	3.618 f 	1.681-og(S) 0 	9 T73LogII 4690 0.667 

Log-Log L8ISII = 	0.806 o 	0.235Log(h) 	• 	0.4611.09*sI 18841 0.758 

Guardrail 

SAFETY RELATIONSHIP-From a safety eflective-
ness standpoint (considering the probability and severity 
of striking a fixed object), an examination of the severity - 
rate (collision index) shows guardrail is justified  at: (1) 
bridge-rail ends; (2) abutments and piers; (3) steel posts 
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adjacent to the shoulder; and (4) steel sign posts in a 
gore area. Guardrail at light poles does not appear to be 
justified. 

Source: (59)—Glennon, J. C., and Tamburri, T. N., 
"Objective Criteria for Guardrail Installation." Hwy. Res. 
Rec. No. 174 (1967) pp. 184-206. 

Finding—This portion of the study (previously de-
scribed) considered fixed objects as hazards. The severity 
of the collision and the probability of being struck were 
considered. Table 9 (from Glennon and Tamburri (59)) 
justifies the foregoing safety relationship. 

Fixed Objects 

SAFETY RELATIONSHIP—The distance a fixed ob-
ject is placed from the edge of pavement is inversely pro-
portional to its probability of being struck by a vehicle. 

Source. (65)—Huelke, D. F., and Gikas, P. W., "Non-
Intersectional Automobile Fatalities—a Problem in Road-
way Design." Hwy. Res. Rec. No. 152 (1967) pp. 103-
119. 

Finding—The findings of three previous studies relating 
to the placement of fixed objects were summarized in this 
article. Approximately 80 percent of the objects struck 
are 1 to 24 ft from the edge of pavement. Figure 20 
(from Huelke and Gikas (65)) presents a summary of 
the three studies. 

Traffic Control 

Delineation 

SAFETY RELATIONSHIP—The delineation of all 
curves having a degree of curvature 10 deg or less, and 
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having central angles 20 deg to 40 deg, is effective in 
reducing the accident rate. 

Source: (80)—Taylor, W. C., and Foody, T. J., "Curve 
Delineation and Accidents." Ohio Department of High-
ways (1966). 

Finding—A before-and-after study was performed on 
the effectiveness of the curve delineation program in Ohio. 
The following Table 4 shows the results. 

TABLE 4 - EFFECT OF DELINEATION ON ACCIDENTS IN THE PROPOSED PROGRAM 

SECTION TYPE 	 NO. BEFORE 	NO. AFTER 	TOTAL 

Study 	 279 	 218 	 497 

Control 	 106 	 138 	 244 

TOTAL 	 385 	 356 	 741 

8.81 

APPENDIX C 

LOGICAL SAFETY RELATIONSHIPS 

Several sources of information provided the basis for 
developing logical safety relationships (hypotheses) with 
respect to highway design elements. The following sources 
were used to infer, or hypothesize, safety relationships 
where none have been established or reported from pre-
vious research: (1) established safety relationships; (2) 
driver perception-reaction, vehicle and highway design 
element interactions; (3) before-and-after studies; (4) 
multidisciplinary accident investigation (MDAI) data; 
and (5) combinations of the preceding. 

Logical relationships were developed and summarized 
by the major design elements of traveled way, auxiliary 
lanes, shoulder, median, roadside, vertical alignment, 
horizontal alignment, traffic control, and other general 
elements. 

MAJOR DESIGN ELEMENTS 

Traveled Way 

Number Lanes 

RELATIONSHIP—As the number of lanes increases, 
the accident rate decreases. 

Basis—Established relationship for freeways. 
Applicability--The foregoing relationship applies to the 

following types of facilities: multilane divided rural high-
ways, multilane undivided rural highways, urban arterials, 
and structures and bridges. 

Lane Width 

RELATIONSHIP—As the lane width increases, the 
accident rate decreases with little difference  between ]1-
and 12-ft widths. 

Basis—Studies for rural two-lane highways resulted in 
the following findings: (1) the accident rate decreases as 
the lane width increases; (2) the accident rate decreases 
as the lane width increases up to 11 ft, with no substantial 
difference between 11 and 12 ft; and (3) no relationship 
exists between the accident rate and lane width on flat 
tangents. 

Several before-and-after studies of improvements that 
reduced lane widths and increased the number of lanes on 
freeways showed this combination to be effective in 
reducing accidents. A rough comparison of the rates for 
li-ft lane cross sections showed them to be within the 
state averages for a given number of lanes and ADT. 
State averages include primarily 12-ft lane widths. 

MDAI summaries (MDAI reports are cited by (volume, 
number, first page of accident summary)) show that a lane 
width of 10 ft may have contributed to an accident on a 
rural two-lane highway (5, 6, 146). Also, two accidents 
(4, 6, 269) and (4, 2, 249) indicated that lane width could 
contribute to accidents on urban arterials. In these, the 
continuity was also a strongly influencing factor, and 
widths were as narrow as 9 ft. This supports and ex-
tends the applicability of the stated relationship to two-
lane rural and urban arterial roadways. 

In two separate studies of urban arterials, pavement 
width was found to be unrelated to the accident rate. 

Applicability—Studies on the following highway facili-
ties supported the preceding relationship: freeways, multi-
lane divided rural highways, multilane undivided rural 
highways, urban arterials, and structures and bridges. 

Surface Cross Slope 

RELATIONSHIP—The accident rate increases as the 
cross slope decreases. 

Basis—Established relationships for two-lane rural high-
ways and a combination of the following relationships 
form the basis for the preceding hypothesized relationship: 
accidents to pavement friction (established), pavement 
friction to depth of water, and depth of water to cross 
slope. 

The following specific relationships were identified: 

The relationship between cross slope and accidents 
was established in Louisiana, a state with considerable 
annual rainfall (within top four states). 

The effect of the depth of water in braking force 
coefficient is illustrated in Figure 4, p.  20 from Harris, 
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Figure 4. Effect of water depth on the 

results of locked-wheel braking tests 

on a smooth surface with a patterned 
tire. (p. 20) 

A. J., "Road Surface Texture and the Slipperiness of Wet 
Roads." Hwy. Res. Rec. No. 214 (1968) (95). 

3. A relationship for water depth above top of texture is 
given by the following equation (from pp.  65 and 67 
(94): 

d = 3.38 X iO 	(1/T) ° '1  (L)°43  (I)° 	(1/S)042  - T 

where 

d = average water depth above the top of texture, in.; 
T - average texture depth, in.; 
L = length of drainage path, It; 
I = rainfall intensity, in./hr; and 
S = cross slope, ft/ft. 

Assigning a constant value to depth of texture, length 
of drainage path and rainfall intensity, and varying cross 
slope produces changes in the water depth above the top 
of texture as shown in Table 4. Note in this table the 
larger rate of change in the percent change between 
1/16-in./ft and ½-in./ft (35 percent) and ½-in, and ¼-
in./ft (27 percent). (The source for the depth of water 
analysis is as follows: Gallaway, B. M., Rose, J. G., and 
Schiller, R. E., Jr., "The Relative Effects of Several Factors 
Affecting Rainwater Depths on Pavement Surfaces," Hwy. 
Res. Rec. No. 396 (1972) pp.  59-68 (94). 

Table 4. Effects of variables on water depth. (p. 66) 

RcsultE1t 
Watei 
Dept S 
(in. 	at Change 

Constant 	 Variable 24 It) (percent) 

Testure, 	0.03 in., 	length, 	24 It, 	rrss slope, in./It 
intensity, 	1.5 in .i hr 0.074 

0.048 -35 
0.028 -62 
0.021 -72 
0.013 -82 

1 0.002 -97 

Conversely, very extreme cross slopes can interact un-
favorably with vehicles at crowns. 

Applicability—From the foregoing relationships there 
is reason to believe that the established finding for two-
lane rural highways has a more universal application, pri-
marily with respect to wet-weather accidents, among the 
following facility types: freeways, multilane divided rural 
highways, multilane undivided rural highways, urban 
arterials, structures and bridges, intersections, interchanges, 
and highway-rail grade crossings. 

Surface Type 

RELATIONSHIP NO. 1—Surface type, classified  as 
bituminous or concrete, is unrelated to the accident rate. 
(Other measures related to surface friction are more 
meaningful.) 

Basis—The preceding relationship is counter to the rela-
tionship in the freeway and expressway category, which 
states that the presence of bituminous pavement reduces 
the accident rate. Although the finding is significant, it 
could probably be explaining several other important rela-
tionships. The logical arguments for these other relation-
ships are as follows: 

Original pavement surfaces for the Interstate con-
sist of both bituminous and portland cement concrete 
surfaces. 

Resurfacing of both bituminous and portland cement 
concrete surfaces generally results in a bituminous wearing 
surface. 

Thus, the typical portland cement concrete pave-
ment is probably older and has experienced more ex-
posure to cumulative traffic, weathering, subsequent wear, 
loss of macrotexture, and surface friction than the typical 
bituminous pavement. 

It can be inferred that surface type as employed in 
subsequent studies may have been a surrogate measure 
for surface friction properties. 

Applicability—The classification of pavement surface 
type as either bituminous or concrete seems not to be 
applicable to other facility categories. 

RELATIONSHiP NO. 2—The relationship of surface 
type (classified as paved, gravel, unpaved) to accident rate 
for two-lane rural roads is insignificant  in light of the 
total cost eflectiveness  at volumes less than 400 ADT. 

Basis—This source—Oglesby, C. H., and Altenhofen, 
M. J., "Economics of Design Standards for Low-Volume 
Rural Roads," NCHRP Report 63 (1969)—contains the 
following findings regarding surface type (93): 

Where a road is being rebuilt in total, the traffic 
volume at which surface treatment becomes more eco-
nomical than plain gravel is somewhere below 100 vpd. 

Rebuilding an existing road completely, including 
surface treatment or keeping an existing gravel road in 
service, has a breakeven point between 200 and 300 vpd. 

Inclusion of even the ultimate accident cost savings 
at these low volumes is insignificant in light of other eco-
nomic factors. 



Applicability—Surface type (as described earlier) is 
economically an important variable at very low volumes, 
and even the most extreme consideration of safety rela-
tionships is insignificant at these volumes. At less than 400 
vpd, the safety relationships attributable to geometric ele-
ments, in general, are either insignificant or unreliable from 
a total cost-effectiveness viewpoint. General statements 
regarding standards are difficult to establish and case-by-
case analysis becomes imperative. 

Skid Resistance 

RELATIONSHIP—The accident rate decreases as the 
coefficient of pavement friction increases. 

Basis—Several comparative and before-and-after studies 
have demonstrated the significance of pavement surface 
friction in safety. 

The physical relationships of surface properties are dis-
cussed in the foregoing section on surface cross slopes. 
Other studies, concerned with the wearing properties of 
different types of pavements, exist, but do not appear to 
be pertinent to include at this point in the research. 

Additionally, pavement surface friction is a factor in the 
conventional logical safety analyses involving vehicle dy-
namics. One such study—Weaver, G. D., Hankins, K. D., 
and Ivey, D. L., "Wet-Weather Speed Zoning," High-

way Research Record No. 471 (1973) pp. 27-37 (96)—
presents a logical analysis of road friction demands, 
speeds, and driving maneuvers on wet pavements. The 
speed at which the friction demand can be met is pro-
posed as the basis for determining a wet-weather speed 
zone limit. The following Figures 1 through 8 (96) 
illustrate the relationships between demand friction for 
various driving maneuvers and available friction. These 
figures infer a safety relationship involving friction, align-
ment, and cross section. 

An analysis of MDAI data showed wet weather to be a 
frequently mentioned characteristic in the analysis of the 
accident. Examples, some with recommendations for im-
proved surfacing, include: freeways (3, 5, 251); multilane 

divided (4, 1, 13); two-lane rural (5, 2, 238) and (6, 12, 
106); structures and bridges (6, 7, 53) and (6, 12, 124); 
and intersections (6, 7, 212) and (6, 12, 130). 

Applicability—Established general relationships and 
logical analyses support the extension of the pavement 
surface friction safety relationship to all highway facility 
types. 

Surface Visibility 

RELATIONSHIP NO. 1—Surface color is insignificant 
in highway cost-safety-effectiveness determinations, al-
though it is a characteristic in a logical consideration of 
driver perception. 

Basis—No pertinent research relating pavement color to 
accidents was found in the literature review. 

Additionally, the following statements apply to pavement 
color: (1) the variation of color among pavements is small, 
making a relationship difficult to establish; (2) the cost 
functions of color have little meaning to designers; and (3) 
color is but one factor in a host of factors related to visual 
stimulus generation. 
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Figure 1. Relation between friction demand and 
pavement skid resistance. (p. 30) 
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Figure 4. Critical speed for smooth transition on nonsuperelevated 
horizontal curves. (p. 33) 
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Figure 6 (Source: Caples, G. B. and Vanstrum, R. C., 
Minnesota Highway Department, "The Price of Not Walk-
ing" (Sept. 1969) (97)) illustrates the complexity of 
stimulus generation. 

Applicability—As a pavement surface feature, color does 
not appear to offer promise for cost savings or improved 
safety effectiveness. Relationship No. 2 treats surface 
visibility as a factor which, although abstract, encompasses 
those pavement features that appear to be better related to 
visual stimulus generation and inferred safety effectiveness. 

RELATIONSHIP NO. 2—Those factors which enhance 
the visibility of the surface in relation to the highway en-
vironment (e.g. edge contrast and glare) are related to 
accident occurrence. 

Basis—Several studies have been made of driver behavior 
under conditions of different visibility. Visibility does affect 
driver behavior. However, the cost functions of visibility 
(an abstract term) are difficult to establish. Two more 
intrinsic features of the surface appear to be important to 
visibility: (1) surface-shoulder contrast, and (2) surface 
roughness. 

Surface-shoulder contrast can be compared to edge 
marking as both provide edge linearity. In some studies, 
the presence of edge markings has been shown to be 
inversely proportional to accident occurrence. Surface 
roughness (macrotexture), a feature that is related to 
surface friction, is also related to visibility. It can be 
obtained by either of the following methods: imbedding 
of chips at the surface of the fresh concrete, or deep 
transverse grooving of the fresh concrete. 

Deep transverse grooving consists of creating a rough 
surface texture made of transverse grooves 5- to 7-mm 
deep and 15- to 30-mm apart. These grooves provide for 
surface drainage and decrease the thickness of the water 
film between the tire and the pavement. In addition to its 
relation to visibility, transverse grooving is an efficient 
means of checking hydroplaning. 

contrast and surface 
roughness (preventing glare) appear to be the two im- 
portant features affecting surface visibility. They also 
appear to be applicable to all facility types. The term 
"visibility" is too abstract and the term "color" is not a 
sufficient description of the surface's relatedness to driver 
visibility. 

Auxiliary Lanes 

The importance of auxiliary lanes to safety may depend 
on their function, the facility category in which they are 
placed, possibly their length and transitions (lane start or 
drop). All other features are similar to those discussed 
under "Traveled Way" and are not repeated in this section. 

The following table relates the function of auxiliary lanes 
to the facility category with which it is most commonly 
associated: 

Each of the foregoing auxiliary lane types is discussed in 
the section of its associated facility category. Exclusive bus 
lanes were not considered. Truck climbing lanes are dis-
cussed in the "general" section of safety relationships in 
Appendix B. Parking lanes were not specifically discussed 
because of their strong relationship to traffic operational 
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characteristics which are considered separately from design 
element features. 

Mulinazzi, T. E., and Michael, H. L., "Correlation of 
Design Characteristics and Operational Controls With 
Accident Rates on Urban Arterials," Proc., 53rd Annual 
Road School of Purdue University (Mar. 1967) developed 
an equation for low-volume urban arterials which showed 
the allowance of parking to be directly proportional to  

accidents (62). Relationships are shown in Appendix B. 
Several of their case studies also support this point. 

Several MDAI reports demonstrate the reduction in 
hazard at intersections with protected left-turn storage lanes 
(4, 10, 170) and (6, 6, 220). The need for adequate 
acceleration and deceleration lanes was shown in (5, 7, 
228). The necessity for proper transitions, especially the 
separation of entrance and exit lanes, is brought out by 
(3,4, 237) and (6, 6,252). 



Shoulder 

Width 

RELATIONSHIP NO. 1-On multilane divided high-
ways, as the left-shoulder width increases, accidents 
increase. 

Basis-A similar established relationship was discovered 
for freeways, including Interstates. The logical explanation 
for the established finding states that wider left shoulders 
induce left-shoulder parking, which creates an element of 
surprise for the left-lane (fast-lane) motorist. 

Applicability-This relationship is inferred for multilane 
divided rural and urban highways with wide medians. 
When the left shoulder is designed flush with the barrier in 
a narrow median, this relationship appears to be illogical. 

RELATIONSHIP NO. 2-On multilane undivided and 
divided highways, right shoulders that will not accommo-
date a parked vehicle ofj  the traveled way increase the 
accident rate. 

Basis-Several relationships established for right-
shoulder width and two-lane rural highways support this 
hypothesis. 

Applicability-This relationship appears logical for all 
continuous highway facilities, including long structures 
for which it has been established. 

RELATIONSHIP NO. 3-On tungents, us the right-
shoulder width increases beyond the width necessary to 
accommodate a parked vehicle, the safety benefit becomes 
insignificant. 

Basis-The established relationship for freeways, which 
demonstrates the insignifiance of right-shoulder width to 
accidents, and the established relationship for right-
shoulder width for two-lane rural highways is the basis for 
this relationship. 

Applicability-This logical relationship is applicable to 
all continuous highway categories. 

RELATIONSHIP NO. 4-As the right-shoulder width 
increases on curves, the accident rate decreases. 

Basis-Two established relationships for two-lane rural 
highways form the rationale for the relationship. 

Applicability-This relationship can probably be ex-
tended to all continuous facility categories, except it may 
be less relevant to lower speed urban arterials. 

Cross Slope 

RELATIONSHIP-As the shoulder cross slope in-
creases, the accident rate decreases. 

Basis-The logical basis for this argument is similar to 
that developed for traveled way. Two aspects of cross 
slope should be considered as follows: (1) cross slope of 
the shoulder is part of the total drainage path in conjunc-
tion with the traveled way; and (2) discontinuities in cross 
slope at the edge of pavement, which can cause vehicle 
maneuvering difficulties (this has been confirmed by the 
following MDAI summaries: (4, 10, 319), (4, 10, 14), (5, 
7, 199), (6, 12, 212), and (4, 10, 312)). 

Applicability-This relationship is applicable to all con-
tinuous facilities and structures.  

133 

Surface Type 

RELATIONSHIP-Paved right shoulders produce fewer 
accidents than unpaved right shoulders. 

Basis-Relationships have been established for freeways, 
two-lane rural highways, underpasses, approaches at over-
passes, and interchange submodels. Paved shoulders pro-
duce fewer accidents than unpaved for these facility types. 
This is further confirmed by the following MDAI sum-
maries: multilane divided rural (6, 7, 198); two-lane rural 
(4, 6, 139) and (5, 7, 199); and urban arterials (3, 4,25). 

Applicability-It is logical, with such strong agreement 
among four facility categories, to extend this relationship to 
multilane divided rural highways; multilane undivided rural 
highways; and urban arterials. 

Surface Visibility 

See discussion under "Traveled Way." 

Curb (Hinge Point) 

RELATIONSHIP-The presence of curb or dike on 
high-speed facilities generally produces a hazard; however, 
on lower-speed facilities, curbs can contribute to safety 
effectiveness. 

Basis-Several findings indicate that curb is a potential 
hazard: 

An analysis of the following MDAI reports showed 
curb to be a causal factor: urban arterials (4, 2, 249), (4, 
6, 129), and (4, 10, 1); Interstate and freeway (4, 10, 
231); interchanges (5, 7, 328) and (6, 7, 208). 

This source-Olson, R. M., Weaver, G. D., Ross, 
H. E. Jr., and Post, E. R., "Effect of Curb Geometry and 
Location on Vehicle Behavior," NCHRP Report 150 
(1974)-presents results of full-scale tests and HVOSM 
(Highway Vehicle Object Simulation Model) runs (99). 
Findings indicate that: 

Curbs similar to types C, E, and H (Fig. 1 from 
(99)) can produce vehicle ramping to a height 
greater than a 27-in, guardrail, if located behind 
the curb. 
Curbs 6 in. high or less and of configurations 
similar to those of AASHTO curb types C, E, or 
H will not redirect a vehicle at speeds above 45 
mph and encroachment angles greater than S deg, 
as shown in Figure 9. 
Curbs 6 in. high can cause a vehicle to impact a 
guardrail below the lower edge of the face. 
Impacting curbs 6 in. high or less can reasonably 
be expected to produce minor or no injury. The 
vehicle would not be diverted substantially from 
its initial encroachment path. 

Applicability-On lower speed facilities, curb can serve 
to redirect vehicles; thus, it may have a safety function. 
Conversely, it can damage a vehicle and contribute to loss 
of steering control. 

On high-speed facilities, the placement of curb or dike 
can contribute to ramping. On these facilities, at high 
speeds a curb can rarely redirect an errant vehicle. 
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Figure 1. Geometry of AASHTO Types C, E, and H test curbs 

(p.4) 
In summary, curb appears to be more of a hazard on 

higher speed facilities than on lower speed facilities. Since 
the significance of curb to safety effectiveness is a function 
of speed, no definitive universal relationship can be stated. 
Controlled experiments may be requwed to determine the 
speed at which various types of curbs cease to be safety-
effective. 

Median 

Width 

RELATIONSHIP—As the median width increases, the 
accident rate decreases. 

Basis—Several established relationships for freeways 
have demonstrated the safety effectiveness of wider 
medians. Studies have shown reductions in the following 
with respect to increases in the median width: total accident 
and severity rates, rate of vehicles hitting the median 
barrier, median accident and severity rates, and cross-
median accident rate. 

Applicability—The established relationships for freeways 
can be logically extended to multilane divided rural high-
ways and divided urban arterials. 

Type 

RELATIONSHIP NO. 1—The traversable median bar-
rier is more safety-effective than the nontraversable type 
below a certain ADT. The ADT breakpoint is a function of 
the speed and type of highway facility. 

RELATIONSHIP NO. 2—The cable-type median bar-
rier has higher total and fatal accident rates than the beam 
or concrete types. 

RELATIONSHIP NO. 3—The presence of antiglare 
screen as part of the median barrier decreases the accident 
and severity rates. 

Basis—Established relationships, exactly the same as the 
preceding ones, form the basis for the logical relationships. 
MDAI Summary (3, 5, 307) supports Relationship No. 2. 

Applicability—The established relationships for freeways 
have been extended to multilane divided rural highways and 
divided urban arterials. 

RELATIONSHIP NO. 4—The presence of a raised 
median can increase drainage problems and contribute to 
accidents. 

Basis—MDAI Summary (5, 7, 228) showed that a 
raised grass median supported by curbing had this charac-
teristic, which contributed to an accident. 

Applicability—Although the specific summary applied to 
a freeway, the principle applies to all classifications of high-
ways with raised medians without proper drainage. 

Barrier Presence 

RELATIONSHIP—The presence of a nontraversabie 
median barrier (1) decreases the fatal accident rate, (2) 
increases the injury rate, and (3) increases the property-
dama ge-only accident rate and the total accident rate. 

Basis—Several before-and-after studies support the fore-
going relationship for freeways. 

Applicability—The established relationship for freeways 
is extended to multilane divided rural highways and divided 
urban arterials (higher speed). 

Crossovers (Median Openings) 

RELATIONSHIP NO. 1—As the number of median 
openings increases, the accident rate increases. 

Basis—Findings have established this relationship for 
freeways and urban arterials. It appears logical that, when 
the number of potential conflict points increases, accidents 
increase. 

Applicability—The logical relationship is applied to 
multilane divided rural highways. 

RELATIONSHIP NO. 2—The placement of median 
crossovers is as important as their frequency in causing 
accidents. 

Basis—MDAI Summary (5, 6, 121) gives an example 
of poor crossover placement near an Interstate entrance 
ramp. Other examples are commonly incurred. 

Applicability—This logical relationship is applicable 
whenever crossover designs are required. 

RELATIONSHIP NO. 3—The presence of a left-turn 
bay storage area at a crossover reduces the frequency of 
accidents. 
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Basis—MDAI Summary (3, 5, 69) demonstrates the 
logical sequence of events. The absence of the left-turn 
bay creates a hazard when more than one car is waiting to 
make a left turn. In the absence of a wide median, a 
single car waiting to make a left turn can produce a hazard. 
Other summaries illustrating this fact are (4, 10, 170) and 
(6,6,220). 

Applicability—This logical relationship is applicable at 
minor intersections and whenever crossover designs are 
required. 

Median Glare Screen 

RELATIONSHIP—The presence of median glare screen 
reduces accidents. 

Basis—The basis for this relationship is a controlled 
before-and-after study of median glare screen installation 
on several short sections of freeway. 

Applicability—The relationship established for freeways 
is extended to multilane divided rural highways and divided 
urban arterials. 

Roadside 

Slopes 

RELATIONSHIP NO. 1—Steeper front and/or back 
slopes produce more severe occupant accelerations when 
struck. 

RELATIONSHIP NO. 2—As front slopes steepen and 
embankment heights increase, accident severity increases. 

Basis—The basis for the preceding relationships is 
found in two studies: (1) Weaver, G. D., et al., "Selection 
of Safe Roadside Cross Sections," NCHRP Report 158 
(1975), which uses the HVOSM (58); and (2) Glennon, 
J.C. and Tamburri, T. N., "Objective Criteria for Guard-
rail Installation, Hwy. Res. Rec. No. 174 (1967), which 
uses accident data (59). Both are contained in the section 
on generally applicable established relationships ("High-
ways in General" category) in Appendix B. 

Applicability—When slopes are present on continuous 
facilities, these relationships appear to apply. This has 
been confirmed in the MDAI summaries reviewed for 
freeways and Interstates (5, 6, 77) and multilane undivided 
rural highways (4, 1, 53). Thus logical extensions include: 
freeways, including Interstate; multilane divided rural high-
ways; multilane undivided rural highways; two-lane rural 
highways; urban arterials with slopes; and parts of inter-
changes (e.g., ramps, connections, etc.). 

Ditches 

RELATIONSHIP—Wide trapezoidal and rounded 
ditches are less severe than "v" and narrow ditches. 

Basis—The basis for this relationship is found in 
NCHRP Report 158 (58), the results of which are pre-
sented in the section on generally applicable established 
relationships ("Highways in General" category) in Ap-
pendix B. 

The MDAI summaries reviewed recommended dealing 
with hazards caused by the presence of ditches by guard- 
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railing on an Interstate (5, 2, 81), as well as at urban 
arterial location (6, 6, 154). Other summaries, which 
show ditch involvement, include (4, 6, 79), (5, 6, 63), (5, 
6, 239), (5, 7, 103), (6, 7, 23), and (6, 10, 254). 

Applicability-This logical relationship would be ap-
plicable to all continuous facilities with roadside slopes and 
ditches, which would include: freeways, including Inter-
state; multilane divided rural highways; multilane un-
divided rural highways; two-lane rural highways; urban 
arterials with slopes; and parts of interchanges (e:g. ramps, 
etc.). 

Access (Entrances) 

The effect of roadside access on accidents is well estab-
lished for continuous highways without full access control 
and intersections. Development of logical relationships is 
not necessary. 

Guardrail 

RELATIONSHIP-Striking a guardrail is less severe 
than striking the following objects: bridge-rail ends, abut-
ments and piers, steel posts adjacent to the shoulder, and 
steel posts in a gore area. 

Basis-The basis for the preceding relationship is found 
in the guardrail installation study described in the section 
on general reported relationships (59). MDAI summaries 
cite the need for roadside guardrailings in the following 
circumstances:' 

For protection of steep embankment on expressway 
(4, 6, 181) and urban arterials (3, 5, 139). 

For guarding against rigid obstacles on urban ar-
terials (4, 1, 69), (4, 10, 117),and (6, 7, 72). 

For protection against structure - and bridge abut-
ments (3, 4, 5), (3, 4, 197), (3, 4, 135), (3, 5, 7), (3,5, 
205), (3, 5, 223), (4, 1, 5), (4, 6, 329), (4, 10, 82), (4, 
10, 144), (5, 21  7), (5, 2, 105), (5, 6, 77), (6, 6, 119), 
and (6, 7, 155). 

(4) For protection of various intersections (4, 6, 201) 
and (3, 4, 157). 

The need for properly designed guardrail ends was cited 
(4, 10, 174). Additional references to this problem will not 
be given, because these have been generally recognized as 
hazardous by highway engineers for some time. 	- 

Applicability-The reported relationship can be extended 
to most higher speed facilities including: freeways, multi-
lane divided rural highways, 'multilane undivided rural 
highways, and two-lane rural highways. Guardrail would 
probably not be an important feature in the roadsides of 
most urban arterials. 

Fence, Other Barriers, and Fixed Objects 

RELATIONSHIP-Fence, other barriers, and fixed 
objects are related to the accident rate as roadside ob-
structions. 

Basis-Findings from roadside obstacle studies have not 
specifically classified obstructions as fence, natUral, and 
other man-made barriers However, the presence of any 
barrier,' the frequency of its occurrence in the roadside, 
spacing and lateral clearance logically have an effect 'on 
the probability of being 'struck as the energy-absorbing 
'characteristics of the object logically' would' affect the 
severity.  

Fencing on freeways is generally insufficient to retain 
vehicles, from MDAI Summary (4, 1, 223). However, it 
may act to slow down an out-of-control vehicle, thus 
reducing the severity of an accident. Similarly, barriers, 
such as bridge rails, 'often reduce" accident severity' as 
evidenced by MDAI Summary (6,'7, 53). 

Fixed objects are established by the MDAI summaries 
to cause accidents in the following 'categories: freeways 
and Interstates (3, 4, 119), (3, 51  15), '(3, 5, 31), and 
(5, 2, 81); 'multilane divided rural highways (3, 4, 1) and 
(4, 1, 13); two-lane rural highways (4, 2, 15), (4, 6, 133), 

6, '251),'(4, 2,93), (4, 3, 89), (41  10, 105), (4, 10 
170), (5, 79 261), (6, 10, 271),and (6,12, 326); urban 
arterials (3, 4, 89) and (4, 1, 69); intersections (3, 4, 
203'), (4, 6, 133), and (6, 12, 99);' and interchanges 
(3,5,45). 

Applicability-This relationship would apply to all 
facility categories with objects or barriers present in the 
roadside.  

Frontage Roads 

RELATIONSHIP NO. 1-Frontage roads tend to 
reduce accidents on continuous highway facilities. 

Basis-The presence of a frontage road dan reduce con-
flicts between 'through trips 'and' short trips requiring the 
entrance to and egress from adjacent developed property 
on partially controlled access facilities. In a similar way, 
the presence of a frontage parallel to a freeway may' induce 
traffic to use the frontage road instead of' the freeway for 
short trips, thus reducing interchange activity and short-
trip/ long-trip conflict. 

'Applicability-This relationship appears to be applicable 
to all continuous facilities, including: freeways, thultiláne 
divided highways multilane undivided highways two lane 
rural highways, and urban arterials.  

RELATIONSHIP NO. 2---The placement of frontage 
road endings (intersections) near structures intersections 
and interchange ramp endings can be hazardous. 

Basis-Frontage road entrances and exits near structures 
are difficult to see and can create an element of surprise 
for motorists traversing a structure. Frontage road endings 
have the same effect if placed too close to ramp endings or 
intersections. Conflicts are created and the time required 
to avoid a crash is not sufficient. This is brought about by 
insufficient sight distance and recognition and reaction 
times of turning conflicting vehicles. MDAI Summary 

7, 228) provides a good example of this type of conflict. 
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Applicability—This logical relationship can be applied to 
structures, intersections, railroad-highway grade crossings, 
and interchanges. 

Bicycle Pathways 

RELATIONSHIP—The designation and! or presence of 
a bicycle path reduces the accident rate involving bicycles. 

Basis—The separation of bicycles from the automobile 
traffic by the inclusion of a bicycle path in the roadside 
would in most cases reduce the number of bicycle-involved 
accidents. 

The designation of a street or arterial as a bicycle way 
would require a more extensive analysis. For example, 
designating a highly vehicle-traveled route as a bicycle way 
could create more bicycle-vehicle exposures than non-
designation and increase accidents. On the other hand, 
designation of bicycle ways could familiarize the motorist 
with bicycle traffic and make him more aware of the 
presence of bicycles. 

Applicability—Separate bicycle paths could be applicable 
to any continuous facility with a roadside capable of con-
taining a path. However, the designation would probably 
only be applicable to urban arterials and streets. 

Embankment Height 

RELATIONSHIP—The embankment height is directly 
related to the accident severity. 

Basis—This relationship is supported by the findings of 
the guardrail installation criteria study in the "Highways in 
General" section on reported relationships (59). MDAI 
Summary (6, 7, 117) demonstrated this relationship in 
regard to two-lane rural roadways. 

Applicability—The relationship has general applicability 
to facilities with roadside embankments (potentially all 
facility categories). 

Drainage Inlets! Outlets 

RELATIONSHIP NO. 1—The improper design of road-
side (and of wide medians, which is equivalent to roadside) 
drainage elements can increase accident severity. 

Basis—The basis contains two studies in Hwy. Res. Rec. 
No. 386 (1972): (1) Dunlap, D. F., and Grote, P., 
"Median Dike Impact Evaluation: Sensitivity Analysis," 
which treats median dike impact (100); and (2) Ross, H. 
B., Jr., and Post, E. R., "Tentative Criteria for the Design 
of Safe Sloping Culvert Grates," which is concerned with 
safe sloping culvert grates (101). 

This study—Dunlap and Grote (100)—involves the 
simulation of a vehicle striking a Michigan median dike. 
The results are that the Michigan standard is unsafe when 
struck. Subsequent research with the HVOSM developed 
an optimum cross section. Specific conclusions are as 
follows (from p. 120 (100)): 

Possible injury to unresti'ained passengers is indicated at all speeds above 40 
mph when a vehicle strikes the middle of a dike similar to the current Michigan standard. 

Approach velocity, angle, impact position, dike slope, and soil type have sizable 
effects on vehicle kinematics. Dike approach profile has a lesser effect. 

An impact velocity of 80 mph produces abbut twice the passenger loading that is 
experienced at 40 mph. 

Striking the dike in the middle is far more traumatic than hitting off to one side. 
This suggests that the hazardous portion of the dike may be limited to a relatively nar-
row region. 

Striking a 1: 10 slope reduces passenger loadings by a factor of about one-half 
when compared to a 1:6 slope. 

Soft, moist soil attenuates passenger loading on the order of 50 percent when 
compared with rigid terrain. 

Approaching the dike from the road shoulder appears to be less traumatic than 
approaching frOm a flat sürfäce. 
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The current standard dike configuration used in Michigan 
is shown in Figure 1, from p. 112in (100). 

Figure 1. Basic median profile with 1:6 dike face slope. (p. 112) 
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The second study supporting this relationship—con-
ducted by Ross and Post (101)—lists the following 
specific findings (from p.  109): 

For side slope and grate slope traversals, the tendency of an automobile to roll 
over increases as the angle of departure from the roadway decreases; 

For head-on traversals, the acceleration severity index for a grate slope of 10:1 
may be questionable; whereas, for grate slopes steeper than 10:1, the severity index 
indicates that severe injuries would probably occur; and 

When used in conjunction with 10:1 and steeper grate slopes, wide roll-over will 
occur on a 6:1 slope with ditch depths of 2 and 3 ft. 

The simulation results further indicate that, during a departure angle of 25 deg or 
less, an automobile could safely traverse a terrain configuration having side slopes of 
8:1 and a culvert grate slope of 10:1. Findings on the dynamic response of an automo-
bile as it traverses this particular ground form are summarized as follows: 

The acceleration severity index indicates that an unrestrained occupant would 
probably not be seriously injured; 

The maximum roll angle of 50 deg occurred at a shallow departure angle of 5 deg; 
The distance airborne was sufficiently low such that the automobile would land on 

the shoulder of the opposing traffic lane or median and hence probably not endanger 
traffic in the opposing lanes of travel; and 

The dynamic vertical tire load on the sloping grate was about 5 times greater 
than the static weight of the automobile. 

Guidelines that suggest that side slopes and culvert sloping grates should be 10:1 
and flatter are presented elsewhere (j). The findings of this study tend to substantiate 
those guidelines. 
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Figure 3. Simulated median terrain configuration and selected automobile paths. 
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RELATIONSHIP NO. 2—The improper design of drain-
age inlets/outlets presents an obstacle on the roadside, 
which can contribute to accident severity. 

Basis—The logical relationship is identical to that con-
sidered earlier under "Fixed Objects." MDAI summaries 
demonstrating the specific hazards caused by drainage 
inlets and outlets include: divided highways (6, 6, 303), 
two-lane rural roads (4, 10, 78), and bridges (4, 6, 329). 

Applicability—This logical relationship is not a function 
of roadway type and, hence, it can be extended to all 
categories of highway facilities. 

RELATIONSHiP NO. 3—The improper placement of 
drainage inlets/outlets may cause improper drainage re-
sulting in a reduced friction hazard and thus contributing 
to the occurrence of an accident. - 

Basis—This logical relationship (No. 3) is identical to 
that discussed in conjunction with cross slope. MDAI sum-
maries demonstrating the specific hazards associated with 
poor drainage, which is not a function of cross slope, 
include the following: (6, 7, 132) and (4, 2, 255). 

Applicability—This logical relationship (No. 3) is not a 
function of roadway type and, hence, it can be extended to 
all categories of highway facilities. 

Note that the findings and logical relationships under 
roadside are generally applicable to all facilities having 
roadsides either to the outside of the highway or in the 
median. 	 - 

Vertical Alignment 

Grade on Tangents 

RELATIONSHIP—Steep grades on tangents can in-
crease the accident rate. 

Basis—Many reported relationships have described the 
effect of grade on tangents for most highway facilities. All 
but one study support the preceding relationship (11). 
The relationships are generally not as strong as simple 
correlations for horizontal curvature. In combination with 
horizontal curvature, the relationships are stronger. 

Applicability—The relationship applies to urban ar-
terials; however, grade probably would be insignificant up 
to a certain percent. The existence of extremely steep 
grades in urban arterials would probably be rare. Excep-
tions might occur at improperly designated overpasses as 
evidenced by MDAI Summary (4, 3, 101). Unexpected 
changes in grade will present a hazard on all categories of 
highway facilities. 

Grade on Curves 

RELATIONSHIP—As the grade on curves increases, 
the accident rate increases. 

Basis—This relationship is reported for two-lane rural 
highways and freeways (11, 40, 66). See also MDAI 
summaries(3, 5, 175) and (3, 5, 199). 
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Applicability-The extension of the relationship to other 
facilities appears logical, considering the reported relation-
ships that consider curvature and gradient separately. This 
extension would include most facilities. For lower speed 
urban arterials, the relationship may not be as significant. 

Length of Grade 

RELATIONSHIP NO. 1-As the length of grade in-
creases to a point that can slow a vehicle (truck) to speeds 
significantly (10 mph) slower than the speed of the traffic 
stream, the accident rate increases. 

Basis- The basis for this relationship is contained in the 
section on "Auxiliary Lanes." The logic is similar to that 
contained in current evaluations to warrant truck climbing 
lanes. 

Applicability-This relationship is applicable to all con-
tinuous facilities, except urban arterials. It is generally not 
applicable to noncontinuous types. 

RELATIONSHIP NO. 2-As the length and grade in-
crease, the vehicle capability to maintain control by braking 
decreases. 

Basis-This is supported by the physical capability of 
vehicles. Although most vehicles on the roadway have 
adequate braking capability, long steep grades put added 
stress on brake components, thus causing failure most 
frequently at these sites. MDAI summaries that support 
this logical relationship include (3, 5, 175) and (6, 7, 172). 
Design features to prevent or lessen the severity of acci-
dents caused by such failures are available. 

Applicability-All continuous facilities would be subject 
to this relationship. 

Vertical Curvature (Length) 

RELATIONSHIP-As the length of vertical curve in-
creases, the accident rate decreases. 

Basis-Generally, as the length of vertical curve in-
creases at crests, the sight distance improves. At sags, the 
nighttime sight distance improves by increasing the length 
of roadway illuminated by vehicle lighting. The relation-
ship between sight distance and accidents has been re-
ported. Thus, the length of vertical curvature is related to 
accidents. No relationships using length of vertical curva-
ture have been reported. Sight distance seems to be a more 
relevant measure. Pertinent MDAI summaries include 
(3, 5, 199) and (3,5,301). 

Applicability-If the relationship is to be tested, it prob-
ably would have applicability only to the following facili-
ties: freeways, multilane divided rural highways, multilane 
undivided rural highways, and two-lane rural highways. 

Vertical Clearance 

RELATIONSHIP-Vertical clearances, as they cur-
rently exist, are not significantly related to the accident 
rate. 

Basis-One study (6) found vertical clearance to be 
unrelated to accident experience for two-lane facilities. 
The selection of vertical clearance is reasonably well 
determined and may involve the potential need to move  

oversize vehicles for national defense purposes. It is 
obvious that inadequate clearances present a hazard. 
Clearance is pertinent for these special cases. 

Applicability-The relationship is applicable to all 
facilities except at-grade intersections and highway-rail 
grade crossings. 

Horizontal Alignment 

Degree of Curve 

RELATIONSHIP-As the degree of curve increases, the 
accident rate increases. 

Basis-This relationship is well reported for most facility 
types. One study indicated that intersections with curved 
approaches are less safe than straight approaches (29). 

MDAI summaries demonstrating that curvature con 
tributes to the existence of accidents include freeways (3, 

199); multilane undivided (4, 6, 263); rural two-lane (5, 
9), (5, 7, 149), (5, 7, 238), and (6, 12, 326); urban 

arterials (3, 4, 89), (4, 10, 63), (5, 6, 215), (5, 7, 301), 
(6, 6, 226), and (6, 10, 286); intersections or approaches 
to intersections (4, 6, 263); and interchanges or ramps (4, 
6, 87). For the most part, these references apply both to 
degree of curvature and length of curve. 

Applicability-These relationships are extended to inter-
changes and railroad grade crossings. 

Length of Curve 

RELATIONSHIP-As the length of curve decreases, 
the accident rate increases. 

Basis-The length of curve for a given set of tangents 
is inversely proportional to the degree of curvature. In 
this regard, the MDAI summaries for "Degree of Curve" 
have application. In addition, short curves can introduce 
two or more successive driver maneuvers involving steer-
ing and braking. 

Applicability-This relationship may be applicable to all 
continuous facilities and those portions of interchanges 
that can be treated continuously. 

Superelevation 

RELATIONSHIP-Curves that do not meet AASHTO 
superelevation standards are less safe than those that do, 
or curves inadequately superelevated are unsafe. 

Basis-This relationship has its basis in the conventional 
vehicle dynamics analysis and an examination of accident 
data on the Ohio turnpike involving wet-weather accidents 
(69). MDAI summaries that mention inadequate super-
elevation as causal factors in accidents include freeways 
exit ramps (6, 6, 189) and urban arterials (4, 1, 63), (4, 
1,69), and (5,7,301). 

Applicability-This relationship has general applicability 
to all continuous facility types and those continuous por-
tions of interchanges. 

Length of Tangent 

RELATIONSHIP-The length of tangent is unrelated 
to the accident rate, up to the point at which the monotony 
can adversely affect driver behavior. 
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Basis-This relationship has its basis in two reported 
relationships, one for freeways in Germany (66) and the 
other for two-lane rural highways in the United States (11). 

Applicability-The relationship appears applicable to all 
continuous facilities. On urban arterials, the monotony 
limit probably could not be tested. MDAI summaries 
frequently cite fatigue and monotony as causal factors, but 
rarely tie these factors to roadway design. 

Transitions 

RELATIONSHIP-The use of spiral transitions for 
horizontal curves improves the safety  effectiveness of the 
curves. 

Basis-No study has been reported regarding the safety 
of spiral transitions for horizontal curves. Logically, they 
would appear to make the steering maneuver less abrupt, 
therefore contributing to safety on curves. However, the 
contribution is probably so small that it would be difficult to 
test and establish this relationship. 

Applicability-This relationship would be most applica-
ble to higher speed continuous facilities, their structures, 
and the continuous portions of interchanges. 

Sight Distance 

BELA TIONSHIP---As the available sight diswhce in-
creases, the accident rate decreases. 

Basis-Many existing study results consistently support 
this relationship. A logical analysis is also presented for 
rail-highway grade crossings. MDAI summaries mention 
sight distance quite frequently, thus reinforcing the im-
portance of this logical relationship. The following are 
examples: multilane divided (4, 2, 109); two-lane rural 
(3, 5, 175), (4, 10, 105), (5, 6, 146), (5, 7, 238), and 
(6, 10, 90); urban arterials (6, 12, 188); structures and 
bridges (4, 1, 223); intersections (5, 2, 269), (5, 6, 209), 
(5,6,225), (6,7,172), (6, 10, 281), (6, 10, 365), and 
(6, 12, 99); railroad crossings (5, 7, 266); and interchanges 
(3,5, 147). 

Applicability-It is logical that this relationship would 
hold for more conceivable circumstances on all facilities. 

Traffic Control 

Lighting 

RELATIONSHIP-The presence of lighting decreases 
the accident rate, to the point where lighting intensity may 
introduce glare or hamper perception, and the hazard of 
light poles negates the safety benefit of illumination. 

Basis-The foregoing safety-effectiveness relationship 
appears logical and is a composite of several reported re-
lationships. MDAI summaries show the lack of adequate 
lighting to be a causal factor in the following: (3, 4, 123), 
(3,5,211), (5,2,69), (3,5,39), (3,5,293), (3, 4, 197), 
and (4, 6, 161). Harsh and monotonous lighting was cited 
in Summary (3,4, 197). 

Applicability-The safety-effectiveness relationship is 
probably applicable to all highway categories. This is not 
to say that lighting is either cost-effective or safety-effective  

under all conditions. The safety effectiveness of lighting is 
yet to be adequately demonstrated for continuous facilities. 

Markings 

RELATIONSHIP-Generally, lane and edge markings 
increase the safety effectiveness of continuous facilities. 

Basis-Lane markings provide the driver with an im-
portant visual guidance as do edge markings. The edge 
markings may lose their significance where there is good 
contrast between the shoulder and the traveled way. 

The safety impact of continuously marking the edge 
through an intersection, particularly in a rural area, would 
be difficult to measure. It might hamper the main road 
driver's perception of the intersection. However, it would 
give the cross road driver a good reference point for the 
impending intersections. 

Pertinent MDAI summaries demonstrating the need for 
lane and edge line markings include (3, 5, 211), (4, 10, 
105), (5,7,261), and (4, 10, 160). 

Applicability-The relationship appears applicable to 
most facility types. 

Delineators 

RELATIONSHIP-The presence of 4clineutors de-
creases accidents, particularly on curves. 

Basis-Those relationships reported for delineator pres-
ence all show a positive effect on safety effectiveness. The 
logical arguments are similar to those for markings. MDAI 
summaries that imply a need for delineators include (4, 6, 
27) and (4, 10, 174). 

Applicability-The relationship appears applicable to all 
facility types. 

Signs 

BELA TIONSH!P-Signs increase safety  effectiveness 
when they assist the driver in preparing for maneuvers or 
anticipating new conditions and when they do not occupy 
significant lengths of driver perception time. 

Basis-The preceding general relationship has support 
in the diagrammatic sign study as supported by the finding 
of Hanscom, F. R., "Evaluation of Diagrammatic Signing 
at Capital Beltway Exit No. 1," Virginia Highway Research 
Council (102). More detailed and refined hypotheses do 
not appear relevant at this point in the research. 

