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Accident Data Needs for Truck Safety Issues

HUGH W. McGEE

ABSTRACT

Debates about changes in federal truck size and weight limits have emphasized
safety as a major issue, and in all cases it has been found that adeguate in-
formation concerning the safety implications of the propesed changes has been
lacking. Although size and weight issues have recently dominated FHWA's con-
cerns about truck safety, there are many questions and issues related to large
truck safety on the highway that are stil) unresolved. In this paper are dis—
cussed preliminary findings that lead up to a study plan of data needs neces—
sary to address large truck safety issues in a systematic manner. First, the
critical truck safety issues that need to be resolved so that FHWA and the
states can make better informed decisions about truck operation restrictions or
modifications to the highway system are identified. Next, data elements re—
guired to analyze these issues are identified. The ability of existing data
bases to provide these elements is discussed as are alternate methods for col-

lecting nonavailable data.

To resolve an issue, test a hypothesis, or merely go
on a problem-searching expedition, data to analyze
are needed. These data must be of the right kind and
in sufficient guantity to permit statistically valid
analyses,

It is also true, or at least it should be, that
data are collected for a specific purpose. That is,
the data are, or are anticipated toc be, used to
develop statistics that are analyzed to present
trends, identify problems, dJdevelop relationships,
and perform evaluations.

In summary, data reguirements are dictated by
current or anticipated issues that need to be re-
solved. More specific to the theme of this symposium,
truck data needs are, in part, a function of truck
safety lssues. This should be an obvious peint, but
it is one that is too often overlocked in data cole-
lection systems.

In this paper are presented what this author be-
lieves are the minimum truck data that are reguired
for addressing key truck safety issues, particularly
those relevant te the highway community. The paper
is focused on accident and exposure data required
for truck accident studies, It is recognized that
there are other truck issues and, therefore, Qata
elements that are important to the highway community,
These are not discussed here.

TRUCK SAFETY ISSUES

The first step in identifying truck safety data needs
is to define what the truck safety issues are or age
likely to be. More specifically, what are the truck
safety issues that can be addressed through tradi-
tional accident analyses?

To identify these issues, representatives of the
various operating offices of the PHWA (e.g., Office
of Traffic Operations, Office of Highway Planning)
were interviewed. Ad@itional input came from the
literature {i.e., what issues were being raised and
evaluated by others)., Finally, a panel of researchers
experienced in truck accident studies offered their
opinions regarding truck safety issues.

These activities resuited in the identification
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of 66 issues. However, many of these were interre-
lated and some were not resclvable through tradi-
tional accident analyses. A list of those issues
that are considered to be the highest priority truck
safety issues follows.

* What 1is the safety record of wvarious truck
types and what variables influence their safety?

* What is the relationship of gross weight to
truck safety?

* What is the relationship of truck length {or
trailer length) to truck safety?

¢ What is the relationship of the type of high-
way to truck type?

* Where do truck accidents occur on various
highway types and does this vary by truck type?

* How is truck safety affected by critical geo-
metric elements such as lane width, should@er width,
degree of curvature, grade, and so forth?

* What is the relationship of traffic wvolume
(and truck volume) to truck safety?

* In what type of acecidents are different types
of trucks involved?

* Are restrictions of trucks by lane or time of
day effective safety measures?

* What is the incidence of drivers under the
influence of alecochol, drugs, or fatigue in truck
aceidents?

* Are various types of barrier systems (e.g.,
guardrail, concrete safety shape, impact attenuators)
effective in reducing truck accident severity?

The order of listing in no way signifies the order
of pricrity. It should be emphasized that these is-
sues are, for the most part, highway oriented and
therefore within the interests of FHWA and, presum-
ably, state highway departments. No doubt there are
other valiéd issues that are of high priority to other
organizations and agencies.

Also, except for a few specific ones, these issues
tend to be global issues for which more specific
subissues couldé be formulated. Indeed, the first
issue could be considered an “umbrella" issue for
nearly all of the others listed. This is so because
in order to determine what variables affect truck
accident rates, consideration must be given to var-—
ious characteristics of the truck, the driver, the
highway, and the environment.
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GENERAL DATA REQUIREMENTS

After what were believed to be the critical safety
issues related to truck safety were identified, the
next effort was to identify the data elements that
would be needed.

