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Preface

Since 1980, the efforts of the Statistical Research Group at UMTRI
have been directed at establishing a national survey of Trucks Involved in
Fatal Accidents (TIFA), and a companion national survey of large-truck
travel, the National Truck Trip Information Survey (NTTIS). The objective of
this survey program was to support an analysis of the factors associated with
the risk of involvement in a fatal accident for large trucks. This report
presents our first attempt at such an analysis. As such, the material is
illustrative rather than comprehensive. Our objective at this time is to
demonstrate the potential for such data and appropriate analytic techniques
to Sélbstantially advance our understanding of the causes of large-truck
accidents.
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ANALYSIS OF ACCIDENT RATES OF HEAVY-DUTY VEHICLES

Introduction

Fatal accidents involving large trucks are a continuing problem on the
nation’s highways. More effective safety programs to address this concern
depend on a better understanding of the causes of large-truck accidents. The
issue of truck safety demands, more than anything else, an authoritative
source of knowledge to permit careful, objective research efforts to proceed at
an orderly pace. The single most significant obstacle to this research has
been the lack of adequate quantitative information on which to base
judgments. Historically, prevailing viewpoints have been based on the
positions of various lobby groups, on partial or conflicting information, or on
the investigation of single issues rather than a study of all components of the
problem. An overall research approach is needed to improve the chances for
progress on these issues over time.

The overview of such an approach seems clear. First the physical
mechanisms, or events, leading to the accident must be determined. If the
physical mechanism responsible for the accident is known, countermeasures
can be developed to prevent these events from leading to an accident in the
future. Past approaches to the accident causation problem have generally
tried to go directly to the cause. Sometimes only one issue was addressed at
a time, such as fatigue or the condition of the vehicle. A more general
approach has been the “in-depth” investigation of individual accidents, on the
supposition that expert and detailed investigations would identify the
physical cause of that and other similar accidents. Another approach has
been to study the longitudinal experience of drivers or vehicles on the
premise that a subset can be identified as being more prone to accident
involvement. Such approaches have had limited or no success. The reasons
why past studies have not been more productive are not clear.

It is clear, however, that there a large number of candidate factors for
study. Large numbers of factors require a large sample size for study. The
high cost of in-depth accident investigation limits this approach to samples
that are generally too small. Furthermore, with a large number of factors,
interactions are more likely to occur. This means that a combination of
factors may be involved rather than single factors acting independently.

What is needed is a more efficient procedure to determine the major
factors. Because resources are limited, priorities must be established. In
order to effectively allocate resources it is necessary to know both how large a
particular problem is and how serious it is. Since in-depth investigations are
very expensive and not well suited to identifying interactions of multiple
factors, the UMTRI program adopted a statistical assessment of candidate
factors. Large-scale surveys can generate substantial sample sizes at a small
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fraction of the cost of on-scene data collection methods. In additipn,
statistical methods are well-suited to multivariate problems involving
interactions of the factors.

The statistical approach also begins with collection of accident data.
However, the data collection process is much less demanding, because it is
not necessary to identify the cause or causes of each individual accident, or
make any interpretation or reconstruction of the events at all. As with any
research program, the factors for study must be identified at the outset. For
the statistical approach, this can generally take the form of a listing of the
descriptive characteristics of all the relevant aspects of the event: roadway,
vehicles, occupants, and environment. The factors should be amenable to
objective measurement, such as vehicle weight, lane width, or number of
axles, rather than subjective assessments such as “driving too fast for
conditions” or “poorly maintained.”

Two types of information influence the importance, or priority, that
should be assigned to any particular problem area. The first is the
prevalence, and the second is the risk. For traffic safety issues, prevalence is
simply the proportion of accidents involving a particular factor. For any
traffic safety program, the ultimate measure of success is based on whether
accidents decrease or not. Countermeasures aimed at a factor associated
with a large proportion of accidents have a greater potential for impact than
those aimed at something that occurs very infrequently. However, the
accidents that occur are a consequence of the exposure to accident for any
particular factor and the risk of accident per unit of exposure. It seems
appropriate that countermeasures for high-risk factors should take priority
over those for low-risk factors.

As a simple illustration, suppose one had a choice between only two
countermeasures, one directed at truck accidents on limited access roads, and
the other directed at truck accidents at night. These two were chosen
because each accounts for about 30 percent of all large trucks involved in
fatal accidents. Ignore, for purposes of this illustration, the fact that these
two groups overlap. On the basis of prevalence, then the two factors are of
equal concern. However, the risk of accident involvement at night is about
four times greater than the risk on limited access roads. The basis for this
risk estimate is the knowledge that only about 15 percent of the truck travel
is at night (resulting in 30 percent of the fatal involvements), whereas nearly
60 percent of the travel is on limited access roads (also resulting in 30 percent
of the involvements). Thus, the risk of fatal accident involvement is four
times higher at night than on limited access roads.

Thus, the risk of accident involvement is useful in establishing
priorities for competing countermeasures. However, the primary objective of
the statistical assessment of risk is to quantify the factors, and combinations
of factors, associated with elevated risk. By using multiple variables to fully
describe an event—in this case, accidents and travel—statistical methods can
be usefully employed to analyze the cross-classified data. The result is a
means of identifying the factors associated with an elevated risks of accident
involvement. Of course, this statistical association between accident
occurrence and the measured factors does not necessarily identify the
physical causes of accidents.



Accidents at night illustrate this. The statistical approach will identify
an elevated risk for accidents at night if this factor is included in the study.
However, “night” is not really the direct physical cause of these accidents.
We can hypothesize at this point that factors such as visibility or fatigue are
more likely to directly influence the occurrence of an accident at night. The
object of this statistical assessment of accident risk in actual highway travel
is to identify subsets of the total highway system (highways, vehicles, drivers,
and the environment) that merit more detailed studies based on this
statistical identification of elevated risk. In general, more direct methods
such as in-depth investigations would be required to identify the actual
physical causes. The statistical determination of increased risk provides a
limited focus for more costly research methods, and the factors associated
with the risk provide a basis for hypotheses as to the actual physical cause(s).

The first requirement for the statistical approach is a sample of the
accidents occurring on the highway. The companion requirement is to
establish a corresponding data set of truck travel. Trucks do not operate in a
uniform environment. They are of different sizes and configurations, carry
different loads on varying road types, and operate both within states and
across state lines. Trucks also travel at all times of the day and in varying
traffic conditions. What is needed is a means of accurately sampling the real-
world operating experience of trucks on the road.

Since highway travel is a continuous event, a measure for the
opportunity for accident involvement is needed in order to study accident
risk. This quantity is generally referred to as the exposure of vehicles.to the
possibility of an accident. In terms of highway exposure, the term is
synonymous with travel as measured in vehicle-miles. Exposure, then, is the
denominator used to estimate the risk of accident involvement. This
probability is a function of many factors. There is, for example, a different
risk associated with travel at night as opposed to day. So also on divided
highways as opposed to undivided, or in congested traffic instead of the open
road. In general, it is not sufficient to simply estimate the total travel. It is
also necessary to be able to cross-classify the travel by the factors that
distinguish the differing risks for different types of travel. The combinations
of these factors are referred to as travel categories in this report.

Such a research approach has been followed in the program conducted
at UMTRI in recent years. The Statistical Research Group has collected
accident and travel data to identify those factors that are associated with an
increased risk of large-truck accident involvement. Of even more importance
is that the survey data will support multivariate statistical methods that can
identify combinations of factors, or interactions, that have the potential to
have larger influences on the risk of accident involvement than any of the
factors independently. Priorities in countermeasure development are a
natural by-product of this type of research. If subsets of accident information
can be identified where the risk is high, then we can isolate the areas in
which an increased attention to safety countermeasures is required.