The need for signs and sign upgrading is frequently cited 
in MDAI summaries. These include freeways (5, 2, 305) 
and (5, .6, 73); multilane undivided (4, 6, 269); two-lane 
rural (3, 5, 175), (3, 5, 211), (3, 5, 301) (5, 6, 146), 
and (5, 6, 238); at or near intersections (3, 4, 56), (3, 5, 
115), (3, 5, 269), (4, 2, 151), (4, 2, 217), (4, 3, 151), 
(4, 3, 185), (4, 3, 277), (4, 10, 183), (5, 2, 281), and 
(6, 6, 226); railroad crossings (4, 6, 237); and inter-
changes (4, 3, 173), (4, 6, 281), (5, 6, 121), and (6, 6, 
189). 

Applicability-The relationship is applicable to all high-
way facilities. Several more detailed relationships involving 
specific sign types are reported for intersections. 
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Signals 

RELATIONSHIP—Generally, signals warranted for 
traffic operations will reduce accidents and accident sever-
ity, if signals are coordinated with traffic and layout, in-
cluding channelization. 

Basis—The basis for the foregoing relationships is con-
tained in the reported findings of several studies of the 
impact of signals on safety. 

The need for signals was cited in the following MDAI 
summaries: (4, 1, 261) and (6, 6, 270). Improved signal 
design was required in the following: (3, 4, 83), (3, 5, 87), 
(3, 5, 181), (4, 10, 160), (5,2, 315), and (5,7, 32). Rail-
road warning signals were recommended in (5, 7, 266). No 
recommendations were found for the removal of signals. 

Applicability—The general relationship is extended to 
the ramp endings of interchanges. 

Crosswalks 

RELA T1ONSH1P—The presence of crosswalks at inter-
sections reduces the pedestrian accident rate. 

Basis—A definition of the area of pedestrian traffic, par-
ticularly for high volumes of pedestrian traffic, would seem 
to reduce the pedestrian accident rate. This would depend 
on many other factors, including the use of the crosswalks. 
MDAI summaries that call for designated crossing areas 
include (4 6, 1.89) and (4, 6,213). 

Applicability—This relationship appears applicable to all 
intersection areas with at-grade pedestrian traffic. 

OTHER GENERAL ELEMENTS 

Continuity of Alignment 

Discontinuities 

RELATIONSHIP—in general, discontinuous alignments 
(discontinuities in alignment) can increase the accident rate 
by inducing changes in speed. 

Basis—This relationship has its basis in two studies: 
(1) Heimbach, C. L., and Vick, H. D., "Relating Change 
of Highway Speed per Unit of Time to Motor Vehicle Ac-
cident Rates," Hwy. Res. Rec. No. 225 (1968), which re-
lates speed changes to the accident rate (103); and (2) 
Oppenlander, J. C., and Dawson, R. F., "Criteria for 
Balanced Geometric Design of Two-Lane Rural High-
ways," Hwy. Res. Rec. No. 83 (1965), which relates 
several geometric and roadway features to speed (104). 
Heimbach and Vick (103) is a study which reported a 
visual rank order correlation between accident rates and 
the mean number of absolute 2-mph speed changes for five 
of six highway sections investigated for two-lane rural 
roads, as indicated in Table 12. 

TABLE 12(p. 56) 
COMPARISON OF ACCELERATION NOISE vs MEAN ABSOLUTE CHANGE OF 

SPEED BY HIGHWAY FACILITY 

Absolute 2-mph Ac'celeration 
Average Speed Change Noise a 

Facility Daily Accident Rate 	Distribution 
Traffic per MVM 2-mph 

Mean 	Std. Day. Speed Changes ft/eec' 
a per 8osec 

Hillsborough St. 15,000 12.64 	28.21 	13.58 31.48 1.54 

Western Blvd. 17,000 5.95 	20.27 	14.14 24.84 1.21 
NC 54 3,000 2.98 	13.04 	6.62 14.64 0.72 

US 70 12,000 1.45 	9.18 	4.22 10.12 0.49 

SR 1002 1,500 3.20 	8.42 	5.56 10.10 0.49 

Beltline 10,000 0.73 	 5.88 	2.94 6.55 0.32 
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The second study cited in the basis for this relationship, 
Oppenlander and Dawson (104) related mean spot speed 
to geometric elements for two-lane rural roads, which is 
given as follows (from (104), pp.2 and 3):  

eight variables that significantly influence the rate of traffic 
flow on two-lane rural highways (3). 

This has been expressed as a geometric modulus for the 
important desigii elements and is contained in the article's 

S = 39.34 + 0.0267X1  + 0.1396X2  - 0.8125X3 - 0.1126X4  + 

0.0007X5  + 0.6444X6  - 0.5451X7  - 0.0082X8  (2) 

where 

S = mean spot speed, mph; 

X1 	= 	out-of-state passenger cars in traffic stream, percent; 

X2 	= 	truck combinations (tractor with one or more trailers) in traffic stream, percent; 

X3 	degree of curve; 

X4 	= gradient, percent; 

X5 	= 	minimum stopping sight distance, Feet; 

X6 	= 	lane width, feet; 

X7 	= 	number of commercial raodside establishments, such as restaurants, service sta- 

tions, motels, and taverns per mile (counted on both sides of the roadway for 

1/2 mile in advance of the 1/2 mile beyond the speed site), number per mile; 

and 

X8 	= 	total traffic volume, vph. 

The coefficient of multiple correlation was 0.788 for this 
investigation and was significant at the 5 percent level. The 
precision of this multiple estimate was measured by a stan-
dard error of estimate equal to 4.47 mph. This regression 
model provides a reasonable and efficient evaluation of the 
functional relationship between mean spot speed and the  

appendix. The geometric modulus is a measure of the ease 
with which traffic traverses a given highway section and 
may be an appropriate measure for the, combined effect of 
geometric elements. 

Applicability—This relationship appears applicable to all 
continuous highway facilities, although it may be more 
evident on higher speed highways. 

APPENDIX D 

STATISTICAL ANALYSES 

This appendix consists of the following statistical an-
alyses performed during this project: correlation coefficient 
analysis and general linear hypothesis. 

CORRELATION COEFFICIENT ANALYSIS 

Correlation is a measure of relative association between 
two variables. However, correlation analysis does not 
quantify the change in accident rate per change in design 
variable. Relative association is the extent to which varia-
tion in one variable is accompanied by variation in another 
variable. The correlation coefficients identify the key 
geometric characteristics of road and street designs that 
affect accident frequencies in a linear way. The regression 
model assumes linearity of accident rate and pavement 
width. Linearity implies that the change in rate is constant  

per unit increase in pavement width across the range of 
pavement width. Pearson product-moment correlation 
coefficients are required input to or an intermediate step in 
performing linear multiple regression, and are used in the 
correlation analysis. 

The first two relationships in each group (one group for 
pavement width and one for shoulder width) are based on 
regression coefficients determined from the least squares 
linear multiple regression. (Linear regression and corre-
lation analysis are discussed in standard statistical text-
books such as, Walpole, R. E., and Myers, R. H., "Linear 
Regression and Correlation." Probability and Statistics for 
Engineers and Scientists, MeMillan Co. (1972) p.  273.) 
Regression coefficients are correlation coefficients that have 
been scaled by variances. The regression coefficients 
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quantify the change in accident rate per unit change in 
pavement width or shoulder width. Regression coefficients 
also quantify the effects of varying the key characteristics, 
and combinations of characteristics, on accident fre-
quencies. 

Significance tests were performed on the regression 
coefficients (t-test on the coefficient, f-test on the standard 
error) and on the correlation coefficient (Fisher-Z test). 
A 95 percent level of significance was used for these tests. 

The design elements are related to accident frequency 
(total accidents). Accident frequency is converted to 
accident rate by dividing by total exposure (annual vehicle 
miles of travel) for the specified design category. 

Pavement Width Relationships 

Regression Analysis 

The following accident rate relationships with pavement 
width (total width of traveled lanes) were identified from 
the multiple linear regression analyses: 

1. Relationship 1: The effect of pavement width on 
accident frequency (rate) was not found to be significantly 
different from zero for most design categories at ADT's 
less than 1,000 or above 5,000 vpd in the State of Mary-
land. Two of the significant coefficients were positive and 
two were negative. 

Basis: 

Design Category 

Curvature 	Shoulder 

Change in Accident Rate Per 
1-ft Change in Pavement Width 

ADT 0-999 ADT 5,000 + 
Paved 0.512 	-0.043 
Unpaved 0.064 	0.039 
No Shoulder 0.547 	0.102 (signif.) 

0030 	Paved 0.440 	0.187 
Unpaved 0.132 	0.055 
No Shoulder 0.002 	0.059 

30 + 	 Paved 0.629 	-0.012 
Unpaved 0.957 	0.001 
No Shoulder 0.106 	- 0.246 

Discussion: All of the categories for 0 - 999 ADT 
were estimated to show an increase in accident 
frequency (rate) for an increase in pavement 
width. Six of the nine categories for 5,000 + ADT 
were estimated to show an increase in accident 
frequency (rate) for an increase in pavement 
width. The apparent discrepancies in these ADT 
groups may be due to unaccounted for variances. 
Only the estimate for the category 5,000 + ADT, 
0-deg curvature, and no shoulder was found to 
be statistically different from zero at the 95 per-
cent level of significance. 

2. Relationship 2: Pavement width was found to reduce 
accident frequency (rate) significantly in two design cate- 
gories for ADT 1,000 - 5,000. A majority of the estimates 
suggests that pavement width reduces accident frequency 
(11 of 18). 

a. Basis: 

Change in Accident Rate Per 
1-ft Change in Pavement Width 

Design Category ADT ADT 
Curvature 	Shoulder 1,000-2,499 2,500-4,999 

00 	 Paved -0.011 -0.059 
Unpaved - 0.155 (signif.) - 0.023 
No Shoulder 0.009 - 0.180 (signif.) 

0°-3° 	Paved 0.070 -0.011 
Unpaved 0.036 -0.117 
No Shoulder 0.001 - 0.070 

3° + 	Paved -0.620 0.162 
Unpaved -0.060 0.036 
No Shoulder -0.089 0.194 

b. Discussion: In five of the nine categories for ADT 
1,000 - 2,499 and in six of nine categories for 
ADT 2,500 - 4,999, pavement width was esti-
mated to reduce accident rate. Two of these 
estimates were significantly less than zero at the 
95 percent level of significance. 

Correlation Coefficient Analysis 

The Pearson correlation coefficient analysis is based on 
the correlation, or association of the variables in the sys-
tem. These coefficients provide a second basis for relating 
design elements to changes in accident rates: 

1. Relationship 3: Increases in accident frequency (rate) 
were found to be significantly associated with increases in 
pavement width in three design categories for ADT 
0 - 999. No other significant correlations were found in 
this ADT range. 

Basis: 

Pearson 
Curvature 	Shoulder 	Correlation Coefficient 

00 	 No Shoulder 	0.04118 
00  - 3° 	Unpaved 	 0.06368 
3° + 	Unpaved 	 0.10734 

Discussion: The regression coefficients for these 
ADT and curvature groups were not found to be 
significantly greater than zero; however, the cor-
relation was significant. 

2. Relationship 4: Increase in accident frequency (rate) 
was found to be significantly associated with a decrease in 
pavement width in two design categories for ADT 1,000 
- 2,499. No other significant correlations were found in 
this ADT range for pavement width. 

Basis: 

Pearson 
Curvature 	Shoulder 	Correlation Coefficient 

00 	 Paved 	-0.05611 
3° + 	Paved 	-0.19058 

Discussion: These significant correlations did not 
result in significant regression coefficients. The 
significant coefficient found for the ADT range 
stated earlier in Relationship 1 from the regression 
analysis was not based on a significant correlation. 
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3. Relationship 5: An increase in accident frequency 
(rate) was found to be significantly associated with a 
decrease in pavement width in three design categories for 
ADT 2,500 - 4,999. No other significant correlations 
were found in this ADT range for pavement width. 

Basis: 

Pearson 
Curvature 	Shoulder Correlation Coefficient 

00 	 No Shoulder 	,- 0.05890 
00 	 Unpaved 	—0.06387 
00 	3 + 	No Shoulder 	- 0.07755 

Discussion: The regression coefficient for 0 deg 
and no shoulder was found to be significantly less 
than zero as a result of the regression analysis. 

4. Relationship 6: An increase in accident frequency 
(rate) was found to be significantly associated with an 
increase in pavement width in three design categories for 
ADT above 5,000. No other significant correlations for 
pavement,  width were found in this ADT range. 

Basis: 

Pearson 
Curvature 	Shoulder 	Correlation Coefficient 

00 	 No Shoulder 	0.10469 
00 - 3° 	Unpaved 	 0.10096 
0° - 30 	No Shoulder 	0.20261 

Discussion: None of these correlations resulted in 
significant regression coefficients. The only sig-
nificant regression coefficient for this ADT range 
was not based on a significant Pearson product-
moment correlation coefficient and should not be 
used. 

Summary of Pavement Width and Accident Frequency 
(Rate) Relationships 

There is evidence from the correlation coefficients that 
the accident rate decreases with increasing pavement width 
between 1,000 and 5,000 ADT, and accident rate increases 
with increasing pavement width below 1,000 and above 
5,000 ADT. The quantification of these effects through the 
regression analysis resulted in three regression coefficients 
significantly different from zero. Two were negative, in-
dicating a decrease in accident rate as the width increases; 
and one was positive. However, maximum and minimum 
effects may be established on the basis of the other 
significant correlation coefficients. 

Table D- 1 summarizes the preceding findings for pave-
ment widths and accident rate relationships. 

Shoulder Width Relationships 

Regression Analysis 

The following accident rate relationships with shoulder 
width were identified from the multiple linear regression 
analyses for Maryland rural two-lane highways: 

1. Relationship 1: The effect of shoulder width on 
accident frequency (rate) was not found to be significantly 
different from zero at ADT's less than 1,000 and for most 
cases at ADT's above 5,000. 

Basis: 

Change in Accident Rate Per 
Design Category 	1-ft Change in Shoulder Width 

Curvature Shoulder ADT 0 - 999 ADT 5,000 + 

0° 	Paved 	—0.324 	—0.037 
Unpaved 	0.004 	0.066 

0° - 30 	Paved 	- 0.636 	- 0.278 (signif.) 
Unpaved 	0.421 	0.012 

3° + 	Paved 	—0.836 	0.061 
Unpaved 	0.307 	0.066 

Discussion: Half of these estimates for the change 
in accident rate are positive, and half are negative. 
Only one is significant statistically and it is nega-
tive. 

2. Relationship 2: The effect of shoulder width on 
accident frequency (rate) was found to be significant in 
one design category for ADT 1,000 - 2,499; and one 
design category for ADT 2,500 - 4,999. 

Basis: 

Change in Accident Rate Per 
1-ft Change in Shoulder Width 

Design Category 	ADT 	ADT 
Curvature Shoulder 1,000— 2,499 2,500 - 4,999 
ou 	Paved —0.172 —0.001 

Unpaved 0.032 - 0.020 
0°-3° 	Paved —0.062 —0.116 

Unpaved - 0.187 (signif.) - 0.120 (signif.) 
3°+ 	Paved —0.124 —0.201 

Unpaved 0.114 —0.156 

Discussion: All except two estimates are negative. 

Correlation Coefficient Analysis 

As with pavement width, the Pearson correlation co-
efficient analysis was performed for the shoulder width 
variables. This correlation analysis provides an association 
of the variables to accident rate, which is separate from the 
multiple regression analyses: 

1. Relationship 3: Increases in accident frequency 
(rate) were found to be significantly associated with de-
creases in paved shoulder width in two design categories 
and associated with increases in unpaved shoulder width 
in two design categories for ADT 0 - 999. 

Basis: 

Pearson 
Curvature 	Shoulder 	Correlation Coefficient 

0 030 	Paved 	 —0.14593 
00 -30 	Unpaved 	 0.10546 
30  + 	Paved 	 - 0.18821 
3° + 	Unpaved 	 0.10992 

Discussion: Increasing paved shoulder width on 
curved roads is associated with decreased accident 
frequency (rate). The opposite is true for un-
paved shoulder. None of the significant correla-
tion coefficients resulted in significant regression 
coefficients. 
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TABLE D-1 

SUMMARY OF FINDINGS FOR PAVEMENT WIDTH 
AND ACCIDENT RATE RELATIONSHIPS 

ADT 	CURV SHOULDER 
REGRESSION 
COEFFICIENT 

CORRELATION 
COEFFICIENT 

0-999 	00 
 PAVED 

0 
0 

UNPAVED a o 
NO SHOULDER o S+ 

0+-30  PAVED o o 
UNPAVED o 5+ 
NO SHOULDER o a 30 PAVED o a 
UNPAVED o 5+ 
NO SHOULDER o o 

11000-2499 	0°  PAVED o 5- 
UNPAVED S- o 
NO SHOULDER a o 

0+-30  PAVED o o 
UNPAVED o a 
NO SHOULDER o a 30 PAVED a 5- 
UNPAVED o a 
NO SHOULDER o a 

2500-4999 00  PAVED a 5- 
UNPAVED a 0 
NO SHOULDER S- 5- 

0+-3°  PAVED 
UNPAVED o 5- 
NO SHOULDER a o 

3°+ PAVED a a 
UNPAVED a a 
NO SHOULDER a a 

5000+ 	00  PAVED a o 
UNPAVED a 0 
NO SHOULDER 5+ S+ 

0+-30  PAVED a o 
UNPAVED o S+ 
NO SHOULDER a S+ 

3°+ PAVED a o 
UNPAVED 0 0 
NO SHOULDER 0 a 

NOTE: 	No significance is indicated by a "a". Significantly greater than zero is 
indicated by a "S+". Significantly less than zero is indicated by an '5-" 
A 959/, level of significance was used throaghoot. 

2. Relationship 4: An increase in accident frequency 
(rate) was found to be significantly associated with a 
decrease in shoulder width in two design categories and 
associated with an increase in shoulder width in one design 
category for ADT 1,000— 2,499. 

Basis: 

Pearson 
Curvature 	Shoulder 	Correlation Coefficient 

0° 	Paved 	- 0.09039 
3° + 	Paved 	—0.16408 
30  + 	Unpaved 	0.06841 

Discussion: Increasing paved shoulder width on 
curved roads is associated with decrease in acci-
dent frequency. The opposite is found for unpaved 
shoulder. These results are consistent with the 
ADT 0 - 999. None of these led to a significant 
regression coefficient. 

3. Relationship 5: An increase in accident frequency 
(rate) was found to be significantly associated with a 
decrease in shoulder width in two design categories for 
ADT 2,500 - 4,999. No other significant correlations for 
shoulder width were found in this ADT range. 

a. Basis: 

Pearson 
Curvature 	Shoulder Correlation Coefficient 

00 -30 	Unpaved 	—0.08308 
30 + 	Unpaved 	—0.08618  

b. Discussion: Unpaved shoulder width increase was 
associated with decreased accident frequency 
(rate). This is opposite to the other ADT ranges. 
The" significant correlation for 0° - 3° and un-
paved shoulder resulted in a significant regression 
coefficient. 

4. Relationship 6: An increase in accident frequency 
(rate) was found to be significantly associated with a 
decrease in shoulder width in one design category. An 
increase in accident rate was also associated with another 
design category for ADT's above 5,000. 

Basis: 

Pearson 
Curvature 	Shoulder Correlation Coefficient 

0°-3° 	Paved 	—0.12629 
0° - 3° 	Unpaved 	0.08885 

Discussion: An increase in paved shoulder width 
on curved roads is associated with decrease in 
accident frequency (rate). The opposite is found 
for unpaved shoulder. These results are con-
sistent with findings for ADT 0 - 1,000 and ADT 
1,000 - 2,499. The significant correlation for 
0° - 3° and paved shoulder resulted in a signifi-
cant linear regression coefficient from the regres-
sion analysis. 

Summary of Shoulder Width and Accident Frequency 
(Rate) Relationships 

There is strong and consistent evidence that the accident 
rate is reduced by increasing shoulder width. Increasing 
unpaved shoulder on curved sections was found to be 
associated with increased accident rate except in the 
2,500 - 5,000 ADT range. 

Table D-2 summarizes the preceding findings for 
shoulder width and shoulder surface type relationships with 
the accident rate. 

TABLE D-2 

SUMMARY OF FINDINGS FOR SHOULDER WIDTH 
AND ACCIDENT RATE RELATIONSHIPS 

ADT CURV SHOULDER 
REGRESSION 
COEFFICIENT 

CORRELATION 
COEFFICIENT 

-999 00  PAVED a 0 
UNPAVED a a 

00 - 30 PAVED 0 S 
UNPAVED a 5+ 

30+ PAVED o 
UNPAVED a 5+ 

1000-2499 00  PAVED a 5- 
UNPAVED a 0 

00 -30  PAVED a 0 

UNPAVED 5- a 
30 PAVED o s- 

UNPAVED a S-F 

2500-4999 00  PAVED a a 
UNPAVED 0 0 

00 -30  PAVED a o 
UNPAVED 5- 5- 

3°+ PAVED a a 
UNPAVED o 5- 

5000 00  PAVED a a 
UNPAVED a a 

00  - 3°  PAVED 5- 5- 
UNPAVED 0 5+ 

3°-s PAVED 
0 

0 

UNPAVED a 0 
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Summary of Findings 

The preceding summary of design element/ accident 
relationships from the data base for the State of Maryland 
support previous research findings in that correlation 
and linear regression analyses do not completely define 
these relationships. 

First, there does not appear to be any significant relation-
ship between the accident rate and pavement width or 
shoulder width for the ADT groups of 0-999 and 5,000 
and greater. Stated another way, it would appear that these 
design elements could be increased or decreased in width 
without any real effect on the accident rate. It should be 
noted that, for the 5,000 and greater ADT groups, there 
may be other design considerations, such as percent com-
mercial vehicles or design hourly volumes, that will affect 
these design elements. Likewise, other unaccounted for 
variables may be affecting the 0-2999 ADT group. There-
fore, it cannot be stated with certainty that the width of 
these design elements does not affect the accident rate. 

Secondly, for the ADT groups of 1,000-2,499 and 
2,500-4,999, there are a limited number of significant 
relationships. These correspond to previous research find-
ings, as indicated in the Phase I research for this project, 
and generally indicate a reduction in the accident rate as 
either the pavement width or shoulder width is increased. 

GENERAL LINEAR HYPOTHESIS 

The form of the general linear hypothesis, as used in this 
study, is: 

log R=XB+ (sampling error) 	(D-1) 

where log R is a vector of log accident rates, X is the design 
matrix of dummy variables used to indicate the conditions 
of the study variables, and B is the vector of effects to be 
estimated. Log of accident rates is used since multiplica- 

tive factors are of interest, which is a model of the form: 

Expected Accident Rate = Base Rate X Shoulder Width 
Factor X Pavement Width 
Factor X Etc. 

Taking logs yields an additive model as in Eq. D-1. 
The sampling errors of Eq. D-1 are used to produce 

weighted estimates that fit the most accurately determined 
rates with the greatest precision. If the estimated variance 
of rate1  is s (the ith element of the diagonal matrix S), 
the estimated effects b obtained from minimizing the 
weighted mean square error in Eq. D-1 is given by: 

	

ñ.= (X'S-1X)kS1  (logR) =A (logR) 	(D-2) 

Thus, the estimated effects are simply linear combinations 
(matrix multiplication) of the log accident rates. 

Smoothed accident rates are obtained from the estimated 
effects as: 

(log k)=Xh=XA.(logR)c (log R) (D-3) 

Here again, the smoothed values are simply linear com-
binations of the original data. Interpolated rates for cells 
in which no data were collected (and are therefore not 
described by a row of X) can be obtained as easily by a 
linear combination of the appropriate elements of B fol-
lowed by taking the antilog. 

The smoothed rates can be written as linear combinations 
of the original data, as seen in Eq. D-3: 

(log Fd = C,, log r, 	 (D-4) 

where Cq  is the jjtli element of C. The sampling errors of 
the estimated rates are found directly as: 

Var (log 	= Jj C 2  Var (log r.) 	(D-5) 

since the raw accident rates are independent. Also 

Var (log r) 	1!r 2  Var (r,) 	(D-6) 

APPENDIX E 

TABULATIONS OF DATA ANALYSES 

This appendix contains tabulations of the smoothed 
accident rates and sampling errors for the combined 
Maryland-Washington data bases. Similar tabulations for 
the New York data base are also given. 
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:3iUL5,EP TcFE: PAVED 021 F:ANGE: 9-999 HURl?. 	CUF'UE < 

F'A'.)EMENT 1IIDTH 

13 OF: LESS. 15-99 	51-32 32 OR IIOF:E 

.5 	;1t'TH 

1.5.3 	1.55 .85 

5PF ..1 1.42 	1. 1.44 

7A1 [D SET F0'NGE 	0-999 HCIF.  

5PFOhT HIDTH 

.55: F ATE R _122  F 	RE 

5.60 291 

5.34 	2.12 

3.07 	1.87. 5.18 

3.13 1.85 	1.98 1.55 

FT <.55. .532 	1.55 1.55 

:31-ISLILDEP TiRE: 	PA'.'ED APT PAHUE: 	1000-2493 HURl?. 	CUP'.JE < 
PAUEFIEHT WIDTH 

085: RATE 18 OR LESS 	19-20 	21-222.3 UP WE'RE 

SHOULDER WIDTH 

1-2 FT 1 .69 1.49 	1.38 1.51  

FT 1.93 1.22 	1.18 1.24 

FT 1.22 1.88 	.98 1.89 

7-8 FT 1.09 .95 	.57 .98 

StiR SlOPE FT 1.07 .95  

SHOULDER T'SPE: UNPAHED APT PAtiOE 	1000-249 	HURl?. 	ELiP'..JE: 	.2  

F'AUEMENT HIDTH 

55:0 F:ATE 18 OR LESS 	19-20 	9122 23 OR WORE 

SHOULDER 1•JII1TH ------------------- - --------- - 
1-2 FT 2.15 1.91 	1.72. 1.9:3 

:3-4 FT 1.76 1.56 	1.41 1.58 

s-s FT 1.86 1.:38 	1.25 1.40 

7-3 FT 1.39 1.23 	1.12 1.25 

OR MORE FT 1.:37 - 	1.21 	1.10 1.2:3 
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ADT RANGE: 50812 OR MOPE HORIZ. SI:IJLDER TYPE: 	PR'.)Eti 

FR' .'EMENT WIDTH 

ROC: PATE 11: OR LESS 	19-281 	21-2223 OR MOPE 

SHOULDER WIDTH --------- ---- -- 
1-2 FT 1.82 	1.59 	1.45 1.52 

3-4 FT 1.47 	1.32 	1.18 1.32 

5-6 FT 1.32 	.1.15 	1.84 1.17 

7-5: FT 1.17 	j.23 	.93 1.85 

9 OR MOPE FT 1.14 	1.81 	.92 1.23 

SHOULDER TYPE: IJNPRUED 	APT RANGE: 52810 OR MOPE HOPI. 	i:I_IPI)E. 	<3 

F'A'..JEMENT WIDTH 

45:8: PATS 18 OR LESS 	19-20 	21-2223. OF: MOPE 

5;HOLILDEP WIDTH ------------------------- ------------------------ 

i3 FT 2.814 	1.85 2.07 

3-4 FT 1.8:8 	1.57 	1.51 1.59 

5-6 FT 1.66 	1.47 	1.:3:3 1.49 

7-9 FT 1.49 	1.32 	1.22 1.:34 

_ 	MOPE FT 1.46 	1.38; 	1.17 1.31 

MARYLAND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

Appendix E 

	

SH':'ULLEP 	TYPE: PAMED 	 APT RANGE: 2500-4999 	HORI. 

PAMEMENT 1.118TH 

	

0CC 	PATE 	18 OR. LESS 13-22 	2122 	23 OR MORE 

5;HOULDEF: WIDTH ------------------------------------- 

	

1-2 FT 	 1.71 	1.51 	1.37 	1-59 

	

FT 	 1.39 	1.23 	1.12 	1.25 

	

5-6 FT 	 1.23 	1.29 	.99 	1.12 

	

7-9 FT 	 1.18 	.98 	.99 	.99 

9 'JR MORE FT 	 1.28 	.96 	.8? 	.97 

	

5•:HOIjLPEP 	TYPE: UNPRUED 	APT RANGE: 25510-4993 	HOP.IZ. 

FAUSt lENT HI 8TH 

	

,: 	FATE 	18 OR LEE:9, 	19-28 	31-22 	3:3 OP MOPE 

OHOULLEP 1<18TH __________________________________________________ 

	

1-2 FT 	 3.15 	1.93 	1.75 	1.96 

	

FT 	 1.73 	:.13 	1.49 	1.55' 

	

5-5 31 	 1.3:-:: 	1.39 	1.25. 	1.41 

	

7-9 FT 	 1.41 	1.25 	1.13 	1.3? 

	

ot M':'RE FT 	 1.39 	1.33 	1.11 

:A..k:A &:A::A::A.:A.:A:kk:&*Ac&w:k:ka<A:A  A  
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3H0LLi'EP T'PE: 	FA'..'ED FILT F'AiiGE 	8-579 HCTFZ. 	8*8-' o >3 

FAjEF1ENT 810TH 

:98.0 FATE I'S 47 LETS. 15-40: 	21-43 55  SF 80FF 

S471L5EPH 10TH 

FT :.'I' :5.54: 

A lNE FT 1.45 1.44 	1.45 

SHOIJLL;EF:' 	TSP-F: 	JNPA'..'ED SOT RAFISE: 	0-999 HOAlT. 	HHFF,'E: 

F'FSi)ENENT 8It'TH 

41, 	F:ATE 13 OF LESS I45:0 	14-22 33 47  MUFF 

SHOULPEP 810TH --------------------------------------------------- 

1-2: FT 2175 :3 - 3 v-1 	I 	5.59 5.35 

1-4 FT F05 :4.70 

56 FT 2.72 3.3:4 	3:. 15 

7-8 FT .41 1.14 	1.44 

9SF: NOPE FT 4.37 5.14 	1.951 2.1:3 

::Hi:;ULLEp 	T''FE: 	PA','Et HIT FAHCE: 	10110-2499  HORIZ. 	4441-1.E >3 

PAFFEMENT 	I I 0TH 

44.4: FATE 1:3 OR LEST 19-20 5:1-5:2 	5.3 OF HOSE 

SHOULDER 810TH -------------------------------------------------- 

1-2 FT 1.94 1.72 1.56 1.7 

FT 1.59 1.441 1.57 1.42 

5-5 FT 1.441 1.24 1.13. 1.34 

7-4: FT 1.44 1.11 1.01  

9 OR 1loF:E FT 1.2:3 1.09 .99 1.11 

SHrIULL:EF: 	T1'F'E: UNPAMED ROT PANOE: 149341-4493 HURl:. 	CUF'E: 	3 

PA')ENENT H 10TH 

AC:C. 	F:ATE 17. OR LETS 	19-20 21-22 	23 OF: NOPE 

SHCFjLEIEP WIDTH -------------------------------------------------- 

1-2 FT 2.4:3 2.20 1.99 2.42 

:3-4 FT 2.0:3 1.80 1.6:3 1.82 

5-6 FT 1.79 1.59 1.44 1.ol 

7-7 FT 1.51 1.42 1.23 1.44 

9 OR NOF:E FT 	 1.88 	1.40 	1.26 	1.42 



MARYLAND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

Appendix E.  

SI-EULLIEP TYPE: PANEL' 	ALIT RANGE: 5511313 OR MORE HORIZ. 	CtlRI...IE:j> 

F'AtJEUENT WIDTH 

ACE RATE j5: OP LESS 19-213 21-25 	23 OR MORE 

:H,JULLIEF: WIDTH --------- --- --- - ---- - 
1-2 FT 5.138 1.84 1.67 1.86 

3-4 FT 1.713 1.513 1.6 1.52 

5-6 FT 1.551 1.33 1.213 1.35 

7-8 FT 1.34 1.19 1.515: 1.21 

9 OP MOPE FT 1.32 1.17 1.86 1.15: 

SHOULPER TYPE: UNPANED 	APT RANGE: 53i13i3 OP MOPE HOF:IZ. 	CURIE: 	>3 

PA'. 'EMENT WIDTH 

F-CC RATE 15 OR LESS s-ao 21-22 	23 OR NOPE 

PHCIIJLL:ER 111II1TH ------------------------------------- ------------ 

1-2 FT 5.56 2.35 2.1.3  

::-4 FT 2.17 1.92 1.74 1.55 

5-1-  FT 1.32 1.78 1.54 1.72 

7-SFT 1.72 1.52 1.:33 1.54 

Cr MOF:E FT 1.59 1.'19 1.35 1.51 

MARY .AND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 
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SF:1ULLIEF: 	TYPE: 	F'A'...'ED ALIT RANGE: 25138-4993 HURlS. 	CUP'E / >j 

PA1..'EMENT WIDTH 

Al:::: RATE 13 OP LESS, 	19-20 	21-22 	2:3 OF: MORE 

:HOULE'EP HILTH 

1-2 FT 1.97 1.74 	1.5:5 1.73 

3-4 FT 1.61 1.42 	1.29 1.44 

9-6 FT 1.42 1.26 	1.14 1.2.7 

FT 1.27 1.12 	1.02 1.14 

9 OF: MOPE FT 1.25 1.151 	1.08 1.12 

'13-E,LIL11LR TYPE: 	UNPA'..JE APT RANGE: 2500-4993 HURlS. 	CURNE: 	:3 

PA'.3ENENT MI 0TH 

Al: 	FATE 15 OR LESS 	19-20 	21-22 3:3 19 	:03 

'SHOUDER WIDTH -------- -. 

FT 7.05 1.32 	1.55 1.34 

3-5 FT 1.3-5 1.61 	1.45 

FT  

. .:.p MOPE FT  1.4 .:  
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CHFULI;EF: 	P FE: 	NO 5I-S1IJLDEF: SHOULDER WIDTH: OFT HORIZ.CURVE:j' 3 

FANEISCIT 010TH 

15 OF: LESS 	1-20 	21-55 	33  

SOT 7ANCF 

'3-999 '5.05 0.74 	2H6 2-77 

120.0-2459 2.06 1.52 	1.0-5 1.05 

0500-4999 2.05 1.04 	1.67  

0003 CF. 00FF 3.20 1.'15 	1.76 1.3? 

:FHOULDEF: 15FF: CUPS CHOULSEF 	12Th: 0 FT 	>3 

00. :OAT[ S CF.: LOPS  

77 

:UG4, isposrsT 54  

MARYLMD/WASHINGTON COMBINED SMOOTHED ACCIDENT' RATES 

slçpendlxE 

SHOULDER TYPE: NO SHOULDER SHOULDER WIDTH: OFT HCRIZ.CURVE' <13 ..  

PENT WIDTH 

53:3: FATE 18 OF: LESS 15-20 	21-22 	23'1F:  MOPE 

APT FANGE 

0-599 5.55, 2.374.15 5.41 

0O0-2499 .79 1.58 	1.43 1.60 

2500-4999 1.81 1.651 	1.45' 1.52 

5550 cs. MOPE 1.91 -05 	1.5:3 1.71 

SHOULDER rOPE: ;::URB :IJSOULDEF 1.110TH: 	0 FT HOF:IZ. 	< 

F'ACEM[r'IT H 10TH 

:503 OPTE 13: OF: LESS 19—S'S 	Si—SO 	:1' OF' rOPE 

F:ANISE 	- -'- 

10:50-2499 .75  

8500 CR. MORE .51 .73 	.55 .7.3 

/ 
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SAMPLING ERRORS 

6HOULDEF: Ti'PE: PAI'ED APT RArE: 0-99 HORIZ. 	CUR''E: 	<3 

PA1..JEMENT WIDTH 

:9RMPLE ERROR 	15 OR LESS 15-30 	31-22 23 OR MORE 

3;HOULBER WIDTH ------------ - ---------------------- - ----------- 
1-2 FT .19 .17 	.14 

:3-4 FT .17 .14 	.14 .13 

FT .15 .16 	.15 .14 

1OF:E FT .17 .1' 	i3 

SHOULDER T:FE 	L:NP3I 'ED APT F.:AI4,E: 	4-999 T 

FAU3F.OT tMDTH 

:93LE ERF.:DR 	13 OF. LESS 19-20 	21-23 63 	HOPE 

SHOULIEF: H 18TH ------------------------------------------------- - 
1-6 FT 16 16 

HIRE .1- 

MARYLAND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

SFF'LLBER TiFE: FA'JED APT RAFE: 10Sii3-2495 HOF.:1Z. 	CLIRL'E: 	<3 

PAUEt-1ENT WIDTH 

SJRMPLE ERROR 	15 OR LESS 19-20 21-22 23 OR MORE 

SHOULDER WIDTH ------------------- ----- ----- --------- 

1-2 FT .17 .1.3 .13 .12 

3-4 FT .15 .18 .89 .99 

5-4 FT .16 .12 .11 .10 

7-8 FT .15 .11 .09 .09 

9 OF: MORE FT .15 .10 .05 .88 

5;HOULOER TyPE 	UNFA'1ED ADT RANGE: 1900-2493 HORIZ. 	CUF3..'E: 	<3 

RAUEMENT WIDTH 

5A11FL.E ERROR 	19 OR LESS 19-20 31-32 23 OR MORE 

SHOULDER HIDTH --------- --- - ------------------ ------------ 
1-2 FT .17 .13 .1.3 .12 

3-4 FT 	 . .15 .10 .09 .95 

F-S FT  

FT .16  

3 OR MORE FT .15  



MARYLAND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

01-OULLEF: TiFE: PA'.JED 	 5.PT RANCE: P1.-4 	H'FI?. CIRJE: 

POMEMENT ClOTH 

lOMPLE EF.F.0 	10 CF LESS 	19-00 	-1-00 	03 :JF 	F:F 

CHC'LILLEE L:LTH -------------------------------------------------- 

:1-5 FT 	 .13 

-T  

E CF MOPE CT 	 15 	.09 

LLrEP TEE: JIIPA)EP 	lilT F:AiCE: 0--9 	:CE1. CLPUE: :1 

FOSIENT .110TH 

SAMPLE ERROR 	10: CF.: LESS 	19-63 	21-22 	33 OF MOPE 

SHOULDER ....10TH -- --------------------------------------------------- 

17 

1 oP MORE MT 	 .15 	.39  

MARYLAND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

SHI1HL7IEP rIPE: 	PAlEr APT FANGE: 5000. OF: MORE H.ORIZ. 	C:HR'JE: 

P'A'JEIiENT LI1PTH 

SAMPLE EAF:OP 	10 OP LEST 	19-20 	31-02 lOLl: MOPE 

SHOULDER LIICITH. --------------------------------------------------- 

FT -15  

FT .16 	.10 	.10 

7-11: FT 

 .13 

IT,  

0 08 MORE FT :15 	.39 	.07 .07 

SHOLLEP TYPE: LI RELIED ALT RANGE: 5000 OR MOF:E HERb. 	CURIE: 

PAUEFIENT L•IIDTH 

SAMPLE EF:F:C!E: 	1:3 OR LESS 	9-20 	21-22 2.3 OR MOF:E 

CHCILILDER ClOTH -------------- 
1-0 FT .16 	. 	.13 	.12 .11 

3-4 FT .10 	.09 	.13: .07 

31-3 	FT .16 	.11 	.18 .119 

7-0 FT .15 	.1.0 	.93 .03: 

9CR MORE FT .14 	.38  



NMY1D/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

5-6uLrEp T?PE: PA'.'ED 	 APT PArFI: 	A-93 HC:PIZ. 	CLFPI.)E:>3 

FA'.EMENT 141 IDTH 

'CAMPLE EF:POF: 18 OR LESS 	19-20 	21-32 :3 OR 	31F'E 

'CHI:IULDEP HIDTH -------------------------- - ---------------------- 

3-4 FT  

5-5 FT .19 	.17  

.19 	.15 	.18 .14 

IF SORE  

'-OULDER TiRE: S5PFjHED 	751 RAHCE: 	4-883 40517. 	CURIE: 	13 

ssurHE4T SlOTH 

SAMPLE ERROR 15 CF.' LESS 	19-20 	31-22 49 5flF'E 

SHOULOEP 518TH -------------------------------------------------- 

1 -2 FT .19 	.17 	.7 .15 

CF 	7FF ST - 	:7 	.i•: 

MARYLAMD/WASHTNGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E- 

SHOULPEF: TiRE: FAMED ALT PAtIGE: 1008-2493 HURlS. 	CURSE: 	8:3 

PA''EMEHT H 18TH 

SAMPLE EF:ROF.' 	18 OF' LESS; 19-20 5:1-22 23 OF: MORE 

'C-IOULPER 418TH ------------- - 
1-7: FT .15: .14 .14 .13 

FT .18 .12 .10 .10 

7-7 FT .17 .12 .18 .10 

9 7:5: HCIF'E FT .15 .11 .jI, .43 

'CH7IJLDEPf'PE: 	UNPASEL' APT RAIIGE: 1000-2493. HURlS. 	CURSE: 	:3 

F'A'..JEMEHT H 18TH 

5A:81F1 E EF:ROF: 	13: OR LES;S 	19-20 31-22 2:3 OR MORE 

SHOLILPEF: HILTS -------------------------------------------------- 

.15 .14 .14 .1:3 

FT  

7-5 ST  

555 FT  



MARYLAND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

:HOULDEF 	TYPE: 	P9.1IED PET FANDE: 35051-4599 HOPID.  

FA'JEMEMT 	113TH 

SAMPLE LEPER 183F.: LES2' 	19-213 	21-32 23 JR MORE 

iHOLILLEF MIETH ---------------------------------------- ----- 

-3: 	13T .13: 

MT -: 

OFlOPE TT  

:H13ILJP TYPE: 	jNPA ED 	PET 3AMGE: 25130-4939 HOPI. 	3i!FUE: 

PAHEI1ENT 	113TH 

SPIIPLE EF:RCP 15: OP LE135 	19-33 	F1_22 113 OP MORE 

3;HOULL:EF: MIETH -------------------------------------------------- 

1-3 FT .1Y 	.14 	.14 

FT .17 	.11 	.131 

FT 111 	= 	'3 	11 11 

7-lET  

3CPMIPEFT =339 =139 

MARYLAND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

SHOULDER TYPE: PA'.ED 	RET P.AHCE: 5133i13  OR MOF 	HORIZ. C:UPUE: 

FA1.'ENEMT IIIDTH 

SAMPLE ERROR 	1:3 OR LE52 	19-213 	21-22 	22 HP MORE 

,:;HOULDER L•IIDTH --------------------------------------------------

1-2 FT  

	

H-J FT 	 .15 	=11 	.13 icl 

	

FT 	 17 	.13 	.11 	.11 

7-F FT  

'5 lOPE FT  

SHOULDEF: TYPE: UMF'AMED 	RET RAMEE: 51:139 OP MOPE 	HOF:IZ. f:URJJE: :3 

PA,.'EMEMT I SETH 

SAMPLE ERROR 	18 FR LEE2;19-231 	31-22 	2:3 ::ip MORE 

3i:HLPEF' HUTH -------------------------------------------------- 

	

1-2 FT 	 .17 	.13 	.13: 	.13, 

	

3-4 FT 	 =15 	.13; 	.339 

	

3-13 FT 	 .17 	.13  

	

7-8 FT 	 .113 	.11 	.113 	.59 

S liP HOPEFT 	 .15 	.13; 



MAR?LAMD/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E- 
MARYLAND/WASHINGTON COMBINED SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E- 

'IHrJLILDEF: TYPE: NO DHOLLDEP SHOL!LDEP WIDTH: Fl FT HOFI2. 	OLIF:''[: 

5HOLIDER TYPE: NO SH':,'JLDEP SHOULDEP WIDTH: Si FT HOPIZ 	CUR'.,'E: 	P 
PA' 'EIIENT ,.IIDTH 

IAMPLE EFF.:C'R 1:1 OF: LEFI; 19-20 21-22 2:3 OF: NOSE PAL'EFlEHT WIDTH 

hOT FANGE HMFLE EFF' 5 118 IF LE 	1 -Jl ._ 	r--lP 	III 'FE - 
.1 101 RANGE 	- ------------------------------ - ------------- 

.17 .15 	.15 .14 

.15 .12 	.11 .10 

2500-4399 .15 .11 	.10 .09 
5300 IF: 00FF .15- .12 .11 .10 

r ORE .114 - 	. 1 1 	. 10 .09 

Sh:'JLIiEP T,PE : 	005:2 :;H,:;L'LPEF: 111 0TH: 	H FT HOE.: I:. 	1-UF:i..1E: 

H I 	E 	TYPE: 	'F 5  III lILIES 	11TH 	I UF I: 	F''E 
H1  'E11E1" TT 

P UP 009:1; 19-20 31-22 3-3 1:5 - 	- 	. EA'...'EMEIIT WIDTH 

lIlT F:ANGE -- ---------------------- - 1-1 	F5F1F ''F 	i.. H-j 	i- 'iF 	I FE 

- 	- - . 1 A 1 ( . i I3T RANGE--------------------------------------------- 

.14 
 14 .15  

1030-2459 .19 

0500-4399  



NEW YORK SMOOTHED ACCIDENT RATES 	 NEW YORK SMOOTHED ACCIDENT RATES 
Jt 

A Appendix E 	 ppendix E 	 00 

1:HOULI.L. 	13E: 	FAMED FIT HAMIIE: HORIZ. CURVE: <3  

PA EF'EHT :110TH 

,TO FATE 	13 OP LLS<1; 	19-20. 	1' 23 FR iiCFE 

h!:iL4EF 	15TH --------------------------------------------------- 

FT 1.94 	1.73' 

-. 	FT 1.32 

MAE FT 1.70 

FHOULDER T'FF'E: 	UIIF'AUED ROT F:ANEE: 	0--999 13.1:. 	ILR't.:E: 	<:3 

PAl EMEI IT H I 5TH 

-'33. 	HATE 	18 OF LESS 	15-30 	5:1-22 3:3  OR MORE 

SHC'ULIER HIDTH -------------------------------------------------- 

1-2 FT 1.70 	15'3 	1.96 1.53 

:3-4 FT 1.42 	.35. 	1.04 1.32 

7-2 FT 	- 1.17 	1.02 

FT 	.., 1.15 	7 .01 	.3:3 

HER MtF.E FT 1.06 	.' 	102 

SHOULDER TIRE: FAMED ROT F:ANGE: 	ic_34'79 MERlE. 	31jpU[ <3  

FA'.'EMEMT MIrTH 

ACE RATE 	IS OR LESS 19-20 	21-22 	5.3 OP MORE 

HOULDER 915TH --------------------------------------------------- 

1-2 FT 1.5:3 1.33 	1.3:3 1.47 

:3-4 FT 1.32 1.10 	1.52 1.33 

5-5 FT 1.08 .55 	1.35 1.00 

7-3: FT 1.01' .94 	1.2:3 .99 

3 OF: MORE FT .9:3 .56 	1.13 .91 

SHOULDER TMF'E: LINPRUED AliT RAHGE: 	1000-2499 HoRIE. 	CURME: 	<:3 

FA'.EMEHT L•IIDTH 

03:3: FATE 	15- CR LESS 19-20 	21-22 	2:3 OR MORE 

SHOULDER 910TH ------ ------------------------------ ------------ 

1-2 FT .95 .34 	1.10 

.3-4 FT .30 .713 	.95: .74 

5-0 FT .45 .57 	.75 .60 

7-3 FT .65 .57 	.74  

HER MOPE FT .59 .53 	.58 .5.5 



NEW YORK SMOOTHED ACCIDENT RATES 

Appendix E 

5HOL1LDEF: TYPE: FA'JEI: AST FANGE: 2503-4599 HORIZ. 	iUP' If 	<3 

PFOErIENT HIDTH 

Ac:. FATE 19 OF: LESS 19-20 	21-22 	0:7 OF: MOPE 

5;HOULLEP 13IDTH -------------------------------------------------- 

1-2 FT 1.07 .94 	1.24 .99 

:7-4 FT  

5-6 FT .7:7 .99 

7-9 FT  

9 OP HOPE FT .67 .59 	.77 

SHiiUL1:E 	TYPE: JHPA'..'Erj APT RANGE: 5900_4q59 HOF:1. 	3UF:J)[: 

F'AHEHENT ilIDTH 

AGO PATE 17 OF: LESS 19-23 	21-02 	5t3 OF NOPE 

-P F-i 

5HOLILPEF: HIDTH --------------------------------------------------

.95 .57 	.74 .671 

.7-4 FT .54  

5-7 FT .44 .:"3 	..1 .41 

7-3: FT :44  

CP NOPE FT .43 .35 

NEW YORE a4OOID ACCIDENT RATES 

______ S.  

SHOULDER TYPE: PANES ADT F:AHGE: 50313 OF: MOPE Hff:12. 	f:IjF:I...l3 	03 

PAUEMENT H I 11TH 

FOG PATE 	16: OR LESS 	19-20 	21-2223 OR NI:PE 

1H:IJLIiEF: HIDTH ------------- ------------------------ - ----- 
1-2 FT 1.31 	1.15 	1.51 1.21 

:7-4 FT 1.03 	.00 	1.20 1.01 

5-0 FT .90 	.79 	1.03 .3:3 

7-9 FT  

SOP MOPE FT .31 	.71 	.74 .75 

5HCl_iLDEP TYPE: 	UNPA'JED APT RANGE: 	5003 OF,  MC'F:E HOPIZ. 	i:tlF:NE: 	13 

FA'4EMENT HIDTH 

FCC F:ATE 	1E,. OR LESS 	19-20 	.71-22 	2:3 OF, 	lOPE 

:SHI:;IJLDEP L1DTH ----------------------------------------------- -- 

1-2 FT  

FT .66 	.714 	.79 

9-OFT  

9 OP. MOF:E FT .47  



NEW YORK SMOOTHED ACCIDENT RATES 	 NEW YORK SMOOTHED ACCIDENT RATES 

Appendix E 	 Appendix E 

--•CJL:EFT1FE: 	FAIlED .LTRFISE: 	-'>99 cr' 

EASEMENT 513TH 

:411 RATE 	IS SF  LESS 15-20 21-22 SF: MORE 

CHOULEEP EIDIA --------------------------------------------------- 

FT 

3 CE: MORE FT  

SHOUL:!EP TiRE: 	UHF-H' 'EL ODT FENCE: 0-999 IIOF.:1. 	ULSS'IE: 	>3 

EASEMENTS 12TH 

ACE FATE 	19SF: LESS 19-50 51-92 52 cr: SORE 

SHOULDER 512TH --------------------------------------------------- 

1-2 FT 1.91 1.59 1.2? 