In any evaluation of highway safety using acci-
dent rates as a measure, there are two types of data.
The first, of course, is the accident data them-
selves. Depending on the issue, various data on the
accident may be reguired. These may range from a
simple count of accidents involving a certain vehicle
type to a specific aspect of the accident {e.g.,
when it occcurred, type of accident, actions before
the aceident, driver conditicon).

Accident measures are typically expressed as ac-
cident rates (i.e., accidents per mile of highway or
more commonly accidents per vehicle miles traveled).
The denominator that provides the rate calculation
is typically expressed as the exposure value. Hence,
the second principal type of data is the exposure of
the vehicles,

Exposure data are important because they are
crucial to calculating the actual likelihoed of an
accident. To be meaningful, the exposure data must
be related to the variable {issue) being evaluated.
For example, if an accident rate for double~trailer
trucks with a van trailer configuration is being
sought, then the volume of these trucks over the
study section is needed as well as the number of
accidents.

With regard to the first issue listed previously
(i.e., what is the safety record of various truck
types and what variables influence their safety?),
if a researcher were asked what factors are likely
to influence truck accident rates, he would likely
identify quite a few., This is what was done by a
panel of five experts in the field of accident re-
search.

The Following subsections give the facteors, hence
the types of data, that it was thought necessary to
consider in addressing this basic issue. The facteors
are grouped into truck factors, driver factors,
highway factors, traffic factors, and environmental
condition factors. Collectively there are 27 factors,
not including possible subcategories.

Truck Factor Data Elements

l. Type

2. Number of axles
¢« Tractor
* Trailer

3., Trailer type
4, Cab type
5%, Cargo type
6. Width
7. Length
* Overall
* Tractor
« Trailer or trailers
8. Weight
* Gross
+ Net carge
9. Trip type
10. Carrier type
11. Conéition of vehicle eguipment

Driver Factor Data Elements

l. Age

2. Driving experience
* Trucks in general
+ Particular truck
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priver Facter Data Elements

3, Bours of service
4. Driving record
5. Driver training

Highway Factor Data Elements

1. Highway type
* Function
* Access control
* Number of lanes
* Divided or undivided
* Design speed
2. Geometric elements
° Curve
* Grade
+ Passing or no-passing zone
* Interchange
* Intersection
* Work zone
* Lane width
* Shoulder width
3. Location
* Urban or rural
* State

Traffic Factor Data Elements

1. Volume
¢+ Average daily traffic
* Hourly traffic

2. Level of service

3, Truck volume

4. Percentage of trucks

5. Speed

Environmental Factor Data Elements

l. Temporal
* Season
* Time of day
2. Pavement conditions
3. Light conditions
4, WVisibility conditions

If it is truly believed that all of these factors
affect truck accident rates, albeit to varying levels
of significance, then, to be statistically accurate,
an experimental design that would ensure that there
is enough of a sample {in this case accidents and
exposure) tc establish a reliable estimate of each
specific cell acecident rate, should be dJeveloped.
Clearly, the sample size reguirements would be quite
large and probably unattainable within reascnable
periods of time and with available resources.

Consequently, to reduce the data collection task
to a manageable level, some judgments must be made
about those variables of primary interest and those
that can be accepted a priori as insignificant or
simply ignored., For example, what if it were true
that trucks with cab-over-engine tractors experienced
a higher injury rate than cab-behind-engine tractors?
Wwhat if it were also true that double-trailer trucks
had a much greater percentage of cab-over-engine
tractors than single=trailer trucks? Then, assuming
all other factors were accounted for, if doubles had
a higher accident rate than singles, it could be
attributed, at least in part, to the tractor type
rather than to the trailer configuration. This would
have been indeterminable if the cab type had not
been included as a data element and considered in
the analysis.
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It is these possible relationships that argue for
more rather than fewer factors being included in the
experimental design and, hence, data elements. Still,
rescurces and time are limited, so consideraticn
must be given to reducing the number of factors
{variables) and strata within a factor.