The remainder of this report is organized as follows. The next section
describes the survey methods for the survey of Trucks Involved in Fatal
Accidents, and for the National Truck Trip Information Survey. The next
section presents a comparison of truck population estimates from the 1983
National Truck Trip Information Survey and the 1982 Truck Inventory and
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Use Survey. The later half of this section compares average annual mileages
from the two travel surveys. Three analyses of fatal accident rates are
presented next. The first analysis focuses on five basic truck configurations
that comprise the entire large truck population. These are straight trucks
without trailers, straight trucks with trailers, tractors without trailers
(bobtail), tractors with a single semitrailer, and tractors with two trailers.
The five configurations are observed to have differing distributions across 8
travel categories. The 8 categories are formed by the combinations of limited
access roads/mon-limited access roads, day/night, and rural/urban. The
adjusted rates method is presented in this section as a means to make
comparisons across groups with differing travel distributions. The second
section analyzes fatal accident involvement rates for four different collision
types. The section is limited to two truck types; straight trucks without
trailers and tractors pulling a single semitrailer. A 12-category travel
distribution is used in this section. The categories are based on three road
types (limited access, primary, other), rural/urban, and day/night. The last of
the analysis sections addresses differences in fatal accident involvement
rates for tractor-semitrailer combinations by gross combination weight
(GCW). Implications of these results and future work are discussed in the
last two sections. Tabular data for all of the figures presented in the report
are included in a section at the end. Tables 26-30 and 41-47 present
additional, more detailed cross-tabulations not referenced in the report.




RESEARCH APPROACH

A few years ago, the first national program was initiated at UMTRI to
collect the necessary data for a multivanate assessment of the accident risk
of large trucks. The emphasis in this program is on the relationship of
vehicle configuration to risk. Highway accidents and the use of large trucks
are being studied to see if there is evidence that the accident risk is
influenced by the configuration of the vehicle. This program represents the
current state of accident risk assessment. Figure 1 illustrates the overall
approach to estimating risk.

Figure 1
NORMALIZED RATES BY ROAD TYPE
TRACTOR-SEMITRAILERS

ANALYSIS |

The accident data and exposure data are being collected through
independent surveys. In order to get sufficient sample sizes, all fatal
accidents involving large trucks in the United States have been surveyed for
a five-year period, 1980-1985. A parallel survey has also been conducted on a
national sample of just over 5,000 registered trucks. Thus, independent
surveys gather accident and exposure information cross-classified by the
same configuration and use factors. This information allows the calculation
and analysis of the matrix of involvement rates associated with all the
possible combinations of independent variables and levels. Normalized rates
can be calculated as the ratio of the proportion of the accident involvements
to the proportion of the travel for any particular factor and level. This
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calculation is illustrated in Figure 1 for a three-level distribution by road
type.

The objective of this study, then, is to relate the configuration, size, and
use of large trucks to their accident experience. Knowing the kinds and types
of trucks operating on the road, their weights and dimensions, and how and
where these vehicles operate is essential if anything is to be understood about
their involvement in accidents.

A new approach is taken with the current research, an approach that
relies on a large-scale statistical analysis of the actual experience of such
vehicles in the road environment, and that includes for the first time both
accident data and travel data. The UMTRI Large-Truck Survey Program
combines both sets of data and provides a database from which statistical
analyses may proceed.

Identification of Candidate Factors

The first step in this approach was the identification of what can be
termed “candidate” factors—the vehicle and operational characteristics that
can be expected to influence the accident experience of these large trucks.
These characteristics were selected to provide a much more detailed picture
of the U.S. experience. The candidate factors that have been addressed in the
past five years of the study can be divided into three categories, vehicle,
environment, and driver factors, as shown in the table below.

CANDIDATE FACTORS
VEHICLE ENVIRONMENT DRIVER
Cab Style Road Class Age
Number of Units Rural/ Urban Years of Experience
Cargo Body Style Day/ Night Hours Driving
Cargo Type Carrier Type
Weight
Length
Number of Axles

The methodology employed here led from this identification of factors to
an effort to determine the incidence of these factors in both accidents and in
travel. The next step was a review of existing data sources for information on
the candidate factors.

Existing Data Sources

Existing data sources for accidents are the NHTSA Fatal Accident
Reporting System (FARS), the Office of Motor Carrier Safety (OMCS) file of
accidents reported by interstate carriers, the National Accident Sampling
System (NASS), which contains a statistical sample on trucks, and state files



of police-reported accidents. These files provide a great deal of information,
but they all lack key elements that are essential to the problem at hand.

FARS does not contain a sufficient description of the trucks with the
kind of detail that is needed. It does, however, include all fatal accidents,
and it provides a rather full account of the event and the environment.
Driver age is also included.

The OMCS file, on the other hand, has all of the vehicle information
and driver data, but it does not provide a full accident description. In
addition, OMCS doesn’t cover intrastate-only carriers, and suffers from
serious under-reporting by private interstate carriers.

The NASS file is limited to a small sample of large trucks and it is
otherwise quite incomplete in its truck description. This is, of course,
because its primary focus is directed toward injury processes.

The most complete inventory of accidents are the state files containing
information on all police-reported accidents. While these files generally have
more limited information than any of the other sources mentioned, they do
provide identification of the owners and drivers involved, the investigating
officer, and others that were at the scene of the accident. This information
provides a starting point for the UMTRI survey follow-up described in the
next section.

Estimates of the number of large trucks in the United States, and their
annual travel are available from the Truck Inventory and Use Survey (TIUS),
an activity of the Bureau of the Census that is conducted every five years.
The TIUS study is quite useful for the UMTRI study because it offers
information on how the vehicles are used. In addition, it provides a baseline
for comparison purposes. But TIUS does not have information on some of the
variables important to a detailed statistical study. And it must be pointed
out that it is a characterization of the typical use of trucks. It is not a
sampling of how, in fact, trucks are used each day, but rather a report from
people who own trucks who were asked to characterize the typical use of their
trucks. There are no details relative to mileage on the differing kinds of
roadways where those vehicles are being operated. In addition, the TIUS
study is a gross estimate of travel for an entire year. There is a real need for
the ability to focus on units smaller than a year. Research on vehicle use
requires that knowledge be developed on the details of day-to-day activities,
on the details of truck description and use that vary—road class, day/mnight
travel, rural/urban travel, typical body style, the number of trailers, the
weights, and similar details. Data needs, then, are primarily in the areas of
describing truck types and sizes, the quantification of dimensions and loads,
and axle configurations, identifying trailer type and power unit attachment,
and in obtaining accurate travel/exposure data.

The two core elements in the research program are the Trucks Involved
in Fatal Accidents file (TIFA) and the National Truck Trip Information
Survey (NTTIS). In 1981 a survey of all large trucks involved in fatal
accidents in the United States was initiated, with 1980 being the initial year
covered. This survey combines information from the Fatal Accident
Reporting System (FARS) of the U.S. Department of Transportation National
Highway Traffic Safety Administration (NHTSA), along with accident data
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from the Federal Highway Administration Office of Motor Carrier Safety
(OMCS) MCS 50T report, copies of the various police accident reports, and
comprehensive follow-up telephone surveys conducted by UMTRI research
staff to produce the data file called Trucks Involved in Fatal Accidents.

In 1985 the National Truck Trip Information Survey (NTTIS) was
initiated. For this survey, the owners of nearly 5,000 large trucks were
contacted four times over a twelve-month period to obtain detailed
information on the use of the truck. The information collected includes the
configuration, cargo, actual weight, and the route the truck followed. The
combination of the accident data in TIFA with miles traveled from NTTIS
provides estimates of fatal accident involvement rates by vehicle type and
road class. Each of the survey programs will be described in more detail in
the next two sections.