3-4 FT 1.51 1.33 1.74 1.451 

5-AFT 1.24 1.09 1.42 1.14 

FT 1.59 1.11 1:41 

9SF nOPE FT 1.12 . 	1.59 1.54 

3 -  'IJLDER TiRE: 	RE' ED 	 HOT F:AHCE: 	1000-2499 -lopI:. 	CURIE 	>3 

FAUEMENT 515TH 

ACE FATE 18 OR LESS; 	19-213 	21-22 	2:3 CR MORE 

HOULCER IJIDTP 

1--S FT 1.69 	1.47 	1.93. 1.55 

3-4 FT 1.40 	1.23 	1.52 1.:30 

5-6 FT 1.15 	1.01 	1.:32 1.06 

FT 1.14 	1.00 	1.31 1.05 

9SF: MORE FT 1.04 	.92 	1.20 .59 

5:H5,I_ILDEP TiRE: UNFASED 	01ST F:ANCE: 	1900-2499 HOF:IZ. 	CURSE: 	13 

PASEMENT Hi DTH 

F.:ATE 1:1: CF LE:35 	19-20 	5:1-22 	9:3 CR MORE 

SHOULDER 512TH -------------------------------------------------- 

1-2 FT 1.01 	.5:9 	1.16 .94 

1-4 FT .54 	.74 	.57 .79: 

5--A FT .69 	.51 	.55! .54 

7-5: FT .65 	.50 	.75 .53 

9 CR MOF:E FT .63 	.55  



NEW YORK SMOOTHED ACCIDENT RATES 

Appendix E - 

CHOI_'LDEP T,PE: PA'..:ED 	 ADT RANGE: 	2500-4999 	huPIZ. 	CL;FI : 	>3 

PAAENENT 141 9TH 

An: RATE 1:3 CR LESS 	19-20. 	21-?a 	c: OF FORE 

SHOULDER SIIDTH ------------------------- - 
1-S FT 1.14 	1.00 	1.01 

5-4 FT .95 	 1.09 

5-6 FT .90 	.72 

7-SF7 .77 	.cc•: 	.5:9 	.71 

9 OR MOPE FT .71 	22 	.21 

SHOULDER 	FEE: 	'JNPA'.,'ED 	ALT F:AIICE: 	2500-4999 	HOF:1. 	C:UF.'.'E: 	:2 

MA'.'EFEHT WIDTH 

6CC. FATE 18 OF LESS 	19-90 	21-22 	9? OF: 1IOPE 

SHOULLEP 	'19TH ---------------------------------------------------- 

1-2 FT .53 	.57 	.19 

FT 

905 0552 FT  

NEW YORK SMOOTHED ACCIDENT RATES 

Appendix E 

7HflLLDEP T'PE: FAMED ADT RANGE: 5000 C'P MORE HOF:IS 	i:I1Ft 	>3: 

PAMEMENT I1ILTH 

6CC FATE 	19 OR LESS 	19-20 	21-92 	23 OP MORE  

SHOULDER FILTH -------------------------------------- -------- -- 

1-2 FT 1.39 	1.22 	1.60 1.28 

3-4 FT 1.16 	1.02 	.1.34 1.0? 

5-2 FT .75  

FT .54 	.:72 	1.03 .5:7 

9 OF: MOPE FT .5:5, 	.75 	.99 .80 

SHUJ_ILDEF: TSRE.: 	HARFiMEE: ALT RANGE: 5000 OP NOPE HORIZ- 	,:UR'..'E: 

PAMEMENT L•I1DTH 

6CC RATE 	18 OR LESS 	19-20 	21-22213 OR MOF 

HCLILLER IJ1DTH -------------------------------------------------- 

1 -2 FT .94 	.73 	95 .77 

FT .51 	. 	.90 .65 

Fl-S FT .87 	.5.0 	.5-6 

F OF: FORE FT .52  



NEW YORX SMOOTHED ACCIDENT RATES 	 NEW YORE SMOOTHED ACCIDENT RATES 

Appsndix E 	 AIC4IX 

SHOULDER TYPE: NO SHOULDER 	SHOULDER WIDTH: OFT 	HORIZ.CURVE: <3 

	

AliErElf! 	LTH 

18 UF: 	19-80 	 F MC!E 

1T FA 

.55 

OF: MUF:E 

LI TFE: OLfFE 	 OHUULtEF 011TH: 8 FT 	HORIZ.CURVE: <3 

FF8] FlIT 1-110TH 

OF: rOPE 	 .08 	.89 	.1-8 



NEW YORK SMOOTHED ACCIDENT RATES 

SANPLXNG ERRORS 

App.ndx E. 

OHIJLILLER TiPS: 	PA''EP ALIT FtRHGE: 	o-s. HoRI. 	I::uF:''E: 	<3 

PA''EHENT H I PT-H 

SAMPLE ERROR 18 OR LESS; 19-2A 21-22 33 OR MOPE 

SHOULDER HIPTH ------------- - ------------- - --- ---------------- 
1-2 FT .15 .15 .15 .14 

3-4 FT .12 .12 .12 .11 

5-6 FT .12 .11 .11 .11 

FT .13 .12  

9 OP MORE FT .14  

5HCSLiE5' TiFE: UNPA1-'EL; ALT RANGE: 2-999 .NUF:IZ. 	LUF:YE 	:3 

PA'..'EMENT 112TH 

FFIIIPLE ERROR 18 OP LESS: 19-35i 21-22 53 06 MUFF 

SHOULDER HIIITH ------------- -- 
1-5FT .15 .14 .15 

FT  

5-6 FT  

15 MORE FT .14 .13 .1:. 

NEW YORK SMOOTHED ACCIDENT RATES 

SARPLING ERRORS 

Appendix E- 

SHOULDER TiTE: PA'..JED 	 ALT RANGE: 	1000-2499 HORIZ. OURUE: 	<3 

PANEMENT HI DTH 

SAMPLE ERROR 18 OR LESS 	19-26 	21-22 23 OR Mcf:E 

<9:IULt!EF: 119TH --------- ------------ - ------------- ---- - ----- 

1-2 FT .15 	.14 	.14 .14 

:3-4 FT .12 	.11 	.11 .16 

5-6 FT .13 	.12 	.113 .151 

7-9 FT .12 	.11 	.16 .16 

9 OR MORE FT .14 	.12 	.12 .12 

SHOULDER TYPE: UMPANEP 	APT RANGE: 1060-2493 HOR1Z. 	HpU[: 	<3 

PANEMENT HI TH 

SAMPLE ERROR 18 OR LESS 	19-20 	31-22 53 OR MORE 

s-IOULI:ER118TH ------------- ------------------- ---------------- 
1-2 FT .14 	.14 	.14 .1:5 

3-4 FT .11 	.11 	.11 .16 

5-5 FT .11 	.10 	.jlJ .10 

7-9 FT  

S 

	

If 9<9E FT .19 	.13 	.13 .12 

C.' 



NEW YORK SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

SHOULLEP 1 FE: PAULO ROT PAUSE: 25$ HSPIZ. 	5F:'.,E: 	:3 

FAHEIIEUT WDTH 

1.AMPLE ERFSIF: 	18 OR LESS 	19-20 21-22 SiR ElOPE 

35II_iLLiEF: l,IDTH -------------------------------------------------- 

1-2 FT .14 	.14 .1 .13 

3-4 FT  

5-5 FT  

.12 	.10 .EO .151 

OR MOPE FT .1:3. 	.12  

SHCRSDEP TYPE: UHPA..JED APT PAUSE: 2500-4999 HOF:I2. 	CLiRHE: 	:3 

A'.JE11EHT UIOTH 

SAMPLE EPPOP 	18 OF LESS 	19-20 31-22 23 OR MORE 

SHOULDER EIIOTH -------- ---------------------------------- 

1-2 FT .14 	.1:3 .14 .13 

3-4 FT .11 	.18 .15 to 

5-6 FT  

7-8 FT .11 

5SF: IUF:E FT .1?. 	.12  

NEW YORK SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

:HuLLPEP TYPE: PAUED 	APT PAUSE: 5000 OR MOPE HOF:I2 .CL1HIE: 	<3 

FAL'EMEHT HIOTH 

.3AHF'LE ERROR 	18 OF: LESS 	19-20 	21-22 sc- OR MOF:E 

:CH:ULPEF HIPTH ------------- ----------------------------------- 
FT 1-2 	 14 	.13 	.14 .13 

2-4 	FT 	 .11 	.lSi 	.15: .151 

5.-S FT 	 .11 	.10 	.15 .139 

7-8 FT 	 .11 	.10 	.117 .151 

9 OR MOF:E FT 	 .13: 	.12 	.15 .12 

SHOULDEF: TYPE,: I_S4PAUEI: 	ALIT PAUSE: 5000 OR MORE HORIZ. CUPUE: 	<3 

PA'...'EMENT 111 0TH 

SAMPLE EF:ROR 	18 OR LESS 	19-20 	21-22 23 OR MORE 

SHOIJLIrEP MIOTH ------------- - ---------------------- - ----------- 
1-2 FT 	 .14 	.13 	.13 

3-4 FT 	 it 	.10 	.15 .151 

5-6 FT 	 .11 	.10 	.113 .09 

F-AFT 	 . 	11 	 to 	.10 .59 

9 OR MORE FT 	 .13 	.12 	.12 .11 



NEW YORK SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

SHOLILLEF TiPE: 	PA''Et' 	 ADT FIRHGE: 	:1-599 HOPI. 	CUPIIE: 

FAUEIIEF1T WI 11TH 

SAMPLE EPF:C'R 18 OP LESS 	19-20 	21-22 23 OP MORE 

SHOULDER WIDTH ------------- - ----------- 

1-2' FT IF. 	.15 	.15 .15 

FT .1:3 	.12 	.13 .13 

5-4 FT .13 	.11 	.11 .11 

7-3 	T  

SOP MORE FT .15 	.14 	.14 .13 

SHOI_LrEF: TrE: UMPAMED 	APT PANGE: 0-999 HURlS. 	f.URHE 	-:3 

PAI,IEMEMT WI 11TH 

ISSAL.E3S; 	19-20 	31-32 331!PMUFE 

UHOULLEP: WIDTH 

1-SFT .15 	.15 	.15 .14 

3-4 FT .3 	.13 	.13 11 

-lURE FT .1- 

NEW YORK SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

SH':rLLDEF.: TVPE: PAI..IED 	 APT RAHGE: 1000-24. 	HURl:. ;::UF:UE: 

PAI..IEMEHT WIDTH 

SAMPLE ERROR 	18 OR LESS 19-20 	21-22 	23 OR HOPE 

:E;HOI_ILDEF: WIDTH 

1-2 FT 	 .15 	.14 	.14 	.14 

3:-4 FT 	 .13 	.11 	.11 	.11 

	

.12 	.10 	.10. 	.10 

7-:FT 	 .13 	.11 	.10 	.10 

	

OP :IOF:E FT .14 	.12 	.12 	.12 

SHOL!LtEP TiPE: UHPIRI.JEP 	ALIT RANGE: 1000_2419 	HI:IpIz. CIJRI,..JE: 

PA'..JEFIENT WIDTH 

SAMPLE ERF:UP 	15 OR LESS; 	19-20 	21-22 	23 OR HOPE 

5:WiIJLPEP WIDTH 

12 FT .15 .14 .14 .14 

:::-4 FT .13-  .11 .11 .11 

3-H FT .12 .10 .10 .10. 

7-8 FT .10. .10 

S UP lOPE FT .14 .12 .12 .12 
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L]JER r'3p: FAIlED 	 ADT RANGE: 3_45Z 	45P1. 0L39)E: >:3 

PAl lEriPSiT 115TH 

3'1r:PLE EFF:OP 	18 OP LESS 	19-931 	51-82 	5: ':.p iUFE 

G-9iJLIIEP 108TH ------------------------------------- ------------

1-S FT  

FT  

0-5 FT 	 .12 	.151 	.113 	.13 

FT 	 .18 	.11 	.13 	.18 

FOP NOIRE FT  

5HUL;LDEF: TVPE: UNPA...EP 	ROT RANGE: 251313-4999 	HOP.I:. C00:1E 	3 

PAI.IEMENT HIDTH 

IHMFLE E.PF:OP 	12 OF.: LESS;19-28 	21-22 	20 OF siORE 

RHIILILLEP 1•IIDTH -------------------------------------------------- 

1-2 FT .14 .14 .14 	.1:3 

3-4 FT .11  

FT .11 15 .151 	.113 

1-> FT .12 .151 .15 	.13 

FOP NOPE FT  

k;Aa:Ak:.CA;A**:&:kA:A*AAAAA 	 a:A:A::A:11:A::k:k.:&:k:tkW:J 

-:!9L2P TPE: 	FAMED ALT RANGE: 	5515113 OF: ElOPE HURlS. 	!::uFiJET: 	:3 

PAL'EMENT L•1IDTH 

SAMPLE EF:PUF: 15: OF: LESS 	13-28 	81-22 22 JR HOPE 

0iJULLiEF. 118TH ------------- - 
1-2 FT .14 	.14  

0-4 IT .12 	.11 	.11 

5-5 FT .11 	.18 	.113 .5 

FT .12 	.113 	.151 .151 

OCR. IIOF:E FT .14 	.12  

.:A.....AA W) 	AWA WkA A1AAAAA:AA -AA:AAAAA:A.;A::A::A::A.;AzA:;A .... 

SHOULDER: T1PE: 	liNpA'E[l APT RANGE: 5000 OR lOPE HURl:. 	11jp'..IE: 	>3 

PA'.3EMEMT 012TH 

SAMPLE EPPOP 15 OP LESS 	19-28 	21-22 5:3 OP NOPE 

OULLEF: 1•IIPTH -------------------------------------------------- 

1-2 FT .14 	.13 	.14 .1:3 

3-4 FT .11 	.13: 	.10 .151 

5-5 FT .11 	=18 	.15 .519 

FT .11 	.18 	.113 .15 

9 OP MOPE FT 	 .13 	.12 	.12 	.12 
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J;HfSLt:EP TPE: 110 SHOLILDEF: 	:JHOI_ILDEF.: IJIDTH: 	FT 	H1JP1. f:UF9IE: 

FA'..'EMENT 1IIDTH 

SAMPLE EPF:OP 	15: OP LESS 	19-20 	21-22 	23 CF 'ORE 

RET RANGE 	----------- --------------------------------- 

1000-2499 	 .27 	.29 	.39: 

.3.9 

9080 OF: MOPE  

SHC!ULSEP TCFE: TL]F11 	 SHOIJLDEF HI['TH 0 FT 	11OFICLT 

F'A'JENENT Hi ['TH 

SAMPLE ETPFCP 	18 OF.: LESS 	19-28 	21-33 	2-:0R MORE 

APT RANGE 	---------- - 
3-459 	 .4:7 	.43 	.42 	.42 

15100-2499 	 .42 	.41 	.41 	.41 

57197 OP HOOF 	 .42 	.41 	•2 	.41  

NEW YORK SMOOTHED ACCIDENT RATES 

SAMPLING ERRORS 

Appendix E 

SHOL'LEEP TCPE: NO SHIILLDEP 	SHOULDER NIDTH w FT 	HOPIZ. CLIPUE: >3 

F1R'...'ENENT WIDTH 

SAMPLE ERROR 	IS 99 LESS 19-20 	21-22 	2.3 OF MERE 

NET RANGE 	----------- ------------------- ------------- 

39 

1080-3495 	 .39 	.35 	 .38 

5000SF: MOPE  

k:A::A.44::*4::k:A:.A:&:A- :A::Ak:k:A::A:,¼;A..... 

SHOULSEF: T'PE 1.15: 	 3HouLDEF.: WIDTH: 5'. FT 	HOF:IZ. l::UFO'E: 

PAL'ENEMT WI DTH 

ORIOLE OOROF: 	15 SF: LESS 	19-20 	21-22 	23 O  MOPE 

RET RANGE 	---------------------------------- - 

	

.43 	.43 	.42 	.42 

	

.42 	.41 	.42 	.43 

.42 

	

OF MOPE .42 	.41 	.42 	.42 

C.' 
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APPENDIX F 

VALIDATION AND MODIFICATION OF RELATIONSHIPS 

The design element safety relationships presented in 
detail in Chapter Three of the Users Manual (Appendix I) 
were derived from combined data obtained from the States 
of Maryland and Washington. Although the applicability 
of these relationships to these states is fairly certain, some 
additional validation was required to assure their general 
applicability to other states. Further, because the relation-
ships could not accurately predict the accident frequency in 
all areas, some simple technique for modifying these 
relationships for other areas was sought. In this way, a 
methodology would be developed for applying the relative 
differences established by intensive research to predicting 
actual accident frequencies in a given local area or state. 
The objective was to require a minimum of available data 
from the state in order to perform the modification. 

As part of ongoing research being performed in Ala-
bama, a number of segments of roadway were evaluated 
for accidents over a four-year period including 1972-1976. 
Since accident frequency, ADT, curvature, lanes width, 
shoulder width, and shoulder surface type were directly 
measured for these segments, they provided an excellent 
test and validation for the relationships developed within 
this project. 

DATA COLLECTION 

Data used for comparison were collected in Alabama 
for a project separate from the NCHRP Project 3-25 data 
collection or pilot test. Geometric measurements were 
made on 218 segments by direct measurements of lane 
width, shoulder width, and curvature. Accidents for these 
segments were obtained using the ACE (Alabama Accident 
Countermeasure Evaluation System—see AOHTS Report 
300-76-002-001-033, Aug. 1975), a computerized accident 
record retrieval system. All segments had unpaved 
shoulders, and the shoulder widths were averaged where the 
two shoulders differed in width on a given segment. Table 
F-i presents the variety of geometrics and ADT's over 
which the segments were obtained Segments with major 
intersections or bridges were excluded from the study data. 

The relationships and adjustment factors developed 
through the NCHRP Project 3-25 research were exercised 
using the REAP (see the Users Manual, Chapter Six, 
Appendix I, fof REAP program documentation) program 
in order to obtain an estimate of the accident frequency for 
each of the segments in terms of accidents per year. Table 
F-2 presents a selected subset of the raw accident frequency 
data for illustrative purposes. The "REAP Estimate" 
column shows the estimate using the relationships devel-
oped from the NCHRP 3-25 research. In the other column 
is the actual number of accidents per year as obtained from 
the four-year estimate. 

TABLE F-i 

FREQUENCY OF SEGMENTS BY GEOMETRIC 
CHARACTERISTICS 

ADT and CURVATURE 

ADT Curvature 	Total Miles Total Vehicle Miles 

o - 999 3 	 265 152,240 

3 	 37 21,727 

1000 - 2499 3 	 335 521,529 

3 	 47 744,630 

Totals 684 1,441,096 

LANE WIDIH AND SHOULDER WIDTH 

Shoulder Lane Width 

Width 9 9.5 10 	10.5 	11 11.5 	12 Total 

0 - - - 	- 	- - 	- - 
2 2 1 - 	- 	- - 	- 3 
4 2 3 10 	- 	- - 	- 15 

6 14 7 18 	1 	6 1 	1 48 
8 31 22 28 	3 	9 1 	0 94 

10 15 6 15 	4 	13 1 	4 58 

Total 64 39 71 	8 	28 3 	5 218 

SEGMENT LENGTHS 

Length (Miles) .05 	.1 .15 	.20 	.25 	.30 	.35 .4 	.5 	.6 	.7 .8 	9 

Number 4 	62 8 	61 	13 	32 	3 18 	8 	4 	3 1 

Some observations can be made directly from the raw 
data itself. Note that, although the REAP estimates are 
rather continuous in nature, the actual values are quite 
discrete. This is because the REAP relationships predict 
the expected number of accidents per year over a very long 
(infinite), period of time. Thus, a 0.33 estimate implies 
that on the average there will be one accident every three 
years. However, the particular segment may go five years 
without an accident and then experience two the next year. 
Although this averages out, it is clear that the actual values 
obtained over a four-year period will very rarely be the 
same as that predicted by REAP. In fact, the actual 
accidents per year must be discrete—taking on values of 
0.25, 0.50, 0.75, 1.00, 1.25, etc.—because of the four-year 
period over which they were obtained. 

It can be seen from Table F-i that, for the most part, 
the segments are quite short, most being 0.2 of a mile or 
less. For this reason there are many segments that did not 
have an accident occurrence over the four-year period. An 
immediate thought might be to combine segments with 
identical characteristics. However, because of the large 
number of combinations of characteristics, there are few 
that are identical in all aspects. It is also good for com-
parative purposes to maintain the individual identity of a 
segment, because this is ultimately the unit that will receive 
particular design specification. 



169 

INITIAL COMPARISON AND IMPROVEMENT 
	

TABLE F-2 

In order to compare estimated with actual accident 
frequency, a linear regression was performed where the 
"actual accidents" were the independe.nt variable and the 
REAP estimates were the dependent variable. The scatter 
diagram and the best fit line are shown in Figure F-i. Note 
that the letter given indicates the number of samples at that 
given point (i.e., A= 1, B =2, C= 3, etc.). The regres-
sion model used assumes that the line should intersect the 
origin, which is valid because both dependent and inde-
pendent variables are estimating the same parameter (ac-
tual accidents per year). Thus, the form of the model is: 

y = b x 	 (F-i) 

where y equals the REAP estimate for segment (dependent 
variable), x equals the ACE value for segment (inde-
pendent variable), and b equals the slope of the regression 
line. 

Now, if the ACE and REAP estimates coincided exactly, 
the slope of the regression line would equal 1. In addition, 
the R2  factor would equal 1, indicating that 100 percent 
of the variation is the dependent variable due to (or cor-
related with) the independent variable. Obviously, from 
Figure F-i, this is not the case. However, there is a rela-
tively good R2  factor of 0.43 (43 percent of variation 
accounted for), even though there are a large number of 
ACE values at the zero point. The value of b obtained 
was 0.44, indicating that REAP was predicting less than 
half of the accidents that actually occurred. 

Before making any definitive conclusions with regard 
to the foregoing results, the points discussed with respect 
to Table F-2 should be reconsidered. The major inade-
quacy in the previous comparison is that the actual acci-
dents in any given segment in four years do not provide a 
good prediction of future accidents over the long term 
because of their random and discrete nature. Thus, if 
actual accidents are to be used at all for validation, some 
process of averaging must be applied to reduce their 
randomness and improve their continuity. Again, the few 
number of segments with identical characteristics pre-
cluded the possibility of evaluating longer segments by 
averaging within identical subclasses. 

The only solution without greatly increasing the amount 
of data collection was to average the actual accidents for 
those segments that were close or similar, although not 
identical, in geometric and ADT characteristics as well as 
length. Here a clear definition of what constitutes a 
"similar" segment is essential. In Table F-2, note that there 
are several segments with identical REAP estimates, al-
though not necessarily identical design specifications. For 
example, there are three segments with a REAP estimate 
of 0.31 accidents per year. Of these three, two had actual 
accidents of 0.25/yr (i.e., one in the four-year period) and 
one had no accidents. One way to define "similar" would 
be "those close in their REAP estimates." Thus, one way to 
average the actual accidents per year would be to average 
those that are close or identical in their REAP estimates. 
In this example the REAP estimate would still be 0.31, but 
the actual accidents per year would become (0.25 + 0.25 
+ 0.0)/3 = 0.17 acc./yr. Although this is low for this 

COMPARISON OF NCHRP 3-25 ESTIMATES WITH 
ACTUAL FOR A SAMPLE OF SEGMENTS 

Segment REAP Esflmate 
Actual Acddents/ 

Year 

• S S 

• . . 
• • S 

85 .25 0.00 
86 .22 0.00 
87 .20 .50 
88 .33 .50 
89 .31 .25 
90 .28 .50 
91 .29 .25 
92 .29 .25 
93 .33 0.00 
94 .31 .25 
95 .32 0.00 
96 .26 .25 
97 .34 0.00 
98 .31 0.00 / 
99 .33 .25 

100 .33 0.00 
101 .40 .75 
102 .35 .50 
103 .40 0.00 
104 .40 .25 
105 .28 0.00 

• S S 

• S S 

subset of the data, it is expected that there would be a 
sufficiently large sample of similar REAP values in the data 
to provide the ACE values which, when averaged, would 
yield a much more reliable estimate of the future accidents 
per year than was obtained for the earlier comparison. 

Finally, another improvement in the comparison is ob-
tained by normalizing the data points into a common unit 
of accidents per mile per year. Both the ACE and REAP 
estimates will be sensitive to the length of the segment 
(i.e.; the longer the segment, the more accidents that will 
be estimated). Because of the varying lengths, it would 
not be possible to tell if the correlation obtained was due to 
the proper estimate as a function of the geometrics or 
whether it was just due to segment length changes. In 
normalizing the data by dividing by the segment length, 
this effect is removed. 

FINAL COMPARISON AND MODIFICATION 

The rationale given previously provided the basis for 
modifying and improving the data for comparison and 
validation purposes. In essence, a comparison was now 
being made for all segments with similar or identical REAP 
values. The comparison involved the average REAP value 
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against the average actual (ACE) value of accidents per 
year. In order to preserve the concept of a segment, and 
to use a comparable test, the same regression procedure 
was applied. Now, however, the actual ACE figures- were 
replaced by the avejages. Geiterally, the actual REAP 
figures were used directly for the regression data, but in a 
few cases close REAP figures were combined and averaged 

to form a larger and more representative subset. For 
proper weighting purposes, the frequency with which a 
given REAP value originally appeared was preserved such 
that the number of data points in the final comparison was 
still 218. 

The results of the comparison using the regression tech-
nique are shown in Figure F-2. There is a great improve- 
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ment in the slope with a 0.83 value of b. This means that, 
on the average, REAP predicted the actual average values 
about 17 percent too low. However, the consistency of the 
prediction, which is a much more important factor, is 
shown to be increased with a 0.85 R2  factor. This means 
that 85 percent of the variation in the actual averaged 
values are explained by REAP. This is very much higher 
than expected because of the large random variation in 
accident causation. However, because the roadways chosen 
were very similar in all respects, with the exception of lane 
width and shoulder width, this high correlation between 
predicted and actual is not unreasonable. 

For this particular example comparison, the modification 
procedure is quite straightforward. Because on the average, 

y0.83x 	 (F-2) 

where y equals the REAP estimate from NCHRP 3-25 
estimates and x equals the actual expected number of acci-
dents per mile/year, to apply the REAP estimate to this 
area for similar roadways, use x = y/0.83. That is, divide 
the REAP estimate by 0.83 to "scale up" the estimates to 
actual. Since the correlation is quite high, the relative 
amount by which REAP is predicting accidents should still 
be quite useful for design purposes. 

CONCLUSION 

A methodology has been given for validating and modi-
fying the relationships developed in the research without 
involving a great deal of additional effort. Because each 
state has unique characteristics in its roadway system and 
reporting techniques, some modification is expected. The 
general methodology, given in the Users Manual, involves 
the replacement of the Maryland-Washington base rates 
(accidents per million vehicle miles) with those of the 
state. This procedure goes one step further by providing a 
direct comparison of predicted versus actual, using a simple 
regression technique. The results of the regression provide 
both an estimate of the reliability and an adjustment factor 
that is quite easy to apply. 

The modification methodology was successfully tested on 
a set of data from Alabama. A high correlation between 
estimated and actual data was found. The adjustment be-
tween estimated and actual was found. The adjustment 
factor indicated that the relationships developed, using 
Maryland-Washington base rates, predicted Alabama acci-
dents on the types of roads under consideration about 17 
percent too low on the average. However, because of the 
consistency indicated by the R2  factor, once the adjustment 
is applied, the relationships should be quite useful for 
design purposes. 

APPENDIX G 

FIELD TEST OF USERS MANUAL 

The Users Manual (Appendix I) was field tested in 
Alabama and Pennsylvania. In one test, personnel were 
provided advance copies of the manual, whereas in the 
other they were not. In both tests, personnel from the re-
spective agencies were given a brief orientation on the over-
all objective of NCHRP 3-25 and the purpose of the 
Users Manual. Members of the project staff were available 
during the tests and provided assistance as required. 

RESULTS OF ALABAMA FIELD TEST 

The field test involved obtaining accident data and con-
struction cost data from Alabama and using these in the 
procedures set forth in the methodology. 

Development of Input Data 

Construction Costs 

Construction costs were obtained from a rural two-lane 
highway project that had recently been let to contact. The 
bid sheet showing material quantities, unit costs, and total 
costs was used to allocate costs into the following cate-
gories: 

Fixed—Items that did not involve a change in quan-
tities due to different pavement and shoulder widths. 

Roadway—Items related to the basic roadway, in-
cluding grading, base, subbase, minor drainage structures, 
etc. 

Pavement—Items related directly to the pavement 
surface, such as bituminous concrete, tack coats, etc. 

Shoulder—Items related directly to the shoulder and 
its construction. 

The project reviewed had a 24-ft pavement, 6-ft unpaved 
shoulders, and a 36-ft roadway width. The project length 
was 4.38 mi. Unit costs for the four cost categories were 
expressed as dollars per foot of width per project mile. The 
following unit costs were obtained: 

Roadway = $3,899/ft width/mi 
Pavement = 7,891/ft width/mi 
Shoulder = 4,228/ft width/mi 
Fixed 	= 444,285 per mi 

Unit costs for surfacing a 6-ft paved shoulder were obtained 
from another project and estimated at $953/ft width/mi. 
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The next step involved using the unit costs and cal-
culating basic costs per mile for pavements with no 
shoulders and then a cost per mile for varying shoulder 
widths-both paved and unpaved shoulder types. The 
fixed cost per mile remained constant for all pavement 
widths, and the same unit cost per mile for pavement and 
roadway costs was used for all pavement widths. Table 
G-1 presents these calculations and the basic cost per mile. 

Shoulder costs per mile were estimated by using the unit 
cost per mile per foot of width. However, because these 
unit costs were based on a 6-ft shoulder width, adjustments 
were made in widths less than 6 ft to reflect greater unit 
cost for narrower widths. Unpaved and paved shoulder 
costs per mile are given in Table G-2. 

These basic unit costs per mile were used in the calcula-
tion of construction costs for the various alternatives con-
sidered in the cost-effectiveness analyses. 

Other Design Data 

Other design data necessary for the cost-effectiveness 
analysis were obtained from the contract plans. These 
included the following: (1) projected ADT of 410 (aver-
age for life of improvement); (2) service life (20 years); 
(3) project length (tangent 4.14, curved in excess of 
3° -0.30); and (4) interest rate (10 percent). 

Accident Data 

Several different types of accident data are required as 
input to calculate the safety effect of various design 
alternatives. These data were obtained from the accident 
analysis section of the highway department. 

Percent Property Damage Accidents-The following 
fractional property-damage-only accidents were obtained 
for rural two-lane highways: 

	

ADT 	 FPDO 

0-999 	 0.699 

	

1,000-2,499 	 0.759 

	

2,500-4,999 	 0.706 
5,000 and greater 	0.719 

injury to Fatality Ratio-The injury to fatality ratio was 
10.50. 

Unit Accident Costs-U.S. DOT/NHTSA values were 
used: 

Fatality 	 $287,175 
Injury 	 3,185 
PDO 	 520 

Base Accident Rates-The accident rates for 24-ft pave-
ment and 10-ft shoulders were estimated by using Ala-
bama's values for all two-lane rural highways by ADT 
group. These values were as follows: 

Accident Rate Per Million 

	

ADT 	 Vehicle Miles  

0-999 1.99 
1,000-2,499 1.82 
2,500-4,999 0.85 
5,000 and Greater 0.42 

TABLE G-1 

BASIC CONSTRUCTION COST PER MILE 

18 Ft. Pavement - No Shoulder 

Roadway 18 X $3,899 = 	$70,182 
Pavement 18X 7,891 = 	142,038 
Fixed 1 X 444,285 = 	444,285 

Total $656,505/Mile 

20 Ft. Pavement - No Shoulder 

Roadway 20 X $3,899 $77,900 
Pavement 20 X 	7,891 = 	157,820 
Fixed 1 X 444,285 = 	444,285 

$680,085/Mile 

22 Ft. Pavement - No Shoulder 

Roadway 22 X $3,899 = 	$85,778 
Pavement 22 X 7,891 = 	173,602 
Fixed 1 X 444, 285 444,285 

$703,665/Mile 

24 Ft. Pavement - No Shoulder 

Roadway 24 X $3,899 = 	$93,384 
Pavement 24X7,891 = 	189,384 
Fixed 1 X 444, 285 = 	444,285 

$727,053/Mile 

TABLE G-2 

SHOULDER COSTS PER MILE 

Unit Cost 

$4, 228/Ft. Width/Mile 

Unpaved Shoulder 

2 Ft. Width 	= $4,228 X 2 X 1.50 	 = $12,684 

4 Ft. Width 	= 4,228X4X1.25* 	 = 21,140 

oFt. Width 	= 4,228X6 	 = 25,368 

8 Ft. Width 4,228 Xe 33,824 

10 Ft. Width 4,228 X 10 	 = 42,280 

Paved Shoulder 

Unpaved 	= $4,228/Ft. Width/Mile 

Surfacing 	= 953 

Total $5,181 

2 Ft. Width 	= $5,181 X 2 X 1 .50 	 = $15,543 

4Ft. Width 	= 5,181 X4X1.25a 	 = 25,905 

6 Ft. Width 	= 5,181 X6 	 = 31,086 

8Ft. Width 	= 5,181 X8 	 = 41,4.48 

10 Ft. Width 	= 5,181 X10 	 = 51,810 

Mustrnent Factor to Reflect Increased Unit Casts for Shoulder Widths Less Than 
Six Feet in Width. 

These values were assumed to be equal to the rates for 
unpaved shoulders with horizontal curvature less than 

30  

(or tangent sections). Values for paved shoulders and 
horizontal curvature greater than 30 were estimated by 
assuming that Alabama's rates would be in the same pro-
portion as the base rates established by NCHRP 3-25 re-
search. Table G-3 gives the adjusted base rates used for the 
Alabama pilot test. 
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TABLE G-3 

ALABAMA BASE ACCIDENT RATES (2-LANE RURAL 
HWYS., 24-FT PAVEMENT, 10-FT SHOULDERS) 

ADT GROUP CURVATURE 

SHOULDER TYPE 

UNPAVED PAVED 

o - 1 ,000 Less Than 30  1.99 1.55 

30  And Greater 2.29 1.79 

1,000-2,499 Less Than 3°  1.82 1.42 

30  And Greater 2.09 1.63 

2,500-4,999 Less Than 3°  0.85 0.66 

30  And Greater 0.98 0.76 

5,000 And Greater Less Than 30  0.42 0.33 

30  And Greater 0.48 0.37 

Application of Methodology 

Application of the cost-effectiveness methodology in-
volved (1) a limited manual calculation and (2) total 
calculations by the Roadway Engineering Analysis Program 
(REAP). 

The manual calculations followed the step-by-step pro-
cedure in the Users Manual and was limited to 24-ft pave-
ment and 6-ft shoulders (paved and unpaved). The 
following values were obtained by using the formula and 
adjustment factors given in lables I-I and 1-9 of the Users 
Manual; accident costs represent the present worth of the 
annual accident costs calculated over the life of the project 
(20 years, 10 percent interest rate): 

Construction 	Accident 
Tangent 	 Costs 	 Costs 

24 ft, 6 ft, unpaved 	$3,115,023 	$101,550 
24 ft, 6 ft, paved 	 3,138,695 	78,538 

3° And Greater - 

24 ft, 6 ft, unpaved 	 225,726 	 9,337 
24 ft, 6 ft, paved 	 227,442 	 7,254 

Values obtained from the REAP calculations are shown 
in Figures G-1 and G-2. These values were compared to 
the results of the manual calculations and were in agree-
ment except for small variances due to rounding. The 
values shown in Figures G-1 and G-2 were used for the 
remaining steps of the cost-effectiveness analysis. These 
tables have the construction and accident costs for each 
possible combination of shoulder and pavement width. 

The next step involved the selection of candidate design 
alternatives. There are 40 alternatives each for the tangent 
segments and the 3° horizontal curvature sections. Several 
of these alternatives are not practical, or applicable as 
improvement alternatives in Alabama. Table G-4 presents 
the alternatives that are practical for consideration. Pave-
ments of 18 ft and shoulders greater than 6 ft have been 
eliminated from further consideration. Twenty-four-ft 
pavements have not been included, because there is no 
reduction in accident costs for increased construction cost. 

These alternatives were next arrayed in order by increas-
ing construction costs as shown inTable G-5. The alterna- 

tives for a 22-ft pavement and 6-ft unpaved shoulder have 
increasing accident costs for increasing construction costs. 
Because the goal is a reduction in accident costs for increas-
ing construction costs, these two alternatives were elimi-
nated from further analysis. Reference numbers were 
assigned to the remaining alternatives for ease in further 
calculations. 

The next step involved combining the separate design 
alternatives for tangents and curved segments into a total 
project alternative. One of the criteria used was that the 
curved segments would not have a narrower pavement or 
shoulder width than the tangent segments. Another criteria 
applied was that the shoulder surface type would be the 
same for tangent and curved segments. Table G-6 presents 
the resultant project alternatives. 

Select Final Design 

The selection of the final design is made from the list of 
alternatives given in Table G-6. These alternatives are 
listed with the lowest construction cost first and pro-
gressively increasing to the maximum possible cost. 

For each alternative, the following cost and benefit data 
were calculated: (1) marginal construction cost, (2) 
marginal safety benefit (costs), (3) total safety benefits, 
and (4) total additional construction costs. These values 
are given in Table G-7 for the nine alternatives. As con-
struction expenditures increase, the accident cost decreases. 
This is shown graphically in Figure G-3. 

The safety benefits increase for each additional con-
struction expenditure, although not in uniform amounts. 
The marginal safety benefits for each level of construction 
expenditure is shown in Figure G-4. 

Each of these alternative designs is optional for the 
corresponding construction expenditure; that is, each pro-
duces additional safety benefits. The selection of the final 
design must now be based on the agencies' over-all policy 
and design considerations other than safety. Table G-7 
provides all the necessary information so that the safety 
effect is known for any alternative. 

If lowest construction costs are desired, Alternative 1.1 
would be selected. Alternative 5.5 provides the highest 
safety benefits ($44,475) for an additional expenditure 
of $148,855 above the minimum constrution cost. Alter-
natives 3.3 and 3.4 provide the greatest safety return per 
dollar expended, and Alternative 3.5 provides safety 
benefits slightly in excess of construction expenditures. 
After Alternative 3.5, the design alternatives have higher 
additional construction costs than total additional safety 
benefits. 

Comparison with Existing Designs 

A comparison of existing designs with the alternatives is 
made in the bottom portion of Table G-7. Although these 
two designs produce safety benefits of $19,443 more than 
the minimum cost alternative, the value of benefits per 
dollar expended is less for the more expensive design. With 
the information provided for the alternatives in Table G-7, 
an agency has all of the cost-effectiveness information 
necessary to choose a final design. However, it must be 
remembered that this design is based on costs and safety 
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Figure G-2. Roadway Evaluation Analysis Program (REAP). 
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TABLE G-4 

CANDIDATE DESIGN ALTERNATIVES 

Pavement 
Width 

Shoulder 
Width/type 

Construction 
Costs 

Accident 
Costs 

TANGENTS 

20 4 	U $2,903,071 $119,296 

4 	P 2,922,798 92,320 

20 6 	U 2,920,574 105,052 

6 	P 2,944,247 81,297 

22 6 	U 3,018,196 101,491 

6 	P 3,041,868 78,541 

SEGMENTS 3 Degrees and Greater 

20 4 	U - 	$210,367 $10,975 

4 	P 211,797 8,528 

20 6 	U 211,636 9,664 

6 	P 213,351 7,510 

22 6 	U 218,710 9,33 

6 	P 220,425 7,255 

TABLE G-6 

PROJECT ALTERNATIVES 

ALT-NUM Construction Costs Accident Costs 

1.1 $3,113,438 $130,271 

1.2 2,114,707 128,960 

2.2 2,132,210 114,716 

3.3 3,134,595 100,848 

3.4 3,136,149 99,830 

3.5 3,143,223 99,575 

4.4 3,157,598 88,807 

4.5 3,164,672 88,552 

5.5 3,262,293 85,796 

effectiveness and that other considerations may require 
a higher design. 

RESULTS OF PENNSYLVANIA FIELD TEST 

The Pennsylvania test was initiated with an orientation 
meeting with DOT staff from the Bureaus of Design, Main-
tenance, and Traffic Engineering. A brief review of 
NCHRP 3-25 objectives was provided together with an 
explanation of the purpose of the pilot test. Following this 
meeting a staff member from design, maintenance, and 
traffic engineering was designated to work with the Con-
sultant in conducting the pilot test. 

Development of Input Data 

Construction Costs 

Construction costs were obtained from a rural two-lane 
highway project that had recently been constructed. The 
bid sheet showing material quantities, unit costs, and 
total costs was used to allocate costs into the following 
categories: 

TABLE G-5 

ALTERNATIVES RANKED BY INCREASING CON-
STRUCTION COSTS 

Pavement 
Width 

Shoulder 
Width/type 

Construction 
Costs 

Accident 
Costs 

Reference 
Number 

ANG ENTS 

20 4 	U $2,900,071 $119,296 

6 	U 2,920,574 105,052 2 

4 	P 2,922,798 92,320 3 

6 	P 2,944,247 81,297 4 

22 6 	U 3,018,196 101,491 * 

6 	P 3,041,868 78,541 5 

SEGMENTS 3Degrees and Greater 

20 4 	U 210,367 10,975 1 

6 	U 211,636 9,664 2 

4 	P 211,797 8,528 3 

6 	P 213,351 7,510 4 

22 6 	U 218,710 9,337 * 

6 	P 220,425 7,255 5 

Eliminated from hirther analysis due to increasing occident costs. 

Fixed-Items that did not involve a change in quanti-
ties due to different pavement and shoulder widths. 

Roadway-Items related to the basic roadway, in-
cluding grading, base, subbase, minor drainage structures, 
etc. 

Pavement-Items related directly to the pavement 
surface, such as bituminous concrete, tack coats, etc. 

Shoulder-Items related directly to the shoulder and 
its construction. 

The project reviewed had a 24-ft pavement, 10-ft paved 
shoulders, and an average roadway width of 55 ft. The 
project length was 3.63 mi'The following total costs were 
obtained for the cost categories: 

Surface and Base = $271,374 
Roadway 	= 1,646,885 
Shoulder 	= 149,292 
Fixed 	 = 1,073,045 

The next step involved using the total quantities, unit 
costs, and calculating basic costs per mile for pavements 
with no shoulders and then a cost per mile for varying 
shoulder widths-both paved and unpaved shoulder types. 
The fixed cost per mile remained constant for all pavement 
widths, and the same unit cost per foot of width per mile 
for roadway costs was used for all pavement widths. Sur-
face and base costs were based on quantities and unit costs. 
The basic cost per mile obtained by these calculations is 
given in Table G-8. 

Shoulder costs per mile were estimated by using unit 
costs and quantities for surface and costs per foot of width 
for the roadway beneath the shoulder surface. Unpaved 
shoulder costs were based on costs for a stablized shoulder. 
Unpaved and paved shoulder costs per mile are given in 
Table G-9. 
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TABLE G-7 

COST AND BENEFIT DATA FOR ALTERNATIVES 
G.o.n.trIoa 	Corstiuction 	Accldsnt 	Mouginal 	 Wo,lnoI 	 I Total 	Total Mdltlanal 

.p4IJ 	Paarmot 	Should., 	Cc,ts 	Coat, 	Coanhuctlan Coat 	Sofdy Cods 	SaIsty Ssn.flt, 	Canstnctlan Cast, 

1.1 20/20 	4/4 $3,113,438 $130,271 

$1,269 $1,311 $1,311 $1,269 

1.2 20/20 	4/6' 3,114,707 128,960 

17,503 14,244 15,555 18,772 

2.2 20/20 	6'/&' 3,132,210 114,716 

- 2,385 13,868 29,423 21,157 

3.3 20/20 	4P/4P 3,134,595 100,848 

1,554 1,018 30,441 22,711 

3.4 20/20 	RAP 3,136,149 99,830 

7,074 255 30,696 29,785 

3.5 20/22 	4P/6P 3,143,223 99,575 

14,375 10,768 41,464 44,160 

4.4 20/20 	6/6P 3,157,598 88,807 

7,074 255 41,719 51,234 

4.5 20/22 	6P/6P 3,164,672 88,552 

97,621 2,756 44,475 148,855 

5.5 22/22 	6'/6P  3,262,293 85,796 

COMPARISON WITH EXISTING DESIGNS 

22/22 	6U/6U 3,236,906 110,828 72,234 -22,276 19,443 123,468 

2424 	el6u  3,340,464 110,828 78,171 -25,032 19,443 227,026 

These basic unit costs per mile were used in the calcula-
tion of construction costs for the various alternatives con-
sidered in the cost-effectiveness analyses. 