A list of factors was developed that should be
considered a minimum. These factors and the strata
assigned for the factors (variables) dictate the
data elements. In the next few sections these factors
are discussed in more detail.

SPECIFIC DATA ELEMENTS

Truck Type

One of the most critical issues is the ability to
differentiate the safety of wvaricus truck Lypes.
Types of trucks can be described in many ways de~
pending on the specific issue at hand. Indeed, a
truck could be c¢lassified according to its

* Number of axles,

* Number of trailers,
* Trailer type,

* Tractor (cab) type,
* Weight, and

* Length and width.

Here, truck type is considered to be the general
description of the truck as determined by the con-
figuration of the power unit {(tractor) and the cargo
unit or units. It is therefore the lowest order or,
expressed another way, the least specific classifi~
cation of trucks. Under this assumption the following
truck types are of concern for safety issues,

la. Single-unit truck--all trucks with the cargo
unit and tracter on a single frame having two or
more axles with at least gix tires (2-0 and 3-Aa),

iB, Single-unit truck with trailer—--a single-unit
truck pulling any type of trailer (2-1, 2~2, 2-3,
3-2, 3-3).

2. Tractoy-semitrailer (semi)--a truck combina-
tion consisting of a tractor with two or more axles
and a semitrailer with one or more axleg (25~1, 28«2,
38-1, 38-2).

3. Tractor-semi plus £ull trailer {(double)--a
truck combination consisting of a tracter with two
or more axles, a semitrailer with one or more axles,
and a full trailer with one or more axles (251-2,
282-2, 381-2, 382-2).

or

3A. Turnpike double--three-—axle tractor and two
two—axle semitrailers each 40 to 45 ft long coupled
by a two-axle dolly.

3B. Rocky~Mountain double~=a threewaxle tractor,
a two-axle 40~ to 45«ft semitrailer, a one-axle
dolly, and a second 27~ to 28-ft single-axle semiw-
trailer.

3C. Twin-trailer truck--a double trailer truck
with a two- or three-axle tractor and two single-axle
semitrailers, each usually 27 or 28 ft long, coupled
by a single-axle dclly.

4, Tractor-semi plus full plus full trailer
(triple}--a truck combination consisting of a two~ or
threewaxle tractor, a semitrailer with one or more
axles, and two full trailers with one or more axles
each.
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Note that this classification scheme yields four,
five, six, or seven truck types, depending on the
level of detail.

The smallest strata would allew distinction of
four truck types:

1. Single-unit truck (straight},

2. Tractor~semitrailer {single),

3. Tractor-semitrailer~full trailer (double), and

4, Tractor-semitrailer—-full trailer—-full trailer
(triple).

The largest strata classification would distin-
guish between single-unit trucks with and without a
trailer and also would establish three separate types
of doubles: the so-called turnpike double, the
Rocky-Mountain double, and the twin-trailer double.
These three types of doubles are different enough in
terms of their configuration and operation that they
should be evaluated separately.

The obvious truck characteristic missing from
this classification is the number of axles. This is
50 because it was believed that the number of axles
does not significantly affect safety. If this premise
is accepted, there is no reason to bhe able to dis-
tinguish the number of axles in either the accident
or the exposure data.

Por accident data, the truck c¢lassifications
recommended can only be discerned from the Bureau of
Motor Carrier Safety (BMCS), Fatal Accident Report-~
ing Systems (FARS), and National BAccident Sampling
System (MASS) data bases. Only five states currently
have an accident report form that can distinguish
between a single~ and double~trailer truck type. Con-
sequently, to determine truck type in accident in-
volvement will reguire a special data collection
effort.

On the exposure side, truck classifications are
established on the basis of the number of axles and
trailers, so it is possible to distinguish amcng
straight trucks, and single- and double~trailer com=-
binations. However, the different types of doubles
(i.e., western versus Rocky Mountain versus twin
trailer) cannct be distinguished by current traffic
counting systems.