Trucks Involved in Fatal Accidents

The TIFA database is currently complete for accident years 1980
through 1984. Of the potential sources of data for TIFA, the first is the Fatal
Accident Reporting System, FARS. TIFA covers all FARS large trucks.
Police Accident Reports (PAR) are obtained from the states for all large
trucks involved in fatal accidents each year. The PAR’s provide the names of
individuals to contact for further information. The information is obtained
through extensive follow-up on all large trucks that are recorded by FARS.
The data set provides detailed descriptions of all medium and heavy trucks
(greater than 10,000 lbs. gross vehicle weight rating) that were involved in a
fatal accident in the continental United States, excluding Alaska and Hawaii.
Pickup trucks are excluded from the file, as are passenger vehicles (and vans,
utility vehicles, buses, and ambulances) and fire trucks.

To produce the TIFA file, OMCS fatal accident reports are first
matched to FARS cases. In all instances in which a computerized match is
made, the OMCS information is picked up and added to that already in the
FARS case, producing a much fuller record for each event. For cases that
cannot be matched, the BMCS reports are discarded and the FARS report is
used as the base for creating a complete record by means of the TIFA survey
method. Telephone interviews are conducted to obtain company and vehicle
descriptions. Extensive editing and consistency checking is performed on all
information obtained by interview.

First, Vehicle Identification Numbers (VINs), in every PAR and FARS
record, are decoded to confirm that the make and model information and the
power unit description conform to published model specifications. Edit Data
Lists, UMTRI-developed editing manuals, are used to evaluate information
obtained from interviews to ascertain the accuracy of the reporting, especially
concerning the types of freight hauled, the necessary equipment, and the
typical hardware configurations used in such conditions. UMTRI has also
developed a database on cargo weights and densities so that a cargo weight
can, if necessary, be computed from information on cargo type and volume.
The typical case, then is processed as represented in Figure 2.




Figure 2

TIFA CASE FLOW

BMCS FARS
FATAL —™  PAR/BMCS
FARS/PAR CONSISTENCY
FARS &  MATCH —o| INTERVIEW [ EDIT —s CHECKS |+ TIFA
POLICE NOT A
ACCIDENT LARGE
REPORT TRUCK

FARS/OMCS matched cases proceed directly to Consistency Checking,
where a set of computerized algorithms check for total accuracy of elements
in each individual data set. If problems are flagged—number of axles not
matching, for example—the case is sent to Interviewing for follow-up calls to
gather direct involvement information. This additional data is added to the
record and it is forwarded to Editing. If all conflicting information can be

reconciled, the record is sent again to Consistency Checking, and, if passed,
added to the TIFA database.

FARS/PAR matches follow the same set of procedures, undergoing
extensive editing and checking at each stage. The typical case will go
through the Interviewer-Edit-Consistency Check loop more than once. It is
rare that a case is sufficiently developed to proceed directly to the TIFA file
with only one interview. The scrutiny to which each case is subjected assures
the accuracy and validity of the information in the final product, TIFA itself.
And the use of multiple sources of information for the same accident permits
a deeper level of description. A prime benefit of this procedure is that the
level of missing data in TIFA is on the order of 1-2 percent for the specific
candidate factors of interest, an exceptionally low rate for this kind of data.
Even the high-interest factor with the most missing data—weight—is still
only 5-6 percent missing. In all, the TIFA files contain information on over
25,000 large trucks involved in fatal accidents during the years 1980 through
1984. Figure 3 illustrates the TIFA file totals and its growth to the present
size.



Figure 3

TIFA File Totals

UNKNOWN
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National Truck Trip Information Survey

The UMTRI National Truck Trip Information Survey (NTTIS) collects
travel data at the trip level rather than at the level of a vehicle’s annual
mileage. This is in contrast to the TIUS practice. The objectives of the
NTTIS survey are twofold: to estimate the number of large trucks in the
U.S,, and to provide detailed mileage data. The survey is built on a
probability-based sample of trucks which were registered in the U.S. as of
July 1, 1983. The owner of each vehicle was contacted by phone four times
over a one-year period and asked about the vehicle’s travel on a randomly
assigned date. The calls were made as close to the assigned date as possible.
For each survey day, the owner was asked to describe every trip made and to
provide information on trailer use (if any), cargo and cargo weight, and driver
age. The trips were split into daytime and nighttime mileage, and each trip
was mapped on special atlases developed by UMTRI. Every county in the
United States was mapped individually. Precise boundary definitions were
established to distinguish urban from rural highways according to Federal
Highway Administration definitions obtained from each state. Roads were
also divided into limited access highways, other major or primary highways,
and other roads. County level maps were obtained for defining urban
boundaries on the state scale layout. This made it possible to exactly map
the portion of the mileage that was in different urban density zones. Such
mapping techniques capture a level of detail that permits breaking trips
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down into day and night miles over three road types, with actual loaded
weights for each portion of every trip on the survey day. Each individual mile
of a surveyed trip can be characterized in terms of the candidate factors.

By summing across trips, travel can be estimated by company type
(intrastate or interstate, private or for-hire), power unit type, number of
trailers, trailer type and trailer body, cargo, actual cargo weight and actual
combination gross weight, driver age, day versus night, and highway type.
Thus, safety studies of large trucks can incorporate factors both in the
accident data and in the exposure data.

The sample of vehicles was drawn from 1983 state registration files
maintained by R.L. Polk, using a data processing and sampling procedure
designed by UMTRI. The procedure resulted in the selection of 8,144
vehicles. Contacts were attempted with the owners of all these vehicles, but
in 934 cases we were unable to obtain a response. An additional 564 trucks
were determined to be non-sample. Most of these had been scrapped or taken
out of use. A complete company and vehicle description was obtained on
6,305 trucks. Of these 5,112 were selected for the trip survey, and 4,789 of
these responded on at least one of the four survey days. In all, information
was obtained on over 17,660 survey days, or 86 percent of the potential
survey-day interviews. Travel on the survey days was broken down into more
than 13,000 trips, and 862,000 miles of travel were mapped on the specially
prepared atlases. These figures are summarized in Figure 4.

Figure 4
NATIONAL TRUCK TRIP INFORMATION SURVEY

IMPLEMENTATION SURVEY-DAY CALLS

TRACTORS
R.L. Polk Sample — 2,340 | 2,226 | 2,138 | 2,100
as of July 1, 1983 3,601
2,497 STRAIGHT TRUCKS NON-RESPONSE
5,497 TRACTORS i 1,275
150 _UNKNOWN NON-SAMPLE
8,144 — o
STRAIGHT TRUCK
T 3,704
SUB-SAMPLE
2,258 | 2,219 | 2,175 | 2,204
2,511 ! !
JAN 1964 JAN 1988 NOV 1965 FEB 1966 MAY 1966 AUG 1966 NOV 19¢7 FEB 1967
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NTTIS AND TIUS COMPARISONS

Wherever feasible, NTTIS data elements were designed to be
compatible with the TIUS in order to facilitate comparison between the two.
The next section compares vehicle population estimates from the two surveys,
while the following section compares annual average mileage estimates.

Truck Population

Estimates of the large truck population in the United States from the
NTTIS are compared with the corresponding estimates from the 1982 Truck
Inventory and Use Survey in the table below. The original samples of
registered trucks for both surveys were obtained from R.L. Polk. The 1982
TIUS was drawn from registration as of July 1, 1982, while the NTTIS
sample was drawn from registrations as of July 1, 1983, one year later.