Other Design Data 

Other design data necessary for the cost-effectiveness 
analysis were obtained from the contract plans. These 
included the following: (1) projected ADT of 650 (aver-
age for life of improvement); (2) service life (20 years); 
(3) project length (tangent 3.19, curved in excess of 
3° -0.44); and (4) interest rate (8 percent).  

input to calculate the safety effect of various design 
alternatives. These data were obtained from the accident 
analysis section of the highway department. 

Percent Property Damage Accidents-The following 
fractional property-damage-only accidents were obtained 
for rural two-lane highways: 

ADT 	 FPDO 

0-999 0.590 
1,000-2,499 0.600 
2,500-4,999 0.600 
5,000 and greater 0.640 

In jury to Fatality Ratio-Accident data were available 
to obtain this ratio by ADT groups. The injury-to-fatality 
ratio for the 0-999 ADT group was 24.0. 

Accident Data 

Several different types of accident data are required as 
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Figure G-3. Construction costs and accident costs. 

TABLE G-8 

BASIC CONSTRUCTION COSTS PER MILE 

Base and Surface 	 $56,662 

Roadway 	$8,249 X (18 + Ii) 	 239,221 

Fixed 	 295,606 

Total 	 $591,489 

20-toot ravement - No shoulder 

Base and Surface 	 = 	 62,671 

Roadway 	$8,249 X (20 + 11) 	= 	 255,719 

Fixed 	 = 	 295,606 

Total 	 $613,996 

ct-root ravemeni 

Base and Surface 	 = 	 68,6801 
Roadway 	$8,249 X (22 + 11) 	= 	 272,217) 

Fixed 	 = 	 295,606 

Total 	 $636,5031 

4-taat rovement - No houlaer 

Base and Surface 	 74,7591 

Roadway 	$8,249 X (24 + 11) 	= 	 288,715 

Fixed 	 = 	 295,6061 
Total 	 $659,0801 

Noter Ave, 'se roadway width required beyond end of paxement was 5.5 ft. 
for a total 0511 ft. 

30 	 31 	 32 
Construction Costs 

($1,000,000) 

Figure G-4. Marginal benefits  and construction costs. 

TABLE G-9 

SHOULDER COSTS PER MILE 

2-Foot Width = $41 ,404 

4-Foot Width = 80,417 

6-Foot Width 119,735 

8-Foot Width = 159,280 

10Foot Width = 198,436 

2-Foot Width 

Surface = 10,470 

Roadway 4 X $8,249 	 = 32,996 

Total $43,466 

4-Foot Width 

Surface = 17,450 

Roadway 8 X $8,249 65,992 

Total $83,442 

6-Foot Width 

Surface = 25,318 

Roadway 12 X $8,249 	 = - 	 98,988 

Total $124,306 

8-Foot Width 

Surface 33,414 

Roadway 16 X $8,249 	= 131,984 

Total 165,398 

10-Foot Width 

Surface = 41,127 

Roadway 20 X $8,249 164,980 

Total $206,107 

15. 

§ 

10.0 

a 

>- 
0 
a 

0 C 

5.0- 
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Unit Accident Costs—The 1976 National Safety Council 
accident costs were used: 

Fatality = $125,000 
Injury = 4,700 
PDO = 670 

Base Accident Rates—Data available from the existing 
accident files did not permit the breakdown of accident 
rates by shoulder width, shoulder surface type, or degree 
of horizontal curvature. Pennsylvania's accident rate by 
ADT group followed the general trend of the base accident 
rate (24-ft pavement, 10-ft shoulder) that had been 
established as part of the NCHRP 3-25 research project. 
Therefore, it was decided to use these base rates for the 
pilot test. These rates are given in Table G-10. 

TABLE G-10 

BASE ACCIDENT RATES (2-LANE RURAL HWYS., 
24-FT PAVEMENT, 10-FT SHOULDERS) 

ADT GROUP CURVATURE 

SFIOULDER TYPE 

UNPAVED PAVED 

- 999 Less Than 30  1.85 1.44 

30  And Greater 2.13 1.66 

1,000-2,499 Less Than 3°  1.23 0.96 

30  And Greater 1.42 1.11 

2,500 - 4,999 Less Than 30  1.24 0.97 

30  And Grenter 1.43 1.12 

5,000 And Greater Less Than 30  1.31 1.03 

30  And Greater 1.51 1.18 

Application of Methodology 

Application of the cost-effectiveness methodology in-
volved (1) a limited manual calculation and (2) total 
calculations by the Roadway Engineering Analysis Program 
(REAP). 

The manual calculations followed the step-by-step pro-
cedure in the Users Manual and was limited to two alterna-
tives for the two curvature groups. The following values 
were obtained by using the formula and adjustment factors 
given in Tables 1-7 and 1-9 of the Users Manual. 

Construction 	Accident 
Tangent 	 Costs 	 Costs 

24-ft, 10-ft, paved 	$2,768,598 	$44,830 
22-ft, 6-ft, paved 	 2,434,598 	51,408 

3° And Greater 

24-ft, 20-ft, paved 	 346,075 	 7,030 
22-ft, 6-ft, paved 	 304,324 	 7,904 

Values obtained from the REAP calculations are shown 
in Figures G-5 and G-6. These values were compared to 
the results of the manual calculations and were in agree-
ment except for small variances due to rounding. The 
values shown in Figures G-5 and G-6 were used for the 
remaining steps of the cost-effective analysis. These listings  

have the construction and accident costs for each possible 
combination of shoulder and pavement width. 

The next step involved the selection of candidate design 
alternatives. There are 40 alternatives each for the tangent 
segments and the 3°  horizontal curvature sections. These 
alternatives were arrayed in order by increasing construc-
tion costs. Because the objective is a reduction in accident 
costs for increasing construction costs, alternatives were 
eliminated from further analysis that had increasing 
accident costs with increasing construction costs. Refer-
ence numbers were assigned to the remaining alternatives 
for ease in further calculations, as given in Tables G-1 I 
and G-12. 

The final step involved combining the separate design 
alternatives for tangents and curved segments into a total 
project alternative. The following criteria were used: 

Curved segments would not have a narrower pave-
ment or shoulder width than the tangent segments. 

Shoulder surface type would be the same for tangent 
and curved segments. 

Width differentials were limited to 2 ft for both 
pavement and shoulder width. 

Table G-1 3 presents the resultant alternatives. 

Select Final Design 

The selection of the final design is made from the list of 
alternatives given in Table G-13. These alternatives are 
listed with the lowest construction cost first and pro-
gressively increasing to the maximum possible cost. 

TABLE G-11 

CANDIDATE DESIGN ALTERNATI VES (TANGENTS) 

ALT-NUM 
Pavement 

Width 
ShauldaE .._... Construction 

Costs 
Accident 

Costs Width Type 

1 18 2 U $2,025,258 $107,320 

2 18 2 P 2,031,856 83,184 

3 20 2 P 2,103,878 73,742 

4 18 4 P 2,159,779 67,897 

5 20 4 P 2,231,802 60,253 

6 22 4 P 2,303,824 58,004 

7 20 6 P 2,362,566 53,058 

8 22 6 P 2,434,589 51,260 

9 20 8 P 2,494,061 47,662 

10 22 8 P 2,566,083 45,864 

11 22 10 P 2,696,352 44,965 

For each alternative the following cost and benefit data 
were calculated: (1) marginal construction costs, (2) 
marginal safety benefits (reduced accident costs), (3) 
accumulative increased construction costs, and (4) accum-
ulative reduced accident costs. These values are given in 
Table G-14 for the 26 alternatives. As construction ex- 
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AvEA(E 	DAILY 	TPAFFIC: 

SEPvICE 	LTFE:2 	,0, 	CflS1,FAT.LITY 	4r10fT: I?500lj,. 	CflST/jt4jLWY 	ACCIDENT: 4100, 

C0STPPOPEPTY DA 1 Ar,E ONLY 	ACCInfhT: 	67'1 ,, 1NJIPVtFATALITY ATI0:2I4,00 

THE PPFSFNT 	OWTH FACTOR IS 	9,81'l 

DESTC.li 	SPECIFICATIO's --------------------- ___ _______ 
pAVtHr..'1 	5UULR S'iUULDE11 	SUPFACF 	SEGF1rrOST ACCIDENT 

__ _ 
CCIST 	TOT ACC ACC/'vM FAT 	ACC P.J 	CC PrO 	ACC 

18.0 2.0 U?.PAVEI. 20?5?58. 10720, 51,-97 3.42 0.83 IQ,98 31,18 

18,0 e.g PAVED 2031856, 83T811, 110,45 2,66 0,6a 15,118 24,35 

16.0 4.0 UNPAVED 21sonqe, 87596, 42.42 2.79 0,68 lb.?Q 25,.5 

18,0 4.0 PAVEC, ?lcgllg. 67897, 33.02 ?,17 0.53 12.61 1°.88 

18,0 6.0 UNPAVC ??7crr, 77735 37,6' 2,118 0,bI) 14,U5 22,58 

18,0 6.0 PAVED 2?11 n51111. 60253, 29,30 1,93 0,117 11.1Q 17,64 

8.0 UNPAVED 2110?11e,l,  69813, 33,71 2,22 0,511 1?. 0 ' 21,23 

18.0 890 0AVrD 242?038. 5395 8 	6,20 173O,11?-16 215,0 

18,0 1010 UNPAVED 292776o, 68453, 33,15 2.18 0,53 12,13 19,89 

18,0 10.0 PAVED  255?307, 53058, 25,80 1.70 0,1 9,86 15,53 

20,0 2.0 LjNPAvFo 2097?8(, 95138, lle,01 3.03 0.74 11. 27,84 

20,0 2.0 PAVED 2103878., 737Q?, 35,86 2,36 0,57 13 • 70 21,59  
2.0,0 4,0 UNPATt1 2?77172, 71735. 37,64 2.118 0,60 (u,uS 2?,55 

2u.0 14.0 PAVED 223( 8 02. 60253, 20,30 1.9 3 0.47 11.19  17,844 

2u,0 6.0 UNPAVED 234739, 68(453, 33,15 2.18 0.53 12.73 19,80 

20,0 6.0 PAVFi) ?35i'6, 53058 •  25,80 1.70 0,41 9.86 15,53 

20,0 8,0 UNPAVED 247u483, 8,1492, 29.78 1,96 0,48 1i,u3 11,81 

20,0 8.0 PAVED 249461, 117662, 23,18 1.53 0.37 I3 • Rb 13,95 

CO,0 10.0 UNPAVED 25972, 60331, 29,fl 1,92 p,117 11,22 fT53 

2(1,0 10.0 PAVED 2o20330. 46763, 22.711 1,50 0,38 8,60 13,69 

e.0 UNPAVED 21e,'302.  91077.  44,10 2,90 (1,71 (p,94 28,48 

22,0 2.0 PAVED 217501, 70598 34,33 2,26 0,55 13.12 20,67 

22,0 4.0 UNPAVED 22 0 014Ll, 748311, 36,24 2,39 0,58 13,91 21.711 

'4.0 PAVED 2(,38?'1. - 	50014 28,1 1,88 (1,45 (,i,7I (6,08 
0,0 UNPAVED 2111°°62. 86(32, 32,02 2.11 0,51 12.30 1 9 ,21 

2,0 H 6.0 PAVED 24311'R9. 51260 214,93 1,611 0.40 9,c2 (S.d 

UNPAV ED 6N 2SL(1n. 59(7(, 26 8 ,'. $ (,9 (1,118, 11,01 17,i 

2,0 8.0 PAVED 25obul3, 458614, 22,30 (,117 0,3o 8,52 13,113 

U'IPVVFC ?671(1'lS 58011 ?R.09 1.85 (1,115 10,79  10.11,  
PAVED 2oQ'35?... 44065, 21.86 1, 414 0,35 p.35 1$,o 

24,0 2.0 UNPAVED ??415119 . 01077, 411,1(1 2,90 0.71 26,118 

211,0 2,0 PAVED .??481117, 70594 34,33 ?.2o 0.55 13,1? ?0,7 

211,0 (1,0 UNPAVED 2366390, 74634, 38,24 2,39  0,58 13,91 ?i,lu 

24,0 4,0 PAVED 2376070. 580011 •  28,21 1,86 0,145 10.78 16,1;F 

214,0 6,0 UNPAvED 2492208. 48(32, 32,02 2,11 41,51 12.34 1,21 

24,0 8,0 PAVED 2506835, 5(260, 24,93 1,64 4 • 110 0,52 1',c1 

24,0 8,0 UNPAVED 2618752, 59111, 28,5 I,8Q 0.ub 1i,nO 17,19 

24,0 8,0 PAVED 2838330, 45864, ??,30 1,117 0,38 8,5? 13.3 

24,) 10.0 UNPAVFU 2744051, 58011, 28,09 1,85 0, 4 5 10,74  10, 9 5 

211,0 10,0 PAVED ?7665. 4'4 965, 21,8.6 1,1111 0,35 13.18 

Figure G-5. Roadway Evaluation Analysis Program (REAP).
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AVERAGE 	DAILY 	TRAFFIC: OSO 

SERVICE 	LIE:26.0, 	COST/FATALITY 	ACCIDENT: 125000., COST/INJURY 	ACCIDENT: 4700, 

COST/PROPERTY DAMAGE ONLY 	ACCIDENT: 	670,, TF4JUPY:FATALITY RATIO:214.On 

THE P(ESENT hORTM FACTOR IS 

DESIGN SPECIFICATIONS..................... 
PAVM.NT 	SMOULDER SHOULOcP SUPFCE 	SEGMENT COST ACCIDENT 	COST 	TOT ACC ACC/MVM FAT 	4CC INJ 	8CC PDC 	4CC 

18.0 2.0 UNPAVED 253157, 1b484, 7,48 3.9 4 0,13 3.1 0  4.25 
18.0 2.0 'AvFr 253082. i?'TQb, 5,83 3.07 0,10 2.41 3,3? 
18,0 4.0 UNPAVED ?t,8762. 13655, 6,10 3.22 0,11 2.5.1 3,47 

18.0 4.0 PAVF() 76972. I0445•  4,76 2.51 0,08 l,°n 2.71 
18,0 6.0 UNPAVED 284490, i19'0 5,42 2.85 0,09 2,25 3,08 
18,0 6,0 PAVED 2A',318, 9269, 14.22 2.22 0 • 07 1.7u 2.81 
18.0 8.0 UNPAVED 300308. 101192, 44,85 2,58 0.08 2,01 2,76 

18.0 8.0 PAVFO 30?755, 830o, 3,78 1,99 0,07 1, 2.18 
18,0 10.0 UNPAVFD 3159 70, 10514. 4.77 2,51 0,08 1,08 2,71 

18.0 100 PAFD 31 903, 8162. 3,72 j,Qb 0 • (1ls 1.53 202 

20,o 2.0 UNPAVED 262160, 14613, 6,63 3,49 6,11 2.75 3,77 
20,0 2.0 PAVED 262985, 11344, 5,17 2,72 0,00 2.13 2.05 

20,0 '4.0 UNPAVED 277765, 1l90, 5,42 2.85 0,09 2.25 3'0 
PAVEU 278975, 9269, 11,22 ?.22 0.07 1.7 2.31 

20,0 6.0 UNPAVED 29309?, 10514 14,77 2,51 0,08 1,06 2,71 
4.0 PAVED 2Q5321, 8162, 3,72 1.98 0,06 1.c3 2,2' 

?C.0 8.0 UNPAVED 3oQ310, 914145, 14,29 2,26 0,07 1,78 2,33 
8.0 PAVED 311758, 7332 •  3,34 1,76 0,06 1,38  1,90 

10 0 0 UNPAVED 3273, 9267, 14,20 2,22 0,07 1.7'4 2.30 
20,0 10.0 PAVED 3?Pd141. 71914, 3,28 1.73 0,06 1,35 1,07 

e.o e.o UNPAVED 771163. 11989, 8,35 3.34 0,11 2,,3 	3,1 
22,0 2.0 PAVED 27088, 10860, 14,95 2.ol 0,09 2,04 2,82 

22.0 4.0 UNPAVED 286768, 1(494 5.22 2.75 0.00 2,18 2,96 

44.0 P,*VFO 787978, 8923. 14,06 2.14 0,07 1,64' 2,3 

22,0 4.0 UNPAVED 3024 95, 10158, 11,61 2. 4 3 0,08 1,0  2,42 
22.0 6.0 PAVED 36 4 3?4. 7485, 3,59 (,69 0.06 1,48 2,05 

ee,o 8.0 UNPAVED 318313. 9(189, 44,12 7,17 0,07 1,71 " 2.3'4 

22,0 860 PAVED 320760. 7055, 3.21 1.69 0.06 1,13 1.83 
10.0 UN0Avl'j 397h, 8910, 4.04 2.13 0.07 1.68 730 

10.0 PAVED 337044..... 6917, 3,15 1,68 0,(15 1,30 1,60 

24,0 2.0 UNPAVED 280194, 11Q89 6,35 3.341 0,11 2,03 3,01 
26,0 2.0 PAVED 281018, 10860, 4,95 2.81 (',09 ?.I)ij ?.62 
24,0 4.0 UNPAVED 2579Q, 11494, 5,2 2,75 0,09 ?.l 7,Op 

26,0 '4.0 PAVL 297009. 8023, 4,06 ?14 0,07 1,1.8 ?.32 
" 	2.0 6.0 UPPAVEL, 311526. 10(58, 4.61 2.43 0,08 1.91 2,82 

214,0 6.0 PAVED 3133514. 7885, 3,59 1,89 0,04 (,Or 2.05 

24.0 8,0 UNPAVED 327344. 9080, 4,12 2.17 0,07 1.71 2,3.. 
8,0 PAVED 379791, 	, 7055, 3,21 1 • 80 0,06 4 

24,0 10,4 UNPAVC 343004, 8010, 4,04 2.13 0,07 2,30 
26.0 1000 PAVE1 346075, 6917, 3,15 1.46 0,05 	, 1,34 1,80 

Figure G-6. Roadway Evaluation Analysis Program (REAP). 
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penditures increase, the accident cost decreases. This is 
shown graphically in Figure G-7. 

The safety benefits increase for each additional con-
struction expenditure, although not in uniform amounts. 
[he marginal safety benefits for each level of construction 
expenditure is shown in Figure G-8. 

Each of these alternative designs is optional for the 
corresponding construction expenditure; that is, each pro-
duces additional safety benefits. The selection of the final 
design must now be based on the agencies' over-all policy 
and design considerations other than safety. Table G-14 
provides all the necessary information so that the safety 
effect is known for any alternative. 

If lowest construction costs are desired, Alternative 1,1 
would be selected. Alternative 11,10 provides the highest 
safety benefits ($71,922) for an additional expenditure of 
$745,981 above the minimum construction cost. Alterna-
tives 2,2 and 2,3 provide the greatest safety return per 
dollar expended, and Alternative 2,4 provides safety bene-
fits slightly less than construction expenditures. After 
Alternative 2,4, the design alternatives have higher addi-
tional construction costs than total additional safety 
benefits. 

Additional Application of Methodology 

The REAP program was used to cic',ittc construction 
and accident costs for an improvement project having all 
of the characteristics used in the preceding example, except 
with an ADT of 4,300. For comparison purposes, the same 
figure or table numbers will be used with the addition of 
an "A" suffix. 

The basic cost and accident data are shown in Figures 
G-5A and G-6A for tangents and curved segments, 
respectively. 

The next step involved the selection of candidate design 
alternatives for the 40 possible combinations. Because of 
the high ADT, no alternatives of an 18-ft pavement were 
considered. Alternatives having an increasing accident cost 
with an increasing construction cost were also excluded as 
not being an optimum design (see Tables G-1 1A and 
G-12A). 

Total project alternatives were developed by cdmbining 
alternative tangent and curved segments. All possible 
combinations were considered except those meeting the 
following criteria: 

Curved segments not having a narrower pavement 
or shoulder width than the tangent segments. 

Shoulder surface type being the same for tangent 
and curved segments. 

Width differentials limited to 2 ft for both pavement 
and shoulder width. 

These were excluded on the basis of not being practical 
designs for this specific project. The resultant alternatives 
are given in Table G-13A. 

The selection of the final design is made from the list of 
alternatives given in Table G-1 3A. Cost and benefit data 
are calculated for these alternatives as before. These 
data are given in Table G-14A, and shown graphically in 
Figures G-7A and G-8A. 

TABLE G-12 

CANDIDATE DESIGN ALTERNiT1VES (SEGMENTS 
30  AND GREATER) 

ALT-NUM 
Pavenient 

Width 
......5h 	ie__. 
Width Type 

Construction 
Costs 

Accident 
Costs 

1 18 2 U $253,157 $16,484 

2 18 2 P 253,982 12,796 

3 18 4 P 269,972 10,445 

4 20 4 P 278,975 9,269 

5 22 4 P 287,978 8,923 

6 20 6 P 295,321 8,162 

7 22 6 P 304,324 7,885 

8 20 8 P 311,758 7,332 

9 22 8 P 320,760 7,055 

10 22 10 P 337,044 6,917 

TABLE G-13 

PROJECT ALTERNATIVES 

ALT/WUM 
Pooeo,ent Width 

Shoelde, 
Width/Typo Con,troction 

C.O. 
Accident 

Costs Tcng,nCcr,e To,,geot/Co,vo 

1, 	I 18/18 2U/2U  $2,278,415 $123,804 

2, 2 18/18 2t'/2p 2,285,838 95,980 

2, 3 18/18 2F1/ 2,301,828 93,629 

2, 4 18/20 215141' 2,310,831 92,453 

3, 4 20/20 2/4 2,382,853 83,011 

5 20/22 2'/4I' 2,391,856 82,665 

3 18/18 41'/4I 2,429,751 78,342 

4,4 18/20 4'/41' 2,438,754 77,166 

4, 6 18/20 4/6 2,455,100 . 	76,059 

5, 4 20/20 4P14P 2,510,777 69,522 

5, 5 20/22 2,519,780 69,176 

5, 6 20/20 4I'/6' 2,527,123 68,415 

5, 7 20/22 41'/61' 2,536,126 68,138 

6, 5 22/22 49/49 2,591,802 66,927 

6,7 22/22 P16P 2,658,148 65,889 

7, 6 20/20 6P,'6' 2,657,887 61,220 

7, 7 20/22 6P16P 2,666,890 60,943 

7, 8 20/20 615/8 P 2,674,324 60,390 

7,9 20/22 61'/8t' 2,683,326 60,1.3 

8, 7 22/22 6P16P 2,738,913 59,145 

8,9 22/22 61'/81' 2,755,349 58,315 

9, 8 20/20 8P/8P 2,805,819 54,994 

9, 10 20/22 8P110P 2,831,105 54,579 

10, 9 22/22 81'/8t' 2,886,843 52,919 

10 22/22 8P110P 2,903,127 52,781 

10 22/22 10P110P 3,033,396 51,882 



TABLE G-14 

COST AND BENEFIT DATA FOR ALTERNATIVES 

Accumulative 

Increased 
Construction 

Costs 

Reduced 
Accident 

Costs ALT-NUM 
Pavement 	 Shoulder 

Width 	 Width/type 
Construction 

Costs 
Accident 

Costs 

Marginal 
Construction 

Costs 

Reduced 
Accident 

Costs 

Torgent Curve Tangent Curve 

1,1 18 18 2U 2U $2,278,415 $123,804 

2, 2 18 18 2 P 2 P 2,285,838 95,980 $7,423 $27,824 $7,423 $27,824 

2, 3 18 18 2 P 4 P 2,301,828 93,629 15,990 2,351 23,413 30,175 

4 18 20 2 P 4 P 2,310,831 92,453 9,003 1,176 32,416 31,351 

4 20 20 2 P 4 P 2,382,853 83,011 72,022 9,442 104,438 40,793 

3, 5 20 22 2 P 4 P 2,391,856 62,665 9,003 346 113,441 41,139 

4,3 18 18 4P 4P 2,429,751 78,342 37,895 4,323 151,336 45,462 

4,4 18. 20 4P 4P 2,438,754 77,166 9,003 1,176 160,339 46,638 

4, 6 18 20 4 P 6 P 21455,100 76,059 16,346 1,107 176,685 47,745  

5, 4 20 20 4 P 4 P 2,510,777 69,522 55,677 6,537 232,362 54,282 

5, 5 20 22 4 P 4 P 2,519,780 69,176 9,003 346 241,365 54,628 

5, 6 20 20 4 P 6 P 2,527,123 68,415 7,343 761 248,7C8 55,389 

5, 7 20 22 4 P 6 P 2,536,126 68,138 9,003 277 257,711 55,666 

6,5 22 22 4 P 4 P 2,591,802 66,927 55,676 1,211 313,387 56,377 

6,7 22 22 4P OP 2,608,148 65,889 16,346 1,038 329,733 57,915 

7, 6 20 20 OP 6 P 2,657,887 61,220 49,739 4,669 379,472 62,584 

7, 7 20 22 6 P 6 P 2,666,890 60,943 9,003 277 388,475 62,861 

7, 8 20 20 p 8 p 2,674,324 60,390 7,434 553 395,909 63,414 

7, 9 20 22 p 8 P 2,683,326 60,113 9,002 277 404,911 63,691 

8, 7 22 22 6 P 6 P 2,738,913 59,145 55,587 968 460,498 64,659 

8, 9 22 22 p 8 p 2,755,349 58,315 16,436 830 476,934 65,489 

9,8 20 20 8 P 8 P 2,805,819 54,994 41,439 3,321 527,404 68,810 

10 20 22 8 p io P 2,831,105 54,579 25,286 415 552,690 69,225 

9 22 22 8 P 8 P 2,886,843 52,919 55,738 1,660 608,428 70,885 

10, 10 22 22 8 P 10 P 2,903,127 52,781 7,253 128 624,712 71,023 

11,10 	- 22 22 10P 10P 3,033,396 51,882 121,238 899 745,981 71,922 
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Figure G-8. Marginal benefits  and construction costs. 
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Figure G-7. Construction costs and accident costs. 

28 

10 

2 



, 	L0Ih: 	.).0. 	tlPVA)iJFfr: 

AVERA(E 	I-ILY 	TPAEFI(. 0301) 	 .- - 

SEVVICEI1)EP2(:.L. C)51/0TALtTV ACETrTr 1?'-V, 	f))ST/INjIJIAY ACI.TDE ,T 	1470 - 

C05/PPGPETY DAMAC,E r:Ly 	ACC1rjr: 	670., TJ(.PY:FATALITV )t.TI0P?u,u0 

TE 	PPE SENT 	of)PTH EALIOV1 IS 	o,f- 

E5IG . 	SPECIFICAIIUN S ..................... _ 	 ___  

TDTET5T 	SiULLLEP SiOUEti[P--S)JOFACr 	SFr,1,T7cTT acI'fcoST A/P.i FLT C 

18,0 2.0 DNFAVFD 4465806. ?30.o3 ?.? 3,50  
15,0 2.0 PAVED 1.79 2. 0 067.1.. M,32 
15,0 14.1) UNPAvED 210'00 . 3802447 ! • O8 1,87 2,)3 7 !, ...? 11-.73 
18.0 0.0 PAVED 2150 77°. 29o17o l7,l3 i.o 2.28 5-. . 

15,0 0.0 U!1AAEu 2?75"27. 1,o 2,0O?.. 0 )01,61 
18,0 b.Q PAVED 22 Q05ou, 2h?63o 130,56 1 .30 2.03 .63 70,9fl 
15.0 2uo2ool, 307183. i9,"7 1 • 09 2.33 55,00 01.17 
Io,0 8.0 PAVED 2 44 '3, ?35]70 1l6,°2 1,16 1.2i 44,S37),S6 
15.0 10.0 UNPAVED 211u7, 1 06 ,98 1,ao 2,21) 15 .13 SQ.be. 
16.0 10.0 P A v F P 2SS207. 23)1407,  11 41,97 1 • )0 1 . 7A ,53  

21.0 2.0 UNPAED ?0 44 72Po-. 1412980 • 2014.27 2.03 3,11) 7o,-iV 12'.,61 
21,0 2.0 PAVED 21o31 7V. 3?10 73, 159.79 1.5° o 2.5 59,N2 1)7,79 

4. 
UNPAVED 

??7E?7 
_________ 

337 Zi 35 l. 
20,0 .0 cAlF)) 2731802, 2c230. 130.56 1,30 2.03 04,63 70,1)0 
20,0 6.0 lj)D40 ?3073, 2971117. 106.98 1.410 2.2° 1,5.03 50.6 

6.4) PAVED 23p?5, i. 11o.97 1,114 178 ARy 

UNPAVED 207V..5.3, 266925, 1?.03 1.31 2.0e .i0...3 ,.5j 

6.0 PAVED 24400;ol. ________?0791o, 103.28 1.03_ 1,o1) 36,o7 o3.21 
10.)) UNPA.EI' ?c7i 2ci&9? i?°•5o I .2° ?YThs.sO70. 62 

21,0 1 41,0 PAVO() 27A330. 20387. 101.33 1,0) 1.57 37,7 o2,02 

22.0 

2.o 
2.0 
14.0 

UPAVFL 
vEr 

jv.pAoFi 

21 t, ))TR. 
2175101. 
2?044%u14, 

3936,1,.55 
307903, 
324807 

%S?,97 
161.68 

I ,8•5 	3-;--i75 
1.5? 	2.37 
1.602,'% 

58°5 
1,0.11' 

'73•?j%Ig,2g 
93.p2 
'450% 

1.25 1 
22,0 o.1) U)VPAVILl 2QI?. 267i'7o, 10I,99 1.01 2.?? S3,16 0,b7 
21.0 6.0 PAVED 7030550, 2?30?, ¶I),0M 1.11 1.7? 1 • 7 
27.0 2,r'o, 127,05 1.20 I • 08 7.57 77.50 
22.o 5.0 AVFD ?N6j53, 200,65,  P P 	i 0.99 1.;u 37,r.? 0%,5? 
22.0 10.0 u' 2b71v,, ?,%.5 19 • 170.56 1,20 1.-n 146,63 75,V8 
7?71 10,0 ,'vVT - 	 ,'. 1147. 071411D07 1 	,) "c.-' 

20,0 2.0 UNPAVF(4 2201509, 39SS8 1 09.55 1 	Q5 3.05 73,7% 11Q,?Q 
20,0 2.0 PAVE), ??'4"l'17. '.,07Q143 15?.7 1.5? 2.7 5, • 9?A 9 'o? 
211.1) .0 JN'.'AvF& ?3.v.390. 370'C7, 160.bS 1,6() 2,5% 60,)6 08,11 
24,0 4,1) PAVED 2_7607)) 	_ 253023. 1?5,o9 1,25 1.15 AV,A? 7e',°2 

le 	 e g.0 0.0 UNPAVED 2-4 °?70. 267070, 11.99 1.1 2.72  
24i.0 6.0 PAVED 25VI'-S3. 2736)2. 111,08 1.1% % • 7? 41,67 1,95 
20,0 6.0 UNPAVED 261575?, 25856. 127.05 1.2o %,95 o7.c7 77.50 

8,0 PAVED ?h30, ?007E3, 9q.38 0,91) 1 . t)4 37 ~ 
24,0 10.0 'JNPAVFE. 274441o51. 251519. 120,56 1.20 1,9'.1 oo,..3 75,QR 
214.0 10.0 PAVED 2768598. 196102. 97.03 0,97 1,51 3o,?° 59,63 

Figure G-5A. Roadway Evaluation Analysis Program (REAP)-improement project. 

00 
ON 



-, 	 .- 	A 	 V 

AVERA(F 	DAILy 	TPAFIC 	4300 - 

SFOVICE 	LIFE-20.0, 	COST/FAT-'L ITY 	AccT0F 12500.. 	r0ST/INJU 14700, - 

CUST/PROPEPTY DAMAGE ONLY ACCTD1: 	670,, INJUPV:FATALITY 0411020,00 
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TABLE G-13A 

PROJECT ALTERNATIVES_IMPROVEMENT PROJECT 

ALT-NUM 
Pavement Width 

Paved 
_.Shpulder Width Construction 

Costs 
Accident 
Costs Tcn9ent/Curve Tangent/Curve 

1, 	1 20/20 2/2 $2,366,863 $371,303 
1, 2 20/22 2/2 2,375,866 369,185 
1, 3 20/20 2/4 2,382,853 362,225 

4 20/22 2/4 2,391,856 360,712 
2 22/22 2/2 2,447,889 355,455 

2, 4 22/22 2/4 2,463,879 346,982 
3, 3 20/20 4/4 2,510,777 303,382 
3, 4 20/22 4/4 2,519,780 301,869 
3, 5 20/20 4/6  2,527,133 298,540 
3, 6 20/22 4/6  2,536,126 297,329 
4, 4 22/22 4/4 2,591,802 292,062 
4, 6 22/22 4/6 . 2,608,148 287,522 
5, 5 20/20 6/6 2,657,897 267,157 
5, 6 20/22 6/6 2,666,890 265,946 
5, 7 20/20 6/8 2,674,324 263,525 
5, 8 20/22 6/8 2,683,326 262,315 
6, 6 22/22 6/6 2,738,904 258,101 
6, 8 22/22 6/8 2,755,340 254,470 
7, 7 20/20 8/8 2,805,819 239,988 
7, 8 20/22 8/8 2,814,821 238,778 
7, 9 20/22 8/10 2,831,105 238,172 
8, 8 22/22 8/8 2,886,843 230,933 
8, 9 22/22 8/10 2,903,127 230,327 
9, 9 22/22 10/10 3,033,396 226,404 

TABLE G-11A 

CANDIDATE DESIGN ALTERNATIVES (TAN-
GENTS)-IMPROVEMENT PROJECT 

ALT-NUM 
Pavement 

Width 
Shoulder 

Width Type 
Construction 

Costs 
Accident 

Costs 

1 20 2 P 52,103,878 $321,673 

2 22 2 P 2,175,901 307,943 

3 20 4 P 2,231,802 262,830 

4 22 4 P 2,303,824 253,023 

5 20 6 P 2,362,566 231,4.47 

6 22 6 P 2,434,580 223,602 

7 20 8 P 2,494,061 207,910 

8 22 8 P 2,566,083 200,065 

9 22 10 P 2,696,352 196,142 

TABLE G-12A 

CANDIDATE DESIGN ALTERNATIVES (SEGMENTS 
3° AND GREATER)-IMPROVEMENT PROJECT 

ALT-NUM 
Pavement 

Width 
Shg Construction 

Costs 
Accident 

Costs Width - Type 

1 20 2 P $262,985 $49,630 

2 22 2 P 271,988 47,512 

3 20 4 P 278,975 40,552 

4 22 4 P 287,978 39,039 

5 20 6 P 295,331 35,710 

6 22 6 P 304,324 34,499 

7 20 8 P 311,758 32,078 

8 22 8 P 320,760 30,868 

9 22 10 P 337,044 30,262 



TABLE G-14A 

COST AND BENEFIT DATA FOR ALTERNATIVES-IMPROVEMENT PROJECT 

Accumulative 

Increased Reduced Marginal Reduced 

Pavement Shoulder Construction Accident Construction Accident Construction Accident 

ALT-NUM Width Width/Paved Costs Costs Costs Costs Costs Costs 

Curve  Tangent Curve Tangent 

1, 	1 20 20 2 2 $2,366,863 $371,303 

1, 2 20 22 2 2 2,375,866 369,185 $9,003 $2,118 $9,003 $2,118 

3 20 20 2 4 2,382,853 362,225 6,987 6,960 15,990 9,078 

1,4 20 22 2 4 2,391,856 360,712 9,003 1,513 24,993 10,591 

2 22 22 2 2 2,447,889 355,455 56,033 5,257 81,026 15,848 

2, 4 22 22 2 4 2,463,879 346,982 15,990 8,473 97,016 24,321 

3, 3 20 20 4 4 2,510,777 303,382 46,898 43,600 143,914 67,921 

I 
3,4 20 22 4 4 2,519,780 301,869 9,003 1,513 152,917 69,434 

3,5 20 20 4 6 2,527,133 298,540 7,353 3,329 160,270 72,763 

3, 6 20 22 4 6 2,536,126 297,329 8,993 1,211 169,263 73,974 

4, 4 22 22 4 4 2,591,802 292,062 55;676 5,267 224,939 79,241 

4, 6 22 22 4 6 2,608,148 287,522 16,346 4,540 241,285 83,781 

5, 5 20 20 6 6 2,657,897 267,157 49,749 20,365 291,034 104,146 

5,6 20 22 6 6 2,666,890 265,946 8,993 1,211 300,027 105,357 

5, 7 20 20 6 8 2,674,324 263,525 7,434 2,421 307,461 107,778 

5, 8 20 22 6 8 2,683,326 262,315 9,002 1,210 316,463 108,988 

6, 6 22 22 6 6 2,738,904 258,101 55,578 4,214 372,041 113,202 

6, 8 22 22 6 8 2,755,340 254,470 16,436 3,631 388,477 116,833 

7,7 20 20 8 8 2,805,819 239,988 50,479 14,482 438,956 131,315 

7, 8 20 22 8 8 2,814,821 238,778 9,002 1,210 447,958 132,525 

7, 9 20 22 8 10 2,831,105 238,172 16,284 606 464,242 133,131 

8, 8 22 22 8 8 2,886,843 230,933 55,738 7,239 519,980 140,370 

8, 9 22 22 8 10 2,903,127 230,327 16,284 606 536,264 140,976 

9, 9 22 22 10 10 3,033,396 226,404 130,269 3,923 666,533 144,899 00 
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Figure G-7A. Construction costs and accident costs—
improvement project. 
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Figure G-8A. Marginal benefits and construction costs—
improvement project. 

APPENDIX H 

RESEARCH REQUIREMENTS FOR ROADSIDE CONSI DERATIONS 

Existing data were not sufficient for the development of 
relationships between accidents and roadside characteristics 
(e.g., side slopes, obstacles, ditch configuration, etc.) 
during the NCHRP 3-25 project. However, a detailed 
statement of research needs was prepared to illustrate the 
extension of the current research approach to include road-
sides. The objective of such an extension is the simul-
taneous consideration of all of these design elements in the 
design of a cost-safety-effective roadway. For example, this 
might allow funds saved by the construction of narrower 
pavement widths to be employed in roadside modifications  

such that a greater degree of safety is obtained with no 
additional costs. Currently, within the formal methodology, 
these types of trade-offs can be made between lane width, 
shoulder width, and shoulder surface type. 

The purpose of this appendix is to summarize the work 
that has been done in finalizing a new research approach 
to integrate roadside considerations into the cost-safety-
effectiveness methodology. Considerable research has been 
performed on clear roadsides and side slopes. However, the 
relationships relating specific and practical roadside meas-
urements to estimated accident frequency and severity have 
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not been sufficiently quantified. A data collection and a 
data processing effort will be required to establish these 
relationships. Also, a final step is necessary to integrate 
these relationships into the over-all cost-effectiveness 
methodology. The result will be a system that is capable 
of producing optimal designs for the various alternatives 
and constraints imposed on the designs of roadside areas 
and side slopes. 

Finally, it will be noted in the recommendations given 
later that current state geometric data not be used to 
establish the relationships. For the amount of time and 
money required to obtain, validate, clean-up, and, finally, 
merge state geometric data with accident data, a good 
team of technicians could collect and assemble a much 
more reliable geometrics data base. This was demonstrated 
in the Alabama study, which was part of the validation 
during the pilot test. 

However, state accident data should be used. In this 
regard, states that have precise reference systems and 
accurate accident reporting techniques should be chosen 
for data collection. In this way, it can be assured that the 
proper set of geometric characteristics is, in fact, paired 
with its corresponding accident history. 

RESEARCH CRITERIA 

A major effort of this project is the collection of data 
that can effectively measure roadside features. It is impera-
tive that the data be "collectable," in the sense that meas-
urable features of the roadside be selected. A second 
qualification is that these measurements be feasible from a 
cost viewpoint. With unlimited funds, practically anything 
on the roadside could be measured; however, the funds 
expended for these measurements may not be justified in 
terms of the over-all savings that the results of this study 
will produce. Thus, funds are not unlimited, and the 
simplest, most efficient data elements and collection pro-
cedures should be sought. Finally, the data collection must 
produce usable results. The literature contains many 
studies which show that roadside considerations are sig-
nificant, and they generally point to the areas of greatest 
hazard. However, they do not, on the whole, provide a 
means for estimating future accidents as a function of road-
side design for homogeneous segments. This is exactly 
what is required if roadside is to be integrated into the 
NCHRP 3-25 methodology. 

The need for measurable, feasible, and usable data 
specifications must be viewed in terms of accuracy require-
ments. All empirical statistical estimation is by its very 
nature approximate and not perfectly accurate. Its value 
is in providing estimates that are "more accurate" than 
those obtained through other means. Needless accuracy 
is expensive and thus wasteful. If, for example, construc-
tion cost estimates are only to the nearest 10 percent, there 
is no great requirement that accident frequency estimates 
be to the nearest 1 percent. Although a degree of accuracy 
should be obtained such that the results will be valid, the 
constraint of accuracy must be balanced with those of 
measurability, feasibility, and usefulness. 

With these basic considerations stated, the following 
sections will present the general approach of both the  

research plan and its implementation. This will be followed 
by a review of current practices in light of their applica-
bility here. A more detailed research procedure will also 
be presented, followed by the data collection and processing 
sections. A major section deals with the application of the 
results. 

RESEARCH APPROACH 

The problem of determining the relationship between 
roadside design characteristics and accident frequency and 
severity is complicated by the large variety of possible .  
roadside configurations that might occur. Various slopes 
and ditch configurations may appear in combination with 
an infinite variety of possible fixed objects, ranging in 
dimension from "point" objects to continuous barriers, each 
located at any distance from the roadway edge. The 
roadside possesses no one continuous measure, such as is 
the case with roadway width, to correlate with accident 
frequency and severity. Yet, without such a correlation, 
it is not possible to estimate the future accident pattern 
under various design specifications. Hence, currently it 
is not possible to determine the degree of obstacle removal 
that is most cost effective from a safety viewpoint. 

This problem can only be solved by establishing rela-
tionships between the design specifications and the esti-
mated accident frequency and severity. It is known that 
there is a strong correlation between accident frequency 
and severity and some of the directly measurable factors on 
the roadside, such as number and size of obstacles, types 
of obstacles, degree of slopes, and types of ditches. Because 
these direct measures do not lend themselves to the 
establishment of relationships, some other "intermediate 
indicator" must be used. By correlating these indicators, 
which are themselves obtained from the direct measures, 
the essential relationships are obtained. 

In essence, these intermediate indicators will act as 
transformations for the direct measures so that useful 
relationships can be obtained. Mathematically speaking, 
it is not possible to establish the following relationships 
directly: 

Accident Frequency = 11 (direct measures) 
Accident Severity 	= 12 (direct measures) 

However, it is known that it is possible to obtain the 
following: 

Indicators = f (direct measures) 

since the indicators will be defined mathematically from 
the direct measures. Also, the indicators will be developed 
with continuity such that the following relationships 

Accident Frequency = f (indicators) 
Accident Severity = 15 (indicators) 

can be obtained: The specific indicators will be defined in 
a later section. 

On the basis of this concept, the research can proceed 
as follows: 

1. Data can be collected by measuring the slopes, ob-
stacle types, distances from the roadway, and other direct 
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measures across a broad range of highway types, ADT's, 
terrain characteristics, etc. A prerequisite to this data 
collection for each length of roadway will be the avail-
ability of the frequency and severity of roadside struck-
object accident data, although the specific obstacle struck 
will not require identification. 

The direct measures can be transformed into road-
side indicators, which will be further defined later. 

By using standard statistical processing techniques, 
such as (but not limited to) regression analysis, relation-
ships will be established from which, given a typical set of 
roadside specifications, it will be possible to estimate future 
accident frequency and severity. 

The relationships obtained by the foregoing proce-
dures can be integrated into the NCHRP 3-25 economic 
methodology such that trade-offs between roadway and 
roadside design features can be made, resulting in a "bal-
anced" design that uses the available funds for construction 
such that a maximum safety benefit is obtained. 

The results of the foregoing research will be a set of 
relationships and an economic methodology, both of which 
will be compatible with the current research results. In 
order to use these results, the following general procedure 
will be required: 

Direct measures will be made on the existing roadside, 
or in the case of totally new construction, with respect to 
the prospective roadside under minimum improvement. 

Proposed improvements will be supplied by the user 
ranging from minimum improvements, such as guardrail 
protection, to complete hazard abatement. 

For the original system and each of the proposed 
improvement alternatives, the indicator values will be 
calculated. 

From the indicator values calculated, the results of 
the previous steps will be used to estimate the expected 
accident pattern for each alternative. 

The original roadside, as well as each of the proposed 
alternatives, will be evaluated for each segment under 
consideration. Relationships previously developed will be 
used to project accident frequencies and seventies for each 
segment. 

The results of step 5 and user supplied improvement 
costs will be integrated into the over-all design procedure 
such that the over-all cost and safety effectiveness of each 
segment can be estimated including roadside considerations. 
This will be integrated into the over-all optimization proce-
dures to obtain the design specifications that will yield the 
most cost-safety-effective design. 

The foregoing procedures are abbreviated so that the 
approach of this research might be more easily compre-
hended. The following sections will further define the direct 
measures and the indicator values previously discussed. 

REVIEW OF CURRENT PRACTICES 

The most advanced cost-effectiveness techniques, actually 
found by the research team, that were being applied to the 
evaluation of roadside safety improvements were within the 
Texas Highway Department. Basically, the results of 

NCHRP Project 20-7, Task 1 (NCHRP Report 148) were 
being applied to the Texas highway system to determine 
which modifications should be made on an obstacle-by-
obstacle basis. A highly sophisticated data collection proce-
dure and a multitude of computer programs were required 
for its implementation (see Weaver, Post, and French, 
"Cost-Effectiveness Program for Roadside Safety Improve-
ments on Texas Highways" (3 volumes), Texas Transpor-
tation Institute, TT!-2-10-74-15-1). Because of the lack 
of statements to the contrary in the literature, it was 
concluded that other studies have not been implemented 
by states to actually influence policy, although their value 
in guiding design engineers is not questioned. These in-
clude such studies as those summarized in the annotated 
bibliography in Appendix B. 

The TTI documentation was therefore given particular 
scrutiny for use as a possible model for future research. 
The following conclusions resulted from this study: 

The methodology used is based on theoretical devel-
opments. The hazard index, although in the units of fre-
quency (of injury or fatality accidents) per year, was not 
derived empirically. Thus, while the correlation of hazard 
index to actual accidents is probably very high, empirical 
studies are necessary to determine the exact relationship 
that exists. 

In order to correlate the hazard index with actual 
accidents, it would be necessary to know the exact point 
location of the accident (laterally and longitudinally), 
because the methodology is set up to consider each hazard 
separately. Currently, accident records do not contain 
accurate enough location information to allow this. 

The central problem in extending the NCHRP 3-25 
approach is concerned with over-all reconstruction and new 
construction, not spot-hazard removal. The degree of 
accuracy that pinpoints the location and dimensions of 
each obstacle on the roadside is not required, especially 
when independent homogeneous segments of the roadway 
are being considered separately. In other words, currently 
under consideration is a completely different decision 
process than that being applied by Texas (although there 
are obvious similarities between the two). 

The models were extremely useful in setting up the 
methodology described later, and they are so referenced. 
The TTI procedures might be useful if certain representa-
tive segmental roadside measurements could be put through 
the models and hazard indices generated. These hazard 
indices could then be correlated with accident histories over 
the segments. This is certainly one option that should be 
given additional consideration in future research. How-
ever, there is no reason to believe that other more simply 
derived indicators could not be correlated with accident 
histories much more easily. 

On the basis of the foregoing conclusions and the litera-
ture review, the following determinations were made: 

1. The correlation of all of the various roadside measure-
ments directly with accidents is infeasible. Clearly, some 
intermediate measure, such as the TTI hazard index, is 
necessary to summarize the cumulative effect of the 
obstacle hazards. This indicator could then be calculated 
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for a variety of degrees of improvement, and the accident 
frequency and severity could be estimated as a function 
of it. 

