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(ABSTRACT)

Growth trends in vehicle transportation for the year 1989 showed that
truck travel has increased from 400 billion vehicle miles of travel to 600 billion
vehicle miles from 1980 to 1989, a staggering 50% in‘crease. If this trend
continues, then truck travel will reach 800 billion vehicle miles by the end of
the year 2000. This increase in truck travel poses operational and safety
problems for both passenger vehicles and trucks. To improve the existing
highway facilities for trucks as well as to determine the design standards for
new truck facilities, an understanding of the relationship between truck
accidents and highway geometry is required. A number of models have been
developed in the past but none of them consider all of the geometric features
of the highway which are crucial for truck travel and the causation of truck

accidents.



The objectives of this study were to identify the roadway variables that
affect truck accidents and to develop mathematical models which would

determine truck involvement rates, per mile, per year.

Data from the Highway Safety Information System (HSIS) was used in
this analysis. The HSIS is a new data base developed by FHWA which contains
accident, roadway and traffic data from five States. Models for truck accidents
on Interstates, 2 lane rural roads, and for over turning accidents on Interstates
were developed. The models indicate that truck accidents are primarily affected
by horizontal curvature and vertical gradient albeit their values are different for
Interstates and 2 lane rural roads. The number of truck accidents decreases on
2 lane rural roads as the shoulder width increases, and the model indicates that
gradient has no effect on truck accidents on these roads and this, may be due
to the inadequacy of the data. The Interstate model indicates that the higher
the degree of curvature and the percentage of gradient, the greater the number

of truck accident, as well as overturning truck accident involvement rates.
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Research is not only getting the facts, not only experimentation,
not only building experiment--although these may be
indispensable aids; research is the conception of a new
relationship between the variables entering into the problem.

Unknown
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1.0 Introduction

1.7 Background of the Problem

The economy of the USA is largely based on freight transportation and
90% of this freight movement takes place through highways by means of
trucks. Growth trends in vehicle transportation for the year 1989 showed that
truck travel has increased from 400 billion vehicle miles of travel to 600 billion
vehicle miles from 1980 to 1989, a staggering 50% increase!'®. If this trend
continues then it will reach 800 billion vehicle miles by the end of this century.
This increase in truck travel causes a number of operational and safety
problems on the highway as well as increasing congestion and causing
extensive deterioration of the roads. The increase in pressure from the trucking
industry to change the regulations would a‘llow the ihdustry to transport more
goods in larger, heavier trucks,. '\)vhicht poses an even greater threat to this

nations highway.

In order to repair of the highways and construct new facilities for trucks

that would improve the safety of the existing highway, so that trucks and
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passenger vehicles could exist in harmony, a clear understanding of truck
accidents with other vehicles and the geometry of the highway is required. To
achieve this, a mathematical relationship between truck accident rates and
geometric variables is necessary to quantify the roadway variables causing

truck accidents.

Though a number of models have been developed in the past, they are
either single variable models or the data used for their development is only of
one or two years duration, or the total mileage of roadway information used is
minimal. Hence they are not able to explain the truck accidents very clearly.
Also, most of the research was done in mid 60s; however, the traffic patterns
have drastically changed since then, and the data bases used for the model

development is outdated.

1.2 Research Objectives

The objectives of this research are:

o Study and analyze the Highway Safety Information System (HSIS)
data base,

o Study truck accident characteristics;' ahd

o Develop a mathematical relationship between truck accident
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involvement rates and key roadway geometric variables.

To fulfill these objectives following tasks will be performed:

Task A: Conduct Literature Review - This concerns conducting a
literature review which will determine what variables are necessary to
develop a meaningful, mathematical relationship between truck accidents
and roadway variables, as well as determine what type of models are

most suitable for the study.

Task B: Learn HSIS Operation - This concerns learning how to handle
large data bases and write suitable SAS programs to access them. Also,
to develop programs which would merge the accident, vehicle and
roadway file so that a master file could be formed to contain all of the

information of an accident along with the roadway information.

Task C: Select Variables/State - This task will be performed to determine
what variables are available in each HSIS States and identify those
variables which are most suitable for model development. Then, the
State that has the required variables will be decided and some statistics

regarding roadway variables of that State will be developed.
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Task D: Develop Merged Files - After the State is selected, various files
such as accident and vehicle files will be merged together and will be
used to attach the accident information on each road segment along with

curve and grade information.

Task E: Test and Select Models - This task concerns the development of
different models and performing statistical tests on each of them in order

to select the most appropriate model.

Task F: Analysis Final Results - Finally the best model will be analyzed
and the usage of the model will be shown for certain sections of the

roadway and the results will be documented.