NTTIS POPULATION ESTIMATES

1982 TIUS 1983 NTTIS
Straight Trucks 2,534,973 2,185,630
Tractors 900,884 919,702
TOTAL 3,435,862 3,105,332

(Excludes Alaska and Hawaii)

The population estimates are shown separately by the type of power
unit: straight truck or tractor. The distinction between the two is that
tractors have a fifth wheel mounted on the back for attaching a semitrailer,
while a straight truck must have a cargo body attached and no fifth wheel.
Since many trucks are sold as a chassis without fifth wheel or cargo body,
this distinction cannot generally be made from the information coded in the
Vehicle Identification Number (VIN) by the manufacturer, and must be
obtained from the owner. The population estimates show good agreement,
particularly for the tractors. NTTIS estimates about 4 percent more tractors
than TIUS. The NTTIS population estimate for straight trucks is about 14
percent lower than the TIUS estimate. This difference may be a reflection of
the 10,000 pound Gross Vehicle Weight Rating (GVWR) cutoff for inclusion in
the NTTIS data. In an effort to improve the accuracy of this cutoff, UMTRI
specified models and series for inclusion or exclusion. This difference is also
apparent in the distribution by GVWR to follow. The next six figures
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compare distributions of some common variables describing the national
truck population from both the TIUS and the NTTIS files.

The Gross Vehicle Weight Rating (GVWR) is coded in the VIN for
almost all trucks. R.L. Polk has developed decoding algorithms to extract
this information from the VIN, and this code was included in the data
supplied for both the TIUS and the NTTIS surveys, as was the make and
model year of the truck. These variables provide a good basis for comparison
of the two surveys, since they were part of the original sample. Most of the
other information collected comes from the survey respondent, and thus, it is
subject to respondent error. The data elements provided with the sample are
generally expected to be more consistent and more accurate. A comparison of
the distributions of the national truck population by GVWR from TIUS and
NTTIS are shown for straight trucks in Figure 5 and for tractors in Figure 6.
About the only difference 1s that TIUS shows a somewhat higher proportion
of GVWR class 3-5 straight trucks than NTTIS does. This difference is
discussed further in the next paragraph. Otherwise, the agreement in the
distributions of GVWR between TIUS and NTTIS is very good.

Many truck models can be ordered over a range of GVWR classes, and
when the VIN decoding of GVWR is based on the model identification, the
highest GVWR available from the manufacturer (as an option, for example) is
assigned. For many specific models, the majority of sales were at lower
GVWR’s.  To improve the accuracy of the 10,000 pound GVWR cutoff,
UMTRI specified whether particular models should be included or excluded,
in some cases overriding the Polk-derived GVWR. Models and series were
identified for inclusion or exclusion based on sales information provided by
the manufacturers. If the manufacturers indicated that the majority of sales
were at a GVWR of 10,000 pounds or less, then all of that specific model and
series were excluded. The objective was to prevent the inclusion of an entire
series when only a small fraction was actually rated over 10,000 pounds. The
models most influenced by this procedure were the small step vans and
pickup truck models sold as a cab and chassis. The later often have a flatbed
or stake body added. It was necessary for UMTRI to try to make this
distinction in the sampling frame because light trucks were to be excluded
from the NTTIS sample. This was not an issue for TIUS since light trucks
are included in that sample. This difference in coverage and sampling
procedures probably accounts for the differences shown in the straight truck
population.

Distributions by model year from TIUS and NTTIS are shown for
straight trucks in Figure 7, and for tractors in Figure 8. Since pre-1973
model year trucks are all grouped into a single category in TIUS, model years
were combined similarly from NTTIS for these figures. An important
observation from these two figures is the relative ages of the straight trucks
as compared to the tractors. Nearly 50 percent of the straight trucks are
pre-1973, whereas less than 25 percent of the tractors are pre-1973. Based
on these distributions, half of the tractor population is contained in the
newest 5 or 6 model years. For the straight trucks, the comparable point is
10 model years. In general, the population of straight trucks is twice as old
as the tractor population. This is related to the lower average annual travel
of the straight trucks, as will be seen in the next section.
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Figure 5
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Figure 7
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In general, the agreement between the TIUS and the NTTIS
population estimates by model year is very good. There are no wide
variations in the numbers of tractors in the population for a given year. The
fact that the NTTIS sample was drawn a year later is evident from the
distributions. NTTIS includes some 1983 and 1984 trucks that are not in
TIUS, and in general, NTTIS shows more of the newer models, but fewer of
the older ones. Overall, the model year distributions seem consistent with
the one-year difference in the sampling frames.

The last two distributions on the vehicle population address cab style
and carrier type. This information is obtained from the survey respondent,
and for the variables chosen, the definitions of the categories are not precise.
These comparisons are limited to tractors. The cab style categories are
cabover, short conventional, medium conventional, and long conventional.
The agreement between the two sources is, again, extremely good. This is
particularly gratifying in view of the lack of a precise definition of what really
constitutes a short, medium, or long conventional cab style. Respondents
simply choose from short, medium, or long, just as in the TIUS study.
Apparently truck owners have a fairly consistent distinction between these
categories even if it hasn’t been formally quantified in terms of the bumper
to the back of the cab, or some other standard dimension.

Figure 9

TRACTORS IN THE U.S.
BY CABSTYLE
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The last comparison of interest here is carrier type shown in Figure 10.
Private carriers operate almost 50 percent of the tractors in TIUS, and 52.4
percent in the NTTIS. In the NTTIS study, a further breakdown of private
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carriers is made into interstate and intrastate carriers. Interstate private
carriers operate 32.5 percent of all tractors and intrastate 19.9 percent in
NTTIS. The remainder of the vehicles are for hire in one fashion or another.
For-hire vehicles are further broken down into interstate for-hire, in which
case they are subject to the Interstate Commerce Commission, and intrastate
for-hire, where they are governed by state public service commission
regulations. Interstate for-hire are also separated into authorized
carriers—the common and contract carriers—and those hauling exempt
commodities. The small group of unknown ICC-regulated carriers are those
instances in TIUS where responses did not specify whether they were
authorized or exempt carriers. If distributed between authorized and exempt
carriers for the TIUS data, it would bring both surveys into fairly good
agreement.

Figure 10

TRACTORS IN THE U.S.

BY CARRIER TYPE

Percent

Private ICC Exem Intra F-H Unknown
ICC Auth ICC Unk Rental

Carrier Type

On the other hand, there is some discrepancy shown in the intrastate
for-hire and daily rental categories, with NTTIS showing fewer of each.
TIUS established a separate category for rental vehicles because they are
extremely difficult to classify since the carrier type may change with every
new rental. Agencies are reluctant to disclose names and, even if names are
obtained, the individuals are difficult to locate and interview regarding
carrier type on a particular day. The owners in both of these categories are
usually small carriers and difficult to reach except at night and on weekends.
These response problems may be partly responsible for the smaller
proportion of trucks operated by intrastate for-hire carriers or in daily rental
in the NTTIS. Leased, or long-term rental, trucks are classified as if the
leaser/renter were the owner.
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Average Annual Mileage

In TIUS, the owner is asked how many miles the truck travelled in the
past year. The same question was asked of the owners in NTTIS. There is
about a two year difference between the two surveys in the asking of this
question. The 1982 TIUS was carried out in early 1983, while the NTTIS
implementation phase was conducted in early 1985. This owner-reported
annual mileage provides a basis for comparison of the travel estimates from
the two surveys. The NTTIS survey also estimates travel from odometer
readings and from travel on selected days. A comparison of these three
estimates is presented at the end of this section.

The average annual mileage reported by the owners is shown in Figure
11 for straight trucks and tractors. Each of the next seven figures compares
owner-reported average annual mileage from TIUS and NTTIS. Overall, the
agreement between the two surveys is quite good. The NTTIS owner-
reported average annual travel is about 18 percent higher for the straight
trucks and about 4 percent higher for the tractors.