The TTI-developed computer programs for calculat-
ing the hazard index would require some modification 
before they would be applicable for providing the inter-
mediate indicators (previously discussed), because they 
were not designed for this purpose. Although this should 
not be excluded from consideration, an attempt should be 
made to establish more simply derived intermediate 
indicators. 

Because only segmental information can be correlated 
with accident data, some averaging (or other estimating) 
process will be required to translate all of the roadside 
hazards into a few summary values. The simplest and most 
logical first step would be to use these summary values as 
the intermediate indicators and correlate them directly with 
accident frequency and severity. 

Conclusion 3 presents the basis for the remainder of this 
appendix. Although the possibility of more sophisticated 
modeling is not ruled out, every effort should be made to 
keep the procedure as simple and understandable as 
possible. 

RESEARCH PROCEDURE 

As was brought out in the "Research Approach," In 
order for the research procedure to produce usable results, 
it must be a mirror image of the methodology that it will 
support. The following gives an overview of the research 
procedure, which will be specified further in the next two 
sections: 

Sections of roadways with good accident and geo-
metrics data will be selected for data gathering on roadside 
characteristics. Roadway characteristics used for NCHRP 
3-25 will also be collected. This will ensure that inter-
actions between the various factors considered in Phase 2 
and roadside characteristics can be easily correlated. 

Each section chosen for study will be subdivided into 
homogeneous segments according to curvature, slope, sur-
rounding terrain characteristics, and other design factors 
that might affect accident causation significantly. Segments 
may be broken out further by any significant changes in 
roadside characteristics. It is anticipated that this segmen-
tation will take place during the data collecting operation. 
Milepoints defining each segment will be recorded. 

Each segment will be further subdivided into 100-ft 
lengths called "increments." (Future development might 
determine that an increment should be longer, shorter, or 
variable in length. The basic point is that each homo-
geneous segment is further subdivided into "increments.") 
An increment will be the unit upon which a roadside data 
point (set of roadside measurements) will be obtained. 

Measurements will be taken as to the characteristics 
of each of the increments as given in the next section of 
this report. 

The measurements taken in step 4 for each increment 
will be combined functionally to form an accident indicator 
for each segment. Each increment will be coded according 
to the following major roadside categories: 

a. No roadside hazards (clear to 50 ft). 
b.. Point obstacles only. 

Continuous obstacles only. 
Slopes only (not protected with guardrails). 
Slopes and point obstacles. 
Slopes and continuous obstacles. 

It is felt that sufficient accuracy can be obtained by 
rounding within the 100-ft increment so that point and 
continuous obstacles need not be considered simultaneously. 
Each increment will be defined by milepoint sufficiently 
that the accident history for the increment can be obtained, 
or that it can be assigned to its segment for which accident 
information is readily obtainable. 

The accident indicators for each segment will be 
combined with the common geometric data for the seg-
ment. A data base will be established where each point 
(set of geometric, roadside, and accident information) will 
correspond to one segment as described in step 2. 

Linear and possibly simple nonlinear regression or 
other statistical analysis will be used to establish the rela-
tionship between the geometric and roadside variables and 
accident frequencies and seventies. Each category of road-
way facility will be handled separately. 

Once the parameters are estimated, they will be 
checked for consistency with the tentative relationships 
now presented in the literature. Also, the parameters will 
be immediately integrated into the established methodology 
so that the effects on policy can be studied. 

DATA COLLECTION REQUIREMENTS 

This section will be presented in four parts: (1) Data 
Specifications, (2) Data Sources, (3) Sample Types and 
Sizes, and (4) Data Collection Methodology. 

Data Specification 

For each of the 100-ft increments, as previously defined, 
the following data elements will be gathered (one set of 
data for each side of roadway): 

Location information—milepoint or other informa-
tion compatible with the state's reference system such 
that the available geometries and accident information can 
be obtained. Note that each 100-ft increment will not be 
used as a data point in the statistical analysis. Rather, the 
summary of information from one segment of the roadway 
collectively will provide the data point. However, each 
increment must be assignable to its segment. Therefore, 
it is essential to record the milepoint beginning and ending 
for each increment, or to otherwise assign increments to 
mileposted segments. 

Curvature indicator—an indication on curves as to 
whether the increment under consideration is on the inside 
or the outside of the curve. 

Hazard identification code—see Table H-i. It is 
anticipated that up to three different predominant hazards 
may occur simultaneously within an increment. The hazard 
code and the frequency of each should be recorded. 

Hazard descriptor code—see Table H-i. The same 
comments apply as for item 3. 

Increment type code—see following: 
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TABLE H-i 

HAZARD CLASSIFICATION CODES (SOURCE: TEXAS TRANSPORTATION 
INSTITUTE, TT!-2-10.74-15-11) 

Note: Circled Codes denote Point Hazard 
Identification Code Descriptor Codes 

Utility Poles (00) 

Trees (00) 

Rigid Signpost (01) single-pole-mounted 
.(02) doubi e-pol c-mounted 

 tripl c-pole-mounted 
 cantilever support 
 overhead sign bridge 

Rigid Base Luminaire 
Support (00) 

05 Curbs  mountable design 
 non-mountable design less than 10 inches high 
 barrier design greater than 10 inches high 

06 Guardrail or Median (01) w-section with standard post spacing (6 ft. - 
3 in.) (including departing guardrail at bridge) 

(02) w-section with other than standard post 
spacing (including departing guardrail at 
bridge) 

(03) approach guardrail to bridge--decreased 
post spacing (3 ft.-1 in.) adjacent to 
bridge 

(04) approach guardrail to bridge--post spacing 
not decreased adjacent to bridge 

(05) post and cable 
(06) Metal Beam Guard Fence (Barrier) (in median) 
(07) median barrier (CMB design or equivalent) 

07 Roadside Slope  sod positive slope 
 sod negative slope 
 concrete-faced positive slope 
 concrete-faced negative slope 
 rubble rip-rap positive slope 
 rubble rip-rap negative slope 

08 Ditch (00) 
(includes erosion, rip-rap 
runoff ditches, etc.--does 
not include ditches formed 
by intersection of front and 
backslopes) 

Culverts  headwall(or exposed end of pipe culvert) 
 gap between culverts on parallel roadways 
 sloped culvert with grate 
 sloped culvert without grate 

Inlets  raised drop inlet (tabletop) 
 depressed drop inlet 
 sloped inlet 

Roadway under Bridge (01) bridge piers 
Structure (02) bridge abutment, vertical face 

(03) bridge abutment, sloped face 

12 Roadway over Bridge 01 open gap between parallel bridges 
Structure 

02 closed gap between parallel bridges 

(03) rigid bridgercil--smooth and continuous 
constru ction 

(04) semi-rigid bridgerail--smooth and con- 
tinuous construction 

(05) other bridgeroil--probable penetration, 
snagging, pocketing or vaulting 

(06) elevated gore abutment 

13 Retaining WaIl (01) face 

02 exposed end 
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No roadside hazards (clear to 50 ft) 
Point obstacles only 
Continuous obstacles only 
Slopes only (unprotected with guardrails) 
Slopes and point obstacles 
Slopes and continuous obstacles 

Number of obstacles in increment—applies to incre-
ment type codes (2) and (5) only. An increase in the 
number of obstacles will increase the probability of a 
collision with at least one of them. This variable will be 
the total frequency of the hazard points identified in items 
3 and 4. It is recognized that the relationship between 
accident frequency and hazard point frequency is not linear 
even if all other variables are held constant. To illustrate, 
a 7-ft wide vehicle leaving the roadway at a constant en-
croachment angle of 8° with the roadway would require a 
longitudinal distance between obstacles of approximately 
50 ft to go between two obstacles placed at a fixed distance 
from the roadside. Thus, one 100-ft increment would 
quickly reach its saturation point as far as accident causa-
tion is concerned. 

Average distance of each obstacle classification from 
the traveled roadway surface. 

Distance from edge of the roadway to hinge point of 
slope. 

Slope steepness of foreslope. 
Width of sloping bank given by item 9. 
Width of ditch bottom. 
Backslope steepness. 
Width of backslope before significant leveling. 
Type of ditch (e.g., trapezoidal, vee, rounded, etc.). 

In order to effectively gather the data points for each 
increment, it is recommended that for undivided roadways, 
two passes be made in opposite directions with data 
recorded on the right side for each increment. Approxi-
mately 106 recordings per mile will be required in the case 
of 100-ft increments. One mile, however, may contain 
several homogeneous segmental types, thus yielding several 
point-inputs to the analysis. In the case of divided high-
ways, only outside roadside information will be correlated 
with roadside accidents. However, it is strongly recom-
mended that a median characteristics vs. median accidents 
study be conducted as part of this research project since 
the data gathering will be identical to that previously 
detailed, as will be the types of relationships and the 
methodology for obtaining these relationships. 

Data Sources 

It is imperative that other roadway geometries data, 
which were considered within NCHRP 3-25 research, be 
available for the segments of roadway chosen for data 
collection. Roadside characteristics will have a strong 
interaction with lane width, shoulder width, and shoulder 
surface type, as well as the many other variables being 
used for control and stratification. In order to ensure that 
the data collected are most useful, it is recommended that 
those roadway segments that yield the most accurate 
geometries and accident data be selected for data collection 
for roadside characteristics. Segments will be prechosen to 
be representative of a cross section of terrain, design, and  

alignment characteristics. This will ensure that the data 
collected will provide the maximum utility in terms of the 
establishment of sound relationships. Lane width, shoulder 
width, and shoulder surface type will be collected on all 
segments where they are not currently available. The 
data will be collected on a segmented rather than an 
incremental basis, since the change of any one of these 
will call for a new segment. 

Sample Types and Sizes 

A number of variables should be controlled for strati-
fication of the data. Recent research by IIHS in Georgia 
has demonstrated that grade, curvature, and grade-curva-
ture interactions are significant in causing roadside acci-
dents. In addition, nongeometric variables, such as design 
speed and percent of trucks, should be considered as 
potential causative influences. Certainly, breakdowns by 
categories of highway facility are also in order. 

It is recommended that the research be conducted in two 
phases, where the first phase is dedicated to establishing a 
small representative data base including the aforementioned 
considerations. This data base should be sufficient to esti-
mate variability to the point where the number of sample 
data segments can be established for the second phase. 
Within each stratified subset required, a sample size 
requirement can be specified in order to obtain the desired 
degree of accuracy. At this point within the first phase, 
the specific sections of roadway can be selected according 
to a randomized design for data collection. 

Data Collection Methodology 

Methodological aspects must also be resolved by the 
preliminary data collection within Phase 1. It should be 
recognized that the expense of a high degree of accuracy 
of roadside measurements is unnecessary because of the 
lack of precision of all of the other measurements (i.e., 
accident frequency and severity and other geometric 
measurements). The results will not be significantly im-
proved by a very high degree of accuracy nearly as much as 
they will by increases in the sample sizes. 

The accuracy in the foregoing measurements could 
range from that obtained by pure human estimation to that 
obtained from precise measuring devices designed specifi-
cally for this research. Some compromise between these 
two is required for practical and economical reasons. The 
specific means of measuring the roadside quickly and 
accurately should be resolved during the data accumulation 
steps of Phase 1. That is, various techniques should be 
tried in order to establish the most economical method that 
will still yield the degree of accuracy required. 

Within Phase 1, an experiment should be performed to 
determine if photolog equipment can be used to gather the 
data. This can be determined by physically measuring 
a roadway segment and calculating the indicator values. 
These, in turn, can be compared to the indicator values that 
are calculated by measurements directly from the photolog. 
Individual measurements could also be compared to deter-
mine and isolate any sources of discrepancy. If part or all 
of the measurements are available with sufficient accuracy 
from the photolog, economic analysis should be performed 
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to establish if this provides the best means for data collec-
tion. The trade-off between accuracy and increased sample.  
size should be recognized in this analysis as well as the 
eventual use of the photolog in the methodology once the 
relationships are developed. If, in fact, the photolog can 
serve as an effective measuring device, its use in the appli-
cation of the results will be of great advantage. 

The considerations of the previous paragraph apply 
equally well to other data gathering techniques, such as the 
use of aerial photographs. 

CALCULATION OF HAZARD INDICATORS 

A great amount of wdsted effort on research projects is 
often devoted to the establishment of data bases, portions 
of which serve no use. To avoid this common pitfall, the 
processing techniques for forming the indicators should be 
specified in advance. These indicators should be calculated 
for each homogeneous segment chosen for data collection. 
Under the section "Data Collection Requirements," 14 
variables were specified for collection at each increment. 
These will be referenced as Vi through V14, as follows: 

Vi —Location (milepoints) 
V2 —Curvature indicator 
V3 —Hazard identification code 
V4 —Hazard descriptor code * 
VS —Increment type code 
V6 —Number of obstacles in increment 
V7 —Average distance from roadway 
V8 —Distance to hingepoint 
V9 —Frontslope steepness 
Vi O—Frontslope width 
Vi i—Ditch width 
Vi 2—Backslope steepness 
Vi 3—Backslope width 
V 14—Ditch type 

The particular set of indicators calculated for a segment 
will depend on the increment type code (V5). The re-
mainder of this section will be concerned with calculating 
the hazard indicators according to that code: 

1. No roadside hazards (V5 = 1, clear to 50 ft)—
Indicators will not be established for those segments that 
do not contain roadside hazards. However, data will be 
collected on these segments in order to attempt to quantify 
a base-line accident and severity rate. This will be ex-
tremely useful because the effect of each additional hazard 
will be added to this base figure to project accident 
frequencies and seventies in the estimation methodology 
(see "Application of the Results" section later). Base-line 
estimates will be obtained over the range of geometric 
design features, including lane width, shoulder width, 
and shoulder surface type. 

Although multiple entries within increments are allowed, 
for simplicity these will be treated as single variables. The 
frequency with which V3 and V4 occurs will be designated V3f 
and V4f, respectively. 

2. Point obstacles only (V5 =2)—Three hazard indi-
cators will be calculated for each segment as follows: 

The average obstacle distance for point hazards, 
AODP, as given by: 

AODP = .N1V7(i)Ci(V7(i) ) 	N C1 (V7(i) )J 
(H-i) 

where N equals the number of increments in the 
segment, V7(i) is as previously described (note 
also that variable V7 is subscripted V7(i) because 
it will have a different value for each increment 
within the segment), and C1 (V7(i)) equals weight-
ing factor as a function of the distance from the 
roadway edge. This variable has the potential to 
increase the importance of obstacles very close to 
the roadway edge; it will be derived empirically in 
the research project. 
The average obstacle density, AOD, associated 
with the roadway, as given by: 

AOD = 	V6(i)/N 	(H-2) 

where V6(i) equals the number bf obstacles in 
the increment as defined earlier. 
The average obstacle severity for point hazards, 
AOSP, as given by: 

V N S1 (V3(i),V4(i)) C2(V7(i), i=1 
V3f(i), V4f(i)) 

AOSP - 
— 	C0(V7(i), V3t(i), V4f(i)) 

where V:  ( i) and V4  (i) equal the hazard identifier 
and descriptor codes that can be used to estimate 
severity by the means used in Tables 4 and 7 of 
NCHRP Report 148, S1(i) equals the severity 
associated with the particular obstacles under con-
sideration, and C2(i) equals the weighting factor 
to be derived empirically similarly to C1(i). 

The three indicators will provide the independent vari-
ables, along with geometric and other design information 
(e.g., design speed, ADT, DHV, etc.) to establish the 
following relationships by regression and/or other cor-
relation techniques: 

ACNO(2) = f (AODP, AOD,...) 	(H-3a) 

FPDO(2) = /2 (AOSP,...) 	(H-3b) 

where ACNO(i) and FPDO(i) will be used throughout 
this section to refer to the number of accidents and frac-
tional property-damage-only accidents, respectively, in 
roadside category i (e.g., 2 = point obstacles only). 

3. Continuous obstacles only (V5 =3)—Two indicators 
will be calculated as follows: 

a. The average obstacle distance for continuous 
hazards, AODC, which is identical in form to 
AODP previously described. 
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b. The average obstacle severity for continuous 
hazards, AOSC, which is identical, in form to 
AOSP previously described. The relationships to 
be obtained empirically are: 

ACNO (3) = f (AODC, . . .) 	(H-4a) 

FPDO (3) =14 (AOSC, . . .) 	(H-4b) 

4. Slopes only (V5 = 4)—Slopes that are not protected 
by guardrails and that do not contain point hazards will 
have the following indicators: 

The average distance to hinge point, ADHP, 
calculated as follows: 

ADHP= 11 V8(i)/N 	(H-5) 

where V8(i) equals the distance to hinge point 
described earlier, and N equals the number of 
increments in the segment. 
The average frontslope steepness, AFSS, calcu-
lated as follows: 

AFSS = .2'71 V9(i)/N 	(H-6) 

where V9(i) equals the frontslope steepness of 
increment i as described earlier, and N equals the 
number of increments in the segment. 
Average distance to ditch or backsiope hazard, 
ADDB, calculated as follows: 

ADDB = 	V10(i)/N 	(H-7) 

where V10(i) equals the frontslope width of in-
crement i as described earlier, and N equals the 
number of increments in the segment. 
Average slope severity indicator, ASSI, calculated 
as follows: 

ASSI = iN1  S3(V9(i), Vii (i), V12(i), V13 (i), 
V14(i))/N 	 (H-8) 

where S2(i) equals the distance from the appro-
priate point (obtained from a knowledge of V9 
and V12) to the appropriate Sl = 1 curve (ob-
tained from a knowledge of Vii, V13, and V14) 
on pages 14 and 15 of NCHRP Report 158; and 
N equals number of increments in the segment. 

Note in the foregoing that the first three variables are 
sufficient indicators of accident frequency, while the fourth 
is an indicator of severity. The relationships to be estab-
lished by research are: 

ACNO (4) = /5(ADHP, AFSS, ADDB, . . .) (H-9a) 

FPDO (4) = f 6(ASSI, . . .) 	 (H-9b) 

5. Slopes and point obstacles (V5 = 5)—If hazards 
(point or continuous) occur on the far side of a non-
traversable ditch, the ditch should be considered as "pro-
tecting" the obstacle in the same sense that a guardrail 
would. Generally, the "slopes only" (V5 = 4) case will 
apply and these other obstacles become relatively in-
significant. 

In cases where point obstacles occur on the near side of 
a ditch, the increased frontslope will increase the prob-
ability of larger lateral encroachments. Thus, the average 
frontslope steepness, AFSS, as calculated in the "VS = 4" 
section, will be another indicator of accident frequency. 
Some relationship to transform this variable into a cumula-
tive probability distribution, such as that given in Figure 
4 in NCHRP Report 148, might be in order. For the 
present, the relationships to be determined by research 
will be stated; these are: 

ACNO(5) =f 7 (AODP, AOD, AFSS,...) 	(H-lOa) 

FPDO(5) =/8(AOSP, . . .) 	 (H-lOb) 

where the arguments of the expressions are further dis-
cussed in the earlier "VS = 2" and the "VS = 4" sections. 

6. Slopes and continuous obstacles (V5 = 6)—Gen-
erally, this condition will occur where a guardrail has been 
constructed to protect some hazard well off the roadway. 
In this case, the distance to the guardrail reduces the 
probability of its being struck, whereas the steepness of the 
frontslope will increase this probability. Thus, the average 
frontslope steepness, AFSS, as calculated in the "VS = 4" 
section will be another indicator of accident frequency. 
As in the previous section, the relationships become: 

ACNO(6) =19(AODC, AFSS, . . .) 	(H-ha) 

FPDO(6) =J10(AOSC,  . . .) 	 (il-lib) 

APPLICATION OF THE RESULTS 

The example plan described earlier was developed with 
a view toward integrating the results into the NCHRP 3-
25 methodology that is currently available. As with all 
studies of this nature, the results will be generally ap-
plicable across the broad range of common roadway 
classifications. 

The procedure for applying the results is almost a mirror 
image of the research. Data will be obtained from the 
roadway under consideration for new or reconstruction 
(e.g., variables V2 through V14). In addition, for each 
degree of improvement that is anticipated, a set of 
variables will be compiled based on the design specifica-
tions for the improvement. These variables will be trans-
formed into the indicator values by using the same func-
tions as were used in the research. Thus, by using the 
relationships obtained by the research, accident frequency 
and severity of roadside accidents can be estimated for 
each of the degrees of improvement. 

The integration of this methodology into the NCHRP 
3-25 economic model will be quite simple. Relationships 
within NCHRP 3-25 include all roadside hit-object ac-
cidents. However, since roadside characteristics are not. 
being considered as a dependent variable, all roadside 
accidents will be predicted reflecting an average over all 
the roadways studied for the particular lane width, shoulder 
width, and shoulder surface type. This average can be 
calculated and the estimate modified such that roadside 
considerations are excluded. Then, the methodology 
would be applied to add back the accident frequency and 
severity to the totals. Now, however, the particular road-
side characteristics,, as well as those proposed under 
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modification plans, will be used to specifically determine 
this portion of the accident picture. 

Thus, the cost-benefit techniques, as well as the optimiza-
tion techniques currently developed within NCHRP 3-25, 
can be used in the final evaluation. This will enable a 
trade-off among all of the design features under con-
sideration. The model will specify the lane width and the 
roadside improvement in order that there is an over-all 
minimum of accident cost. Additional analyses will deter-
mine the marginal return in safety to be obtained from an 
additional expenditure of, for example, $100,000. This  

type of information is essential if cost-effective designs 
are to be obtained. 

Although the foregoing procedure seems quite straight-
forward, it should not be concluded that its success is a 
foregone certainty. A tremendous amount of ingenuity 
and effort will be required to smooth out the data 
collection techniques and establish the relationships. There-
fore, a two-phased research effort is recommended. Modifi-
cation of the structured relationships is expected in the 
course of the research. However, the work that has been 
performed provides most of the basic planning required to 
conduct a successful additional research effort. 

APPENDIX I 

USERS MANUAL 

CHAPTER ONE-USE OF MANUAL 

PURPOSE OF MANUAL 

The current design process follows an application of 
fixed procedures and the use of established standards to 
develop a design for the highway facility. Although each 
project is designed individually, the procedures and stan-
dards remain fairly rigid. Characteristics unique to each 
project, such as traffic, terrain, and existing geometrics, 
are the only variables. 

The intent of this manual is to provide a methodology 
for "tailoring" the designs for individual projects rather 
than developing designs through the rigid adherence to 
fixed categories of design standards. Tailoring will be 
limited to consideration of the impact of variation of 
geometric standards on safety. It will not affect decisions 
related to highway capacity, vehicle characteristics, or 
other related design considerations. 

The selection of cost-effective designs involves four 
basic steps: 

For each geometric characteristic, define a range of 
dimensions that may be reasonable to consider for design 
criteria (e.g., a lane width of 10 to 12 ft may be the only 
widths reasonable for a specific project). 

Estimate the project construction costs using various 
increments of geometric values throughout the selected 
range (e.g., 1-ft increments of lane width between 10 ft 
and l2ft). 

Predict accident experience expected with each of 
the increments of geometric values using the research 
results of NCHRP 3-25. 

Perform analysis to identify that level of geometric 
design that provides the best combination of investment 
costs and safety benefits. 

Steps 1 and 2 present no particular problem. Reason-
able ranges of highway geunietries iiiay readily be defiuied, 
and most highway agencies routinely prepare preliminary 
construction cost estimates. Steps 3 and 4 are more 
complex tasks. NCHRP 3-25 research was directed to 
these latter two items, and this Users Manual has been 
prepared to help designers perform the evaluations and 
select the most cost-effective design. 

APPLICABLE DESIGN ELEMENTS 

The research recognized the multitude of variable de-
sign elements and the futility of initially attempting to 
include all elements in a selective design process. Over 
50 design elements were investigated to identify those that 
were most appropriate for cost- and safety-effectiveness 
analyses. The following criteria were considered: 

The general approach for evaluation should be ap-
plicable for any design feature. 

Initial work should be directed to those design fea-
tures where cost savings might be significant without 
materially reducing roadway user safety. 

Design features must be susceptible to the establish-
ment of reliable quantitative relationships between design 
variations and expected accident experience. 

Design variations for some features (pavement cross 
slope, superelevation, etc.) have very little effect on 
costs—that is, potential cost saings were insignificant, and 
current design criteria for these features can be followed 
without significant cost increases. 

For some design features (lane width, shoulder width, 
side slopes, median width, clear roadside width, etc.), 
variations in design result in very significant cost dif- 
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ferentials. It was to these high-cost features that the re-
search was directed to identify the relationship between 
accidents and various criteria or dimensions for specific 
design features. Although previous studies had identified 
probable relationships for selected features, the findings 
from different sources were not consistent nor were they 
suitable for use in an incremental design process. There-
fore, additional analysis and quantification were neces-
sary to identify acceptable relationships and to, present 
these in a usable format. 

The design features selected for additional analysis and 
quantification included those features that had a potential 
for cost reduction and also sufficient accident and geo-
metric data for developing the necessary relationships. 
These design features included the following: lane width, 
shoulder width, shoulder surface type, and combinations 
of these elements. Other design features, such as median 
width and clear roadside width, offer a high potential for 
cost reduction, but do not have geometric and accident 
data in the detail required for quantifying the relation-
ship between variable designs and accidents. 

The NCHRP 3-25 research report presents the results 
of the analyses performed to establish quantitative rela-
tionships between lane width, shoulder width, shoulder 
surface type, and accidents. These relationships are based 
on the analyses of the accident and geometric records from 
three state highway agencies and the findings of previous 
research. By following the methodology presented in this 
manual, the most cost-effective combination of lane width, 
shoulder width, and shoulder surface type can be selected 
for a specific project—based on safety considerations only. 

The methodology presented in this manual is directed 
to lane width, shoulder width, and shoulder surface type 
for rural two-lane highways. However, the same meth-
odology is applicable for other design features. As 
quantitative relationships for other design elements be-
come available, these relationships may be incorporated 
into the selective design methodology described in this 
manual. 

MANUAL ORGANIZATION 

The manual is arranged so that the chapters present a 
sequence of step-by-step instructions for carrying out the 
evaluations and selecting the appropriate value for lane 
width, shoulder width, and type of shoulder. 

The step-by-step methodology required for performing 
cost-effective designs, including a detailed illustration of 
its application, is presented in Chapter Two ("Step-by-
Step Methodology"). In Chapter Three ("Construction 
and Accident Costs"), requirements for incremental con-
struction costs are presented, together with procedures for 
estimating accident costs associated with incremental 
variation of the design features. Procedures and instruc-
tions for economic analysis of various design alternatives 
are included in Chapter Four ("Economic Analysis"), 
along with criteria for making design decisions. 

The evaluation procedures and computations ordinarily 
can be performed manually. But the work can be simpli-
fied with a computer. Chapter Five ("Computer Applica-
tions") describes these computer applications. Specifica- 

tions required to implement the Roadway Engineering 
Analysis Program (REAP) are detailed in Chapter Six 
("REAP Computer Program Documentation"). The con-
cluding chapter in this manual—Chapter Seven "Applica-
tion for Additional Design Elements"—presents informa-
tion on how the cost-effective methodology can be applied 
to other design elements after the corresponding relation-
ships are identified. 

APPLICATION TO DESIGN 

It should be kept in mind that the evaluation pro-
cedures do not replace the need for good, sound engi-
neering judgments by designers. Rather, they provide 
tools for designers to make safety-related decisions on 
the basis of economic considerations. Several points should 
be taken into account: 

Many design decisions are not related to safety con-
siderations and should continue to be made on the basis 
of current practice. 

Many acknowledged safety features do not entail 
significant additional cost and should be routinely in-
corporated in design without need for cost evaluation. 

For the more costly design features that are influ-
enced principally by safety considerations, there is need 
to accept a new concept. The tailoring of designs for 
each project may result in lower designs than currently 
applied. 

Proper application of the selective design process will 
result in more miles of improvements for the same dollars 
expended. Not only will there be a better level of service, 
but accidents will be reduced because of the higher safety 
payoff per dollar expended. 

CHAPTER TWO-STEP-BY-STEP METHODOLOGY 

INTRODUCTION 

The purpose of this chapter is to provide the highway 
designer with the methodology required for cost-effective 
highway design with respect to safety. Of necessity, some 
of the details will be deferred until other chapters in 
order to provide the perspective necessary for their use. 
The methodology will first be presented in a very general 
conceptual format. This will be followed by a reiteration 
in terms of a step-by-step procedure appropriately refer-
enced to subsequent chapters. Finally, a detailed example 
will be given to illustrate the methodology. 

GENERAL METHODOLOGY 

This section presents an overview of the methodology 
such that a general understanding of the procedures can 
be attained. The user who is applying the methodology 
should become familiar with this over-all strategy first. 
Then, the step-by-step procedure given in the next section 
should be applied for actual design. The following pre-
sents the four major phases of the design process. 

Phase 1—Determine Construction Costs 

During this phase a base construction cost is deter-
mined in dollars per mile or total project for the minimum 
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design under consideration (e.g., 18-ft pavement width, 
no shoulder). In addition, incremental construction costs 
are determined for pavement width, paved shoulder width, 
and unpaved shoulder width. An unpaved shoulder may 
be an earth, sod, or gravel surface that is constructed 
adjacent to, and at grade with, the pavement surface. 
Paved shoulders have a bituminous, or concrete, wearing 
surface. Incremental costs for pavement and shoulder 
widths are the additional costs, over and above the mini-
mum design, required to add 1 ft of pavement and 
shoulder, respectively. 

Phase 2—Determine Accident Costs 

Accident costs will be determined by using the accident 
and design element relationships established during 
NCHRP 3-25 research. Given the ADT and curvature, as 
well as the alternative designs under consideration, the 
number of accidents per year can be forecasted by severity 
for each alternative. The cost per accident can be deter-
mined by using an accepted set of accident costs and the 
applicable injury-fatality ratio. The present worth of these 
costs over the life of the roadway provides the accident 
cost used for decision-making. 

Phase 3—Determine Candidate Designs 

Qivçn the construction cost and the accident cost, a 
procedure has been developed to establish a number of 
candidate designs over a range of possible design alterna-
tives. This procedure is based on a concept of optimiza-
tion of geometric design specifications that reflects a 
regard for economy without sacrificing traffic safety. 

Phase 4—Select Final Design 

The selection of the final design for the project under 
consideration cannot be made in a vacuum. Thus, no 
rigid procedure is specified that forces a design onto the 
decision maker. Rather, the methodology of Phase 3 
produces all of the information required for cost-benefit, 
marginal cost-benefit, and breakeven analyses. This pro-
vides all of the information required, so that the alterna-
tive designs being analyzed, using this methodology, can 
be effectively compared with each other and with other 
alternative projects. In this way, the decision-making 
process is crystallized such that the final design selected 
is based on a totally objective basis.. 

STEP-BY-STEP PROCEDURE 

The four phases of the cost-effectiveness methodology 
will now be detailed in a procedure suitable for day-to-
day usage. Additional details may be required during the 
first application of this methodology. These are corre-
spondingly referenced to a more thorough discussion in 
subsequent chapters. Figure I-i is an overview of the 
total methodology described in the following, pages. 

Phase 1—Determine Construction Costs 

Design information available for each project is used 
to calculate a base construction cost and incremental costs  

for pavement width, shoulder width, and type of shoulder. 
Step 1-A. Determine base construction cost. This is 

the cost of construction of the minimum roadway width 
under consideration ($/mile). It may exclude any costs, 
such as the purchase of the right-of-way or roadside im-
provements if these will be expended independently of the 
final design specifications for pavement and 'shoulder 
widths. It must exclude all costs associated with shoulder 
construction and other items that would not be required 
to construct the roadway to the minimum design specifi-
cations under consideration. 

NOTE Steps 1-A through l-D are discussed in detail 
in Chapter Three. 

Step 1-B. Determine pavement width costs. The total 
cost ($/mile) should be determined for constructing a 
roadway without shoulders in the following widths: 18 ft, 
20 ft, 22 ft, and 24 ft. If the incremental (per foot 
width) cost is determined to be uniform over the 18- to 
24-ft range, this can merely be added to the base cost 
determined in Step 1-A. If the increase in price is not 
linear, a direct calculation of each width will be required. 
The incremental cost per foot of width is calculated by 
using the cost increments for the different widths. The 
rules stated in Step 1-A for excluding certain costs apply. 

Step 1-C. Determine unpaved shoulder costs. The total 
cost ($/mile) of constructing an unpaved shoulder on 
both sides of any pavement width should be speeilied in 
dollars per mile. Separate estimates should be made for 
the following widths: 2 ft, 4 ft, 6 ft, 8 It, and 10 ft. For 
certain roadways where a fairly wide right of way has 
already been obtained, 'the cost of constructing the shoulder 
might be linearly related to its width. On the other hand, 
certain roadways might require additional right-of-way 
acquisition above a certain point, and this should be re-
flected at this point. Note that accuracy in the final 
design will depend much more on the diffeknce between 
the various shoulder costs as they vary with width than 
on the absolute values. These costs are limited to shoulder 
construction only. They will not include the pavement 
width costs of Step 1-B. 

Step 1-D. Determine paved shoulder costs. The total 
cost of constructing a paved shoulder should be determined 
for the following widths: 2 ft, 4 ft, 6 ft, 8 ft, and 10 ft. 
All of the considerations of Step 1-C apply. 

Phase 2—Determine Accident Costs 

The cost of an accident should be determined separately 
for each state. This cost will vary, depending on accident 
severity and unit costs by accident severity. Once an 
average accident cost is determined, it may be used until 
updated information on accident severity and! or costs is 
available. 

Accident costs should be obtained from the state agency 
responsible for maintaining statewide accident statistics. 
This agency should perform the following six steps (2-A 
through 2-F) to develop the cost of an accident for use 
in the cost-effectiveness methodology. 

Step 2-A. Determine fractional property-damage-only 
base estimate. This is the average fractional property- 
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PHASE 1 

IDETERMINE CONSTRUCTION COSTSI 

Step 1-A. Base Construction Cost 

Step 1B. Pavement Width Costs 

Step 1-C. Unpaved Shoulder Costs 

Step 1-D. Paved Shoulder Costs 

PHASE 2 

DETERMINE ACCIDENT COSTS 

Step 2-A. Determine FPDO Estimates 

Step 2-B. Calculate FPDO Value 

Step 2-C. Estimate for Unit Accident Costs 

Step 2-D. Determine Injury to Fatality Ratio 

Step 2E. Calculate Cost Per Accident 

Step 2-F. Repeat Steps 2-A - 2-E for Each 
Design Parameter 

Step 2-G. Determine Service Life 

Step 2-H. Determine Interest Rate 

Step 2-I. Sum Project Length by Curvature 
Group 

Step 2-J. Select Practical Designs 

Step 2-K. Determine Bose Accident Rates 

Step 2-1.. Determine Projected Accident Rote 

Step 2-M. Calculate Annual Accidents 

Step 2-N. Calculate Annual Accident Cost 

Step 2-0. Calculate Present Worth Factor 

Step 2-P. Calculate Present Worth of Acci- 
dent Cost 

Repeat Steps 2-L - 2-P for Design Alternative 

PHASE 3 

I 	DETERMINE CANDIDATE DESIGNS 	I 

Step 3-A. Arrange Alternatives by Increasing Construc 
tion Cost 

Step 3-B. Plot Cost-Safety Effectiveness Curve 

Step 3-C. Select Candidate Designs 

Step 3-D. Combine Curvature Alternatives 

PHASE 4 

SELECT FINAL DESIGN 

Step 4-A. Plot Marginal Cost-Benefit Curve 

Step 4-B. Select Final Design 

Figure 1-1. 0 verviev of cost-safety-effectiveness  methodology. 
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damage-only accidents for two-lane rural highways and 
the following ADT groups: 0-999, 1,000-2,499, 2,500-
4,999, and 5,000 and greater. These values should be 
available from the state agency responsible for accident 
records. These base, fractional property-damage-only, 
FPDO, values are expressed as a proportion of the total 
accidents. For example, if 55 percent of the total accidents 
are property damage only, the FPDO would be expressed 
as 0.550. The average FPDO values obtained from Mary-
land and Washington data during the research project 
are given in Table I-i. 

Table 1-2 shows the fractional property-damage-only 
adjustments for the two data base states. These adjust-
ments take into account the effect that shoulder type and 
horizontal curvature have on the property-damage-only 
fraction. These adjustment factors are the results of the 
research project and are applicable to all agencies. 

NOTE: Steps 2-A through 2-P are discussed in detail in 
Chapter 3. 

Step 2B. Calculate the expected property-damage-only 
fraction, FPDO. Use the adjustment factors in Table 1-2 
to obtain the FPDO as follows: 

/ 	FPDO = BFPDO + PDOADJ 	(I-i) 

where BFPDO is the state's base fractional property-dam-
age-only estimate from Step 2-A, and PDOADJ is the ap-
plicable adjustment factor from Table 1-2. 

Step 2-C. Determine an estimate of the cost in dollars 
of a fatality, nonfatal  injury, and property-damage-only 
accident. A complete discussion of available data and the 
rationale of accident costing is given in Chapter Three. 

Step 2-D. Determine the injury-to-fatality ratio, R. 
This is the number of injury accidents divided by the 
number of fatality accidents on roadways with ADT's and 
designs similar to that anticipated on the proposed road-
way. 

Step 2-E. Calculate the expected cost per accident, 
CPA. For the design parameters under consideration, the 
following formula is used: 

CPA=CPDO (FPDO+ (1—FPDO) [CI (RI 
RP1) +CF (1/RP1I 	 (1-2) 

where CPDO is the cost of a property-damage-only ac-
cident from Step 2-C, FPDO is the fractional property-
damage-only accidents from Step 2-B, CI is the cost of a 
nonfatal injury accident from Step 2-C, R is the injury-to-
fatality ratio from Step 2-D, RP1 equals R + 1, and CF is 
the cost of a fatal accident from Step 2-C. 

Step 2-F. Repeat Steps 2-A through 2-E for each de-
sign parameter. Develop a table, such as Table 1-3, which 
can then be used in all subsequent calculations (e.g., 
Steps 2-G through 2-P for this project, as well as all other 
projects until different accident data are available). 

The next steps involve estimating the total number of 
accidents expected to occur for various alternative designs 
that are considered practical for the project being de-
signed. These accidents are then expressed as dollars. 

Step 2-G. Determine the service life  of the project. 
This is the number of years that the facility is expected to 
fulfill its normal function without major alteration. More 
specifically, it is the number of years over which the 
safety implications of the design will be in effect. It 
answers the question: How thany years into the future 
will the decisions regarding lane width, shoulder width, 
and shoulder surface type continue to have a similar 
effect on accidents as they do the first year? The term 
"similar" as used here does not mean exact, but it does 
imply that changes resulting either from changes in traffic 
flow or subsequent roadway modifications are not signifi-
cant. 

Step 2-H. Determine the interest rate. Provision has 
been made for incorporating considerations of time value 
of money. The decision as to the value of the interest 
rate, or whether or not to use an interest rate, is beyond 
the scope of the current project. Reference is made to 
NCHRP Report 162, page 7, for such a discussion. 

Step 24. Divide the total project into two segments by 
curvature. This consists of calculating the total length of 
the less than 3-deg curvature and the total length of the 
3-deg and greater curvature for the construction project. 

Step 24. Determine a subset of alternatives. With 4 
pavement widths, 6 shoulder widths, and 2 shoulder sur-
face classifications, there is a total of 48 possible com-
binations. Some of these combinations are probably im-
practical and not worthy of consideration. In order to 
reduce the amount of work required in further steps, the 
designer should eliminate all combinations that will not 
warrant the calculation time required. All reasonable 
combinations should be included, however, to guarantee 
against precluding a potential improvement. 

Step 2-K. Determine base accident rates, BRATE. The 
base accident rate is the accidents per million vehicle 
miles for a maximum design of 24-ft pavement width, 
10-ft paved shoulder if present. A composite of base rates 
for the states analyzed is given in Table 1-4. However, 
each state should determine a base rate from an analysis 
of its own roadways with similar ADT and maximum 
design specifications. 

Step 2-L. Determine accident rates. On the basis of the 
estimated ADT, determine the projected accident rate per 
million vehicle miles for the two curvature classifications 
and each proposed alternative using Table 1-5. These 
accident rate adjustment factors represent the accident-
design element relationships established as a result of 
NCHRP 3-25 research and should be used by each state. 
Calculate the effective accident rate as: 

ACRT= (BRATE) (ADJ) 	 (1-3) 

where ACRT is the effective rate per million vehicle 
miles, BRATE is the base rate obtained in Step 2-K, and 
ADJ is the adjustment factor for the base rate obtained 
from Table 1-5. 

Be sure that, in using Table 1-5, the proper adjustment 
factor is selected for the shoulder surface, pavement 
width, and shoulder width under consideration. 

Step 2-M. Calculate the expected number of accidents 
per year, NACC. The following formula will be used: 
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TABLE I-i 

EXAMPLE FRACTIONAL PROPERTY-DAMAGE-ONLY 
VALUES 

ADT 
5000 and 

0- 999 	1000 -2499 	2500- 4999 	Greater 

Fractional PDO 	0.553 	0.545 	0.570 	0.571 

NOTE: These figures are based upon a compendium of 
Washington and Maryland averages. Generally, the state 
should replace these with their own estimates for the ap-
plicable ADT. 

TABLE 1-3 

EXAMPLE ACCIDENT COSTS (CPA) 

ADT GROUP CURVATURE 

SHOULDER TYPE 

UNPAVED 	PAVED 

0 -  999 Less than 3 degrees $6,458 $6,431 

3 degrees and greater 6,893 6,865 

1,000-2,499 Less than 3 degrees 6,567 6,539 

3 degrees and greater 7,001 6,974 

2,500 	4,99 Lett than 3 degrees 6,227 6,200 

3 degrees and greater 6,662 6,634 

5,000 and greater Less than 3 degrees 6,213 6,186 

3 degrees and greater 6,489 6,621 

NOTE: Each state safety analysis group should develop this table 
S-ase7-upon their own base FPDO estimates, the stat&s injury-fatality 
ratio, and the accident costs used by the state for policy decisions. 
The following were used to develop this table: 

Base FPDO estimates from Table I 1, adjusted by Table 12; 

Injury-fatality ratio = 25; and 

CPDO=$520;C1$3,185;CF=$287,175. 

NACC= (365) (ADT) (ACRT (MILES)! 
1,000,000 	 (1-4) 

where NACC is the number of accidents per year ex-
pected on the segment, ADT is the average daily traffic, 
ACRT is the estimated accident rate (from Step 2-L), and 
MILES is the number of miles in the applicable segment 
(from Step 2-I). 

Step 2N. Calculate the accident cost per year, ACST. 
This is determined as follows: 

ACST = NACC (CPA) 	 (1-5) 

where NACC is the number of accidents per year from 
Step 2-M, and CPA is the cost per accident from Step 2-E. 

Step 2-0. Calculate the present worth factor, PWF. 
This may be obtained from any standard set of interest 
tables (CRC Mathematical Tables from Handbook of 
Chemistry and Physics, Chemical Rubber Publishing Com-
pany, Cleveland, Ohio) given the service life (obtained 
in Step 2-G) and the interest rate (obtained in Step 2-H). 
The following formula can also be used: 

TABLE 1-2 

FRACTIONAL PROPERTY-DAMAGE-ONLY ADJUST-
MENTS (PDOADJ) 

Shoulder Surface Type 

Curvature 	 Unpaved 	 Paved 

Less than 3 degrees 	 0.010 	 0.012 
3 degrees and greater 	 -0.022 	 -0.020 

Source: NCHRP 3-25, Final Report. 

TABLE 1-4 

BASE RATES FOR RESEARCH PROJECT (2-LANE 
RURAL HWYS., 24-FT PAVEMENT, 10-FT 
SHOULDERS) 

ADT GROUP CURVATURE 

SHOULDER TYPE 

UNPAVED 	PAVED 

0- 999 Less than 3 degrees 1.85 1.44 

- 	3 degrees and greater 2.13 1.66 

1,000-2,499 Less than 3 degrees 1.23 0.96 

• 3 degrees and greater 1.42 1.11 

2,500 - 4,999 Less than 3 degrees 1.24 0.97 

3 degrees and greater 1.43 1.12 

5,000 and greater Less than 3 degrees 1.31 1.03 

3 degrees and greater 1.51 1.18 

TABLE I-S 

ACCIDENT RATE ADJUSTMENT FACTORS 
(RURAL 2-LANE HWYS.) 

Shoulder Width 

Pavement Width (Feet) 

18 or Less 	20 	22 24 

0-2 1.85 	1.64 	1.57 1.57 

3 - 4 1.51 	1.34 	1.29 1.29 

5-6 1.3.4 	1.18 	1.14 1.14 

7-8 1.20 	1.06 	1.02 1.02 

9-10 1.18 	1.04 	1.00 1.00 

Source: NCHRP 3-25, Final Report. 

PWF= 
	

(1-6) 

where I is the interest rate (Step 2-H), and L is the 
service life (Step 2-G). 

Step 2-P. Calculate the present worth of the accident 
cost, PWAC. This is obtained as follows: 
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PWAC = PWF (ACST) 	 (1-7) 

where PWF is the present worth factor (Step 2-0), and 
ACST is the annual accident cost obtained in Step 2-N. 

NOTE: Steps 2-L through 2-P will be repeated for each 
set of design specification combinations under considera-
tion. At this point, it should be possible to compile a 
table of the design specifications and their corresponding 
construction costs and accident costs, as will be il-
lustrated in the example given later. 

Phase 3—Determine Candidate Designs 

Step 3-A. Arrange alternatives by construction cost. 
Once a table of all practical alternatives, as well as their 
estimated construction and safety costs, is assembled, the 
entries therein should be arranged in order of increasing 
construction cost for ease of further processing. This step 
is performed separately for the two curvature groups. 

Step 3-B. Plot cost-safety  e/Jectiveness curve. Figure 
1-2 shows the recommended format of this curve, which 
is merely a plot of the two columns of figures arranged in 
Step 3-A. 

Step 3-C. Select and list candidate designs. In this case, 
a "candidate" design is one that does not have an in-
creasing construction cost and an increasing accident cost 
when compared to the next lower cost candidate design. 
The first candidate design on the list will be, by defini-
tion, the lowest cost design considered. The determina-
tion of candidate designs follows immediately from Step 
3-13, since those alternatives with both increasing construc-
tion cost and increasing accident cost can be quickly 
identified and eliminated from further consideration. For 
ease in identification, it is recommended that a line be 
drawn through the candidate designs as was done in the 
foregoing example. With certain exceptions, this line will 
generally follow the classical negative diminishing return 
curve. 

Step 3-D. Combine alternatives for tangent and curve 
segments. Alternatives for the tangent and curve segments 
are combined for a total project alternative. Combina-
tions of impractical designs should be eliminated at this 
point to reduce the total number of project alternatives. 

Phase 4—Select Final Design 

Step 4-A. Draw the marginal cost-benefit curve. This 
curve will take the format shown in Figure 1-3. Note that 
the "Total Construction Cost" is the combined costs for 
the tangent and curve segments. The benefit (in reduced 
accident cost) is plotted for each feasible project alterna-
tive. This is defined as the marginal benefit (i.e., that 
benefit purchased by the last incremental increase in 
construction cost). A study of this curve will enable the 
decision maker to intelligently determine the point at 
which an increase in construction cost is no longer war-
ranted for safety. The calculation of the marginal benefit 
will be further detailed in the example following this 
section. 

Step 4-B. Select final design. The criteria for selecting 
the final design are many and their interactions quite 

Construction Costs (Thousands) 

Figure 1-2. Curve format-Step 3-B. 
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Figure 1-3. Curve format-Step 4-A. 

complex. Any simple formula that excludes the considera-
tion of the many constraints and options within the total 
system might be quite misleading. A detailed discussion 
of the systems approach is given in Chapter Four. A 
summary of these considerations follows. 

