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ABSTRACT

Debat,es about changes in federal truck size and vreight limits have emphasized
safety as a rnajor Íssue, and in a1r cases it has been found that adequate in-
forrnation concerning the sâfety irnplications of the proposed changes has been
lacking. Arthough size and r.reight issues have recently dominated FHWA's con-
cerns about truck safetyr there are many questions and issues rerated to rarge
truck safety on the highway t,hat are stilr unresoLved. rn this pâper are dis-
cussed preliminary findÍngs that read up to a stucly plan of data needs neces-
sary to address lårge truck safety issues in a systematic ¡nanner. First, the
critical t.ruck safety issues that need to be resolved so that FHWA and the
states can make better infor¡ned decisions åbout truck operation restrictions or
modifications to the highiray system are identified. Next, data elenents re-
guired to anâIyze t,hese issues are identified. Thê ability of existing data
bases to provide these ele¡nents is discussed as are alternate methods for col--
Iectj.ng nonavailable data.

Accident Data Needs for Truck Safety Issues

HUGH W. McGEE

To resolve an issue, t.est a hypothesis, or merely go
on a problern-searching expedit.ion, data t.o analyze
are needed. These data must be of the right kind and
in sufficient quantity to permit statistically valid
analyses.

It, is also true, or at least it shoutd be, that.
data are collectêd for a specific purpose. That isr
the data are, or are anticipâted to be, used to
develop stat,istics that are analyzed to present
trends, identify problems, develop relationships,
and perform evaluations.

In sunmary, data requirements are dictâted by
current or anticipated issues that need to be re-
sol-ved. More specific to the thene of this symposium,
truck data needs are, in part, a function of truck
safety issues. This should be an obvious point, but.
it is one that. is too often overlooked in dãta col-
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 to the highway conmunity. The paper
is focused on âccident and exposure data requl,red
for truck accident studies. It is recognized that
there are other t,ruck issues and, therefore, data
ele¡nents that are important to the highway comrnunity.
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 are
likely to be. More specifically, erhat are the truck
safety issues that can be addressed through tradi-
tional accident analyses?

To ident,ify these issues, representatives of the
various operating offices of the FlIl{À (e.g., Office
of Traffic Operat,ions, Office of Highway planning)
were interviewed. Additional input came from the
Iiterature (i.e., what íssues 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 resulted in t.he identification
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of 66 issues. However, many of these were interre-
Lated and some were not resolvable t.hrough tradi-
tional âccÍdent analyses. A Iist of those issues
that are considered to be the highest priority truck
safety issues follolrs.

. What is the safety record of various truck
types and v¡hat variables influence their safety?

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

. What is the relationship of truck tength (or
trailer length) to truck safety?

. What is the relationshÍp of the type of high-
$ray 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 J.ane wÍdth, shoulder width,
degree of curvature, grade, and so forth?

. What is t.he reLationship of traffic volume
(and truck volu¡ne) to truck safety?. In what type of accidents are different types
of trucks involved?

. Àre restrictions of trucks by tane or tine of
day effective safety measures?

. What is the incidence of drivers under the
influence of aJ.cohol, drugs, or fat.igue in truck
accidents?

. Àre 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 priority. It should be emphasized that these is-
sues are, for the most pârt, highway oriented and
therefore within the interests of FHWA and, presum-
ably, state highway departments. No doubt there are
other valid issues that are of high priorit,y to other
organizations and agencies.

Also, except for a fev, specific ones, these issues
tend to be global issues for which more specÍfic
subissues could be fornulated. Indeed, the first
issue could be considered an ,,u¡nbrella" issue for
nearly all of the others listed. This is so because
in order to determine vrhat variables affect truck
âccident rates, consideration must be given to var-
ious characteristics of t.he truck, the driver, the
highway, and the environnent.
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GENERAL DATA REQUIR3MENTS

After what vrere believed to be the critical safety
issues related to truck safety were identified, tt¡e
next effort wâs to identify the data elements that
would be needed.

In any evaluation of híghway safety using acci-
dent rates as a measurer there are two types of data.
The first, of course, is the accident data them-
seLves. oepending on the issue, various data on the
accident may be required. These rnay range fron a

sinple count of accidents involving a certain vehicle
type to a specific aspect of the accidenb (e.9.,
r¿hen it occurred, type of accident, actions before
the accident, driver condition).

Accident measures are typically expressed as ac-
cident rates (i.e.' accidents per mile of highway or
more commonly accidents per vehicle nÍIes 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 i¡nportant because they are
crucial to calculâting the actual lÍkelihood of an

accident. To be meaningful, the exPosure data ¡nust
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
soughtr then the voLu¡ne 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
t.o influence truck accident rates, he would likely
identify quite a few. This is r'¡hat was done by a
panel of five experts in the field of accident re-
search.