Truck Length

The relationéhip of truck length to truck safety
still remains an unresolved key issue. On the basis
of safety, just how long can trailers or the total
tractor-trailer or trailers combination be allowed
to be? There are valid arguments for evaluating both
trailer length and overall length, but it is believed
that overall length is the more relevant highway
safety issue. The only exception to this statement
is, perhaps, the specific issue of turning btrucks
and offtracking. Longer trailers and more specifi-
cally longer wheelbases are more c¢ritical than is
overall length.

Assuming that overall length is accepted as the
key wariable, it must be possible to distinguish, as
a minimum, total truck length in both the accident
and the exposure data. For accident data, overall
truck length is available from the BMCS and the NASS
data base. Bowever, none of the states currently
reccords either overall truck length or trailer length
on their police accident report form.

For exposure, truck Jlength is not generally
available from truck classification or weight sur-
veys., Hence, this requires a special data collection
effort, The technology for identifying vehicle length
is stiil developing and therefore not yet being used
to any significant degree.
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Truck Weight

Maximum allowable gross and axle weight is certainly
an issue related to pavement and bridge structure
performance. Weight is also a critical safety issue.
Hence, it is a necessary data element for a compre-
hensive analysis of truck safety.

Gross weight of trucks inveolved in accidents is
available from both the BMCS data and the NASS data
Prase. The preoblem with the BMCS weight data is that
they are self-reported and therefore susceptible to
underreporting for overweight trucks. None of the
states reperts gross weight on police accident report
forms,

Gross weight exposure data are available from
truck weigh stations for some classes of roads.
However, the weights obtained from these are often
not representative of the lower and overweight
stratum because drivers of overweight trucks, aware
that the weigh scales are open, bypass them by using
alternate routes. Also, trucks are sometimes allowed
to pass by the scales if it is observed that they
are enpty.

The technology for portable and weigh-in-motion
devices is improving, which should make it more
feasible &0 collect reliable weight data for a
variety of highway types.

Trailer Type

The relative safety of trucks with Gdifferent trailer
(cargo} types was not identified as a high-priority
issue., Still it is a reguired data element for the
foliowing reason. There are numerous types of trailer
configuraticns for both straight trucks and tractor-
semitrailer combinhations. However, for decuble~ and
triple-~trailer c¢ombinations, there are relatively
few trailer types, primarily 1limited to enclosed
vans, with some tankers, bulk commodity, and automo-
bile trailers. An analysis of singles versus double-
trailer combinations would be more reliable if
similar trailer combinations were compared. This
would ensure that any effect due to trailer type is
controlled,

To do this it is necessary to identify trailer
type in the accident and exposure data collecticn
system. There are numerous trailer types, so to
minimize the classification strata, the following
classification scheme is suggested.

1. Van=--cargo 1is completely hidden from view;
cargo unit has solid top, sides, front, and rear,

2. Tank, liguid carrier--may have different con-
figurations but contains a ligquid substance.

3. Platform-~flat cargo-carrying unit with no
sides or top structure.

4. Bulk commodity-~loose or semiloose solids
carrier {e.g., agricultural products, cement) bhas
sides but no hard top.

5. All other cargo body types.

Essentially four distinct trailer types are estab-
lished with all others grouped in a fifth class.

For accident data, trailer type is avallable from
the BMCS data but the classifications are not the
same as suggested here. This is true of the NASS
data base as well., Cargo or trailer type are not
identified on any state accident reporting system.

For exposure data, there are no currently avail-
able trailer type classification counts. Unfortu-
nately, this is one truck characteristic that cannot
be recorded auvtomatically and reguires manual obser-
vation.
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Type of Operator

A factor that is believed to be related to truck
safety is operator type. By this is meant the classi-
fication of the truck driver by emplcoyment status.
It has been hypothesized that owner-operators are
overinvolived in truck accidents compared with em-
ployees of either common or private fleet operators.
If this is true, this factor should be considered in
the design of any analysis of accident rates by truck
type.