1.3 Organization of Work

The next chapter presents the result of an extensive literature review
conducted as per task A. It discusses the basic issues like truck accident
experience, critical variables affecting truck accidents and accident models
which have been developed in the past. The third chapter deals with the HSIS
data base. The first part gives a brief outline of the requirement of a good

accident analysis data base and how HSIS conforms to that definition. Then it
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goes on to describe various files in HSIS, various States present, and the
amount of data points available along with the types of variables in each State.
Finally a detailed description of the data from the State of Utah is introduced,

along with some statistical tables.

The fourth chapter deals with the data analysis of Utah, discussing its
roadway and accident characteristics and determining the variables which will
be used for the model development. Also an attempt has been made to
compare the accident occurrence pattern throughout three of the HSIS States

namely Utah, Michigan and Minnesota.

The fifth chapter is devoted to the development and the selection of
different type of models and the definition of various variables selected for the

particular model.

The sixth chapter discusses the use of the selected models and presents
the conclusions drawn from them along with the recommendations for future
research. After that, references are followed by appendices A and B which list
the SAS programs used for this study and the bar charts developed for

comparing accident characteristics for three States respectively.
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2.0 Literature Review

The objective of the literature review is to obtain sufficient knowledge
on the past research to establish a causal relationship between various highway
elements and vehicle accidents in general and truck accidents exclusively in
particular. Another objective is to determine the best highway variables which
affect the truck accidents. This is an important step in the development of an
accident model because considerable time and effort is required to decide
which variables, would best describe the occurrence of an accident and explain
maximum variability in the model and how they should be incorporated in the
model. To fulfill these two objectives the literature review has been
concentrated in the following areas:

o Truck accident experience;

o Critical variables affecting truck accidents; and

o Accident models developed in the past.

Though the main objective of this study is to establish a relationship
between geometric variables and truck accidents, the knowledge of accident
occurrence, the severity of the accident, and the factors which affect the

accident, are extremely important in understanding the inter-relationships
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developed in the model. Truck accidents are very much different from

passenger car accidents because trucks differ from a passenger carin a number

of aspects which are outlined below:!"®

1.

Trucks are much heavier and larger in dimension compared to passenger
cars;

Trucks have poorer acceleration capabilities compared to passenger cars
and they have greater difficulty maintaining their speeds on upgrades;
Trucks have slower deceleration rate in response to braking than do
passenger cars;

The average operating and maintenance costs, per mile are higher for
trucks than for cars;

Trucks operating on the street system are restricted to those locations
where geometric design elements are sufficient for its passage;

The property damage costs for truck-involved accidents tend to be higher
than for accidents involving only passenger cars; and

The average truck is 2 years older than the average car, with the result
that new vehicle design standards require more time for implementation

in the truck population.

Due to the above differences, truck accidents are more severe and the

damage caused to passenger cars is much higher as compared to passenger
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cars only accidents. Thus, it is important to quantify the highway variables
which affect truck accidents in order to develop a much more rational design
criteria for future development of highways. Also, due to special loading and
vehicle characteristics of trucks, they cause greater deterioration of highways,
particularly on two-lane rural roads. Upgrading of these highways also requires
accurate information on the relationships between accidents and various

geometric and roadside designs.

After reviewing a number of articles, papers and publications on truck
accidents modelling, truck accidents experience, and general accident modelling
revealed that many results are in conflict with each other for different roadway
elements. To give a few examples one study by Belmont in California'*® and
Blensly and Head in Oregon'* indicates that accident rates increase by wider
shoulder conditions while investigations by Perkins'?®, Taragin and Ekhardt'?”,
Raff?? and Foody and Long!'? suggest that shoulder effects on accidents are
marginal and insignificant. Yet another study by Stohner®®, Jorgensen'" and
Zeeger and Mayes'?® found a reduction in accident rates due to wider
shoulders. These examples show that various conclusions are reached for the
effect of a single roadway characteristic on accident occurrence and some of
the reasons for such conclusions and variability are that only single variables

were used for the model development; accidents were not further categorized
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as run-off-road, rear-end, sideswipe, head-on etc and small samples were used,
the data used for the analysis was very old etc. In order to explain these
variabilities in the above results and to have a common basis for comparison
between different studies, a special criteria is developed by Zeeger and Perkins
which is listed below:?®

1. Type of data analysis and statistical testing performed”;
2. Reliability of the accident data sample;

3. Characteristics of roadway sections used; and

4, Accident types™” used in the study.

This criteria is adopted in the literature review conducted and the results

are described in the following sections.