If the construction cost and the accident cost can, in 
fact, be considered to be additive, a minimum total cost 
approach can be taken. The "optimum" design within 
any curvature classification will be that for which the 
sum Of costs is a minimum, easily obtained from the 
ordered listing, resulting from Step 3-A. Although this 
might seem to be an easy and quite tempting approach 
to decision-making, the disparity in accident cost estimates 
argues strongly against the additive nature of these two 
costs. And, in fact, if this approach is used, the often-
heard accusation that the highway engineer is sacrificing 
lives for dollars, indeed, becomes quite valid. 

A much more enlightened approach can be made to 
this problem when the decision-maker considers it in 
light of the available practical alternatives. Rarely is he 
in the position of either "buying" more safety on a given 
project or "putting the money in the bank." Rather, he 
has a number of competing alternatives (all of which in 
some way impinge on safety), vying for the available 
funds. Decisions regarding design specifications are made 
in this environment. The information produced by Steps 
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3-11, 3-C, and 4-A provides the decision-maker with all of 
the data needed to totally eliminate designs that are not 
cost-safety effective (i.e., higher construction cost and 
higher accident cost). In addition, these data provide the 
information by which a decision regarding the alternatives, 
both within and outside of the subject project, can be 
balanced to obtain the greatest degree of safety possible 
throughout the system. This will be illustrated at the 
appropriate point in the following example. 

EXAMPLE CALCULATION 

The preceding section presented the cost-effectiveness 
methodology in a step-by-step procedure. This section 
illustrates the application of this methodology through an 
example calculation. Each step required to select the 
most cost-effective pavement width, shoulder width, and 
shoulder type is illustrated. 

Phase 1—Determine Construction Costs 

Step 1-A. Determine Base Construction Cost 

Cost per mile for 18-ft roadway and no shoulder 
= $115,500. 

Step 1-B. Determine Pavement Width Costs 

Pavement Width Cost Per Mile 

18.0 $115,500 
20.0 139,500 
22.0 205,900 
24.0 277,600 

Step 1-C. Determine Unpaved Shoulder Cost 

See Step 1-D. 

Step 1-D. Determine Paved Shoulder Costs 

Additional Cost Per Mile 

	

Shoulder 	Width 	Unpaved 	Paved 

	

4 	 $4,500 	$13,700 

	

6 	 9,400 	26,200 

	

10 	 15,000 	41,700 

Phase 2—Determine Accident Costs 

Accident costs should be available from the state 
agency responsible for accident records. If the average 
cost of an accident is not available, the following steps 
show how it is to be calculated. 

Step 2-A. Determine Fractional Property-Damage-Only 
Estimate 

Assume projected ADT of 2,600 and base fractional 
PDO = 0.570 (from Table I-i). 

Step 2-B. Calculate the Expected Property-Damage-Only 
Fraction FPDO 

FPDO 	BFPDO + PDOADJ 

where: 

BFPDO 	0.570 (from Step 2-A), 
PDOADJ 	0.026 (from Table 1-2), and 
FPDO 	0.570 + 0.026 

= 0.596. 

Step 2-C. Determine an Estimate of the Cost of a Fatality, 
Nonfatal Injury, and Property-Damage-Only Accident 

Use (1975 Societal Costs of Motor Vehicle Accidents, 
U. S. Department of Transportation, National Highway 
Traffic Safety Administration, December 1976): 

Fatality 	 = $287,175 (CF) 
Nonfatal injury 	= 	3,185 (CI) 
Property damage only = 	520 (CPDO) 

Step 2-D. Determine the In jury-to-Fatality Ratio, R 

Use R = 25 (example only; obtain from state accident 
agency). 

Step 2-E. Calculate the Expected Cost per Accident, CPA 

CPA 	CPDO (FPDO) + (1— FPDO) [CI 
(R/RPI) + CF (1/RH)] 

where: 

CPDO = $520 (from Step 2-C), 
FPDO = 0.596 (from Step 2-13), 
CI = $3,185 (from Step 2-C), 
R =25 (from Step 2-D), 
RPI = R + 1 = 25 + 1 = 26, 
CF = $287,175 (from Sept 2-C), and 
CPA = $520 	(0.596) + (1 - 0.596 	[$3,185 

(25/26) + $287,175 (1/26)1 
= $6,010. 

Step 2-F. Repeat Steps 2-A Through 2-E for Each Design 
Parameter 

See Table 1-3. 

Step 2-G. Determine Service Life  of Iroject 

Use L = 15 years (obtain from appropriate highway 
agency division). 

Step 2-H. Determine Interest Rate 

Use I = 10% (based on established state policy). 

Step 2-1. Divide the Project into Two Segments by Curva-
ture 

Assume that this project is for a 1-mi segment with less 
than 3-deg curvature. 

Step 21. Determine a Subset of Alternatives 

Assume curvature less than 3 deg and no shoulders: 	The following will be considered: 
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Pavement Pavement 
Width, Width, 

Shoulder Shoulder 
Width, Width, 

Design Shoulder Design Shoulder 
Reference Surface Reference Surface 

1 18,0 11 22,2,u. 
2 18,2,u 12 22,6,u 
3 18, 4, u 13 22, 10, u 
4 18,2,p 14 
5 20,0, 15 
6 20, 2, u 16 22, 10, p 
7 20, 6, u 17 24, 10, u 
8 20,2,p 18 
9 20,6,p 19 24,6,p 

10 22,0 20 24, 10, p 

Step 2-K. Determine Base Accident Rates, BRATE 

The accident rate for 24-ft pavement, 10-ft paved 
shoulder, 2600 ADT, and less than 3-deg curvature is 
determined to be 1.56 acc./M veh-mi. (Example only.) 

Step 2-L. Determine Accident Rates 

NOTE: From this point through Step 2-P, only Design 
Reference I will be exemplified. The procedure should 
be repeated for all design alternatives. 

ACRT = BRATE (ADJ) 
where: 

BRATE = 1.56 from Step 2-K, 
(ADJ) = 1.85 from Table 1-5, and 
ACRT = 2.89 acc./M veh-mi. 

Step 2-M. Calculate Expected Number of Accidents per 
Year, NACC 

NACC = 365 (ADT)(ACRT)(MILES)/ 
1,000,000 

where: 
ADT = 2600 from Step 2-A, 
ACRT = 2.89 from Step 2-L, 
MILES = 1 from Step 2-1, and 
NACC = 2.74 accidents per year. 

Step 2-N. Calculate the Accident Cost per Year, ACST 

ACST = NACC (CPA) 

where: 
NACC = 2.74 accidents per year 

(from Step 2-M), 
CPA 	= $6,010 (from Step 2-E), and 
ACST = $16,467 per year. 

Step 2-0. Calculate Present Worth Factor, PWF 

For 15 years at 10 percent interest, PWF = 7.6061 

Step 2-P. Calculate Present Worth of the Accident Cost, 
PWAC 

PWAC = PWF (ACST)  

where: 
PWF 	= 7.6061 from Step 2-0, 
ACST = $16,467 from Step 2-N, and 
PWAC = (7.6061) ($16,467) 

= $125,250. 

NOTE: Steps 2-L through 2-P will be repeated for all 
alternative designs given in Step 2-J. 

Phase 3-Determine Candidate Designs 

Step 3-A. Arrange Alternatives by Construction Cost 

The following are the costs for the tangent segments; a 
similar listing must be prepared for the curve segments of 
3 deg and greater: 

Alternative Number 
Design 

PW, SW, SST Const,vction Cost Accident Cost 

1 18, 0, $115,500 $125,250 

2 18,2,0. 120,000 82,559 

3 18, 4, a 123,500 76,986 

4 18, 2, p 129,200 56,161 

5 20, 0, 139,500 111,811* 

6 20, 2, u 144,000 74,493' 

7 20, 6, * 148,900 66.135* 

8 20, 2, p 153,200 49,811 

9 20, 6, p 165,700 40,710 

10 22, 0, 205,900 101,684* 

11 22, 2, * 210,400 66,428* 

12 22, 6, * 215,300 58,070' 

14 22, 2, p 219,600 43,461' 

13 22, 10, * 220,900 46,925' 

15 22, 6, p 232,100 34,360 

16 22, 	10, p 247,600 22,225 

18 24, 4, p 291,300 50,004* 

17 24, 10, * 292,600 38,860' 

19 24, 6, p 303,800 28,010' 

20 24, 10, p 319,300 15,875 

1Nc,,c: Inese nave Increasing ac*IUe*t costs ,or Increasing construction cost and will not 
be 'candidate design alternatives. 

Step 3-B. Plot Cost- Safety-Effectiveness Curve 

This is done separately for the tangent and curve seg-
ments; see following graph: 
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Step 3C. Select and List Candidate Designs 
	

Step 4-B. Select Final Design 

See the graph for Step 3-13. A solid line has been drawn 
through all candidate designs. All others have increasing 
accident costs as construction costs increase and are waste-
ful. They are eliminated from further consideration. 

Step 3-D. Combine Alternatives for Tangent and Curve 
Segments 

Alternatives for the tangent and curve segments are 
combined for a total project alternative. Combinations 
of impractical designs should be eliminated at this point to 
reduce the total number of project alternatives. The fol-
lowing is a list of project alternatives for this example: 

The user is referred to Chapter Four for guidelines in 
the final selection of the alternative. Each of the alterna-
tives given in Step 3-D is the optimal design for that con-
struction cost. 

CHAPTER THREE—CONSTRUCTION AND ACCIDENT COSTS 

INTRODUCTION 

Application of the cost-safety-effectiveness methodology 
in the design process requires the development of estimated 
improvement costs and accident costs for each design 
alternative considered. Currently, this manual applies the 

Alternati,s Number Pavemer' Width Shoulder WidtlType Construction 
Cost 

Accident 
Cost Tangent Curve Tangent Curve Tangent I Curve 

1 18 18 $140,500 $140,250 

2 2 18 20 2u 2u 149,500 97,559 

3 4 18 20 4u 4u 153,000 91,986 

4 6 18 20 2p 4p 158,700 71,161 

8 8 20 20 2p 2p 178,200 64,811 

9 10 20 20 Op 8p 191,900 52,710 

15 15 22 22 op op 257,100 44,360 

16 17 22 22 lop lop 272,100 32,225 

20 20 24 24 lop lOp 344,300 24,875 

Phase 4—Select Final Design 

Step 4-A. Draw Marginal Cost-Benefit Curve 

The marginal benefit is obtained by finding the differ-
ences between the accident cost of succeeding candidate 
designs; example: for alternative number 2,2 the marginal 
benefit is $140,250 - $97,559 = $42,691.  

methodology to the design elements of pavement width, 
shoulder width, and type of shoulder only. Therefore, this 
chapter will only address costs associated with variations 
in these three design features. 

PHASE 1—CONSTRUCTION COSTS 

Estimated construction costs must be developed for 
each alternative to be considered during the design process. 
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These costs are to be estimated for each project and take 
into consideration all of the variables currently considered 
in estimating project construction costs. Use of the cost-
effectiveness design methodology does not change any 
procedures presently used in estimating construction costs; 
it only affects the time some costs are developed and how 
they are summarized. 

Since the cost-effectiveness methodology is used to select 
the most cost-safety-effective combination of pavement 
width, shoulder width, and type of shoulder, estimated 
construction costs must be developed before the values for 
these design elements can be finalized. Therefore, esti-
mated costs will be developed for a range of potential 
design alternatives. Accuracy in total project costs, or 
costs per mile, is not as critical as the difference in costs 
between two pavement widths or shoulder widths. It is the 
difference in costs between two alternatives that affects the 
results of the cost-effectiveness analyses. For each project, 
the following costs are to be developed: 

Basic construction cost. 
Pavement costs. 
Unpaved shoulder costs. 
Paved shoulder costs. 

These costs are to be estimated separately for tangent 
sections and sections having 3-deg or greater horizontal 
curvature. If the projected average daily traffic varies 
within the project limits, separate cost estimates are to be 
made for each different ADT group to reflect the increased 
thickness of base and surface for the higher ADT groups. 
The following ADT groups are to be used: 0-999; 1,000-
2,499 2,500-4,999; and 5,000 and greater. 

Basic Construction Cost 

The basic construction cost is the established cost for the 
minimum roadway width to be considered. In the case of 
a reconstruction project, this would typically be the existing 
roadway width. All costs associated with shoulders must be 
excluded from the basic cost. 

Costs that will be expended independently of the final 
design specifications may be excluded from this basic 
cost. If the basic costs are different for tangents and 
horizontal curved sections of 3 deg and greater, separate 
costs must be developed for these two curvature categories. 
After total project costs are estimated, the cost per mile is 
determined separately by horizontal curvature categories 
(if different). 

Pavement Width Costs 

Pavement width costs are to be estimated for the range 
of pavement widths to be considered. All costs associated 
with the additional width from the basic width are to be 
included. These include surfacing, grading, drainages, etc. 

Incremental pavement width costs will usually be ex-
pressed in 2-ft increments up to 24 ft, or the maximum 
width to be considered. The cost per mile for the additional 
pavement width is determined separately for the two 
curvature categories. Unless there is a change of ADT  

group, and subsequent base and surface thicknesses within 
the project limits, these costs should be the same for both 
categories. 

Unpaved Shoulder Costs 

The cost per mile of constructing an unpaved shoulder 
on both sides of the pavement should be determined for 
the range of shoulder widths to be considered. An un-
paved shoulder is defined as a constructed shoulder at 
grade with the pavement surface and does not have a paved 
surface. It includes stabilized, gravel and sod. 

All costs associated with the unpaved shoulder are to be 
included. If additional right-of-way is required for the 
additional shoulder width, it must be included. The basic 
cost per mile for the minimum width shoulder is not as 
critical as the additional costs associated with the greater 
widths. However, every effort should be made to obtain 
as accurate cost per mile as possible. 

Paved Shoulder Costs 

The cost per mile of constructing a paved shoulder on 
both sides of the pavement should be estimated for the 
range of paved shoulder widths to be considered for the 
project. A paved shoulder is one that has a bituminous or 
concrete surface. 

All costs associated with construction of the paved 
shoulder must be included. Again the total cost per mile 
for the basic shoulder width is not as critical as the addi-
tional costs associated with the greater widths. 

PHASE 2—ACCIDENT COSTS 

The prediction of accident costs associated with an 
alternative design is a prerequisite to the selection of the 
most cost-safety-effective roadway for the design elements 
under consideration. Several steps are associated with 
predicting accident costs for a selected design. These in-
elude the following: 

Estimate total annual accident frequency. 
Estimate accident seventies. 
Select unit accident costs. 
Calculate present worth of accident costs. 

Annual Accident Frequency 

Annual accidents for a specific roadway design are esti-
mated by applying the accident rate, or experience, for a 
highway facility with similar design features to the project 
being designed. In addition to the design feature charac-
teristics, the project length and vehicle miles of travel 
(exposure) must also be available. The relationships be-
tween accident frequencies and design features of pavement 
width, shoulder width, and shoulder surface type were 
determined for the typical design range of these design 
features. The effect that any one of the design elements has 
on the accident rate is relatively small. However, taken in 
combination, the effect can be significant, particularly when 
variation due to traffic volume and horizontal curvature is 
considered. 
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The primary purpose for identifying these relationships 
was to determine the difference in accident rates for differ-
ent design alternatives. The critical item is the incremental 
difference. In calculating this difference, each state should 
start with a maximum design, as related to pavement width, 
shoulder width, and type of shoulder, that would be con-
sidered for the project, based on the projected ADT and 
the extent of horizontal curvature. A maximum design of 
24-ft pavement and 10-ft shoulders was used for this 
research project as the basis for calculating a base accident 
rate. This value was used to determine the appropriate 
adjustment factor for estimating the accident rate for any 
other combination of pavement width and shoulder width. 
Table 1-6 lists the base accident rates (24-ft pavement and 
10-ft shoulders) established from the data files of two 
states during this research. Since accident rates vary from 
state to state, these base rates must be adjusted by each 
state to reflect their base accident rate for these categories 
of rural two-lane highways. In some cases, an agency may 
desire to designate a lower maximum design for a particular 
category of ADT. For example, 6- or 8-ft shoulders may 
be the maximum designated for projects with less than 
1,000 ADT. This presents no problem, as will be shown in 
a following section. What is necessary is that the state 
designate a maximum design for each category of. ADT, 
horizontal curvature, and shoulder type, and then establish 
a base accident rate for that design. The absolute value of 
this rate is not as critical as the incremental difference in 
accident rates obtained by application of the adjustment 
factors. 

The accident rate adjustment factors that were developed 
from this research project are given in Table 1-7. These 
adjustment factors represent the best defined relationships 
for accidents and those design elements that are presently 
available. These adjustment factors are to be applied to 
the base rates of each state in order to estimate the acci-
dent rate for any given design. The accident rate per 
million vehicle miles, ACRT, for any design is estimated 
as follows: 

ACRT= (BRATE)(ADJ) 	(1-8) 

where BRATE is the base rate from Table 1-6, and ADJ 
is the adjustment factor from Table 1-7. 

To illustrate the procedure, assume that one of the design 
alternatives is a 22-ft pavement with 6-ft paved shoulders. 
Use Table 1-6 and determine that the base rate for this 
design (2,000 ADT and curvature less than 3 deg) is 0.96 
acc./M veh-mi. From Table 1-7 the incremental accident 
rate adjustment is determined to be a factor of 1.14 for this 
design. The estimated accident rate for this alternative is 
calculated as follows: 

ACRT = (BRATE) (ADJ) 
= 0.96 (1.14) 
= 1.09 accidents per million vehicle miles. 

To obtain an estimate of the number of accidents per year, 
NACC, the following formula is applied: 

NACC = (365) (ADT) (ACRT(MILES)/ 1,000,000 
(1-9) 

TABLE 1-6 

BASE ACCIDENT RATES FOR RESEARCH PROJECT 
(2-LANE RURAL HWYS., 24-FT PAVEMENT, 10-FT 
SHOULDERS) 

Accidents pm Millon vehicle Miles 

SHOULDER TYPE 

ADT GROUP CURVATURE UNPAVED PAVEC 

0 - 999 Less than 3 degrees 1.85 1.44 

3 degrees and greater 2.13 1.66 

1,000 - 2,499 Less than 3 degrees 1.23 0.96 

3 degrees and greater 1.42 1.11 

2,500 - 4,999 Less than 3 degrees 1.24 0.97 

3 degrees and greater 1.43 1.12 

5,000 and greater Less than 3 degrees 1.31 1.03 

3 degrees and greater 1.51 1.18 

TABLE 1-7 

ACCIDENT RATE ADJUSTMENT FACTORS 1  (RURAL 
2-LANE HWYS.) 

Shoulder Width 

Pavement Width 

18 or Less 	20 

(Feet) 

22 24 

0 - 	2 1.85 1.64 1.57 1.57 

3 - 	4 1.51 1,34 1.29 1.29 

5- 	6 1.34 1.18 1.14 1,14 

7- 	8 1.20 1.06 1.02 1.02 

9 - 10 1.18 1.04 1.00 1.00 

1/ 	Multipliers to be applied to the base accident rates. 

where ADT is the average daily traffic, ACRT is the esti-
mated accident rate given earlier, and MILES is the num-
ber of miles in the applicable segment. For a project 
length of 10 mi and estimated ADT of 2,000, the total 
number of accidents per year is: 

NACC = (365) (2,000)(1.09)(10)/1,000,000 
= 8.0 accidents per year 

This figure can be multiplied by the service life of the 
project to obtain an estimate of the total accidents over 
the project life. The selective design process involves the 
estimation of total accidents for many alternative designs 
by reiterating the steps previously described for each set 
of applicable design combinations. The comparison of 
these estimates provides the basic measure of effectiveness. 
However, before discussing this further, it is essential that 
the severity of these accidents be considered. 

Accident Severity 

In determining accident costs, three accident severity 
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classifications are typically associated with traffic accidents. 
These are fatality accidents, nonfatal injury accidents, and 
property-damage-only accidents. Ideally, it would be best 
to have the capability to predict the number of accidents 
within each severity classification for a roadway section 
with specific design features. This would require the 
development of separate relationships for each severity 
classification for each of the other breakdowns. 

Although the preceding is the optimum, fatality accidents 
do not lend themselves to the development of such relation-
ships. First, they are relatively small in number, thus 
prohibiting the size of sample necessary for establishing 
statistically valid relationships. Second, over 50 percent 
of fatality accidents are directly attributable to alcohol 
involvement and other nonroadway-related factors, such 
as seatbelt use. Although the roadway design might con-
tribute to these accidents, their occurrence on well-
designed, extremely safe roadways could adversely in-
fluence the results, or at least diminish the meaning of the 
results. Finally, the difference between an "injury acci-
dent" and a "fatality accident" is often a matter of inches, 
seconds of ambulance arrival time, medical care after 
removal from the scene, age and health of the driver, and a 
whole host of other "chance" factors. This has been 
recognized for some time, and it was summarized by the 
Federal Highway Administration (FHWA PRM 21-16, 
March 7, 1976) as follows: "Because fatality figures are 
often small and a matter of chance, the state may prefer 
to combine fatality and injury totals to play down the 
possibility of selecting an improvement project on the basis 
of chance." 

The ratios of injury accidents to fatal accidents are used 
to properly apply accident costs. Because fatality accidents 
are rare in comparison with nonfatal accidents, it is not 
possible to correlate injury-fatality ratios with specific 
roadway geometries. To obtain a pattern as to the relative 
number of fatality accidents with respect to injury acci-
dents, it is necessary to classify the roadway system in 
rather broad categories. For example, probably the 
broadest classification meaningful in determining injury-
fatality ratios is the urban/rural breakdown. Data from 
several sources indicate that the severity of any given 
accident in a rural area is generally higher than in an 
urban area. For example, data from one state (1975 
Pennsylvania Accident Data) indicate that the injury-
fatality ratio was 10.8 in rural areas, while it was 47.7 in 
urban areas. This significant difference must be considered 
when estimating the ratio for the new roadway under 
design. As a minimum, each state should determine the 
injury-fatality ratio for rural two-lane highways in its 
state. It is also desirable to develop this ratio by the 
applicable ADT groups. In developing these ratios, it 
must be remembered that the frequency of fatalities in-
volves factors other than similar geometries, such as emer-
gency medical services in the area, alcohol usage, seatbelt 
usage, etc. 

Property-Damage-Only Accidents 

tions. As the basis for estimating PDO accidents, each state 
must determine the fractional property-damage-only, 
FPDO, accidents for rural two-lane highways for the fol-
lowing ADT groups: 0-999, 1,000-2,499, 2,500-4,999, 
and 5,000 and greater. Table 1-8 presents the FPDO values 
for two states analyzed in the research study. The higher 
the value, the lower the number of injury accidents. In 
general, the higher traffic volume segments tend to have 
higher FPDO values. However, because the dollar value 
for reporting PDO accidents varies from state to state, each 
state must develop its own values and update them on a 
periodic basis, say annually. 

Because of the small difference in FPDO between the 
ADT groups, it was not possible to develop comparable 
values by degree of curvature, shoulder type, pavement 
width, and shoulder widths. Rather, the research project 
developed a set of FPDO adjustment values for curvature 
and shoulder type. These adjustment values are given in 
Table 1-9. No further adjustments are made in the FPDO 
values for pavement width or shoulder width. These 
adjustment values are to be used by a state in conjunction 
with FPDO base values developed from the state's accident 
data. 

To illustrate the use of FPDO adjustments, assume that 
the projected ADT is 2,000, curvature is less than 3 deg, 
and one of the design alternatives is a 22-ft pavement with 
6-ft unpaved shoulders. The estimated number of total 
accidents per year, NACC, is 8.0. 

The fractional PDO (FPDO) accidents are estimated as 
follows: 

FPDO = BFPDO + PDOADJ 	(1-10) 

where BFPDO is the base fractional property-damage-
only estimate (assume 0.545), and PDOADJ is the appro-
priate adjustment from Table 1-9 = 0.545 + 0.010 = 0.555. 
The estimated number of annual PDO accidents would be: 

	

NPDO =NACC (FPDO) 	(I-li) 

Thus, from Eq. I-li, 

NPDO =8.0 (0.555) 
= 4.4 PDO accidents per year 

Fatal and In jury Accidents 

The number of injury and fatal accidents, NFl, is the 
difference between the total accidents and PDO accidents: 

	

NFl = NACC - NPDO 	(1-12) 

For the preceding example this would be: 

NFl = 8.0 - 4.4 
= 3.6 fatal and injury accidents 

The ratio of injury accidents to fatal accidents, as deter-
mined by highway facility, provides the basis for estimating 
total annual injury accidents: 

	

NINJ=NFI (R/R+ 1) 	(1-13) 

	

Estimated property-damage-only accidents, PDO, must 	where R is the injury-to-fatality ratio. Assuming R = 35.7 

	

be developed for each of the alternative design combina- 	and NFl = 3.6, thus: 



TABLE 1-8 

EXAMPLE FRACTIONAL PROPERTY-DAMAGE-ONLY 
VALUES 

AOl 

o E: These figures are based on a compendium of 
Was ington and Maryland averages. Generally the state 
should replace these with its own estimates for the appli-
cable ADT. 
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TABLE 1-9 

FRACTIONAL PROPERTY-DAMAGE-ONLY ADJUST-
MENTS (PDOADJ) 

SHOULDER SURFACE TYPE 

CUIIATURE UNPAVED 	PAVED 

Less than 3 degrees 0.010 	0.012 

3 degrees and greater -0.022 	-0.020 

Source: 	NCHRP 3-25, Final Report 

5000 and 
0-999 1000 - 2499 2500 - 4999 Greater 

Base Fractional PDO 	0.553 	0.545 	0.570 	0.571 

NINJ = (3.6)3 
35.7 

5 . 

36.7 
= 3.5 injury accidents 

The annual fatal accidents can be estimated in one of 
two ways (Eqs. 1-14 and 1-15) as follows: 

NFAT = NACC PDO - NINJ 	(1-14) 

thus: 

NFAT = 8.0 —4.4 - 3.5 
= 0.1 fatal accidents 

NFAT = NACC (1 - FPDO) (hR + 1) (1-15) 

thus: 

NFAT = 8.0 (0.445) 	
1 

35.7 + 1 
1 

= 8.0 (0.445)— 
36.7 

= 0.1 fatal accidents 

NOTE: The preceding formulas for estimating accidents 
by severity class use one decimal place accuracy for 
computation purposes. Estimated accidents are for the 
period under consideration, in this case one year. Thus 
0.1 fatal accidents/year would be interpreted as "on the 
average," one fatal accident every 10 years. 

Unit Accident Costs 

Unii costs by accident severity are applied to the esti-
mated number of accidents (by severity) for each design 
alternative under consideration. The sum of costs by 
severity provides a total annual accident cost for use in 
the economic analysis. 

The selection of unit costs by accident severity must 
comply with the agency's over-all policy in the use of 
accident costs for economic analyses. There is no one 
set of national cost values universally accepted. Different 
philosophies prevail when the question of unit accident 
costs arises.. Two of the more commonly used sources for 
unit accident costs are: (1) U.S. Department of Trans-
portation, National Highway Traffic Safety Administration 
(NHTSA) and (2) National Safety Council. Cost com-
ponents included by these agencies are as follows: 

National Safety Council—wage loss, medical expense, 
insurance, administrative costs, and property damage. 

DOT, NHTSA—wage loss, medical expense, legal 
fees, insurance payments, home and family care, property 
damage, and production loss. 

Unit costs from these sources are given in Table 1-10. 
Different philosophies from the two sources account for 
the differences in the unit costs. 

The choice of unit accident costs to use is the responsi-
bility of each agency, and the actual value selected is 
not as important as its consistent application with the 
agency. Unit accident costs are used to place an economic 
value on accidents for use in comparing the difference in 
accident costs between alternative designs. As long as the 
same unit costs are used consistently, the relative effect 
of alternative designs can be evaluated. 

Some states may desire to develop their own unit acci-
dent costs by severity. As noted previously, this is satis-
factory as long as their application is uniform. 

Annual accident costs may be estimated for each design 
alternative by the following: 

Estimate number of accidents by accident severity. 
Apply unit costs by severity to each class of estimated 

accidents. 

Although this is not difficult for a few design alternatives, 
it can become a tedious task when numerous alternatives 

TABLE 1-10 

UNIT ACCIDENT COSTS 

Accident 
Severity 

National 
Safety 

Council 

2 
U.S. Department - 
of Tranortation 

Fatality $125,000 $287,175 

Nonfatal Injury 4,700 3,185 

Property Damage Only 670 520 

1/ National Safety Council, Traffic Safety Memo No. 113, July 1977, 

Source: 1975 Societal Costs of Motor Vehicle Accidents, U.S. Dept. 
of Transportation, National Highway Traffic Safety Administration, 
December 1976. 

Includes Minor Injuries 

Per Vehicle Involvement 
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are being considered. An alternative procedure is to cal-
culate the cost of an average accident that takes into 
account fractional property-damage-only, FPDO, accidents 
and the ratio of injuries and fatalities. These average 
costs can be calculated one time by an agency and used for 
all design alternative considerations until there is a change 
in unit costs by severity, FPDO accidents, or the injury-
fatality ratio. 

The average accident costs as developed for the data 
base states used in this project are given in Table 1-3. Each 
state should develop a similar table based on its own FPDO 
estimates, injury-fatality ratio, and unit accident costs 
selected for use. The following formula is used to calculate 
the average cost per accident, CPA: 

CPA=CPDO (FPDO) + (1-FPDO) [(CI) (R/RP1) 
+ (CF) (l/RP1)] 	 (1-16) 

where CPDO is the cost of a property-damage-only acci-
dent, FPDO is the fractional property-damage-only ac-
cidents, CI is the cost of a nonfatal injury accident, R is the 
injury-to-fatality ratio, RP1 equals R + 1, and CF is the 
cost of a fatal accident. 

A total of 16 values must be calculated—one for each 
different combination of ADT group, curvature, and type 
of shoulder. The following data will be used to illustrate 
this calculation: 

CF = $287,175 
CI = $3,185 
CPDO = $520 
FPDO = 0.555 
R =35.7 

All values remain constant for each calculation, except for 
FPDO, which is different for each combination of ADT 
group, curvature, and shoulder type. For this example: 

CPA= ($520) (0.555) + (1-0.555) 

[$3185 35.7 + $287
37  ,175 (6.)] 

= $289 + (.445) [($3,098) + (7,825)] 

= $289 + $4,861 
CPA = $5,150 

This cost per accident takes into consideration the different 
accident seventies and eliminates the necessity of esti-
mating accidents by severity—only total accidents are 
required. Each method should provide the same estimated 
annual accident costs. 

This is illustrated by using the estimated accident reduc-
tions and unit costs from the preceding sections; thus: 

Est. Annual 
Accidents 	 Unit Costs 	Annual Costs 

F =0.1 	 $287,175 	 28,718 
I 	=3.6 	 3,185 	 11,466 
PDO = 4.4 	 520 	 2,288 

Total 8.0 	 $42,472  

The difference between these two values illustrates the 
sensitivity of applying the unit costs by severity to esti-
mated accidents by severity. Each 0.1 change in estimated 
fatalities represents $28,718. The estimate of 0.1 fatality 
per year in the example was rounded from 0.097. This 
difference represents an additional $862 added to fatality 
costs. Reducing the total of $42,472 by this amount gives 
an estimate of $41,610, which approximates the $41,200 
value obtained by using the average cost per accident. 

Although the preceding might indicate a higher degree 
of accuracy through use of the average accident value, it 
must be remembered that the primary purpose of develop-
ing accident costs is to compare alternative designs. Either 
technique will provide the same end result in selecting the 
most cost-safety design. 

Present Worth of Accidents 

Annual numbers of accidents and associated costs must 
be estimated for the service life of the improvement. This 
is the number of years over which the alternative designs 
can be expected to provide adequate service without 
requiring additional construction or reconstruction. States 
should use service life values that have been established 
for similar type improvement projects. These usually 
correspond to the same time period that the average daily 
traffic has been projected. 

The accident rate used to estimate accidents is an avcragc 
rate for the life of the project. Therefore, estimated ac-
cident costs during the life of the project should be ex-
pressed in terms of the present worth of these costs. This 
permits a direct correlation of construction costs and. 
accident costs. Besides service life, an interest rate must 
be used to calculate the present worth factor. The interest 
rate used for these cost-effectiveness evaluations should 
conform to the agency's policy relative to interest rate. 
To illustrate the calculation of the present worth of accident 
costs, the following will be used: 

Annual Accident Costs = $41,200 
Service Life = 15 years 
Interest Rate = 7 percent 

The present worth factor can be obtained from any 
standard set of interest, such as CRC Mathematical Tables 
from Handbook of Chemistry and Physics, or Economics 
Analysis for Highways by Robley Winfrey, or the present 
worth factor, PWF, may be calculated by the following 
formula: 

(1 + i) L —1 
PWF= 	 (1-17) 

i (1 + i) L 

where L is the service life, and i is the interest rate. Thus, 
for this example, 

PWF — (1+0.07)15_i 
- 0.07 (1 + 0.07) 0.5 

= 9.1079 

The present worth of the accident cost, PWAC, is: Cost per Accident X Annual Accidents = Annual Costs 
$5,150 X 8.0 = $41,200 

PWAC = PWF (ACST) 	(1-18) 



Thus: 

PWAC = 9.1079 ($41,200) 
= $375,245 

The present worth of accident costs must be calculated for 
each alternative design that is to be considered in the cost-
safety-effectiveness analysis. 

CHAPTER FOUR-ECONOMIC ANALYSIS 

INTRODUCTION 

The purpose of this chapter is to guide the designer in 
the selection of the most cost-safety-effective design. That 
is, the minimum design that can be provided without 
adversely affecting safety. 

The preceding chapters presented step-by-step proce-
dures for calculating the construction and accident costs for 
any alternative design or combination of pavement width, 
shoulder width, and shoulder surface type. Because of the 
large number of possible combinations of these alternatives, 
the designer must select only those alternatives, or com-
binations, that are practical in terms of the highway agency 
policy, route continuity, and other nonsafety benefits 
related to the project. The majority of these calculations 
can be computerized, as demonstrated in Chapter Five; 
however, each alternative considered should be practical 
for implementation. 

PHASE 3-SELECT CANDIDATE DESIGNS 

Each alternative design or combination of pavement 
width, shoulder width, and shoulder surface type selected 
must have the respective construction costs and accident 
costs calculated. These are to be performed for each 
category of horizontal curvature and ADT group if it varies 
within the project limits. Typically, the limits of a design 
project include only one ADT group, unless the project 
being designed includes an intersection with another 
highway facility that could significantly affect the ADT. 
For typical design projects, homogeneous groups would be 
limited to the degree of curvature groups. Sections within 
the project limits that have identical characteristics can 
be grouped together for purposes of estimating construction 
and accident costs. 

Table I-li lists a group of 24 alternatives for the 
less than 3-deg curvature sections of a two-lane rural 
highway project. The construction and accident costs have 
been calculated for each alternative. This table must be 
rearranged so that the construction costs for the design 
alternatives are in order of increasing construction costs 
for ease in further processing and analysis. This has 
been done in Table 1-12. 

Note that an ascending construction cost does not 
necessarily lead to a decreasing accident cost. For ex-
ample, the alternative for a 20-ft pavement with 4-ft un-
paved shoulders has an estimated accident cost of $337,-
400, which is more than the preceding alternative having 
a lower construction cost. Since an increase in construc-
tion costs accompanied by an increase in accident costs 
could not possibly be a cost-safety-effective design, these 
alternatives should be eliminated from further analysis.  
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TABLE 1-11 

EXAMPLE SUBSET OF ALTERNATIVE DESIGNS 
(2-LANE RURAL HWYS., SEGMENTS LESS THAN 
3-DEG CURVATURE) 

I Pavement 
Width 

Shoulder 
Width 

Shoulder 
Surface Type Construction Cost Accident Cos 

20 2 Unpaved $2,097,300 $413,000 
Paved 2,103,900 321,700 

4 Unpaved 2,222,100 337,400 
Paved 2,231,800 262,800 

6 Unpaved 2,347,900 297,100 
Paved 2,362,600 231,400 

8 Unpaved 2,474,500 266,900 
Paved 2,494,100 207,900 

22 4 Unpaved 2,294,100 324,800 
Paved 2,303,800 253,000 

6 Unpaved 2,420,000 287,100 
Paved 2,434,600 223,600 

8 Unpaved 2,546,500 256,900 
Paved 2,566,100 200,100 

10 Unpaved 2,671,800 251,800 
Paved 2,696,400 196,100 

24 4 Unpaved 2,366,400 324,800 
Paved 2,376,100 253,000 

6 Unpaved 2,492,200 287,100 
Paved 2,506,800 223,600 

8 Unpaved 2,618,800 256,900 
Paved 2,638,300 200,100 

10 Unpaved 2,744,100 251,800 
Paved 2,768,600 196,100 

TABLE 1-12 

EXAMPLE SUBSET OF ALTERNATIVES ARRANGED 
BY LOWEST CONSTRUCTION COST FIRST 
(SEGMENTS LESS THAN 3-DEG CURVATURE) 
Pavement 
Width 

Shoulder 
Width 

Shoulder 
Surface Type Segment Cost Accident Cost 

Reference 
Number 

20 2 Paved $2,103,900 $321,700 1 

20 2 Paved 2,175,900 307,900 2 

20 4 Unpaved 2,222,100 337,400 * 

20 4 Paved 2,231,800 262,800 3 

22 4 Unpaved 2,294,100 324,800 * 

22 4 Paved 2,303,800 253,000 4 

20 8 	/ Unpaved 2,347,900 297,100 * 

20 6 Paved 2,362,600 231,400 5 

24 4 Unpaved 2,366,400 324,800 * 

24 4 Paved 2,376,100 253,000 * 

22 6 Unpaved 2,420,000 287,100 * 

22 6 Paved 2,434,600 223,600 6 

20 8 Unpaved 2,474,500 266,900 * 

24 6 Unpaved 2,492,200 287,100 * 

20 8 Paved 2,494,100 207,900 7 

24 6 Unpaved 2,506,800 223,600 * 

22 8 Unpaved 2,546,500 256,900 * 

22 8 Paved 2,566,100 200,100 8 

24 8 Unpaved 2,618,800 256,900 * 

24 8 Paved 2,638,300 200,100 * 

22 10 Unpaved 2,671,800 251,800 * 

22 10 Paved 2,696,400 196,100 9 

24 10 Unpaved 2,744,100 251,800 * 

24 10 Paved 2,768,600 196,100 * 

* Eliminated from further analysis due to increasing accident costs. 
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CONSTRUCTION COSTS 
($1,000) 

Figure 1-4. Costs and safety effectiveness. 

TABLE 1-13 

EXAMPLE COST DATA FOR CANDIDATE DESIGNS 
(2-LANE RURAL HWYS.) 

Design Features Costs 

Reference Pavement 	Shoulder Shoulder 
No. Width Width Surface Construction Accident 

Less Than 
3 Degrees 

1 20 2 Paved $2,103,900 $321,700 

2 22 2 Paved 2,175,900 307,900 

3 20 4 Paved 2,231,800 262,800 

4 22 4 Paved 2,303,800 253,000 

5 20 6 Paved 2,362,600 231,400 

6 22 6 Paved 2,434,600 223,600 

7 20 8 Paved 2,494,100 207,900 

8 22 8 Paved 2,566,100 200,100 

9 22 10 Paved 2,696,400 196,100 

+3 Degrees 

1 20 2 Paved 263,000 49,600 

2 22 2 Paved 272,000 47,500 

3 20 4 Paved 279,000 40,600 

4 22 4 Paved 288,000 39,000 

5 20 6 Paved 295,300 35,700 

6 22 6 Paved 304,300 34,500 

7 20 8 Paved 311,800 32,100 

8 22 8 Paved 320,800 30,900 

9 22 10 Paved 337,000 30,300 

Figure 1-4 shows the selection of the candidate design 
alternatives. Accident costs have been plotted against con-
struction costs. A line is drawn through those points 
that have both increasing construction costs and de-
creasing accident costs. These are the candidate design 
alternatives identified in Table 1-12. Reference numbers 
have been assigned to each candidate design shown in 
this table. 

The candidate design alternatives given in Table 1-12 
are only for roadway segments within the project limits 
that have horizontal curvature of less than 3 deg. Another 
group of candidate design alternatives must be selected 
for segments that have 3-deg or greater horizontal curva-
ture. These are selected in the same manner as the less 
than 3-deg alternatives. Table 1-13 lists the construction 
and accident costs data for each candidate design within 
the two categories of horizontal curvature. 

Alternatives from these two groups are combined into 
practical designs for the project under consideration. At 
this point, the designer should apply judgment in the com-
bination of the two segment groups. For example, curved 
segments will not have a narrower pavement width than 
the tangent segments, or the difference in the pavement 
and shoulder widths for the two segments may be set at a 
maximum. The number and length of curved and tangent 
sections must also be considered to avoid an excessive 
number of short snr.tinns with width changes. 

Table 1-14 presents the results of these combinations. 
All project alternatives are listed together with the pave-
ment and shoulder widths and the total construction and 
accident costs for each project alternative. 

PHASE 4—SELECT FINAL DESIGN 

The selection of the final design for the project involves 
selecting one of the alternatives given in Table 1-14. 
Each of these alternatives is optimum for that given 
expenditure of funds. In order to assist in the selection 
of the final design, it will be helpful to perform both a 
cost/benefit and a marginal cost/benefit analysis. 

Marginal Benefits 

Table 1-15 summarizes the marginal safety benefits and 
total safety benefits. The marginal cost is the additional 
construction expenditure, and the marginal safety benefit 
is the reduction in accident cost when the corresponding 
construction expenditure is made. The total safety benefit 
is the cumulative total of the marginal safety benefits, and 
total additioral construction cost is the accumulative in-
creased construction costs from the lowest cost alternative. 

Figure 1-5 shows how the total accident cost decreases 
with increasing construction expenditures. As more and 
more funds are expended, their capability to purchase 
safety benefits is generally reduced. The marginal safety 
benefits are plotted against the additional construction 
expenditure in Figure 1-6. 

Total safety benefits are shown in Figure 1-7. Note 
that the first $2,366,900 is considered the basic ex-
penditure. It is required to construct the project to a 
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minimal safety level. From that point on, the additional 
investments are viewed as contributing additional safety 
benefits. 

Selection of Final Design 

From the marginal benefits shown in Table 1-15, it is 
shown that for an additional $9,000 from the minimum 
cost of $2,366,900, an additional $2,100 in safety bene-
fits can be realized. If an additional $7,000 is expended 
for the next alternative, the additional benefit is $7,000—
equal to the additional investment. However, the ac-
cumulative additional construction cost is $16,000 for 
total additional reduced accident costs of $9,000. 

On the basis of marginal benefits, expenditures in 
excess of the minimum design do not return equivalent 
benefits. However, since the construction-accident trade-
off is so dependent on estimated costs of accidents by 
severity, it is not recommended that this be the sole 
criterion for selection of the construction expenditure. 
Rather, it should be recognized that each of the policies 
specified is optimal for the corresponding construction 
expenditure. High-level judgment must be made at this 
point in light of alternative uses of funds using similar 
results of other project analyses. The final design must 
represent the agencyo 's highway improvement policy in 
terms of specific design features, as well as the most cost-
safety-effective design. 

CHAPTER FIVE—COMPUTER APPLICATIONS 

INTRODUCTION 

The methodology presented in Chapter Two is quite 
time consuming if a number- of roadway segments of 
varying characteristics are being considered simultaneously. 
Because the user state must supply a number of factors 
(including construction costs, base accident rates, injury 
and fatality ratios, etc.), it is not possible to develop a 
universal table of accident and construction costs. This 
also is the reason that no universal policy on roadway and 
shoulder width and shoulder surface types can be stated. 
The large amount of recalculation is seen to be a major 
deterrent to applying the results and development of this 
research. 

To circumvent this problem, a simple FORTRAN pro-
gram has been written to perform all of the calculations up 
to Step 2-P in the step-by-step methodology. This can 
be a tremendous aid in formulating policy, especially if 
sensitivity analysis is required. (Sensitivity analysis is 
the altering of one or more parameters in a model to 
test the effect on the output. If, for example, the user is 
unsure of a value but he knows its range, he can run the 
procedure several times over this range and test the re-
sults. Quite often, values thought to be critical are found 
not to require a high degree of accuracy.) Also, by 
augmenting this program as other design elements are 
added, the analysis can grow in sophistication without any 
additional calculational burden to the design engineer. 

This chapter will focus primary attention on the Road-
way Evaluation and Analysis Program (REAP). How-
ever, the last section will discuss the application of 
dynamic programming to decision-making. This will be 

TABLE 1-14 

PROJECT ALTERNATIVES 

IT-NUM 

Pavement Width 
(Feet) 

Tangent 	Curve 

Paved Shoulder 
Width (Feet) 

Tangent 	Curve 
Construction 

Costs 
Accident 

Costs 

1, 	1 20 20 - 	2 2 $2,366,900 $371,300 

1, 2 20 22 2 2 2,375,900 369,200 

3 20 20 2 4 2,382,900 362,300 

1,4 20 22 2 4 2,391,900 360,700 

2 22 22 2 2 2,447,900 355,400 

2, 4 22 22 2 4 2,463,900 346,900 

3, 3 20 20 4 4 2,510,800 303,400 

3, 4 20 22 4 4 2,519,800 301,800 

3, 5 20 20 4 6 2,527,100 298,500 

3, 6 20 22 4 6 2,536,100 297,300 

4, 4 22 22 4 4 2,591,800 292,000 

4, 6 22 22 4 6 2,608,100 287,500 

5, 5 20 20 6 6 2,657,900 267,100 

5, 6 20 22 6 6 2,666,900 265,900 

5, 7 20 20 6 8 2,674,400 263,500 

5, 8 20 22 6 8 2,683,400 262,300 

6, 6 22 22 6 6 2,738,900 258,100 

6, 8 22 22 6 8 2,755,400 254,500 

7, 7 20 20 8 8 2,805,900 240,000 

7, 8 20 22 8 8 2,814,900 238,800 

7,9 20 22 8 10 2,831,100 238,200 

8,8 22 22 8 8 2,886,900 231,000 

8, 9 22 22 8 10 2,903,100 230,400 

9, 9 22 22 10 10 3,033,400 226,400 

necessary if optimal policies are to be generated when 
more design elements are considered simultaneously in 
the design process. 

GENERAL USER REQUIREMENTS—REAP 

For any given segment, REAP will produce the follow-
ing output for each combination of pavement width, 
shoulder width, and shoulder surface type under considera-
tion: 

Segment construction cost. 
Present worth of the accident cost over the life of 

the project in dollars. 
Total number of accidents. 
Accident rate (accidents per million vehicle miles). 
Number of fatal accidents. 
Number of injury accidents. 
Number of property-damage-only, PDO, accidents. 

NOTE: Items 3 and 5 through 7 are total over the service 
life of the segment. 

As part of its, output, REAP also lists the design ele-
ment specifications and all input parameters. 