Figure 11
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Average annual mileage is compared by GVWR for straight trucks in
Figure 12, and for tractors in Figure 13. The comparison is rather uneven for
the straight trucks, with the class 3-6 showing about the same average
annual mileage in TIUS and NTTIS, and the class 7-8 showing an average
annual mileage about 24 percent higher in NTTIS. The agreement for the
tractors is quite good over the GVWR classes.
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Figure 12
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Figures 14 and 15 compare owner-reported travel by model year from
TIUS and NTTIS. Figure 14 shows the comparison for straight trucks, and
Figure 15 for tractors. These figures also illustrate the strong relationship
between model year and travel. The newer trucks generally are assigned to
the more severe service. As the trucks get older, they are driven fewer miles
per year. One should also recall from Figure 7 that nearly 50 percent of the
straight trucks are pre-1973 in both NTTIS and TIUS. The NTTIS average
annual mileage is about 10 percent higher for the pre-1973 straight trucks.
For the 1973-1979 model years, the NTTIS estimates are 20-30 percent
higher, and then the estimates are more comparable for 1980 and newer
models. As shown in Figure 15, the agreement by model year is much closer
between the two surveys for the tractors.

Figure 14

AVERAGE ANNUAL MILEAGE
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The last two figures in this series show owner-reported average annual
mileage for particular subsets of the truck population. Adjustments were
made to the NTTIS file to reconcile the reported daily travel with the
odometer readings. These subsets are referred to as the odometer
adjustment strata. While neither the TIUS nor the NTTIS owner-reported
mileage was used in the adjustment, it is nonetheless relevant to see that
there is no bias in the two files across these subsets. The owner-reported
annual mileage is the only comparable travel estimate in both the TIUS and
the NTTIS files. Figure 16 shows the six adjustment strata used for the
straight trucks, and Figure 17 shows the five strata used for the tractors.
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Figure 15
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Figure 17
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The straight truck adjustment strata are based on model year
(pre-1973, 1973-1978, and post-1978) and GVWR (3-6, and 7-8). The strata
were selected to separate the trucks on average annual travel, and to have
roughly comparable sample sizes. Agreement across the strata, as shown for
straight trucks in Figure 16, is relatively uniform, reflecting the
approximately 18 percent higher average annual travel for straight trucks in
the NTTIS file already observed. The five tractor strata are based on model
year and cab style, as these variables were highly correlated with average
annual travel. The five strata are: pre-1973, 73-80 COE, 73-80 Conventional
cab, post-80 COE, and post-80 Conventional cab. As has been the case
throughout, the agreement across the tractor strata is very good.

Three independent estimates of average annual mileage were
developed in the NTTIS file. The first is the respondent’s estimate of annual
travel that we call a “self-reported” annual mileage. The second is calculated
from odometer readings supplied for specific dates near the beginning and
end of the one-year trip survey period. The third estimate is derived from the
travel reported on the individual survey days inflated by the selection
weights for these dates. These three estimates are compared in Figure 18.
The self-reported average annual mileages agree quite well with the figures
in the 1982 TIUS file. The average annual mileage based on the odometer
readings is 20-25 percent lower than the self-reported annual mileage, and
the estimate based on the survey days (labelled “mapped miles” in the table)
is lower by another one third. We generally believe that the odometer
readings provide the most accurate estimate, although complete odometer
information was only obtained on about two thirds of the trucks that
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responded to the trip survey. Since the proportion of trucks reported to not
be in use on the survey days was rather high (over 50 percent for the
tractors), we tend to believe that the respondents sometimes reported that
the truck was not in use when it actually was. For this reason, an additional
adjustment factor has been developed for the mapped miles so that the total
travel estimates produced are comparable to the odometer data.

Figure 18
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ACCIDENT RATES ANALYSIS

For the past several years we have been pursuing a data collection goal.
This goal was to obtain more detailed accident data accurately identifying the
levels of the many factors of interest and with sufficient sample size to
tabulate the many combinations of these levels and factors. This goal also
included obtaining travel data that could be tabulated by all of the same
levels and factors as the accident data. The real objective, of course, was not
the data collection, but the analysis such data would make possible. In this
section we begin the development of analytical methods that will identify the
factors associated with accident risk and quantify their relationship to the
risk. These methods promise a more objective approach to many traffic safety
issues.

The material in the following three sections addresses many objectives.
The first is to illustrate the multivariate nature of the problem. In some
respects, this objective provides a final justification for the long and costly
data collection program. More importantly, results are presented showing
the influence of many of the key factors on accident risk. Risk cannot be
studied without a measure of the exposure to risk. Miles travelled is the
exposure measure for this study. However, knowing the miles travelled is
not sufficient because the risk of accident is different for each mile.
Consequently, it is also necessary cross-classify the travel by the factors that
are responsible for this variation in risk.

NTTIS focused on three travel factors that had not previously been
available in national travel data: road type (limited access, primary, and
other), area type (rural or urban), and time of day (day or night).
Combination of the levels of these three factors forms 12 travel categories.
When sample size is limited, the primary and other road types are combined,
producing 8 travel categories. Much of the material presented focuses on the
variation in accident risk across these travel categories. Because of the
substantial variation in risk across these categories, an equally important
result is the distribution of travel across these categories for specific truck
types of interest. If the travel distributions are not similar, then the risk of
accident is different.

The first section on accident rates is a comparison of five basic types of
truck, or configurations. They are: straight trucks with no trailer, straight
trucks pulling one or more trailers, tractors with no trailers (bobtail),
tractors pulling a single semitrailer (single), and tractors pulling two trailers
(double). This section has an objective beyond the comparison of accident
risk. The secondary (perhaps primary) objective is to illustrate that
aggregate rates can be misleading. The ratio of the total number of vehicles
involved in accidents to the total miles travelled is called an aggregate rate.
Although aggregate rates do take into account the amount of travel, they do
not take into account differing risk associated with the type of travel. When
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aggregate rates are compared for subsets with different distributions of travel
across the various risk categories, then the aggregate rate ‘includes the
influence of these risk factors as well as any risk associated with the subset of
interest. While the aggregate rate is an accurate estimate of the overall risk
for any group or subset, it often does not provide insight as to the factors
responsible for that risk. The objective of this analysis is to identify the
factors associated with risk. In order to facilitate comparisons among subsets
that may have differing amounts of travel among the various risk categories,
a method of adjusted rates is employed. This method calculates the
aggregate rates that would result if each subset of interest had the same
distribution of travel across the various risk categories. Thus, the section
comparing the five configurations begins by showing why the aggregate rates
can be misleading, and it ends with the application of the adjusted rates
method as a basis for comparison of the configurations.

The second section on accident rates focuses on the difference in risk for
different types of collisions. Again, risk is shown to vary with the travel
categories. Aggregate rates have the same problem in this application.
Adjusted rates are calculated again in order to compare the risk of different
types of collisions for two configurations. For reasons of sample size, this
section is limited to the two most common configurations, straight trucks
without trailers and tractors pulling a single semitrailer. This restriction
allows use of the full 12 travel categories.

Finally, the third section on accident rates applies the results of the
first two to an analysis that attempts to determine the relationship of the
gross weight of a tractor-semitrailer combination to the risk of accident. This
section illustrates the need to develop multivariate modeling techniques as a
method for quantifying the relationship of many factors with accident risk.