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

Truck Factor Data Elements

I. TyPe
2. Number of axles

' Tractor
. Trailer

3. TraÍIer tYPe
4. Cab tYPe
5. Cargo tYPe
6. Width
7. Length

. OveraLl

. Tractor
' Trailer or trailers

8. Ifeight
' Gross
. Net cargo

9. rriP tYPe
10. Carrier tYPe
11. Condition of vehicle equipnent

Driver Factor Data Elenents

1. Age
2. Driving exPerience

' Trucks in general
. ParticuLar truck
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Driver Factor Data Elements

3. Hours of service
4. Driving record
5. Driver training

Highr,rav Factor Data Elenents

l. Highway type
. Function
. Access control
. Nunber of lanes
. Divided or undivided
. Design speed

2. Geometric elements
. Curve
. Grade
. Passing or no-passing zone
. Interchange
. Inbersection
. work zone

' Lane r,ridth
' shoulder vtidth

3. Location
. urban or rural
' State

Traffic Factor Data Elenents

1. volune
. Àverage daily trâffic
. Hour1y traffic

2. Level of service
3. Truck volune
4. Percentage of trucks
5. speed

Environmental Factor Data Ele¡nents

1. Temporal
. Season
. Tirne of day

2. Pavement conditions
3. Light conditions
4. Visibility conditions

Îf it is truly believed that all of these factors
affect truck accident rates, albeit to varying levels
of significance, then, to be stati.stically accurate,
an experimental design that would ensure that there
is enough of a sample (in this case accidents and
exposure) to establish a teLiabLe estimate of each
specific ceÌt accident rater should be developeal.
Clearly¡ the samplê size reguirenents r,rould be quite
J-arge and probably unattainable within reasonable
periods of time and with available resources.

consequently, to reduce the data collection task
to a ¡nanageabLe levelr some judgnents rnust be ¡nade

about those variables of prinary interest and those
that can be accepted a priori as insignificant or
sirnply ignored. For exampler what if it were true
that trucks with cab-over-engÍne tractors experienced
a higher injury rate than cab-behinil-engine tractors?
i{hat if it v¡ere also true that double-trailer trucks
had a tnuch greater percentage of cab-over-engine
tractors than single-trailer trucks? Thenr assurning
all other factors were accounteil forr if doubles had

a higher accident rate than singlesr 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 ¿lata element and considered in
the analysís.
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It. is these possible relationships t.hat argue for
more rather than fe$¡er factors being included in the
experinental design ând, hence, data elements. Still,
resources and time are limited, so consideration
nust be given to reducing the number of factors
(variables) and strata r,¡ithin a factor.

A list, of factors was developed that should be
considered a minimu¡n. 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 ELE¡I1ENTS

Truck Type

One of the most critical issues is the ability to
differentiate the sâfety of various truck types.
Types of trucks can be described in many ways de-
pending on the specific issue at hand. Indeed, a
truck could be classified according to its

. Nutnber of âxles,
' Number of trailers,
. Trailer type,
' Tractor (cab) type,
. weight, and
' Lengtb and r,ridth.

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

14. Single-unit t.ruck--all trucks vrith the cargo
unit and tractor on a single fra¡ne having tvro or
more axles with at least. six tires (2-0 and 3-A).

lB. Single-unit truck with trailer--a single-unit
truck puÌLing any type of trailer (2-I, 2-2, 2-3,
3-2, 3-3).

2. Tractor-senitrailer (semi)--a truck combina-
tion consisting of a tractor with two or more axleç
ând â semitrailer with one or nore axles (2s-I, 2s-21
3s-1, 3S-2).

3. Tractor-semi plus fuIl trailer (double)--a
truck combination consisting of a tractor with tr.¡o
or ¡nore axles, a semitrailer with one or more axles,
and a full trailer vrith one or more axles (2SI-2,
2s2-2, 3Sl-2, 352-2',).

or

34. Turnpike double--three-axle tractor and tiro
two-axle se¡nitrailers each 40 to 45 ft long coupled
by a two-axle dolly.

38. Rocky-Mountain double--a three-axle tractor'
a two-axle 40- to 45-ft senitraiLer, a one-axle
dolly, and a second 27- to 28-ft single-axLe semi-
tra iler .

3C. Twin-trailer truck--a doubLe trailer truck
with a two- Òr three-axle tractor and two single-axle
semitrâilers, each usually 27 or 28 ft long, coupled
by a single-axle dolly.

4. Tractor-se¡ni pLus fulL plus fuLl- trailer
(triple)--a truck cornbination consisting of a tr¡o- or
three-axle tractor, a semitrailer with one or more
axles, and tno full trailers with one or nore axÌes
each.
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Note that this classification schene yields four,
five, sixr or seven truck typesr depending on the
level of detaiL.