In order to use REAP, it is necessary that the user 
acquire the operational REAP deck, as listed in Chapter 
Six. This deck must be augmented by the appropriate 
job control language (JCL) to enable REAP to be 
executed at the local state computer facility. (Written in 
standard FORTRAN IV, REAP should be operational 
on any standard computer. See your local programmers 
for the proper JCL. No peripheral I/O is required other 
than card reader and line printer output.) In addition, 
certain lines of the data in the program must be changed, 



TABLE 1-15 

COST AND BENEFIT DATA FOR ALTERNATIVES 

\LT-NUM 

Pavement Width 
(Feet) 

Tangent 	Curve 

Paved Shoulder 
Nidth (Feet) 

Tangent 	Curve 
Construction 

Costs 
Accident 

Costs 

Marginal 
Construction 

Costs 

Reduced 
Accident 

Costs 

Increased 
Construction 

Costs 

Accumulative 

Reduced 
Accident 

Costs 

1, 	1 20 20 2 2 $2,366,900 

1, 2 20 22 2 2 2,375,900 $371,300 $ 	9,000 $ 2,100 $ 	9,000 $ 	2,100 

1, 3 20 20 2 4 21382,900 362,300 7,000 7,000 16,000 9,100 

4 20 22 2 4 2,391,900 360,700 9,000 1,600 25,000 10,700 

2 22 22 2 2 2,447,900 355,400 56,000 5,300 81,000 16,000 

2, 4 22 22 2 4 2,463,900 346,900 16,000 8,500 97,000 24,500 

3, 3 20 20 4 4 2,510,800 303,400 46,900 43,500 193,900 68,000 

3, 4 20 22 4 4 2,519,800 301,800 9,000 1,600 152,900 69,600 

3, 5 20 20 4 6 2,527,100 298,500 7,300 3,300 160,200 72,900 

3, 6 20 22 4 6 2,536,100 297,300 9,000 1,200 169,200 74,100 

4, 4 22 22 4 4 2,591,800 292,000 35,700 5,300 224,900 79,400 

4, 6 22 22 4 6 2,608,100 287,500 16,300 4,500 21,200 83,900 

5, 5 20 20 6 6 2,657,900 267,100 49,800 20,400 291,000 104,300 

5, 6 20 22 6 6 2,666,900 265,900 9,000 1,200 300,000 105,500 

5, 7 20 20 6 8 2,674,400 263,500 7,500 2,400 307,500 107,900 

5, 8 20 22 6 8 2,683,400 262,300 9,000 1,200 316,500 109,100 

6, 6 22 22 6 6 2,738,900 258,100 55,500 4,200 372,000 113,300 

6, 8 22 22 6 8 2,755,400 254,400 16,500 3,600 388,500 116,900 

7, 7 20 20 8 8 2,805,900 240,000 50,500 14,500 439,000 131,400 

7, 8 20 22 8 8 2,814,900 238,800 9,000 1,200 448,000 132,600 

7, 9 20 22 8 10 2,831,100 238,200 16,200 600 464,200 133,200 

8, 8 22 22 8 8 2,886,900 231,000 55,800 7,100 520,000 140,300 

8, 9 22 22 8 10 2,903,100 230,400 16,200 600 536,200 140,900 

9, 9 	- 22 22 10 10 3,033,400 226,400 130,300 4,000 666,500 144,900 
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Figure 1-6. Marginal benefits vs. increased construction costs. 
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as described in the documentation in Chapter Six. If any 
of the data elements is not changed by the user, the 375 
default value given in the program listing will be applied. 

The user may change one or more of the following 
data elements to better reflect the states 	accident and 
construction experience and management plans (all de- 
tailed specifications for these data elements are given in 350 

Chapter Six; these are the same data requirements as 
for the manual procedures given in Chapter Two): 

Severity base rates. 	This is the fraction of all ac- 
cidents that are property-damage-only type for each ADT 
classification. 	State summaries by roadway type might 325 
provide more applicable information than that obtained 
from the research states. 

Accident rates per million vehicle miles. 	These are 
the benchmark (base rate) accident rates for the maximum 
pavement and shoulder widths (i.e., 24-ft pavement width °.. 
and 10-ft shoulder width). 	The complete data require- 

300 
ments include a rate for each combination of ADT (four 
classifications), 	curvature 	(two 	classifications), 	and i3 
shoulder surface type (two classifications). 	Thus, a total 
of 16 base accident rates may be accepted. Any that are :2 
excluded will be considered as impractical, and these will 
be omitted from processing. 275 

The projected average daily traffic (ADT) for the 
proposcd segment, 

The anticipated service life of the segment. 	This is 
the time to the next major construction, revitalization, or 
major modification. It should be viewed as the length of 
time that the safety benefits from the construction project 

250 
will be obtained. 

The cost per fatality accident in dollars/accident. 
The cost per nonfatal injury in dollars/accident. 

2,500 	2,700 	2,900 .3,000 

Construction Costs 

($1,000) 

Figure 1-5. Example construction costs and accident costs. 

The cost per property-damage-only (PDO) accident 
in dollars! accident. 

The injury-to-fatality ratio. See Chapter Three for 
a complete description. 

The interest rate (time value of money) in percent. 
The cost per mile, excluding shoulder cost, for 

constructing a roadway of surface width ranging from 18 
to 24 ft in increments of 2 ft. In other words, the state 
must supply four figures, one for each of the following 
pavement widths: 18 ft, 20 ft, 22 ft, and 24 ft. Note that, 
of utmost importance for policy determination, is accuracy 
in the incremental increase of cost with increased lane 
width. 

The cost per mile to furnish and construct unpaved 
shoulders ranging from 2 to 10 ft in increments of 2 ft. 
In other words, the state must supply five figures, one for 

225 
2,300 



Figure 1-7. Total safety benefits. 

each of the following shoulder widths: 2 It, 4 It, 6 It, 8 It, 
and 10 ft. Of greatest importance in the accuracy of these 
figures is the relative cost of shoulders with respect to 
pavement and the incremental increase in cost with in-
creased shoulder width. 

12. The cost per mile to furnish and construct paved 
shoulders. This is identical to item 11, replacing "paved 
shoulders" for "unpaved shoulders." 

The 12 data elements will generally be the same for all 
segments in any given design project. The following three 
items must be supplied by the user for each segment (or 
combined set of common segments) under consideration: 

The segment number. This is furnished by the user 
for cross-reference purposes only. 

The segment length in miles. Where several homo-
geneous segments are being analyzed collectively, their 
combined length would be required. 

The curvature of the segment in degrees (less than 3 
deg or 3 deg and greater). 

In order to use REAP, the information previously 
described must be assembled and key-punched for data 
entry, exactly as described in Chapter Six. 

REAP OUTPUT 

Given that the data are properly input by the user, 
REAP will produce cost and benefit information using the 
methodology described in Chapter Two. Any number of 
roadway segments may be processed simultaneously, giving 
the user the ability to try many combinations of pavement 
widths, shoulder widths, and shoulder types simultaneously. 
For each segment, one line of output is produced for each 
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applicable pavement width, shoulder width, and shoulder 
surface type combinations. The following information is 
given for each applicable combination (see Table 1-16; 
note also that the term "applicable" is used here to indicate 
that generally all combinations of roadway design elements 
will not be listed in the REAP output—for example, a 
"24-ft pavement, no shoulder roadway" may not be an 
applicable combination—REAP automatically eliminates 
those design combinations that have a zero adjustment 
factor to the base rate as well as those that have a zero 
base rate): 

The segment cost in dollars. 
The present worth of the accident cost in dollars over 

the life of the segment. 
The total number of accidents expected on the seg-

ment over the life of the segment. 
The accident rate in accidents per million vehicle 

miles for the segment. 
The expected number of fatal accidents for the 

segment. 
The expected number of nonfatal injury accidents for 

the segment. 
The expected number of property-damage-only acci-

dents for the segment. 

In addition to the foregoing calculated output, REAP 
also produces a complete listing of all data input for pur-
poses of verification. Some of these items that pertain 
directly to the segment of concern are listed in Table 1-16. 
Other items, such as the construction cost, base accident 
rates, and accident rate adjustments, are also given. These 
are described more fully in Chapter Three of this manual. 

DYNAMIC PROGRAMMING APPLICATIONS 

Manual procedures given in Chapter Two for generating 
a series of optimal policies are sufficient when the roadway 
segments are only divided by two curvature classes. With 
the addition of more curvature classes and the simultaneous 
consideration of other design elements, an optimal trade-off 
among many nonhomogeneous segments will be required 
if unnecessarily wasteful designs are to be avoided. The 
effort required to translate REAP output into an optimal 
policy will be greatly multiplied, as each design element 
added will double the complexity of the former analysis. 
For example, 10 segments with five design alternatives each 
yield 510,  or about a million combinations of alternatives. 
Obviously, the time required to obtain an optimal policy 
manually would be prohibitive. 

Programs have been written and published that can 
handle problems of this magnitude in a matter of seconds. 
In the early stages of the methodology design for NCHRP 
3-25, dynamic programming was tested and found to be 
extremely efficient in solving problems of this type. Because 
it is not directly required to implement the methodology 
described in this manual, it will not be documented here. 
However, since it, or a comparable technique, will be 
required when additional design elements are added, the 
output and application of a program called DPM will be 
described (for full documentation of DPM, see Brown, 



TABLE 1-16 

REAP OUTPUT 

AVERAGE DAILY TRAFFIC= 3000 

SERVICE- LIFE=15.0, 	COST/FATALITY 	ACCIDENT= 82000.00, 	COST/INJURI' ACCIDENT 

COST/PROPERTY DAMAGE ONLY ACCIUENT INJURY:FATALITY RATIU=10.80 

THE PRESENT WORTH FACTOR IS 	7.6061 

SEGMENT NUMOER 2, 	LENGTH 	0.209 	, CURVATURE= 
30 

DESIGN 	SPECIFICATIONS 

PAVEML- NT SHOULDER SHCULL)tR SURFACE SGME'4I 	COST 	ACCI0ET GUST 	TOT ACC ACC/MVM 
0.61 

FAT 4CC 
0.08 

INJ 4CC 
0.85 

DO 4CC 
1.08 

16.0 2.0 
4.0 

PAVED 
UNPAVED 

25840. 
24700. 

4975. 
2258. 

2.01 
0.88 0.27 0.04 0.39 0.46 

18.0 
18•0 4.0 PAVED 21540. 21175. 8.79 

2.32 
2.67 
0.71 

0.34 
0.09 

3.70 
1.02 

4.74 
1.21 

20.0 2.0 
2.0 

UNPAVEI) 
PAVtD 

28803. 
30640. 

5983. 
2213. 0.89 0.27 0.03 0.38 - 0.48 

20.0 
20.0 4.0 UNPAVED 29500. 2u15. 

455. 
1.04 
1.84 

0.32 
0.56 

0.04 
0.07 

0.46 
0.78 

0.54 
0.99 

20.0 
20.0 

4.0 
10.0 

PAVED 
UNPAVED 

32340. 
31180. 1208. 0.47 0.14 0.02 0.21 0.24 

22.0 2.0 UNPAVED 42080. 13th. 
14932. 

0.53 
6.03 

0.16 
1.83 

0.02 
0.23 

0.23 
2.54 

0.28 
3.25 

22.0 
22.0 

2.0 
4.0 

PAVLD 
UNPAVED 

43920. 
42780. 2783. 1.08 0.33 0.04 0.47 

0.05 
0.5b 
0.06 

22.0 4.0 PAVED 4620. 27d. 
525. 

0.11 
0.20 

0.03 
0.06 

0.00 
0.01 0.09 0.11  

22.0 6.0 
6.0 

UNPAVED 
PAVLD 

43340. 
47180. - 2418. 0.98 0.30 0.04 0.41 0.53  

22.0 
2.0 8.0 UNPAVED 43900. 784. 

IsgO. 
0.30 
0.64 

0.09 
0.20 

0.01 
0.03 

0.13 
0.27 

0.16 
0.35 

22.0 
22.0 

8.0 
10.0 

PAVED 
UNPAVED. 

48740. 
44460.  0.16 0.05 0.01 

0.35 
0.07 
3.75 

0.08 
4.80 

22.0 10.0 PAVED 50280. 
57120. 

22046. 
36. 

8.90 
0.01 

2.71 
0.00 0.00 0.01 0.01 

24.0 
24.0 

4.0 
4.0 

UNPAVED 
PAVED 59960. 8638. 3.49 1.06 

0.48 
0.14 
0.06 

1.47 
0.67 

1.88 
0.86 

24.0 6.0 
8.0 

PAVLD 
PAVED 

61520. 
63080. 

3942. 
 

1.59 
0.17 0.05 0.01 0.07 0.09 

24.0 
24.0 10.0 UNPAVED 58800. 7191. 

7327. 
2.79 
2.96 

0.85 
0.90 

0.11 
0.12 

1.23 
1.24 

1.45 
1.60 

24.0 10.0 PAVLD 64620. 
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David B., Systems Analysis and Design for Safety,  Prentice-
Hall, Inc., Englewood Cliffs, N.J. (1976)). 

The input requirements of DPM (Dynamic Program-
ming Module) are essentially given by the REAP output. 
For each segment there must be an estimate of the con-
struction cost and the accident cost for each alternative. 
When properly entered into DPM, optimal policies are 
produced over a range of possible construction expendi-
tures specified by the user. In other words, DPM efficiently 
solves the problem of eliminating all designs that are not 
beneficial from a cost and safety point of view. It auto-
matically allocates available resources to those design 
alternatives that will bring about the greatest safety return. 

An example of a portion of output of DPM is given in 
Table 1-17. Note that this includes two possible construc-
tion expenditures: $342,000 and $362,000. The entire out-
put of DPM will be over a wide range, and it will include 
the maximum and minimum practical total expenditures. 

Consider the $342,000 expenditure first in the example 
in Table 1-17. Note that for each segment there is a 
description and an alternative (ALT-NUM) given. This 
alternative number is referenced directly back to the REAP 
output, such that the designer can translate it into specific 
design features. For informational purposes, the construc-
tion costs and accident costs, for individual segments and 
in total, are given. The marginal return is also given, which 
is the reduction in accident cost obtained over the last 
allocation considered. For example, the $362,000 alloca-
tion, at the bottom of Table 1-17, costs $20,000 more 
than the previously considered allocation of $342,000. The 
difference in accident cost is $59,004 - $55,032 = $3,972, 
which is the marginal return. The use of this information 
in applying the methodology of Chapter Two to additional 
design elements is quite straightforward. 

TABLE 1-17 

EXAMPLE OF DPM OUTPUT 

ALLOCATION OF $ 	342000. CONSTRUCTION EXPENDITURE 

SEGMENT DESCRIPTION ALT-NUN CON CST ACC CST 
5 RI 3000 NC .4 12 99040. 10257. 
4 R4 3000 C4 .15 12 37140. 13023. 
3 83 3000 NC .1 4 14170. 5430. 
2 R2 3000 C2 .2 12 49520. 15934. 

Ri 3000 NC .56 12 138656. 14360. 

TOTAL COSTS -338526. 59004. 

THE MARGINAL RETURN OVER THE LAST ALLOCATION IS 4313. 

ALLOCATION OF $ 	362000. CONSTRUCTION EXPENDITURE 

SEGMENT DESCRIPTION ALT-NUN CON CST ACC CST 

5 95 3000 NC .4 12 99040. 10257. 
4 R4 3000 C4 .15 16 47895. 11917. 
3 R3 3000 NC.1 12 24760. 2564. 
2 82 3000 C2 .2 12 49520. 15934. 
1 RI 3000 NC .56 12 138656. 14360. 

TOTAL COSTS 359871. 55032. 

THE MARGINAL RFURI4 OVER THE LAST ALLOCATION IS 3972 

CHAPTER SIX-REAP COMPUTER PROGRAM DOCUMENTATION 

INTRODUCTION 

The Roadway Engineering Analysis Program (REAP) 
was introduced in Chapter Five with a general description 
of its data requirements and its output capability. This 
chapter describes the specifications required for successfully 
implementing REAP. Since computers require very exact 
data requirements, the specifications will be described in 
detail and examples will be given. Users must give par-
ticular attention to meeting the program requirements 
exactly as written. 

DATA REQUIREMENTS 

This section will detail all of the data requirements of 
REAP. Note that some of these requirements will not 
generally need user modification. For example, the adjust-
ment factors (see Table 1-8, Chapter Three) are input 
to REAP via, data cards, and these will be discussed in this 
section. However, it is not anticipated that a user will 
modify these values prior to additional research. Other 
values, such as base accident rates and construction costs, 
are anticipated to be changed by each user. The user has 
the capability to modify any and all of the data elements 
described in the following. However, he may elect to 
default to one or more of the current values if he has no 
evidence of the need for change. 

In the data requirements given as follows, each type or 
general classification of data will be called a "Record." 
Thus, all base rates will be on one record, all adjustment 
factors on another record, etc. On the basis of this 
terminology, recognize that one record will consist of one 
or more data cards. Each data card has 80 columns, each 
one of which may contain one letter, number, decimal 
point, or other character. The data, beginning with the first 
card of Record 1, will be placed immediately following the 
IIGO. SYSIN DD*  card in the REAP program deck (see 
program listing given later, line 2030). This will be fol-
lowed by the remaining cards in that record (if there are 
any). Following this will be the card(s) in Records 2, 3, 
4, etc. 

Record 1 (one card). Record 1 contains the base frac-
tional property-damage-only estimates. For example, .55 
entered would indicate that 55 percent of the accidents in 
the general roadway classification were property-damage-
only accidents. Note that the larger this figure is, the lower 
the expected severity of resultant accidents. Roadway 
classifications are specified according to the four ADT 
classifications. Thus, a total of four base PDO fractions are 
required. Each will take four columns, with three digits to 
the right of the decimal place. Thus, .55 will be key-
punched .550 taking four spaces. The following demon-
strates the allocation of the card for this record: 

Col. 1-4 PDO fraction for ADT 0-999 
Col. 5-8 Same for ADT 1000-2499 
Col. 9-12 Same for ADT 2500-4999 
Col. 13-16 Same for ADT > 5000 

Record 2 (one card). Record 2 contains the adjustment 
factors for severity, which are a function of curvature and 
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shoulder surface type. These fractional values are added 
from the appropriate values in Record 1 in order to produce 
the final estimate for fractional property damage only. 
Thus, the smaller these values are, the greater the expected 
severity at the applicable location. Positive or negative 
adjustment factors are acceptable. Each adjustment value 
is allocated five spaces with three to the right of the decimal 
point. Thus, an adjustment factor of .01 will be key-
punched 0.010, whereas an adjustment factor of —.02 
would be input —.020 taking five spaces. The following 
demonstrates the allocation of the card for this record: 

Col. 1— 5 PDO adjustment for < 3-deg curvature, 
no shoulder 

Col. 	6-10 PDO adjustment for < 3-deg 	curvature, 
unpaved shoulder 

Col. 11-15 PDO adjustment for < 3-deg 	curvature 
paved shoulder 

Col. 16-20 PDO adjustment for ~! 3-deg curvature no 
shoulder 

Col. 21-25 PDO 	adjustment for > 3-deg 	curvature 
unpaved shoulder 

Col. 26-30 PDO 	adjustment for ~! 3-deg 	paved 
shoulder 

NOTE: Negative values may be entered in this record by 
putting a minus sign in the first column of the appro-
priate licid, followed by the decimal and three digits to 
the right of the decimal. 

Record 3 (two cards). This record contains the base 
accident rates in accidents per million vehicle miles for 
each classification of roadway. It is anticipated that this 
set of base accident rates be supplied by each state. Each 
rate will be allocated six card columns, with three digits to 
the right of the decimal point. For example, the base rate 
1.12 accidents per million vehicle miles will be input as 
01.120 taking six spaces. The following demonstrates the 
allocation of all cards for Record 3: 

Card 1, Col. 	1— 6 Accident rate for ADT 0-999, cur- 
vature < 3 deg, unpaved shoulder 

Card 1, Col. 	7-12 Accident rate for ADT 0-999, cur- 
vature ~: 3 deg, unpaved shoulder 

Card 1, Col. 13-18 Accident rate for ADT 1000-2499, 
curvature < 3 deg, unpaved shoulder 

Card 1, Col. 19-24 Accident rate for ADT 1000-2499, 
curvature '2! 3 deg, unpaved shoulder 

Card 1, Col. 25-30 Accident rate for ADT 2500-4999, 
curvature < 3 deg, unpaved shoulder 

Card 1, Col. 31-36 Accident rate for ADT 2500-4999, 
curvature ~! 3 deg, unpaved shoulder 

Card 1, Col. 37-42 Accident rate for ADT 5000, cur- 
vature < 3 deg, unpaved shoulder 

Card 1, Col. 43-48 Accident rate for ADT 5000, cur- 
vature ~: 3 deg, unpaved shoulder 

Card 2. Same as Record 3 Card 1, but for the paved 
shoulder category. 

Record 4 (32 cards). This record contains the adjust-
ment factors that are applied to the appropriate values in 
Record 3 to estimate accident rate as a function of ADT, 
curvature, shoulder surface type, pavement width, and  

shoulder width. It is not anticipated that the user will 
modify these values unless additional research is per-
formed. Note that the final estimate of accidents per 
million vehicle miles take the following form: 

Final rate = (Record 3 base rate) (Record 4 
adjustment factor) 

Thus, the Record 4 value is in units of adjustment from 
some base value given in Record 3. This base value may 
be based on any set of design specifications. Whichever 
particular set of pavement width, shoulder width, and 
shoulder type is used, the Record 3 base will have 1.000 
entered in Record 4. All design specification combinations 
that produce a greater accident rate than the base will have 
adjustment factors greater than 1.0 in Record 4; and those 
with smaller accident rates (superior designs) will have 
adjustment factors less than 1.0. 

For example, suppose that the 24-ft pavement width 
with 10-ft shoulders is used to obtain the base rate for a 
given ADT-curvature-shoulder type combination in Record 
3. Then, this particular pavement-shoulder width combina-
tion would have 1.000 in its corresponding position in 
Record 4. Since this represents the maximum design 
widths for both pavement and shoulder, it would be ex-
pected that all other values for that particular ADT-
curvature-shoulder type combination would be greater 
than 1:000. 

Another feature of Record 4 is the automatic capability 
to exclude inapplicable designs from consideration. Some 
design combinations are infeasible or even ridiculous to 
consider. These can be automatically excluded from con-
sideration by placing a zero in the appropriate adjustment 
factor field. 

Table 1-18 shows the Record 4 layout for the first two 
cards of Record 4. Note that these cards contain the adjust-
ment factors for all combinations of pavement and shoulder 
widths for the 0-999 ADT, less than 3-deg curvature, 
unpaved shoulder surface design. Each adjustment factor 
is given to the nearest .001. There are five columns allo-
cated to each adjustment factor, with three places to the 
right of the decimal. For example, 1.52 is entered 1.520, 
and .483 is entered 0.483, using all five columns. 

The remaining cards of Record 4 will contain the follow-
ing information: 

Cards 3 and 4 Same as Cards 1 and 2 except 1000 
>_ ADT !~2499 

Cards 5 and 6 Same as Cards 1 and 2 except 2500 
~: ADT :!~ 4999 

Cards 7 and 8 Same as Cards 1 and 2 except ADT 
>_ 5000 

Cards 9 through 16 Same as Cards 1-8 except shoulder 
surface is paved 

Cards 17 through 32 Same as Cards 1-16 except curva- 
ture ~! 3 deg 

Record 5 (one card). This record contains parametric 
information common to all segments that are to be con-
sidered. All numbers are to be right-justified in their fields 
(no blanks in field after numbers). The following informa-
tion goes in the one card for Record 5: 
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TABLE 1-18 

RECORD 4 CARD LAYOUT 

Card Columns ADT Curvature Shoulder Type 
Pavement 

Width 
Shoulder 
Width 

1 1 -5 0-999 <30  Unpaved 18 0 
1 6 - 10  0 - 999 <30 Unpaved 18+-20 0 
1 11 	-15 0-999 <39 Unpaved 20+-22 0 
1 16 - 20 0 -999 <30  Unpaved 22+-24 0 
1 21 - 25 0 - 999 <30  Unpaved 18 2 
1 26 - 30 0-999 <30  Unpaved 18+-20 2 
1 31 - 35 0 - 999 <30  Unpaved 20+-22 2 
1 36 - 40 0 - 999  <30  Unpaved 22+-24 2 
1 41 - 45 0-999 <30  Unpaved 18 2+-4 
1 46 -50 0 -999 <30 

Unpaved 18+-20 2+-4 
1 51 - 55 0 -999 <30 

Unpaved 20+-22 2+-4 
1 56 - 60 0 - 999 <30 

Unpaved 22+-24 2+-4 

2 1-5 0-999 <30 
Unpaved 18 44-6 

2 6 - 10 0 -999 <30 Unpaved 18+-20 4+-6 
2 11 - 15 0 - 999 <30  Unpaved 20+-22 4+-6 
2 16 - 20 0 - 999 <30 Unpaved 22+-24 4+-6 
2 21 - 25 0-999  <30 

Unpaved 18 6+-8 
2 26 - 30 0 - 999  <30 

 Unpaved 18+-20 6+-8 
2 31 - 35 0-999  <30 Unpaved 20+-22 6+-8 
2 36 - 40 0 - 999 <30 

Unpaved 22+-24 6+-8 
2 41-45 0-999 <3°  Unpaved 518 8+-1 
2 46-50 0- 999 <30 Unpaved 18+-20 8+-1 
2 51 - 55 0 - 999  <30  Unpaved 20+-22 8+-1 
2 56 - 60 0 - 999 <30  Unpaved 22+-24 8+-10 

Col. 1-7 The expected ADT of the roadway under de- 
design consideration. 	If the user wants to 
specify 	different ADT's 	for 	different seg- 
ments, he may override this value in Record 
8 discussed later. A decimal may be punched 
in this field. 

Col. The service life of the construction project 
in even years (no decimal point). Example: 
Fifteen years would be 'entered 015 taking 
three columns. 

The cost of a fatality accident in dollars per 
accident. A decimal point is allowable. 
The cost of an injury accident in dollars per 
accident. 	A decimal point is allowable. 
The cost of a property-damage-only accident 
in dollars per accident. 	A decimal point is 
allowable. 

The injury accident to fatality accident ratio 
as described in Chapter Three. Five columns 
have been allocated with one to the right of 
the decimal. For example, an injury: fatality 
ratio of 10.8 would be entered 010.8 using 
five spaces. 
The interest rate in even percent per year 
(no decimals). For example, 10 percent per 
year would be entered 010 using three spaces. 

Record 6 (one card). This card contains the pavement 
width construction cost per mile for all pavement widths, 
excluding shoulder. Costs should be given in even dollars, 
although a decimal is allowed in the fields. The following 
card allocation is required: 

Col. 1-8 	Construction cost for 18-ft pavement width 
Col. 9-16 Construction cost for 20-ft pavement width 
Col. 17-24 Construction cost for 22-ft pavement width 
Col. 25-32 Construction cost for 24-ft pavement width 

Record 7 (two cards). This record contains the con-
struction costs per mile for shoulders of various widths. 
The first card is for unpaved shoulders, the second for 
paved. Costs should be given in even dollars, although a 
decimal is allowed in the fields. The following card alloca-
tion is required: 

Card 1, Col. 1-7 	Construction cost for 2-ft unpaved 
shoulder 

Card 1, Col. 8-14 Construction cost for 4-ft unpaved 
shoulder 

Card 1, Col. 15-21 Construction cost for 6-ft unpaved 
shoulder 

Card 1, Col. 22-28 Construction cost for 8-ft unpaved 
shoulder 

Card 1, Col. 29-35 Construction cost for 10-ft unpaved 
shoulder 

Card 2. Same as Card 1, but for paved shoulder surface 

 8-10 

Col. 11-18 

Col. 19-25 

Col. 26-31 

Col. 32-36 

Col. 37-39 



223 

Record 8 (as many cards as there are segments). This 
record contains the information unique to each segment 
analyzed by the user. Generally, segments with similar 
curvature within any given project may be combined and 
run simultaneously. However, REAP is sufficiently general 
that segments of varying length, curvature, and ADT may 
be considered within the same run. For each segment 
under consideration, the following will be keypunched 
on a separate card: 

Col. 1-3 	The segment reference number assigned to 
the segment by the user. This may be any 
number between 001 and 999. No decimals 
or alphabetic characters are allowed. 

Col. 4-8 	The length of the segment in miles to the 
nearest tenth of a mile. Five spaces are 
allocated to this variable with one to the right 
of the decimal. For example, a 2.8-mi seg-
ment would be input as 002.8, and a 4-mi 
segment would be input as 004.0 using five 
columns. 

Col. 9-11 The curvature of the segment in degrees, to 
the nearest degree. Three spaces are allo-
cated to curvature with none to the right of 
the decimal point. For example, a 2-deg 
curvature would be entered 02., and 3.6-deg 
curvature should be rounded and input as 
04. using three spaces. Only two curvatures 
should be used (0 and 3) until additional 
research provides more refined adjustment 
factors. 

Col. 12-18 Optional. If the user elects to run segments 
with varying ADT, he may elect to enter 
ADT here. If not, this field may be left blank 
and the ADT specified in Record 5 will be 
used for all calculations. Note that once this 
option is exercised, however, the ADT vari-
able is modified and thus all subsequent seg-
ments should have the ADT specified. Seven 
columns have been allocated to this variable 
with none to the right of the decimal. 

Record 9 (optional). The foregoing eight records con-
tain all of the information required for most applications. 
However, a user might want to vary some of the construc-
tion cost information if, for example, the construction costs 
were different on curves than on straight segments, or if 
they varied because of terrain. REAP, has the option of 
accommodating this without recompiling the program. The 
user merely inserts a blank card after the last Record 8 
card. This signals the computer to reread new Records 6, 
7, and 8, which should follow the blank card. Thus, the 
new values will be processed without interruption. Hence, 
Record 9 consists of a blank card followed by new Records 
6, 7, and 8. If this option is not desired, the user should 
exclude all of the Record 9 cards. 

EXAMPLE INPUT 

The program listing at the end of this chapter presents a 
valid data set for REAP input. Note that line numbers 
appear at the extreme right margin of this listing. This is  

not part of the input data; rather it has been included in 
the listing for reference purposes. If examples of valid 
input data are required for any record, these may be 
directly referenced as follows: 

Record 1 	Line 2040 
Record 2 	Line 2050 
Record 3 	Lines 2060-2070 
Record 4 	Lines 2080-2390 
Record 5 	Line 2400 
Record 6 	Line 2410 
Record 7 	Lines 2420-2430 
Record 8 	Lines 2440-2680 
Record 9 	Lines 2690-2770 

REAP OUTPUT 

REAP helps the user verify the accuracy of his input 
data by printing it out immediately after it is input. This 
not only provides an accuracy check, but it aids the user in 
finding errors should further execution be terminated. The 
property damage base fractions and their adjustments are 
output as shown in Table 1-19. This is followed by the base 
accident rates as shown in Table 1-20. Note that along with 
the output of the figures themselves is a label or subscript. 
In each case, a table is given which explains the meaning 
of this subscript. To use any of these tables to verify a 
given value, the user need only determine the subscript 
code in this table. Then, he can scan the value subscripts to 
find the value of interest. 

The base accident rate adjustments are given in Table 
1-21. These have a five-digit subscript, which is readily 
discernible from the subscript code meanings table that 
is printed immediately before this output. Table 1-22 
presents the construction costs, which are appropriately 
labeled. All of the foregoing information should be 
thoroughly checked by the user to ensure that the proper 
values are being input into REAP. 

Table 1-23 presents the true output of RJ2AP in terms 
of accident rates, frequencies by severity, and costs. This 
was explained in Chapter Five and it will not be repeated 
here. However, note that, for each segment, there is a 
listing of the segment reference number; its length and 
curvature; the ADT used in the computations; as well as 
service life, costs, injury-to-fatality ratio, and the present 
worth factor. These, too, are input items that should be 
verified by the user. 

PROGRAMMER GUIDE 

A minimum of programmer intervention is required for 
using REAP. The user should obtain aid from his com-
puter center personnel in furnishing the proper job control 
language (JCL) for the execution of standard FORTRAN 
IV. Since each installation generally has small differences, 
JCL cards will need to be changed. Note that only card 
input is required. Once the user replaces those data cards 
in the original deck that require changes for his state, the 
deck may be submitted and usable output should be 
expected. 

The purpose of this section is to document the FOR-
TRAN IV code such that it may be modified easily in the 
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future. Such modifications might be required to accommo-
date additional design variables—clear roadside, for ex-
ample. Also, if different methods for calculating accident 
rates or costs are thought to be more appropriate, these 
modifications can be easily made within REAP without 
creating entirely new programs. 

In the following discussion, reference will be made to 
the line numbers on the right margin of the program listing 
given at the end of this section. Because of the simplicity 
of REAP, no complex flow charts are necessary for its 
understanding. The following describes the various func-
tions performed by REAP by line number. 

Lines 0010-0060. These lines are the job control lan-
guage (JCL), which must be modified by the user computer 
center staff. 

Lines 0070-0160. This is the dimensioning of sub-
scripted variables and the initialization of those variables 
requiring it. 

Lines 0170-0180. This initializes the shoulder cost to 
zero for both paved and unpaved shoulder costs where the 
shoulder width is zero. 

Lines 0190-0340. This reads in and then prints out the 
property-damage-only fractional base rates (Record 1). 

Lines 0350-0390. This inputs and then outputs the 
property-damage-only adjustments (Record 2). 

Lines 0400-0570. This reads in and then prints out 
(appropriately labeled) the base accident rates for the 
various ADT, curvature, and shoulder surface type classifi-
cations (Record 3). 

Lines 0580-0870. This sections reads in and also out-
puts appropriately labeled values of the adjustments for the 
accident base rates input earlier (Record 4). These ad- 

justments are a function of ADT, curvature, shoulder sur-
face type, pavement width, and shoulder width. 

Lines 0880-0900. This section inputs the variables 
common to all segments (Record 5) as follows: ADT, 
service life, costs per accident for the three severity classes, 
the injury-to-fatality ratio, and the interest rate. 

Lines -0910-0940. This section puts the interest rate in 
fractional form and then calculates the present worth 
factor (PL). 

Lines 0950-0980. This inputs the construction costs for 
pavement construction excluding shoulders (Record 6). 

Lines 0990-102-0. This section inputs the construction 
cost for unpaved and paved shoulders, respectively 
(Record 7). 

Lines 1030-1220. This patch of code generates actual 
pavement width and shoulder widths from the variable sub-
scripts. Using these values, the appropriately labeled values 
of pavement and shoulder construction costs are output. 

Lines 1230-1280. This inputs the variables unique to 
each segment (Record 8) as follows: reference number, 
length, curvature, and ADT (optional). It checks to see 
if the ADT is blank or zero, in which case the ADT input 
in Line 0890 or otherwise previously defined is used. Also, 
if the reference number is zero, a new set of construction 
costs (Record 9) is read. 

Line 1290. This calculates the millions of vehicle miles 
that are expected over the service life of the project. 

Lines 1300-1470. This outputs all labels and parametric 
information that appear at the top of the output for each 
segment. 

Lines 1480-1500. This sets up the loop in which the 
pavement width subscript (L) and values are generated. 



TABLE 1-21 

REAP OUTPUT OF ACCIDENT RATE ADJUSTMENTS 

NOT (I). CU)IVRrURE(J) • SHOULDER (K) • P6009080 HIDIR IL) AND SHOULDER WIDTH (N) ADJUST 
IJKLHH IS 00003 ABOVE EACH A030STMEIIT FACTOR 

SUBSCAIPT CODE IRA1IONGS 

SOB 	BIT(S) 	CIJNOE(J) 	SR 1000(K) 	PORT 40014 (L) 	SB 40TH (9) 
1 	0-199 	LI 3 	UNPAVED 	LE 19 	 0 
2 	-2499 	GE .3 	PBVKD 	GT 18 	20 	LE 2 
3 	-4999 	- 	 - 	GT 20 - 22 	GT 2 - II 

4 	GE 5000 	- 	 - 	GT 22 - 24 	GT 1 - 6 
5 	- 	- 	 - 	 - 	 GT6-9 
6 	- 	- 	 - 	 -. 	019-10 

11))) 	11 12 1 	I 1431 	1119) 	11112 	11122 	41132 	11142 	14413 	41123 	11133 	41143 
0.0 0.0 0.0 3.1) 1.050 1.690 1.570 4.570 4.510 1.340 1.291 1.290 

11114 	11124 	111311 	11444 	11115 	11125 	11135 	11145 	41416 	11126 	1 1136 	11 146 
1.330 1.190 1.440 1.140 1.200 1.060 1.020 1.020 1.430 1.040 4.000 1_COO 

21111 	21121 	21131 	21141 	21112 	21122 	21132 	21142 	21113 	21123 	2)133 	21143 
0.0 	1.0 	0.3 	3.3 	1 .350 	1.690 	1 .570 	4.573 	1.510 	1.343 	1.290 	1.290 

21114 	21.1214 	21134 	21444 	21115 	2)125 	21135 	21465 	21116 	21126 	21136 	2 11146 
1.340 	1.150 	1.1141) 	1.140 	1.200 	4.040 	1.020 	4.020 	1.40.0 	1.040 	1.000 	1_COO 

31111 	31)2) 	31131 	34141 	31112 	31122 	31132 	31142 	31413 	31123 	31133 	31143 
0.0 	1.0 	2.3 	0.3 	1.953 	1.443 	1.530 	4.570 	1 .5 10 	1.350 	1.290 	4.290 

31114 01126 31121 31144 91115 31125 31135 31145 31116 31126 31135 31146 
1.340 	1. 1140 	1.140 	1. 140 	1.200 	4.330 	1.023 	1. C20 	4.190 	1.060 	1.000 	1.0O3 

41111 	141421 	41))) 	41141 	4 11 12 	41122 	41137 	41442 	31113 	4)123 	f44133 	31193 
0.0 1.3 2.0 0.0 4.850 1.640 1.510 1.570 1.510 1.340 1.290 1.290 

41113 411214 41134 41144 41115 141)25 41135 41145 41116 4)126 41136 41146 
1.3140 	1.150 	4.140 	1.140 	1.200 	1.060 	1.020 	4.020 	1.130 	4.040 	4.000 	1. COO 

11211 	11221 	11231 	1 124 1 	41212 	11202 	1 4232 	11242 	11213 	11223 	11233 	41243 
0.0 0.0 0.0 0.2 4.950 1.645 1.573 1.570 4.510 1.340 1.290 1.293 

11214 14225 11234 11264 11215 11225 11215 11255 11216 11226 11236 11245 
1.340 1.130 1.140 1.140 1.200 4.000 1.020 4.020 1.140 1.0140 4.000 1_Coo 

21211 21221 21234 21241 21212 21222 21232 21242 21213 21223 21233 21243 
0.0 	0.0 	0.0 	0.0 	1 .850 	1.640 	1.572 	1.573 	1.510 	4.340 	1.291 	4.293 

212 II) 	2 1224 	212.14 	212144 	2)2)5 	21225 	21235 	21245 	2)2)6 	21226 	21235 	21245 
1.340 	I. 190 	I.. 140 	1. 140 	4.200 	4.060 	4.020 	4.020 	1.100 	1.050 	1.000 	1. COO 

11211 	31221 	31231 	312141 	31212 	31222 	31232 	31242 	3 12 13 	34223 	31233 	212143 
0.3 3.3 0.0 3.3 1.850 4.641 4.570 4.570 1.510 1.340 1.250 1.243 

31214 74224 31234 71264 31215 31225 34215 31245 34216 31226 41276 31246 
1.340 1.190 1.1140 1.140 4.200 1.060 1.020 1.C20 4.190 1.030 1.000 1_COO 

41241 41221 41231 41241 41242 41222 44232 14122241213 41223 41223 4125.3 
0.0 3.3 0.3 1.) 1.453 4.640 1.373 1.570 1.512 1.343 1.2o3 1.293 

41213 412214 41274 141245 41215 51225 41235 41245 41216 41226 21226 141246 
1.340 4.160 1.190 1.160 4.200 4.053 1.220 1.C20 1.453 1.250 1.003 1.1.00 

12411 	42121 	12131 	12141 	12112 	12122 	42132 	121142 	12113 	12123 	12433 	12143 
3_13 0.3 3.0 2.3 1.452 1.1440 4.570 1.573 4.512 1.942 1.2o3 4.292 

1311) 	12124 	121,4 	12l)4 	12115 	12125 	42135 	42155 	12416 	12 126 	12135 	12 ¶l46 
1.340 4.190 1.140 1_140 1.200 1.060 4.320 4.220 1.10.2 1.241) 1.003 1_COO 

22111 	22 12 1 	22131 	2214 1 	22112 	22122 	22132 	22 112 	221(3 	22 1,23 	22 133 	22 453 
0.0 0.3 0.2 0.3 1.450 1.643 1.573 1.5/3 4.51: 4.24) 1.252 1.292 

22114 	22124 	22139 	221414 	22115 	22125 	22135 	22 14 5 	22116 	22 126 	221314 	22146 
1.3140 	1.1140 	1.150 	4.4142 	1.000 	1.060 	1.300 	1.C20 	1_IS. 	1.240 	1.00) 	1.1.02 

32111 	22121 	32131 	12151 	12112 	3 2  12 2 	32)32 	32142 	32113 	32123 	32 13 3 	32 14 3 
0.0 	0.3 0.3 2.3 	1.953 1.053 1.573 1.522 1.532 1.3143 '12') 1.292 

32)414 	32123 	32145 	421111 	12115 	47125 	12135 	37 1.5 	2:1 6 	32 1263213 	:71414 
1.342 	1.130 	1.150 	1.102 	).JuU 	1.360 	1.320 	1.020 	1.13 	I. .140 	i_c: 31. COO 

42111 	42124 	52131 	42141 	142112 	42122 	02132 	42142 	4,1 	142323 	421143 	42 14 3 
0.0 	3.2 	3.7 	3.3 	1.1450 	1.642 	1.370 	1.573 	1.51: 	1.2143 	1.2?) 	(.290 

42114 	42124 	42135 	.4215:1 	52115 	142125 	5:135 	42 1:.14 	'421 16 	42 121. 	421 	42155 
1.340 	1.190 	1.143 	1. 141 	1.290 	1.050 	1. )2'J 	1.0231.1/1 	1. :oo 	1.13.. 0 	I_COO 

12241 	12221 	.12231 	1225 I 	12212 	12222 	13232 	12242 	1222 	12223 	12233 	12247 
3.2 3.0 0.) 3.3 1.653 1.390 1.570 1.370 1.5 4.343 !.2) 1.29: 

12214 	47223 	12230 	122144 	12215 	4:225 	12235 	122.51221- 	1226 	1223-4 	122414 
1.350 	1. 10.0 	I .143 	1. 163 	1.202 	1.260 	1.223 	1.020 	1_1S: 	I. 142 	1.2. 3 	1_tOO 

22211 22221 222)), 222141 22212 22222 2232 222:.1  22213 22223 22233 12243 
0.3 	0.3 2.3 3.0 1.853 4.643 1.570 4.573 4.513 1.303 1.25) 1.290 

22213 22225 222714 22705 22215 22225 22235 222.5 2221. 22226 22236 22246 
4.350 	1.430 	1.140 	1.143 	1.200 	4.450 	4.220 	1.030 	1.113 	4.243 	1 .0:3 	1. CO:: 

32211 	72221 	32231 	3221) 1 	32212 	32272 	32232 	322.2 	2221 	32223 32233 	22147 
3.3) 3.3 3.2 0.3 1.3453 1.643 1.523 4.373 1.51: 1.35) 1.25) 1.292 

322 14 	32224 	32235 	322514 	32215 	32225 	)35 	32'-5 	3221 	32226 32226 	2246 
1.340 	1.130 	1.143 	1.1143 	1.200 	1.060 	4.220 	4.020 	4.151 	1.340 	1.'3 	1.0033 

42211 	42221 	4 22 31 	'12251 	42212 	42222 	32232 	52242 	..22 (3 	142223 	422114 	.2243 
3.3 	3.3 	0.0 	3.0 	1 .953 	1.600 	1.570 	1• 573 	1.51' 	1.340 	1.211 	(.242 

422 14 	622214 	42234 	522142 	02215 	47225 '5:235 	22:45 	.22 17, 	52226 D20 	.2266 
1.340 	1. 133 	1.140 	I. 140 	1.223 	4.060 	4.320 	1.320 	I_i 3 	1.342 	I.143 	1. COO 
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TABLE 1-22 

EXAMPLE REAP OUTPUT OF CONSTRUCTION 
COSTS 

AVFMINT WIDTH 	PAVED RUALY COST (NO SHOULDER) 
lb. 	 6565(. 

6E)&pli .. 	-------------- H 
22. 
24. 	 727053. 

_s.HauJ.DER_IUDIH COST-SHOULDERLJNLY 	- 
UNPAVED PVED 

C 0. 0. 
68. 	_____15543. 

4 21140. 2 55 905. 
6 25366. 31086. 

41448. 
10 42286. 51181. 

Lines 1510-1530. This sets up the loop in which the 
shoulder width subscript (M) and values are generated. 

Lines 1540-1550. This sets up the ioop in which the 
shoulder surface subscript (k, k = 1, 2) is generated. It 
then tests for a simultaneous M = 1 while k = 2 (i.e., no 
shoulder and paved) condition. This condition aborts 
further consideration. 

Lines 1560-1570. This determines the curvature sub-
script (J). 

Lines 1580-1690. This determines the ADT sub-
script (I). 

Lines 1700-1730. This calculates the shoulder surface 
subscript (KX) for the accident base rate. 

Line 1740. This sets the value of the base accident rate 
as a function of ADT (I), curvature (J), and shoulder 
surface/presence (KR). 

Lines 1750-1760. This aborts the line of output if the 
adjustment factor was input as a zero or if the base rate 
was zero. 

Line 1770. This calculates the accident rate by multi-
plying the adjustment times the base rate. 

Line 1780. This calculates the accident frequency per 
year by multiplying the accident rate per MVM times the 
number of million vehicle miles per year. 

Line 1790. This calculates the fractional property-
damage-only, PDO, by adding the appropriate adjustment 
(as a function of curvature and shoulder surface/presence 
from the base PDO fraction (as a function of ADT). 

Lines 1800-1820. This calculates the present worth of 
the total accident cost over the service life of the project. 

Line 1830. This calculates the total construction cost 
of the segment. 

Lines 1840-1870. These lines calculate the number of 
fatal accidents, injury accidents, total accidents, and PDO 
accidents over the total service life of the project. 

Line 1880. This controls the output of "paved" or "un-
paved" in the appropriate column, depending on the value 
of k. 

Lines 1890-1950. This outputs costs and accident in- 

formation for each combination of pavement width, 
shoulder width, and shoulder surface. 

Line 1960. This is the end point for the three nested 
loops-pavement width (L); shoulder width (M), and 
shoulder surface (K). 

Line 1970. This line initiates action on a new segment 
after all combinations of design elements have been con-
sidered for the former segment. Essentially, it reinitializes 
the READ statement for the new segment as well as all 
following statements. 

Line 1980. If there are no more segment cards to read, 
control is turned over to this statement. 

Lines 1990-2000. These statements terminate the 
program. 

PROGRAM LISTING 

The program listing for REAP is provided on the fol-
lowing pages. 

CHAPTER SEVEN-APPLICATION TO ADDITIONAL DESIGN 

ELEMENTS 

INTRODUCTION 

The development of the relationships between severity 
and frequency of accidents and design elements other than 
width, shoulder width, and shoulder surface type falls 
outside of the scope of the research conducted in NCHRP 
Project 3-25, Phase II. However, the economic methodol-
ogy was developed such that additional design elements 
could be considered as soon as these relationships are 
developed. Although this report and its bibliography show 
a large number of research attempts to obtain these relation-
ships, most are not oriented toward their integration into 
an economic decision process as presented in the previous 
chapters. It is hoped that this chapter will give structure 
to future research efforts such that the results obtained 
will be of direct use to the designer. 

Basically, there is a major subdivision in the considera-
tion of "other design elements." The first has to do with 
redesign and upgrading primarily, because it involves the 
removal or correction of identified hazards. The second 
area may involve either new construction or upgrading. 
It pertains to general continuous roadway modification, 
such as the consideration for general roadside obstacle 
removal. The NCHRP 3-25 Panel requested the contrac-
tor to consider both of these possibilities. These will be 
discussed in separate subsections in the following. 