Comparison of Five Truck Configurations

Fatal accident involvement rates are usually calculated by dividing the
number of trucks involved in fatal accidents (involvements) by the total
travel in vehicle-miles for the comparable group of trucks. This rate has the
units of involvements per vehicle mile travelled, and is referred to as a “raw
rate.” While the raw rate is a direct estimate of the risk of involvement in a
fatal accident, it does not facilitate comparisons across many subsets or
categories because the reader must always compare the individual rate for a
particular category with the overall rate, making a mental calculation of the
ratio of the two. To facilitate comparison, normalized rates are presented
throughout this report. The normalized rates are calculated by dividing the
raw rates for every subset by the overall raw rate. The normalized overall
rate is 1.0, and normalized rates for particular subsets can easily be
compared to this figure. Subsets with normalized rates less than 1.0 are
under-involved in comparison to the overall rate, and subsets with
normalized rates greater than 1.0 are over-involved. The normalized rate is
also equal to the proportion of involvements for the subset divided by the
proportion of travel for the subset. For example, if a subset has 10 percent of
the involvements and 5 percent of the travel, the normalized rate is 10/5, or
2.0. Tables are included at the end of the report showing the actual number
of involvements and estimated travel for each category.
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Normalized fatal accident involvement rates for five basic truck
configurations are presented in Figure 19. These five categories comprise the
entire large-truck population (GVWR greater than 10,000 pounds). The rates
are based on the five-year TIFA file (1980-1984) and the 1983 NTTIS file.
Since the travel survey was mostly conducted in 1986, the time period for the
exposure does not match the time period of the accidents, although the
vehicle population in terms of distribution by model year is fairly comparable
for the TIFA and the NTTIS files. Obviously, it would have been more
desirable to have travel data for the exact same period of time as the
involvements, but the availability of funding and other problems preclude a
better match at this time. It will be another year before the 1986 TIFA file is
complete, and several years of accident data are needed to produce sufficient
sample sizes. When considering possible conclusions based on the results of
these analyses, the reader must remember the mismatch in time periods
between the involvements and the travel. The analysis has been carried out
to illustrate the methods that cross-classified data can support.
Furthermore, the authors believe that the percent distributions across the
factors presented are quite stable over time. Although the raw rates may
vary, the normalized rates should be more stable.

Figure 19
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The normalized rate is highest at 2.27 for the bobtail tractors. Tractors
pulling a single trailer and straight trucks pulling one or more trailers are
also over-involved at 1.06 and 1.27, respectively. Straight trucks with no
trailers and doubles (tractors pulling two trailers) are under-involved at 0.81
and 0.90, respectively. Figure 20 shows the travel distribution across the five
configurations. Singles accumulated nearly 65 percent of the total travel.
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Straight trucks without trailers accounted for 28 percent, leaving only 7
percent for the straight trucks pulling trailers, bobtails, and doubles.

Figure 20
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Travel can be divided into 8 categories that are defined by the
combinations of two road types (limited access versus all other roads), rural
versus urban areas, and day versus night. In Figures 21-27, the labels
indicate combinations of road type, time-of-day, and population type. LDR,
for example, stands for Limited Day Rural and ODR stands for Other Day
Rural. U indicates Urban. Normalized rates for these 8 travel categories are
presented in Figure 21 for the aggregate of all large trucks involved in fatal
accidents. The differences in the normalized rates by travel category are
substantial. The fatal accident involvement rate for all large trucks on
limited access roads is one-half to one-fourth the rate on all other roads. The
rate at night is approximately three times the daytime rate.

_ 98—



Figure 21
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It should be noted that for these categories, “night” has been arbitrarily
defined as 9:00 PM to 6:00 AM, while the other 15 hours of the day are
designated “daytime.” For the NTTIS respondents, it did not seem feasible to
ascertain the actual point on their trip where dawn or dusk came. Instead,
travel was simply categorized by the times specified above. Thus, nearly all
of the travel classified as “night” was driven during darkness, but some of the
travel classified as “day” was actually driven in the dark. For the TIFA file,
the exact same classification of day and night based on the 9:00 PM to 6:00
AM definition was used, even though the actual light condition is coded for
almost all cases. A comparison of the light condition with the time of day
coded in the TIFA file shows that only 1.5 percent of the accidents occurring
from 9:00 PM to 6:00 AM have the light condition coded “day,” while 13.1
percent of the accidents occurring from 6:00 AM to 9:00 PM have the light
condition coded as “night.” Although the definition of day and night does not
precisely correspond to the actual light condition, it is exactly comparable in
the accident and exposure files.

The reader should also be aware of some small problems in the
comparability of the road class definitions in the accident and exposure files.
For the NTTIS data, the state maps and urban insets of the 1985 Rand
McNally road atlas were used to classify the roads travelled on the reported
trips into three categories. These were: limited access roads (blue in the
atlas), other divided and principal highways (yellow and red in the atlas), and
all remaining roads (grey in the atlas).
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For the TIFA data, the road class at the accident location provided by
FARS was used. Unfortunately, these do not match the NTTIS categories
exactly. FARS does not have a “limited access” category as such. It has a
category for interstate, and all roads in this category should be limited access.
In 1980, FARS has a category called “other limited access” (that seems under-
represented in the actual data), and in 1981-1984 there is a category with the
rather ambiguous label “other urban freeways and expressways.”
Approximately three-fourths of the cases in this category were also coded as a
divided highway in a separate variable. These case were combined with
those coded interstate to comprise the limited access category. But this
category is somewhat deficient in not including rural non-interstate limited
access roads.

The TIFA distinction between major routes and other roads is also
problematic. =~ FARS does provide a distinction between “primary and
arterial” roads and “secondary, collector, and other local” roads for all five
years, but these do not seem to match exactly with the Rand McNally color
groups. A closer match is found in another FARS variable distinguishing
U.S. and state highways from other roads. This classification seems to better
match the Rand McNally yellow-red and grey color groups respectively. In
rural areas, almost all of the yellow and red roads are U.S. or state
highways, and only a few minor state routes are shown in grey. In urban
areas, all U.S. and state routes are shown in yellow or red, but in the larger
urban areas there are also some roads shown in yellow or red that are not
U.S. or state highways.

These problems prevent the match between the Rand McNally road
classification used in the NTTIS file and the FARS road type categories in the
TIFA file from being exact. However, the exceptions seem to be very few, it is
unlikely that these problems are sufficient to influence any of the
comparisons by travel category that are presented in this report.
Unfortunately, the 1981 FARS file did not include the variable identifying
U.S. and state routes. Consequently, analyses using all three road types
were restricted to the 1982-1984 TIFA data. In order to use all five years of
TIFA data, 1980-1984, road class is collapsed to the two categories, limited
access, and all other roads.

Since the risk of accident varies substantially across the different
travel categories, one would like to know the distribution of travel for each of
the five configurations. If the travel distributions are different, then the
aggregate rates will be influenced by the amount of travel in the various
categories. Figure 22 shows the distribution of all large-truck travel across
the 8 travel categories for comparison.
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Figure 22
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Travel distributions across the 8 travel categories are shown for each of
the five configurations in Figures 23 through 27. Comparison of Figures 23
through 27, and Figure 22, the aggregate travel distribution, reveals
substantial differences in the travel distributions of the five configurations.
The straight trucks accumulate much more travel on the other roads (as
compared to limited access roads). Both straight truck configurations and the
bobtails put on very little nighttime mileage. The singles, on the other hand,
accumulate substantial travel on limited access roads, and travel more at
night. Perhaps the most striking travel distribution is that for doubles. The
doubles travel distribution is not similar to any of the others. Because this
configuration is primarily restricted to limited access roads in most states,
doubles travel less on non-limited access roads.
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Figure 23
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Figure 25
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Figure 27
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The differences in the risk of accident for the 8 travel categories and
the differences in the distributions of travel across these categories for the
five configurations raises the possibility that the travel differences are
responsible for variation in the normalized rates shown for the five
configurations in Figure 19 at the beginning of this section. In other words,
the straight trucks pulling trailers may be over-involved because they travel
more on non-limited access roads having a higher risk of accident, or the
doubles may be under-involved because they travel more on the relatively
safe limited access roads. Given these findings, how can comparisons
between configurations be made that are not confounded by the travel
distributions?