There are basically two classes of operators: (a}
owner—operators who own the tractor and possibly the
trailer and (b) employed drivers who are hired to
operate rigs owned by someone else. This is one of
the more difficult data items to acguire. It is not
available from BMCS, FARS, or NASS and none of the
states records this on the police accident report
form. Conseguently, it has to be cbtained from sup-
plemental investigations, such as a mail or phone
survey as was done by the University of Michigan's
Transportation Research Institute.

Exposure data for this variable are Llikewise not
readily available and are not being collected in any
data collection system. These data, too, will require
supplemental surveys conducted on the rcad at weigh
stations, truck stops, rest areas, and other places.

Driver Age

The age of the driver has bheen found te correlate
with accidents in general, and this appears to carry
over to Ltruck drivers as well. Older, more experi-
enced truck drivers have a better accident rate than
young, inexperienced drivers. If this is true, age
may be an influencing variable in the issue of the
relative safety of singles versus doubles because it
has been  c¢laimed that drivers of double-trailer
trucks are generally the older and more exXperienced
drivers. If so, age should be considered in the
analysis.

The age of the driver is an easily obtainable
data element for the accident data component. It is
available from the police accident report. However,
obtaining truck-type mileage by driver age will re-
guire special field surveys.

Highway Type

From the persapective of the highway engineering com-
munity, a key issue is to be able to identify the
relationship of truck safety to highway type. It has
long been recognized that accident rates vary by
highway type as well as other influencing variables,
so it can be expected that trucks experience dif-
ferent accident rates on different highway types,
and, perhaps, this difference varies among the truck
types.

There currently is no formal Phighway type" clas-
sification, Highways can be classified by any number
of factors including

. Function,

Access ¢ontrel,

Number of lanes

. Divided or undivided,

Lane or pavement width, and
. Design speed.

S s o
. .

To develop a highway type classification system,
the percentage of mileage and vehicle miles traveled
for highways defined by the first four of the factors
noted previously was determined, Prom that analysis
the following highway types were established.




Urban

1. Interstates and other freeways and express-
ways, more than two lanes, divided, full access con-
trol,

2. Interstates and other freeways and express-—
ways, more than two lanes, divided, partial access
control,

3, Other principal arterials, two lanes, un-
divided, no access control.

4, Other principal arterials, meore than two
lanes, divided, no access control.
5. Other principal arterials, more than two

lanes, undivided, no access control,

6. Minor arterials, two lanes,
access contrel,

7. Minor arterials, more than two lanes, divided,
no access control.

8. Minor arterials, more than two lanes, un~
divided, no access control.

9. Collectors, two lanes, undivided, no access
control.

undivided, no

Rural

1. Interstates, more than two lanes, divided,
full access control.

2, Other principal arterials,
divided, no access control.

3, Other principal arterials, more than two
lanes, divided, full access control.

4, Other principal arterials, more than two
lanes, divided, partial access control.

5. Other principal arterials, more than two
lanes, divided, no access control.

6, Minor arterials, two lanes,
access control. )

7. Minor arterials, more than two lanes, divided,
ne access control.

3. Major c¢ollectors, twe lanes, undivided, no
access control.

two lanes, un-

undivided, nc
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9, Minor collectors, two lanes, undivided, no
access control.,

This classification yields nine types of urban high-
ways and nine types of rural highways.

SUMMARY

It is believed that the key variables that influence
truck safety include

* Truck type,

Truck length,

* Truck trailer type,
Truck weight,
Driver type,

* Driver age, and

* Highway type.

These variables should dictate the experimental de-
sign and sampling reguirements, and both accident
and exposure data, as a minimum, have to be obtained
for these variables.

ACKNOWLEDGMENT

This paper is based on work being done by Bellomo-
McGee, Inc., and WESTAT, Inc., on FHWA Contract
DTFH61-84-C-00058 entitled "Development of a Large
Truck Bafety Data Needs Study Plan.”

The contents of this paper reflect the views of the
contractor, who is responsible for the accuracy of
the data presented herein. The contents do not nec¢-
essarily reflect the official views or pelicy of the
U.5. Department of Transportation.