Before entering into a more detailed discussion, it is 
important that the reader not lose sight of the general ap-
proach to obtain optimal roadway designs from the safety 
point of view. This involves, first of all, a calculation of 
the construction cost and the accident costs associated with 
each particular design combination under consideration. 
Construction costs are estimated directly, and accident costs 
are obtained using relationships developed from research. 
A procedure was presented in Chapter Four that used 
these costs to select the most appropriate design for each 
segment of roadway. This same over-all concept will be 
applied as additional design elements are considered, 
whether they be particular hazardous location modifica-
tions or general geometric design improvements. 



TABLE 1-23 

EXAMPLE OF REAP FINAL OUTPUT 

R 	1, 	iLh61I1 4.Is, 	ttVA1UI 6 • 	'F 	S 

AVLL0.F 	L,AILY 	1R0-F-IC= 	410 

SERVIOE LIFr2.O, 	COST/FATALITY ACCIDLNT= 8717!., 	CflT/INJUiY ACCII)ENT 3105. 

CQST/PRCPERTY..L)AMAGE ONLY ACC1DEN1 	520.9  INJURY FATALITY RATIO=10.50 

THE PRESENT WORTH i-ACTOR 	IS 8.513 

UES10 	sPEC1FICAI(----------- 
PAVE1NT SH0ULDE( 	SHOUL'JJ< SURFACE 	SEGMEN1 COST ACCIDENT COST TOT ACC ACC/MVM FAT ACC INJ ACO P00 ACC 

277(442. 164700. 45.b2. 3.8 1.15 12.12 32.34 
1.0 2.0 PAVED 2727. 127457. 39 .113  2.67 (, .tr4 5.38 25.26 
19.0 4.0 UNPAVED 2E:544. 13443). 37.23 3.0 (.94 9.89 26.40 

PAVED 	. 	......... 2821 fu. . 	104032. 	... 29.00 2.34 	.. 0.73 7.5 	.....20.62. 
1.0 (.0 UNPAVED 2822953. fl029. 33.04 . 	2.7 0.-4 8.76 23.43 
113.0 ..0 PAVED ?04L626. 92320 . 	25.74 11.eb 0.65 e..79 18.30. 

...fVol. 10o833. 29.59 . 	2;39 0.75 7.86 20.98. 
18.0 8.0 PAVED ?81.! 26. 82675. 23.0! 1.86 0.50 f, . 0 ki 16.39 

18.0 io.o UNPAVED 92'&. 10552. 29.10 2.35 0.74 7.73 2.63 
18.0 10.0_.  PAV_.. '19. . 81297. 	. - ...... 22.66 1.63 0.57 5.98 . 	16.11. 

2.0 lJTPAVEi 2ftt(03. 14005. 40.64 3.2.c' 1.02 10.74 iH.67 
jr1 2.0 PAVED 27e'9. 112989. 31.50 2.4 (.79 8.31 22.40 
20. ___4.0___._.UNP  AVE 13 	. 2c1'3c;71 119296. 	... 33.04 	.. 2.7 C.8' . 	8.78 . 	23.43 
0 2.0 - 4.0 P.AV[L) c?32 25.74 2 .PF 0.65 6 .7" 18.30 
2.0 6.0 UPAV'2 . 292 	574 1 05  052 29.10 2.5 0.74 7.13 28.63 

AVL0._.._. 29427 	. . 	 81297 22.66 1.83 . 	0.57 5.98 	. - 	16.11 

2 	0 6 0 UPAV U 94369 26.14 11.11  C' 	tt' 6 	' 1P.53 
20.0 8.0 PtVID 2987146 73(29 2(.36 1.64 0.51 5.37 14.47 

28.0_ ............. 2595°C 92588 . 	25.64 . 	2.07 0.65 -. 6.61 ... 	18.18 
10.0 302 /440 71651 19.97 1.61 0.5' 5.27 14.20 

22.0 2.0 03'PA9E1) 295.6'.. 139773. 38.71 3.12 (.'-6 10.29 .7.45 

22 .0 	______ .0 ______ F/'VLU 	- .............. 217520. ..... 1C:16Ô. 	. ..... 30.15 . 2 .43 (.76 7.96 .. 	21.44. 

22.0 6.0 UNPAVED 300062. 114845. 31.81 2.57 0.80 e.45 2?.55 
4.0 P;.vEU 3i.20619 PP75 74.78 2.80 0.62 6.54 17.62 

22.0 .0..__...U5iPAVED .......... 3C16 10141 28.11 2.27 (.71 7.47 .19.93 22.0 
o.0 IAVEU 30 	186 	. 70541 21.89 1.77 0.55 5.78 15.57 

22.0 8.0 Ut'PbV(D 3c.52C.4 90806 25.15 2 	D3 0.4 6.8 17.83 
3CE4767 	......- . 70273 	....... 15.5c 	--------- 1.58..,..0.49 .._.. 5.17._....13.93. 

22.0 10.3 UNPAVED 7038211 • 89027 24.66 1.9 0.62 6.55 17.48 
22.0 10.0 PAVED 3125(61 68895 19.21 1.55 0.4 5.07 13.t6 

. _24 _____ 2.0__ UNPAVED 	. 	. (6251e 139773 38.71 .....3.12 	......... 0.98 	- - 10.29 	.. 27.45. 
24.0 2.0 PAVED 188166. 30.15 7.43 0.76 7.96 21.44 

24.0 4.0 UAVO 3097518. 114845 31.81 2.57 6.45 .22.55 
RAVEL................. 2i17245 	.. .. 	8887f. 	. - 

26.0 6.8 UNPAV511 3115(22. 101491 28.11 2.27 0.71 747 19.93 

24.0 6.0 PAVED 2 14. 76541 21.89 1.77 C.55 5.78 .15.57 

24.0 .0 _UNPAVED,_ 31'-((38 . 	90808 25.15 2.83 	...... 0.4 6.e8_17.83 

24.0 8.0 PAVED 3161513. 70273 19.59 1.58 0.49 5.17 13.93 

24.0 10.0 UNPAVED 3185038. 89027 24.66 1.9 0.62 6.55 17.48 

24.0 100_ zz18e.8. . 	68 	5.. . . _LAk_t_5__0__ 5.07 13.6& 
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//REAP 3013 	£ 	) ,'D 	P 	SCRUGGS',REGI0N=128K, 30000010 
NOT1FY•IE123D5,MSGLEVEL1 00000020 

;/*JOI3PAHM 	TI:1E- 30,LIflS - 1031; 30030030 
/*RO1Tj 	pRr.N.T 	LOCiL 00000030 

:/*OIITPIJ'r 	TE)(T 	FORMS=7231 00000050  
// EXEC F0ITGCLG 33033060 

THIS PROGRAM CALCULATES THE ACCIDENT AND CONSTRUCTIC14 COSTS FOR TW0000C 070 
C 	RURAL R0ADAYS. 	THE FIRST SECTION TAKES CARE OF I3ASIC 	VARIABLE O000333 
C 	rNIT1ALr:zATIo. 00300093 

DIMENSION 	PDOB(E4 	) ,ADJ (4,2,2,4,6) 00000100 
DIMENSION 	PDOFS(2,3) 	,ALiAr(4,3,3) 30000113 
DIMENSION 	A(2t4) ,B(12,2) 00000 120 
REAL 	MVM 	,INJACC 00000130 
DATA 	NV1,ACN),CIF,AC/3. 3,3.3,0.3,0.0/ 000301140 
DATA 	AP1,WL,S,SST/0.0,0.0,0.0,0.0/ 00000150 
DATA 	01 1,012/0,3/ 33000 103 
B(1,2)O.O 30300173 
B (1,11=0.1) 00000 130 

C 	INPUT 	PELiTIONSHIPS 00003190 
C 	P00 	RELATION.SHIP FOR SHOULDER 	SURFACE TYPE 00003203 

REAO(5, 153) 	( 	1DO0(I 	) , 	11,4) 00000210 
150 	FCP'IAT( 12F4. 3) 00003223 

D1TE (6,99) 00000230 
WRITF 	(6,2145) 0000020 

215 	FOP1AT( ' 	PROPERTY 	CAMAc-r 	ONLY 	ESTIMIsTES',//, 03033253 
C 	lix, 	 'S(JH5CRIPT 	CODE 	IEANINGS',//, 00000260 
Cl 	5(10 	ADT(I) 	CURVE. (0) 	SHOULDER (I'R) • ,/, 33000270 
C' 	1 	0-99) 	LT 	3 	 NCNE',/, 330302.3 
Co 	2 	—2L419 	GE 	3 	 UNPAVED',/, 00000fl0 
C' 	3 	—1499 	- 	 PIVED',/, 33033333 
Cl 	14 	GE 	5000 	- 	 —',///) 00303313 
WhITE (6,25)) ( 	PDOii(I 	) , 	1=1,14) C0000320 

253 	FOR1Ar' 	NASE 	P00 	FOR 	ADT(I)= 	1 	2 	3 	141,7 33333333 
C,23x,14F7.3,//) 000003140 
RFAD(5, 15 1) ( (ROOFS (3, K) ,KR=i , 3) ,3= 1,2) 00000350 

151 	11ORMAT(6F5.3) 00003360 
WRITE(6,251)((PDOF(J,KH),KR=1,3),J=1,2) 0000037c 

251 	F01tT(/,' 	FPBO 	ADJUSTMENTS 	FOR 	.J,Kfl= 	1,1 	1,2 	1,3 	2,1 0030330 
C 	2,2 	2,31,/,27X,6F7.) 00003390 
ACCIDENT 	FHEOUE'ICY 	RELATIONShIPS 0000000 
EEAD(5,152) 	(((A1AR(r,J,N),J=l,2),I=1,14),1c=l,2) 030031410 

152 	FCRIAT( 	9F6.3) 00030420 
HITE(6,9)) 000001430 

WHITE (6,291) 000004440  
291 	FCRMAT(1H 	, 	' 	 EASE 	ACCIDENT 	RATES',//, 000001450 

C 	lix, 	 'SUBSCRIPT 	CODE 	MEANINGS',//, 0000046C 
C 	SUB 	A'JT(I) 	CUFIVE(J) 	SHOULDER () ',/, 030031470 
C' 	1 	0-999 	LT 	3 	 UNPAVED',/, 0000040 
Cl 	2 	—21499 	GE 	3 	 PAVED 	',/, 00000490 
C' 	3 	—t999 	- 	 .- 	',/, 03003530 
Co 	4 	GE 	5000 	- 	 - 	',///) 00000510 
DC 	290 	K=i,2 00000520 
WRITE(6,2j9)(( 	1 ,J,K,J=1,2),I=1,14) 00000530 

299 	FCRMAT( 1( , 9 (14X,3I 1)) 000005140 
WRITE(6,252) 	((ItMAR(I,J,tc),J=1,2),I=1,14) 30300550 

290 CCNTINUE 00000560 
252 	FCRMAT( 	 lx, 	B}7. 3,/) 00000570 

WRITE (6 ,9L4) 33303533 
WEITE(6,2514) 00000590 

2514 	POPMAT( 	• 	ADT (I) , 	CURVATURE (0) ,. 	SHOULDER (K) , 	PAVEMENT 	WIDTH (L) , 3330063( 
C' 	AND SHOULDER 	WIDru(h•1) 	ADJUSTMENT' ,/,1SX,' IJKL(M 	IS 	GIVEN 	ABOVE' ,303U36 
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C' 	EACH ADJUSTMENT FACT0',/) CCCIOL62O 

wnI'rE(6,283) OCC'OCé3O 

200 	FCRMAT( 111 o 
Co 	 SURCRTPT CODE 	EM4INGS',//, 0-11 

co 	SUB 	ADT(I) 	CJRV E(3) 	311 	TYPE (K) 	FVMT 	kDT(L) 	SB 	iDTH(!) ',/, OC DO0660 

C' 	1 	0-999 	L'r 	.3 	UNPAVFD 	I.E 	18 3',/, 3D07C 

C' 	2 	—249J 	GE 	3 	FAVED 	GT 	13 - 20 LE 	2',/, 00090 
Co 	3 	—4993 	- 	- 	GT 23 - 22 GT 	2 	- 	14 1 ,/, CC0C93 

C' 	14 	GE 	5000 	- 	- 	GT 	22 	- 	24 G7 	14 	- 	6 1 ,/, JCO)3730 

C' 	5 	- 	- 	- 	- GT 	6 	- 	3',/, CC 503710 

C' 	6 	- 	- 	- 	—',X,'GI 8 	- 	10',///) C720 

DC 	301 	J=1,2 0CC03730 

DC 	391 	K=1,2 0C30.40 

READ(5,153) 	(((AJJ(I,J,K,L,3),L=1,4),=1,6),Il,4) 3D3750 

153 	FCDrIAT 	(12F5.3) 
331 	CCNrLNUE 0CD0770 

DC 	302 	J=1,2 01' 3;790 

DC 	302 	K=1,2 00500790 

DC 	302 	1= 1,4 CC 	o:oo 
WRITE(6,253) 	(( 	 ,L=1, 14),tl=1,3) 0C3C10 

WITE(6,256) 	((AJJ(I,J,,L,,L=1,14),i,3) 000.j20 

WPI2E(6,253) 	(( 	1,J,K,L,.i 	,L=1,14),4,) 3C533C 

WRITF(f,256) C•C040 

253 	FCFUiAT 	(1X,12(5L1,2X)) 
256 	FCflMT 	(lx, 12 (P5. 3, 2.() ,/) 00060 

302 	CCNTINUE 0:C0e70 

C 	IPWF 	COMi(JN 	TO 	ALL 	SEG,`. 71NTi 	ON 	THE 	!OA[JWAY 	FCLO.. o:so3 
READ(5,1) 	ADT,SL,CF,CI,CP,B,INT 

I 	FOEMAT( 	 Fi.U,fj.O,.Q,F7.C,F.O,F5.,T3 CC:)cc;Uo 

XINT=FLOAT(INT) 
XINT=XINT/1'J3. SCL30 
PL=((1.+XINT)**5L)1.)/(X1NT*((1. 4 XI NT )**SL)) c:o;40 

C 	INPUT 	F011 	ALL cCGf2CT ION 	CSTS 	FGLL'lS CC ....CC ,5C 

666 	cCNT1NUE CC )3C6C 

REAU(5,7) 	(A(J),Jl,4) 0.Tj373 

7 	FOPMA"( 7F3.')) U. :o 	;o 
READ(5,)(o(L;1),I=2,b 	) ocDo;90 

B 	FCRMAT(10F7.0) 01-00C00 

RE?D(5,3)(B(1,2),I2,6 	) 0:501:10 

3 	FORMAT(10F7.3) 
W1i[TE(6 ,99) O 	030 

99 	?0iiT( '1' ,25Y, 	PoA D il AY 	F VALTIATIUN 	AN.LYSIS 	POG0A (CAP) 	'I,) CC 331 1 4 0 

I3RITE(6,25) 
25 	FC 	kT('—',2X,'P?VEiENT 	I1)TH',5X'PAVED 	BOADWY 	ccsT', 

C' 	(NO 	SLIOULDER)') 3O1i70 

DC 	5 	J=1,'4 
WL=18+(J-1)*2 01- 301C90 

4RiTE(6,26)WL,(J) 350113C 

26 	FOR 	T(4X,F4.0,1-4X,F'9.0) 
5 	CCNT.INUE 3: 301 13 

23 	FnP1AT(///,4X 	'O1OLJLDER 	4ID 7 i ', lOX, tCCST_EHOTILOER 	CNLI'/,2.i, 'PAC 301 140 

CVFD',IJX.'PAVES') 0:501153 

WiITE(,51) 0:301160 

51 	FCIAT( lo X,'0',2lX,'3.',14X,'0.') 0(501170 

DC 	:31 	J=2,6 00331190 

N(3-1) 	2 C.: 501 190 
00 53 12 30 

21 	FCRMAT(BX,12,14X,F9.0,JX,F9.0) 01". 30110 

31 	CONTINUE 00301220 
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INPUT FOR THR PARTICULAR SEGMENT FOLLCWS. 0300130 
52 READ(5,2,END=53) NO,XL, 	Ct1R 	, 	SACT 000012q0 

IF(NO.EQ.0) 	GO 	TO 	666 03301250 
2 FOnNrT(13p5. I, 	FLO, 	F7.0) 30031263 

IF(SADT.NE.0. 0) 	ADT=SADT 00001270 
TM)T=ADT/1333. 33031280 
NVM=(365*ADT*XL)/1000000. 00001290 
J11IFIX(ADT) 00001300 
WFI'Tl(6,99) 0303110 
WRITE(6,6)N0,XL,CtJR 00001320 
W}ITE(6,9) 	J11,SL,CF,CI,CP,R 0001330 

9 FGRMAT(/, 1X,'.kV0J3)1340 
CElAE 	DIJILY 	TR1FFIC= 1 ,I8 	//SX,'SEHVICE 	LIFE= t ,F4.1,l, I ,1X,IC05',T/FOQ0(,1350 
CATIkLIrY 	AcCIDENT=',F9.0, 1 , 1 ,)X,'CCST/INJIJRY 	ACcIDENT=',F7.0,//5x,'33301363 
CCCST/PROPErY 	UA;c.L 	ONLY 	1CCIDENT= 4 ,F7.0,1 , 1 ,1X,'INJURY:FATALITY 003013/0 
CRATIO=' ,F5.2,/) COOG138C 
WRtTF(6,90)PL 00031393 

90.F01(HlvI'( ' 	TUE PRESENT 	WORTH 	FACTOR 	IS' 	,F10. 4 	) 0033 1q03 
6 FOR1AT(' 	I,SEGi1If 	NU1BER',2X,I3,',',2X,'LENr,T9=I,F6.2,I,',1x, 000G141C 
C 	 1X,'CV!TURE=',f.3,1x,'DEGREEs',/) 0u031420 
wlrTE(6,) 000013C 

It FOR?IAT(/' 	Di3iO4 	SPLCtFICA'ILoNS --------------------- ' 0 	/ 3033 iqqc 
C 	 • 	AVENT' ,2X, ' SKO3LD).)30 1450 
"U 	• , 2X , 	SUOULDRR 	SUIIFC' , I X , 'SEGMEi;T C 0 S T 	14 X,' .CCIDENT COST TOOU0 iqoo 
CT ACC 	ACC/MVM 	FAT 	ACC 	£NJ 	ACC 	PDO 	ACC') 0331U73 
DC 	20 	L=1,4 00331483 
LPW=((L-1)2)+10 30031490 
WL=LPl 33001533 
DC2OLI=1,6 00001510 

3330 1523 
W=t;t1'i 33331530 
DC 	23 	!c=1,2,1 Coocisqo 
IF(i1.W).1.AND.K.Q.2)GU 	TO 	23 33331553 
J 	=1 00001560 
IF(C1TR.GE..3.3) 	J 	=2 0303157C 
IF(ADT.(;T. 	999.0)G0 	TO 	Ii 3033 153 
I 	=1 00001590 
GC TO 	17 3003 160C 

11 IF(ADT.Gr.299.))Go 	TO 	12 03331610 
1 	=2 0000 162C 
GC 	TO 	17 03031633 

12 IF(M)T. (;T.q999. 0) GO 	TO 	13 'j000i€qc 
1 	=1 00031€5C 
GC TO 	17 00031660 

13 CCNTT. N)E 

I = 30001680 
17 CCNTL4IJE 33331690 

KR=K+1 30001700 
KX=K 00031710 
IT 	(M 	.t.1) 	KR=1 00001720 
IF 	(1 	.EQ.1) 	K(=2 3303113C 
AMA!T•=ANAR(I 	,J 	,fX) 3U001243 
IF(iL1Air. EQ.0.0) 	GO 	TO 	20 003C175C 

GO TO 23 003317(33 
ARATC=A1AUp* 	ADJ(I,J,K,L,:1) 00001770 
ACO=AATE*1V1 J00C17C 
F ED0= PT) (JO (1) 	4 P3OI'S (3, K) 33001793 

C ACCIDEUT COST SUBMODULE. CCOCHOC 
22 CIF=(CF#(O''CI))/(#1) 30331813 

AC=ACNO'(FpDu*Cp+ (1-FpOO) *CIF) *PL 30301823 
CSEG 	=XL*(13(M,K) fA(L) CCOC1E.30 
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FAT1CC=(1./(R+1.))*ACNO*(1..-FPDO)*SL 0000160 
INJACC(lI/(i+1.))ACNO*(1._FPDO)*SL 00301653 
ACN0=AC1O*SL 00001EoC 
PDOhCC=.FPDO*ACNO - 30301973 
IF( 	K.EQ.2.0)C) TJ 122 33301803 
WWETE(6,23)WL,WS,CSEG ,AC,ACNO,ARATE,FATACC,INJACC,PDOACC 300019C 
GC TO 20 33001933 

122 'RiTE(6,2'4)WL,WS,CSEG ,7C,ACNO,ARATE,FATACC,iNJACC,PD0ACC 0000H13 
23 FC 	A2(5X,F4.1,10X,Ft4.l,9X,'UNPAVED I,7X,F11.0,5X,F11.U,F10.2,14F9.0000H26 
C2) 33001930 

24 FCRIAT(SX,F4. 1, 10X,F14. 1 , 9 X , ' PAVED 1,7X,F11.C,5XF11.0,F1O.2,4F9.000C194C 
C2) 00301953 

20 CCNTINIJE 000010 

GO TO 52 00001S7C 
50 CCNfINFJE 30001993 

SlOP 000019)3 
END 00002330 

00002013 
//GO. FTC6FOO1 	DO 	sy30uT=(,,rExr) 03332323 
//GO.S?S14 3D * 30002333 
.553.L45.573.571 033320+3 
0.02t.0.C130.012-.306-.022-.020 00002C5C 

1 2.13 	1.23 1.42 1.24 1.43 1.31 1.51 30002360 
1.144 1.66 	.96 1.11 .17 1.12 1.03 1.19 00002C7C 

0.90 9.00 	9.09 	3.39 1.35 1.64 1.57 1.5/ 1.51 1.34 1.29 1.29 33332030 
1.34 1.19 	1.14 	1.14 1.20 1.06 1.02 1.02 1.13 1.04 1.03 1.00 00002090 
0.03 3.33 	0.33 	3.30 1.05 1.64 1.57 1.57 1.51 1.34 1.29 1.29 30302 10 
1.34 1.13 	1.14 	1.14 1.23 1.06 1.02 1.02 1.19 1.04 1.0C 1.00 00002110 
0.33 3.33 	3.33 	3.03 1.85 1.4 1.51 1.57 1.51 1.34 1.2) 1.29 33002123 
1.34 1.18 	1.14 	1.14 1.2) 1.06 1.02 1.32 1.18 1.04 1.60 1.00 30002130 
0.33 3. 09 	3.33 	3.39 1. 35 1.64 1.57 1.57 1.51 1.34 I .29 1.29 30332 140 
1.34 1.19 	1.14 	1.1 14 1.20 1.06 1.02 1.02 1.18 1.04 1.00 1.30 30002 15C 
0.30 9.03 	3.03 	3.03 1.85 1.64 1.51 1.57 1.51 1.34 1.23 1.29 30332 
1.34 1.19 	1.14 	1.14 1.23 1.06 1.02 1.02 1.18 1.04 1.0C 1.00 00002 173 
0.333.333.39 3.33 1.45 1.64 1.57 1.57 1.51 1.34 1.29 1.28 33332133 
1.314 1.18 	1.14 	1.14 1.20 1.06 1.02 1.02 1.18 1.04 1.00 1.00 C0002 193 
0.39 3.03 	0.03 	0.00 1.85 1.64 1.57 1.57 1.51 1.34 1.29 1.29 03332203 
1.34 1.19 	1.14 	1.14 1.23 1.06 1.02 1.02 1.19 1.04 1.00 1.00 0000221C 
0.00 3.03 	3.03 	3.39 1.85 1.64 1.57 1.57 1.51 1.34 1.29 1.29 00002223 
1.34 1.18 	1.14 	1.14 1.2) 1.06 1.02 1.02 1.19 1.04 1.60 1.00 00002230 
0.03 3.03 	0.09 	3.03 1.95 1.64 1.57 1.57 1.51 1.34 1.29 1.29 30032243 
1.314 1.19 	1.14 	1.14 1.23 1.06 1.02 1.02 1.19 1.04 1_CO 1.00 00002253 
0.03 3.30 	9.30 	0.30 1.35 1.64 1.57 1.57 1.51 1.34 1.29 1.29 00302260 
1.34 1.18 	1.14 	1.14 1.20 1.06 1.02 1.02 1.18 1.04 1.CO 1.00 0600227C 
0.00 3.03 	3.33 	3.03 1.05 1.64 1.57 1.57 1.51 1.34 1.29 1.29 03302293 
1.34 1.18 	1.14 	1.1 1) l.2) 1.06 1.02 1.02 1.13 1.04 1.00 1.00 000C229C 
0.00 3.00 	3.33 	3.00 1.95 1.64 1.57 1.57 1.51 1.34 1.29 1.2) 33332333 
1.34 1.13 	1.14 	1.14 1.2) 1.06 1.02 1.02 1.19 1.04 1.00 1.00 00002310 
0.33 0.00 	3.39 	3.33 1.05 1.64 1.57 1.57 1.51 1.34 1.29 1.2) 33332320 
1.34 1.19 	1.14 	1.14 1.23 1.06 1.02 1.02 1.13 1.04 1.00 1.00 30002330 
0.03 3.30 	3.3:) 	3.03 1.45 1.64 1.57 1.57 1.51 1.34 1.29 1.29 30332340 
1.34 1.13 	1.14 	1.14 1.23 1.06 1.32 1.02 1.18 1.C4 1.00 1.00 00002350 
0.333.030.03.3.33 1.85 1.64 1.57 1.57 1.51 1.34 1.29 1.79 00032360 
1.34 1.19 	1.14 	1.14 1.23 1.06 1.02 1.02 1.13 1.04 1.00 1.00 00002.37C 
0.03 0.30 	3.03 	3.30 1.85 1.64 1.5/ 1.57 1.51 1.34 1.29 1.29 30032330 
1.34 1.19 	1.14 	1.14 1.23 1.06 1.02 1.02 1.19 1.04 1.CC 1.00 00002.390 

1659. 15207175. .3185. 523. 13.513 03032433 
115500 139530 	205900 277600 0000241C 
14533 8003 	10800 13633 16433 00002420 
13700 22200 	30000 37800 45500 . 00002430 
1 .56 	0. 	3333. 0000240 
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2 .20 2. 	3000. - 	 00002453 
3 .13 3. 	3330. 0000260 
4 15 4. 	1000. 0003247 C 
5 .40 0. 	3000. 00002u30 
1 1. 503. 30002490 
2 1. 1 	500. '  00002530 
3 1. 4 	500. 00332510' 
4 1. 1000. 00002520 
5 I. 2 	1000. 00032530 
6 1. 2000. 00002540 
7 1. 2 	2303. 30302550 
S 1. 4 	2000. 00002560 
9 1. 2603. 03032570 

10 1. 2 	2600. 0003250 
11 1. 4 	2630. 30332590 
12 1. 4300. 000026'J0 
13 1. 2 	433• 00032610 
1.4 1. 4 	4900. OCOG2S2C 
15 , 	1. 5100. 33CO230 
16 1. 2 	5100. 000Q240 
17 1. 4 	5103. 30032150 
19 1. 10000. 00332660 
19 1. 213033. 00332170 
20 1. 410000. 00032130 

33) C 26 3 0 
125533 143500 	215903 	297630 ' 	003027C 

5500 9903 	11333 	14 63 	17433 00032710 
14700 23200 	3 1000 	39 300 	46500 00032720 
1 .56 3. 	3033. 	 ' 30332733 
2 .20 2. 	3000. 0CcC2 -14 C 
3 .13 0. 	3333. 30302750 
4 .15 4 	3000. 00032750 
5 .40 3. 	3033. 00332173 

// ' 	0030273C 

DESIGN FOR HAZARD ELIMINATION 

The identification of a particular hazard implies that a 
past history of accidents is available either for the hazard-
ous segment or intersection in question, or for similar 
locations. In either case, some assumptions must be made 
regarding the expected accident patterns that will prevail 
if the hazard is allowed to exist. Although the data 
requirements will be stated in terms of an available history, 
it should be recognized that the primary objective is to 
forecast what will happen under various design changes 
as opposed to what has happened. Thus, the analyst should 
modify any past history that is not reflective of future 
expectations. For example, the roadway construction 
project may itself eliminate much of a given hazard with-
out any special consideration to the hazard point itself. 
In this case, the quantification of future expectations should 
lead to less funds being directed toward the hazard in 
question. 

Hazardous Location Data Requirements 

Procedures for defining, investigating and analyzing 
high-accident locations are beyond the scope of this project. 
If familiarity with these techniques is required, the reader 
should consult NCHRP Report 162 and its references. The 
following data requirements will assume a knowledge of 
normally applied techniques in this area. 

Once a hazardous location is defined for analysis, all 
available accident records on that location should be com-
piled. This will draw on the computerized accident records 
maintained by the states, which were probably used to 
define the location initially. These records should be 
analyzed by a team of professionals in conjunction with 
the current geometric specifications. Collision diagrams 
should be drawn prior to the field investigation. After a 
thorough analysis of the available accident and geometric 
data (including pertinent needs data), the team should go 
out in the field and investigate the location. It is at this point 
that the data requested on the Hazardous Location Infor-
mation Form (see Fig. 1-8) will be completed. 

Prior to a description of the data elements on the form, 
it is of interest to note that the information requested in 
Figure 1-8 is basically in three parts: in the first part, 
elements (1) through (4) are basically administrative; 
in the second part, elements (5) through (9) are obtained 
primarily from the accident records; and, in the third part, 
elements (10) through (14) deal with the prospective 
countermeasures. The distinction between the second and 
third grouping is quite significant. There is a great tendency 
in all investigation work to jump to the conclusions, sur-
mising all types of countermeasures that would supposedly 
eliminate the accidents. Such thinking is self-defeating in 
analytical work. Data elements (5) through (9) should 
be thoroughly completed before any thought is given to 



(1) 

Reference Number 

Location: 

Description 

Time Period of Accident F-Iistory 	years. 

(4) Investigators: 

Number of Causes  

County 	City 

Date 	 , Month 	 , Year 

SEVERITY DURING ACCIDENT HISTORY 
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Segment 

ROADWAY ENVIRONMENT CAUSES (6) No. 
Accidents 

(7) No. 
Fatalities 

(8) No. Non- 
Fatal Injuries 

(9) 	No. 
Prop. Damage 

Number of Alternatives 

(5) 

'I. 

 

 

 

(10) ALTERNATIVES (DESCRIPTION 

 

 

Figure 1-8. Hazardous location information  form. 

specific countermeasures. In other words, the causes of 
each of the accidents should be thoroughly understood 
before speculating on countermeasures. 

The following describes details of the data elements in 
the order in which they appear on Figure 1-8. 

Reference Number—This, as well as all other unnum-
bered data elements, should be completed centrally. If a 
large number of hazardous locations is under simultaneous 
consideration, this number can provide easy cross reference 
because it will appear on the output. 

Location. This is a description of the hazardous 
location that can be cross referenced to other 
documents such as a computerized accident 
history. Milepoint specifications will be in-
cluded if available. The county and city, as 
well as the segmeiit elassification reference, may 
also be listed. 
Time Period of Accident History. The fre-
quency of accidents at the location will be 
requested under data element (6). It is essential 
to know the time period over which these 
accidents take place. This should be entered in 
years to two decimal places. 
Date. This is the date that the investigation took 
place. 
Investigators. This is a list of the names of the 
investigating team. 
Roadway Environment Causes. It is the ob-
jective of this form to force investigators to 
thoroughly consider the causes of each accident 
prior to speculating on alternative counter- 

(13) Maint. (14)Effecton Cause 
(11) Cost 1 (12) Life I Cost/Year 	1 	1. I 2,  I 3. 	4. 

measures. The investigators should list the 
causes of the accidents that occurred at the 
location. Causes that cannot be rectified by 
design changes should not be included. It is 
essential to analyze the causes of the accidents, 
at this point, because some countermeasures 
might affect some causes more than others. 
Computerized accident histories or actual acci-
dent reports should be consulted in this regard. 

NOTE: With regard to data element (5), as well as 
elements (6) through (9), the numbers entered will be 
used to obtain an estimate of future accident frequency 
and severity under "current" circumstances as well as 
with the implementation of certain countermeasures. 
The countermeasures proposed will be over and above 
what is expected during the normal course of construc-
tion; i.e., there will be additional efforts directed specifi-
cally at the hazard. Thus, the "current" circumstances, 
which data elements (5) through (9) should reflect, may 
not be adequately reflected by past history because of the 
general reconstruction that will take place (apart and 
aside from any special hazard abatement). Data elements 

through (9) should reflect what is anticipated to 
occur in the future after normal construction. That 
is, it should take into consideration the reconstruction 
project, but it should not consider any other special 
countermeasures that may be performed simultaneously. 
Data elements (10) through (14) will consider the spe-
cial countermeasures. The difficulty in separating the 
two 'ill depend on the peculiarities of the location under 
consideration. 

No. Accidents. In the appropriate spaces under 
(6), the actual number of accidents that are 
anticipated to be brought about by the specified 
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causes during the time period (element (2)) 
will be entered. Each accident should be as-
signed to only one cause, its primary cause. 
Accidents that are not related to the hazard 
under consideration should be excluded, because 
they will be covered by estimates within other 
submodules. 
No. Fatalities. In this column, the number of 
accidents under element (6) that involved at 
least one fatality are entered. 
No. Nonfatal Injuries. The number of acci-
dents under element (6) that involved at least 
one injury but no fatalities are entered. 
No. Property Damage. The number of accidents 
under element (6) that involved no injuries or 
fatalities. Note that element (6) equals the sum 
of elements (7), (8), and (9). 
Alternatives. At this point, the investigators 
should be prepared to propose countermeasures. 
They should have access to all available litera-
ture that will enable them to select and estimate 
the benefits of all countermeasures. Note that 
the countermeasures proposed must be over and 
above those which are by-products of what will 
normally be expected within the construction 
project. The "best" alternative at any defined 
hazard point will depend largely on the avail-
ability of funds and, in turn, the amount spent 
for safety improvement elsewhere. It is essential 
to realize that the specifications of only one 
"ultimate" improvement could be self-defeating 
in that funds might not be available (and may 
never become available) for such. Therefore, a 
wide range of countermeasures should be pro-
posed for evaluation so that one can be chosen 
to fit within the over-all design and produce 
optimal results within the funding level avail-
able. A suggested procedure is to start with the 
bare minimum to reduce the hazard as a first 
alternative. .A second alternative might be com-
posed of this plus other roadway improvements 
considered most critical. Subsequent alterna 
tives may add other "less necessary" items or go 
to the higher cost projects. More than three 
alternatives may be specified. It is required that 
they be ordered by lowest countermeasure cost 
first. The description given should be brief, 
with references given to more detailed descrip-
tions and specifications filed elsewhere. Note 
that only one of the alternatives will be chosen 
for implementation. Therefore, if multiple im-
provements should be considered, a separate 
"alternative" should be set up for each com-
bination. 
Cost. This is the dollar cost required to imple-
ment the corresponding alternative as given 
under element (10). Only the additional costs 
above those covered within the REAP modules 
should be entered. Otherwise costs will be 
assigned twice. If, for example, realignment is 
proposed, only the added cost required by the 

realignment that would not have been incurred 
under the general reconstruction project would 
be entered. The cost of the roadway construc-
tion itself would not be included unless it were 
increased due to the realignment. In that case, 
only the increase would be recorded. Thus, the 
countermeasure cost and the accident cost 
calculations will be compatible within this 
module for the evaluation of each alternative 
countermeasure. 

Life. Some alternatives, such as special signs or 
rumble strips, might not last the life of the road-
way. For this reason, space for the life of the 
countermeasure is given. If it is consistent 
with the roadway life, enter that figure here. 
Main. Cost/year. These are the yearly main-
tenance costs that must be incurred throughout 
the life of the countermeasure. 
Effect on Cause. In this space, the effect of each 
alternative on the particular cause listed in (5) 

will be indicated. Certain alternatives will 
affect some causes but not others. The percent 
reduction estimated for each cause will be 
entered in the appropriate cell. Severity as well 
as frequency should be considered in making 
this estimate. For example, if it is estimated that 
"alternative two" will reduce all of the accidents 
listed as due to "cause two," under the third 
column of element (14) and across the row 
from alternative two, the number 100 will be 
placed. Similarly, if alternative three will reduce 
20 percent of the accidents of cause one, a 20 
would be placed in the first column and tlird 
row of this matrix. This estimate is the most 
difficult to make, and it is the major source of 
inaccuracy in this procedure. Therefore, great 
care should be taken to ensure its validity. Much 
literature has been generated to aid in this 
endeavor. However, it is up to the local inves-
tigators, who are most intimately involved in 
day-to-day local operations, to refine the theo-
retical estimates and to project them into future 
forecasts. Perfect accuracy is unobtainable. 
The best possible estimate, however, will guar-
antee an improved if not optimal policy. 

The foregoing items furnish all of the data required to 
evaluate and integrate special hazard abatement projects 
into an over-all reconstruction project. 

Methodology for Evaluating Design Changes 

The objective of gathering these data was to estimate a 
construction cost and an accident cost for each alternative 
countermeasure such that an optimal policy could be ob-
tained, specifying which countermeasure, if any, to imple-
ment at each hazardous location. Recognize that both the 
costs and the expected accident reduction estimates were 
required to be made in light of the construction project. 
That is, they were "over and above" that which is expected 



(5) 

 

 

 

 

235 

during the normal course of construction. Thus, the prob-
lem reduces to one of evaluating the various costs and add-
ing them appropriately to those obtained in the general 
methodology exercised during Phase 2. Many of the steps 
are quite similar to those employed there. Inasmuch as the 
basic theory and equations have already been given, the 
concepts here will be illustrated by means of an example. 

Consider Figure 1-9, which is a completed hazardous 
location information form. The first alternative, realign 
during construction, which has a cost of $50,000, should 
be added to the construction cost for the corresponding 
segment as obtained during Phase 1 of the general 
methodology. It should only be added for the alternative 
combinations in which this countermeasure is under con-
sideration. Now, there are two accident costs that need 
to be considered: (1) the accident cost if the counter-
measure is implemented, and (2) the accident cost if it is 
not. 

If it is not implemented, 11 accidents are expected in two 
years, which divide into the following: 6 injury and/or 
fatal accidents, and 5 property-damage-only accidents. 
Thus, a fractional property-damage-only ratio of 5/11, or 
FPDO = 0.45, is expected. 

Using the formula (Eq. 1-2) given in Step 2-E of the 
procedure in Chapter Two, the cost per accident, CPA, is: 
CPA = CPDO (FPDO) + (1 - FPDO) [(CI (R/RP1) 

+ CF (1/RP1)] 	 (1-19) 

where CPDO is the cost of property-damage-only accident 
($520 for example); FPDO = 0.45, previously calculated; 
CI is the cost of nonfatal injury accident ($3,185 for 
example); R equals the injury to fatality ratio (25 for 
example); RP1 equals R + 1; and CF is the cost of a fatal 

Reference Number 0002  

accident ($287,175 for example). (Computer programs 
have been written to perform these calculations. See 
Brown, "Systems Analysis and Design for Safety.") 

Thus, by using the example figures, CPA = $7,993. 
The total cost per year of the 11 accidents per two years 
is equal to (5.5)($7,993) = $43,96. Over a 15-year 
period, using the present worth factor as calculated in 
Step 2-0 (15 years at 10 percent = 7.6061), a total cost of 
$334,385 is yielded. 

Now, this is the cost with no countermeasure implemen- 
tation. It would only be added to the accident cost obtained 
in Step 2-P when no additional construction cost is added. 
On the other hand, when the $50,000 construction cost is 
added to the segment, a 20 percent reduction is assumed 
of the 6 accidents resulting from cause one, and a 10 
percent reduction of the accidents resulting from cause two 
(see Fig. 1-9). On the average, this amounts to 0.2(6) 
+ 0.1(5) = 1.7 accidents per two-year period, or 0.85 
acc./yr. Thus, the expected accidents per year is not 5.5 
as before, but is now 4.65 acc./yr. The cost is similarly 
reduced to: 

(4.65) ($7,993/accidents) (7.6061) = $282,699 

NOTE: The foregoing calculations are made, based on 
the assumption that the severity remains constant, or if it 
changes, it is suitably reflected in the percent accident 
reduction figure. If this is not the case, a recalculation 
of CPA would also be required. 

Suppose that a given set of geometric design alternatives 
had a resultant construction and accident cost, as given in 
Table 1-24, first line. Without countermeasure 1, the con-
struction cost would remain the same; but the additional 
accident cost would be $334,385, as calculated earlier. 

Location: 	State 53, U.S. 231, M.P. 63.0-63.4 

Description 
	

County 	City 	Segment 

Time Period of Accident History 	2 	years. 	(3) Date 	15 	, Month 	7 	 , Year 77 

(4) Investigators: 	Brown, Graziano 

Number of Causes 	2 	
SEVERITY DURING ACCIDENT HISTORY 

ROADWAY ENVIRONMENT CAUSES 

Sharp Curve and Downgrade Combination 

(6) 	No. 
Accidents 

(7) No. 
Fatalities 

(8) No. Non- 
Fatal Injuries 

(9) 	No. 
Prop 	Damage 

6 0 3 3 

Roadside Obstacles 5 1 - 	2 2 

Number of Alternatives 	3 
(1 	k4,,;nt 	04\ Pff—f r.n 

ALTERNATIVES (DESCRIPTION) 

Re-align during construction 

(11) 	Cost (12) 	Life Cost/Year 

$50,000 15 50 20 10 - 
Remove Obstacles 80,000 15 400 50 30 - - 
Alt. 1 and 2 130,000 1 , 	15 450 70 40 - - 

Figure 1-9. Completed hazardous location information form. 
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TABLE 1-24 

EXAMPLE DESIGN ALTERNATIVE COSTS (LW=22, 
SW=lO, SST=u) 

Construction Cost Accident Cost 

As calculated in Phases 1 and 2 	 $220,900 $ 46,925 

Without Countermeasure 1 	 220,900 381,310 

With Countermeasure 1 	 270,900 329,624 

The new set of accident and construction costs is shown on 
the second line. On the third line of the table is the 
construction and accident cost given when countermeasure 
1 from Figure 1-9 is implemented. Note the increased 
construction cost and decreased accident cost. 

Table 1-24 illustrates that, for each design alternative 
originally under consideration, there are now two alterna-
tives: with and without the countermeasure to the haz-
ardous location. Note, however, that there are two other 
countermeasures proposed as feasible in Figure 1-9. These 
would also be evaluated to determine their construction 
and accident differentials as previously described. Thus, 
the resulting number of alternatives would be six for each 
geometric design combination originally considered. 

Although the number of alternatives is greatly increased, 
the results are easily integrated into the methodology 
beginning at Phase 3. That is, the alternatives are arranged 
in order of construction cost, ineffective alternatives are 
immediately eliminated, and the cost-benefit analysis can 
proceed as given in the stepwise procedure. 

What is accomplished by the foregoing procedure is that 
a trade-off is considered between the high-hazard abatement 
alternatives and the geometric modifications. The cost-
benefit methodology will assure that funds are channeled 
from one to another such that the degree of safety will be 
at a maximum level, and all non-cost-safety-effective invest-
ments will be eliminated. 

DESIGN FOR OTHER GEOMETRICS 

Just as the methodology can be applied to trade-offs 
between lane width, shoulder width, shoulder surface type, 
and countermeasures to hazards, it can be extended to 
include other geometric design elements. However, before 
this can be accomplished with any degree of reliability, 
relationships must be developed that effectively predict 
accident frequency and severity for any combination of 
geometries. While this research is going on, however, 
designers might choose to establish an estimated relation-
ship that will serve to exercise and test the methodology. 
This section is directed at aiding in this endeavor, as well 
as demonstrating the use of the relationships once they 
become available. 

The problem of determining the relationships between 
roadside design characteristics and accident frequency and 
severity is complicated by the large variety of possible 
roadside configurations that might occur. Various slopes 
and ditch configurations may appear in combination with 
an infinite variety of possible fixed objects, ranging in 
dimension from "point" objects to continuous barriers, and  

located at any distance from the roadway edge. The prob-
lem of predicting accident frequency and severity, as a 
function of all these variables is discussed in detail in 
Appendix H. 

For the purposes of this discussion, suppose that rela-
tionships have been developed that are capable of predict-
ing accident frequency and severity as a function of all 
pertinent design elements simultaneously. These might be 
in the following form for each segment: 

ACRT = 1. = ( d1, d 2 , . . .) 	 (1-20) 

FPDO = 12 (d1, d0, . . .) 	 ( 1-21) 

where ACRT is the accident rate per million vehicle miles, 
f ( . ) is the functional relationship between accident rate 
and the design characteristics, d1, d 2 , ... are the mea-
sured levels of the design characteristics for one particular 
design combination, FPDO is the fractional property dam-
age only in units of PDO accidents/total accidents, and 
12 (1) is the functional relationship between functional 
property-damage-only accidents and the design charac-
teristics. 

In the foregoing relationships, the levels of d1, d 2 , . 

will be changed accordingly to evaluate all combinations of 
alternatives that the designer cares to consider. Presently, 
FPDO is calculated in Step 2-B of the methodology, and 
ACRT is calculated in Step 2-L. These steps would 
effectively be replaced by the new relationships when they 
are developed. The remainder of the methodology will 
remain exactly the same as in Phases 2, 3, and 4. 

Some modifications will be required to Phase 1. Using 
the same terminology as previously, the construction costs 
would need to be estimated as a function of all of the 
design variables, C (d1, d 2 , . . .). That is, a different 
construction cost will be expected for each alternative 
combination of design alternatives. As part of the con-
tinuing research, a methodology for individually estimating 
these costs should be developed. 

Given that C (di , d9, . . .), ACRT, and FPDO are 
estimated for all reasonable combinations of d1, d 2..... 
executing the remainder of the accident cost methodology 
of Phase 2 will yield a construction cost and an accident 
cost for each alternative design. This should be recognized 
as the necessary and sufficient input to execute Phases 3 
and 4, the remainder of the economic methodology. This 
should be of no theoretical complexity, and it can be 
executed manually as long as one homogeneous design for 
an entire project is being considered. Even in the case of 
a potentially different design for the curves, the methodol-
ogy of Phases 3 and 4 could be performed manually as was 
illustrated during the pilot testing. 

Although trade-offs between differing design elements 
will most certainly lead to more cost-safety-effective de-
signs, design trade-offs among segments with varying 
characteristics hold an even greater potential for ultimate 
optimization. In other words, different designs should be 
allowed, depending on the environmental characteristics of 
the various segments. In the current research this was 
allowed only for two types of curvature. Future research 
might include several curvature classes as well as several 
fixed terrain and roadside characteristics. 



The ramifications of allowing the designs to change with 
the environment are not difficult to understand: It is a 
logical extension of the research to accommodate what is 
currently done in practice on a judgmental basis. However, 
the computational complexities rapidly increase as various 
nonhomogeneous segments are considered simultaneously. 
The number of design alternatives can easily run into the 
millions, thus precluding any manual procedure for Phases 
3 and 4. 

Fortunately, computerized algorithms have been devel-
oped that can easily handle the normal sized problems that 
are anticipated as the number of design alternatives is 
increased. One procedure in particular, dynamic pro-
gramming, is given some consideration in Chapter Five. 

237 



TRANSPORTATION RESEARCH BOARD 
National Research Council 

2101 Constitution Avenue, N.W. 

Washington, D.C. 20118 

ADDRESS CORRECTION REQUESTED 

NON-PROFIT ORG. 
U.S. POSTAGE 

P A I D 
WASHINIjION, D.C. 

PERMIT NO. 42970 

F- 

w 
0 