A direct approach is to confine the comparison of the configurations to
the individual travel categories, that is, to make 8 separate comparisons of
the configurations, one in each of the 8 travel categories. This approach
produces a large volume of information and taxes the available sample size,
particularly for the small subsets. However, Figures 28 through 35 repeat
the comparison of the five configurations for each of the 8 travel categories.

_34_




Figure 28
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Figure 30
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Figure 32
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Figure 34
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Despite (or perhaps because of) the large volume of information,
Figures 28 to 35 do not resolve the question of comparisons between the
configurations. The 8 figures show that the bobtails are over-involved in
each travel category. For the other configurations, the results are not so
consistent. Looking at Figure 30, for example, the straight trucks without
trailers are over-involved, when they were under-involved in the aggregate
rate. Although doubles were under-involved in the aggregate, they are over-
involved on other rural roads in the day, as shown in Figure 32. These
figures indicate that in different travel categories, some configurations have
quite different relative risks compared to other configurations.

The adjusted rates method allows the influence of the travel categories
to be removed from the comparison between configurations. The aggregate
rate may be thought of as a weighted combination of the rates for the
individual subsets, or categories, where the weighting factor is the proportion
of the total travel for the subset. Similarly, the normalized rate is also a
weighted combination of the normalized rates for the individual categories.
An adjusted rate can be computed for any arbitrary travel distribution, from
the following:

Zitirij
rj=

where: 1;is the normalized adjusted rate for the J* configuration
t; is the proportion of travel of the new travel distribution.
r;; is the normalized rate for the individual cells

and t;is the proportion of travel for the J* configuration

If an adjusted rate is calculated for each of the configurations using the
same travel distributions, then the influence of the travel categories is
removed from the comparison of the aggregate rates for the configurations.
An appropriate travel distribution to adjust to is the aggregate travel
distribution for all large trucks, shown in Figure 20. Normalized rates for the
five configurations adjusted to the travel distribution in Figure 20 are shown
in Figure 36. These are the aggregate rates for each configuration if each had
the travel distribution shown in Figure 20.
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Figure 36
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Figure 36 should be compared with Figure 19 to see the effect of the
adjustment. The major difference is that doubles are now 11 percent over-
involved instead of 10 percent under-involved. This is a consequence of the
adjustment putting more doubles travel on the relatively less safe non-
limited access roads. Although the actual doubles travel is relatively safe
because a large proportion of their travel is on limited access roads, this
analysis suggests that doubles would be over-involved if they operated with a
travel distribution more similar to that for singles. The adjusted rate still
shows bobtails to be over-involved by more than a factor of two. Straight
trucks pulling one or more trailers are 16 percent over-involved as compared
to 27 percent, and straight trucks alone still have the lowest relative risk,
although by a smaller margin. The adjusted rate shows straight trucks to be
under-involved by 11 percent as compared to 19 percent based on the
aggregate rate.

Although the adjusted rates method provides a means for removing the
influence of the travel distribution from comparisons across other factors,
there are some aspects of the method to consider. First, of course, it should
be remembered that the adjusted rate no longer reflects the actual use of the
vehicle. In addition, the choice of a travel distribution to adjust to can
influence the result. This can happen when the relative rates for the
different configurations are different in the different travel categories. For
example, whereas doubles had a better rate than singles on limited access
roads at night, they were much worse than the singles off the limited access
roads. Since the travel distribution chosen for the adjustment had less
limited access travel at night, and more travel off the limited access roads,
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the adjusted rate for the doubles was higher. If the adjustment had made to
a distribution favoring the nighttime operation on limited access roads, the
adjusted rate for the doubles may have been lower. Another point to keep in
mind is that the adjusted rate is based on the individual cell rates. If these
rates are not accurate, perhaps due to small sample sizes, these errors can be
magnified if those cells are inflated in the adjustment process.

Rates for Different Collision Types

Cross-classifications of the data could not be pursued too far for all five
configurations because the straight trucks pulling trailer(s), bobtails, and
doubles groups were each only a few percent of the total. Consequently, the
sample sizes were not sufficient. In order to pursue some of the factors
further, this section focuses on the two large groups, straight trucks without
trailers and tractors pulling a single semitrailer. The increased sample size
of these two configurations allows presentation of the full 12 travel
categories.

The four additional categories are formed by splitting the non-limited
access roads into two categories: primary routes, and all other roads. Due to
some problems with the coding of road type in the 1980 and 1981 Fatal
Accident Reporting System (FARS) files, only 1982-1984 data are used. (The
TIFA file takes the coding for road class from FARS.) After looking at
normalized fatal accident involvement rates by 12 travel categories for
straight trucks and singles, the analysis in this section then focuses on
different collision types. Normalized rates are developed for primary event
rollover involvements, pedestrian or bicycle involvements, other single
vehicle accidents (primarily collisions with objects), and multiple-vehicle
involvements. After presenting the variation in the normalized rates by
travel category for each of these collision types, a final comparison is made
based on adjusted rates.

Figure 22 presented the distribution of all large-truck travel across 8
travel categories. Figure 37 presents the distribution of all large-truck travel
across 12 categories. Normalized fatal accident involvement rates for all
large trucks are shown for the 12 travel categories in Figure 38. The
normalized rates on primary and other roads at night are especially elevated.
But it should be noted that because these roads are travelled so infrequently
by large trucks, the sample sizes are very small for these categories.
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Figure 37
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Travel distributions across the 12 categories are presented separately
for straight trucks in Figure 39, and for tractors in Figure 40. The 12
category distribution shows that the straight trucks have significant amounts
of travel on both the primary and other road types. The tractors with single
trailers seldom travel on the other roads in the 12 category distribution.
Normalized fatal accident involvement rates are presented separately for
straight trucks in Figure 41 and for tractor-semitrailers in Figure 42. The
rates for these two configuration are substantially different across the 12
travel categories. The straight trucks have higher rates on the limited
access and primary roads at night, while the tractors have higher rates on
the primary urban roads.

Figure 39
Straight Truck Travel Distribution
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Figure 40

Tractor Semitrailer Travel Distribution
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Figure 42
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The previous figures have been based on all fatal accident
involvements. The next series focuses on different collision types. Figure 43
presents data across four collision types. Straight trucks and tractors are
shown separately. Single vehicle involvements are divided into three groups,
primary event rollover, pedestrian or bicycle, and other single vehicle. The
other single vehicle category is mostly collisions with objects. The
combination of these three categories is also shown as all single-vehicle
involvements.  The last collision type shown is all multiple-vehicle
involvements. Although the differences between straight trucks and tractor-
semitrailers are not large, the straight trucks are under-involved in all
collision types except the pedestrian/bicyclist involvements. Each collision
type has been normalized separately, so that the absolute rates for these
collision types is not evident from this figure in order to facilitate the
comparison between the two truck configurations.
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Figure 43

Normalized Rates by Collision Type
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The reasons for some of the differences shown in Figure 43 may seem
evident. Pedestrian or bicycle involvements are more likely in urban areas.
The travel distributions show that straight trucks travel more in these areas.
Similarly, rollover seems more likely on rural roads, and the tractor-
semitrailers travel more on these roads. Apparently then, one would expect
the risk of each of the different collision types to vary by travel category.