2.1 Truck Accident Experience

This literature search was conducted
o to determine the causes of truck accidents;

L to gain an insight as to how truck accidents occur; and

"Statistical Tests considered are x* test and t tests.
**Accident Types such as single vehicle, run-off-road, head-on etc.
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[ ] to determine the special characteristics of truck accidents.

A number of studies have been done in the past which give an idea of
the previous three points. In a technical report published by FHWA in 1989!"”
on improving truck safety, the University of Michigan Transportation Research
Institute (UMTRI) has identified six major design deficiencies in interchanges
which cause truck accidents on interchanges due to rollover and/or jackknifing
of the trucks. These are: 1) poor transition to superelevation, 2) abrupt changes
in compound curves, 3) short deceleration lanes preceding a tight-radius exit,
4) steep downgrade at the exit ramp, 5) provision of the curb on the outside
of the entrance ramp and 6) friction levels on a high speed ramp. In another
report for larger trucks''? it was found that large trucks encroach over the
edgeline and into other lanes especially on curves because the width provided
is not adequate, also they have difficulty in negotiating turns at intersections
which cause delays in traffic flow and there is an abrupt speed drop and shift

in lateral placement by oncoming vehicles.

In an important study done by FHWA!?" regarding the transportation of
hazardous materials, a number of factors have been identified which directly
affect truck accidents. This study outlines the state-of-the-art of transportation

of hazardous materials movement on highways. It outlines the literature review
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of the truck accidents in general and hazardous material accidents in particular.
The geometric features which directly affect the truck accidents as identified
by the report are:

Number of lanes;

Lane width;

Shoulder width;

Median width;

Horizontal and vertical alignment;

Surface condition; and

Pavement condition and type.

The truck accidents are affected by vertical alignment because
downgrades cause an excessive increase in the truck speed which causes
runaway accidents and the rear ending of slow moving vehicles. However,
while on the upgrade truck moves at a slow speed causing the rear ending of
trucks by fast moving vehicles posing a potential accident threat. Usually
passing zones are provided for cars and they are often inadequate for trucks
and trailer combination. Some of the studies that show a comparison between
a single unit truck and tractor-trailer combination” indicate that doubles are

consistently over-involved in accidents by a factor of 2 or 3''® regardless of the

"referred as articulated in this report.
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driver’s age, hours of driving, cargo weight or type of fleet. The same
conclusion was reached by T. Chira-chavala and D. E. Cleveland®™ when they
investigated the accident involvement rates for single unit trucks and tractor-
trailers by using a multivariate discreet model showed that tractor trailer were
highly involved in an accident as compared to single unit trucks. This model
was developed using trailer style, vehicle configuration, number of axles of
power unit, trip length, road class, road surface condition, loading status,
day/night condition, driver experience and driver age as input variables. Also in
a study conducted by using 1977 BMCS" data, it was found that: wet snowy
pavements raised the accide‘nt rates of all trucks on all roads, wet-snowy
conditions at night were specially hazardous, urban roads have higher accident
rates than rural roads and doubles usually showed higher accident rate on
undivided rural roads than on divided rural roads. However, one study
conducted by Jovanis et.al."® indicates contrary results, that doubles have
better safety performance than singles except during the transition year 1984
and large trucks travelling on non-access-controlled highways have consistently

higher accident rates than those on access-controlled” highways.

One significant factor determined from the literature search was the fact

that truck exposure data is the weakest link in any truck accident study and

"Controlled by a stop sign or a traffic signal.
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analysis. This is because no databases have specific exposure data for trucks
in general and for truck types’ in particular. Also, the determination of truck
accident rates is erroneous because any accident involving at least one truck
is classified as a truck accident, and consequently, dividing those accidents by
truck ADT to determine the truck accident rate, which causes the truck
accident rates to be of a larger magnitude than they would be if the nontruck
exposure was also considered. The reason behind this, is that multivehicle
accidents involving trucks and nontrucks are only counted as truck accidents.
To get a true picture of truck accident occurrence, truck involvement rates
should be used instead. This is calculated as the total number of trucks

involved in an accident divided by truck ADT.

For example!® Michigan recorded a total of 84,640 truck accidents during
1977; where a truck accident is defined as one that involves at least one truck.
These truck accidents involved approximately 90,000 trucks and 63,000
nontrucks. The truck accident rate for this example would be higher as
compared to truck involvement rates and thus, the traditional method of

accident rate determination artificially causes high truck accident rates.

"Such as straight trucks with or without trailer, tractor/semitrailer, western
double, rocky mountain double or turnpike double.
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