Normalized rates by travel category are shown in Figures 44 through
48. All large truck involvements are included in these figures. Indeed, the
variation by road type and by collision type is substantial. However, the
sample sizes are even smaller now for the other road type at night. The rates
for these categories are probably not well-determined. Nonetheless, it is
evident that most of the single-vehicle collisions are over-involved at night.
Both pedestrian/bicycle and rollover involvements are substantially over-
involved on primary roads. Surprisingly, there is a substantial over-
involvement of pedestrian collisions on primary rural roads at night and also
on limited access urban roads at night.
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Figure 44

Normalized Rates by Travel Category

Primary Event Rollover Collisions

0~
o] =
8 .
2 U
T 6}
©
8 o
£ r
2 3 , .,
2 = 5
U E
IDR LNR PDR _PNR__ODR ONU
LDU LNU PDU PNU ODU ONR
Travel Category
Figure 45
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Figure 46
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Figure 47
Normalized Rates by Travel Category
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Figure 48

Normalized Rates by Travel Category
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Since the risk of the different collision types varies by travel category,
and the two main truck configurations spend substantially different
proportions of their travel in the various categories of travel, it is appropriate
to question whether the rates for each collision type presented in Figure 43
provide a clear picture of the relative risk for the two truck configurations.
The normalized rates essentially aggregated the rates for the individual
travel categories in proportion to the travel in each category. However, if the
two truck configurations had comparable amounts of travel in each of the
travel categories, the comparison might be different. As in the previous
section, the adjusted rates method provides just such a comparison.
Adjusted rates are presented for each collision type for straight trucks and
tractors in Figure 49. This figure should be compared with Figure 43, which
presents normalized rates. As before, the average travel distribution for all
large trucks, presented in Figure 37, is the basis for the adjustment.
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Figure 49

Adjusted Rates by Collision Type
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The result is rather surprising in that all of the single-vehicle
comparisons between the two truck types are reversed. Now the straight
trucks are over-involved in rollovers and collisions with objects (other single-
vehicle involvements), and under-involved in pedestrian/bicyclist collisions.
Essentially, this result confirms the original hypotheses. Apparently straight
trucks do not roll over very much because they travel less on rural roads.
The adjusted rate suggests that if their travel on rural roads was comparable
to that of tractors they would roll over at least as frequently. The same
interpretation may apply to the pedestrian/bicycle collisions. That is, that if
straight trucks had the same travel distribution as tractor-semitrailers, they
would not be over-involved in pedestrian collisions.

The interrelationships between the various factors is complex. As the
data is examined in more detail, it becomes apparent that comparisons across
a single factor may be misleading. When the adjusted rates method is used
to eliminate the influence of the travel categories, the results in this section
and the first have been reversed.

Rates by Gross Combination Weight

This analysis examines fatal accident involvement rates in relation to
the gross combination weight (GCW) of tractor-semitrailers. Only tractors
pulling a single trailer were used in this analysis. This group has the largest
sample size of the five basic configurations, and restricting the analysis to a
single configuration reduces the number of factors that must be considered.
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The travel distribution for tractor-semitrailers in 5,000 pound
increments of GCW is shown in Figure 50. The category labels for this and
subsequent figures are for the lower bound of the GCW increment. Figure 51
shows the distribution of fatal accident involvements by GCW, and Figure 52
shows the normalized involvement rate. Normalization has been done on the
basis of the aggregate rate for all tractor-semitrailers, rather than for all
large trucks as has been done for all of the previous comparisons. Here the
focus is on the influence of GCW within the tractor-semitrailer configuration.
The distribution of travel and involvements both show two peaks, one at the
lower weight range and the other at the upper weight range. The
involvement rate tends to follow this pattern.

Figure 50
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Figure 51
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To clarify this distribution, empty tractor-semitrailers were separated
from those with cargo (of any amount). The distributions of travel,
involvements, and normalized rate are shown in Figures 53-55.
Normalization is still based on the aggregate rate for all tractor-semitrailer
combinations. The normalized rate does not vary appreciably with the GCW
categories. However, all but one of the empty weight categories are under-
involved (below 1.0).

Figure 53
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Figure 54
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The distributions of travel, involvements, and normalized rates for
tractor-semitrailer combinations with cargo are shown in Figures 56 through
58. By comparing the travel distributions from Figures 50, 53, and 56 for all,
empty, and not-empty tractor-semitrailers, it is evident that the first peak on
the overall distribution is the empty trucks and the second peak is those with
cargo. The distribution of normalized involvement rates for tractor-
semitrailers with cargo shown in Figure 58 also shows some over-
involvement at the lower and upper GCW categories. The middle GCW
range, from about 35,000 to 50,000 pounds, is under-involved. ~The next
factor that seemed relevant was the trailer cargo body style. Vans do not
typically carry cargo as heavy as tank or flatbed trailers. The vans tend to
carry cargo that is limited by the volume of the trailer rather than weight
capacity. Thus, the trailers at the lower end of the GCW distribution may be
more likely to be vans and those at the higher weights may be more likely to
be tank or flatbed trailers. For the next set of figures, an additional split has
been added, separating van semitrailer bodies from all other trailer bodies.
This additional split divides the tractor-semitrailer combinations into four
groups: empty vans, vans with cargo, empty trailers other than vans, and
trailers other than vans with cargo.

Figure 59 shows the normalized overall involvement rate for the four
truck groups. The non-van (other) semitrailers with cargo are over-involved,
and the other three groups are under-involved. In order to pursue this
difference, we examined travel distributions for each of the four groups.
Figures 60 through 63 show travel distributions for the four groups.
Whenever we have divided trucks into different types and compared the
travel distributions, there have been substantial differences. This
comparison is no exception. Empty trucks travel less on limited access roads
and less at night. Vans with cargo travel more on limited access roads and
at night. The trailer body styles other than vans with cargo travel less on
limited access roads in comparison with the vans with cargo. These
differences may explain the difference in the overall rates. A comparison of
the normalized rates by travel category for each group will confirm this.
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Figure 56
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Figure 58
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Figure 60
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Figure 62
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Figure 63
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Figures 64 through 67 show the normalized involvement rates by
travel category for each of the groups. Each has a similar pattern of
normalized involvement rates by travel category. The most striking
difference is that van semitrailers with cargo are substantially over-involved
on non-limited access rural roads in the day. However, the non-van
semitrailers with cargo are not particularly over-involved in any of the travel
categories in comparison to the other three groups.

Figure 64
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The apparent over-involvement in the overall rate, shown in Figure 59,
is probably a consequence of the greater travel on non-limited access roads
for this group in comparison to the others. Examination of the normalized
involvement rates for the individual travel categories shows the non-van
semitrailer combinations with cargo to have comparable involvement rates
with the other three groups. The normalized rates for the four groups,
aggregated over all travel, appear to be influenced more by the travel
differences than by factors associated with the four truck types.

— 60—




Figure 65
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Figure 67

NORMALIZED RATES BY ROAD TYPE
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The original objective of this section was to look at the involvement
rates in relation to GCW. From the previous material, it appears that the
cleanest comparison would be within one of the four groups discussed above.
The group with the largest sample size is the van semitrailer combinations
with cargo. The rest of this analysis will be limited to that group. It was
still desirable to decrease the number of weight categories in order to use the
available sample size to look at the travel distributions for van semitrailers
with cargo in different weight ranges. An examination of the data indicated
that the variation in travel distributions and normalized rates could be
adequately described with four weight categories. The four categories of
GCW used for the last series of tables are: less than 35,000 pounds, 35,000 to
50,000, 50,000 to 65,000, and greater than 65,000 pounds. Figures 69
through 72 show the distribution of travel for these four weight categories for
van semitrailers with cargo. As might have been anticipated, the lightly
loaded trucks travel more on urban roads and less on limited access roads
and at night. This pattern is consistent with a truck operating in pick-up and
delivery service. As the trucks become heavier, there is progressively more
travel on the limited access roads, and at night. This pattern is consistent
with over-the-road operation.

In order to provide a comparison of involvement rates by GCW
category, the influence of the differing travel patterns should be removed.
The adjusted rates method described in the first section of the analysis does
this. The normalized rates for each of the four weight categories was
adjusted to the aggregate travel distribution for all of the van semitrailers
with cargo, shown in Figure 59. The resulting adjusted rates for the four
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weight groups are presented in Figure 72. The effect of the adjustment was
to lower the rate for the low<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>