The s¡nalLest strâta ¡,rould aIIor,, distinction of
four truck types:

L. Single-unit truck (straÍght),
2. Tractor-semitrailer (single),
3. Tractor-semitrailer-full trailer (double) 

' and
4. Tractor-semitraii.er-full trailer-fu11 trailer

(triple).

The largest strata classification vrould 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
so because it was beLieved that the number of axles
does not significantly affect safety. If this prernise
is accepted, there is no reason to be able to dis-
tinguish the number of axles in either the accident
or the exposure data.

For accident data. the truck classifications
recommended can only be discerned from the Bureau of
Motor Carrier Safety (BMCS), Fatal Accident Report-
ing Systems (FARS), and National Accident Sampling
System (NASS) data bâses. OnJ.y five states current.ly
have an accident report forn that can distinguish
between a single- and double-trailer truck type. Con-
sequently, to determine truck type in accident in-
volvement wiII require a special data collection
e ffor t.

On the exposure side, truck cLâssifÍcations are
established on the basis of the number of axles and
traiLers, so it is possible to distinguish among
straight trucks, and single- and double-trailer corn-
binations. However, the different types of doubles
(i.e., i'restern versus Rocky Mountain versus twin
trailer) cannot. be dist,inguished by current traffic
counting systens.

Truck Length

The relationship of truck length to truck safety
still remains an unresolved key issue. On the basis
of safety, just hov, Iong can trailers or the total
tractor-trailer or traiLers conbination be aIlo$red
to be? There are valid argunents for evaluating both
trailer length and overall length, but it is believed
that overalL length is the rnore reÌevant highway
safety issue. The only exception to this statenent
is, perhaps, the specific issue of turning trucks
and offtracking. Longer trailers and more specifi-
caIIy longer wheelbases are rnore critical than is
overall length.

Àssuming t,hat overaLJ. length is accepted as the
key variable' it must be possible to distinguish' as
a ninimun, total truck i.ength in both the accident
and the exposure data. For accident dataf overall
truck length is avaiLable from the BMCS and the NASS
data base. However, none of the states currently
records either overall truck length or trailer length
on their police accident report form.

For exposure, truck length is not generally
available from truck cl.assification or lreight sur-
veys. Hence, this requires a speciaL data collection
effort. The technology for identifying vehicle length
is still developing and therefore not yet being used
to any significant degree.
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Truck ¡{eight

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

Gross vreight of t.rucks involved in accidents is
available fro¡n both the BMCS data and the NASS data
base. The problen with the BMCS r,reight data is that
they are self-reported and therefore susceptible to
underreporting for overr.reight trucks. None of the
states reports gross weight, on police accident report
forms.

Gross weight exposure dâta 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 overvreight
stratun because drivers of overweight trucks, ar,rare
thât the vreigh scales âre open, bypass them by using
alternate routes. Also, trucks are sometines allowed
to pass by the scales if it is observed that they
are empty.

The technology for portabl-e and weigh-in-motion
devices is improving¡ which should ¡nake it more
feasible to collect reliable weight data for a
variety of highlrây types.

Trailer Type

The relative safety of trucks with different trailer
(cargo) types i,ras not identified as a high-priority
issue. Still it is a required data element for the
follor,ring reâson. There are nunerous types of trailer
configurations for both straight trucks and tractor-
semitrailer combinations. Hovrever, for double- and
triple-trailer combinations, there are relatively
few trailer types, primariJ.y Ii¡nited to enclosed
vans, r.rith some tankers, bulk comnodityr and automo-
bile trailers. An analysis of singles versus double-
trailer combinations would be more reliabLe if
similar trailer conbinations vrere 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 collection
systen. Thêre arê nunerous traiLer types, so to
minimize the classification st,râta, the following
classification scheme is suggested.

1. van--cargo is conpletely hidden from viewi
cargo unit has soLid top, sides, front, and rear.

2. Tank, liquid carrier--may have different con-
figurations but contains a liquid substânce.

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

4. Bulk corunodity--loose or se¡niloose solids
carrier (e.9., agricultural products' cement) has
sides but no hard top.

5. AIl other cargo body types.

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

For accident datar trailer type is avaiLable fro¡n
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 datar there are no currently avail-
able trailer type classification counts. Unfortu-
nately, this is one truck characteristic that cannot
be recorded automatical.ly and reguires manual obser-
vatÍon.
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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 employment status.
It has been hypothesized that owner-operators are
overinvolved in truck accidents compared with em-
ployees of either corrunon or private fleet operâtors.
If this is true, this factor should be considered in
the desÍgn of any analysis of accident rates by truck
tyPe.

There are basically two classes of operators: (a)
owner-operators vrho or,rn the tractor and possibly the
trailer and (b) employed drivers r,rho are hired to
operate rigs owned by someone else. This is one of
the more difficult data iterns to acquire. It is not
availabLe from BMCS, FARS' or NASS and none of the
states records this on the police accident report.
for¡n. Consequently, it has to be obtained from sup-
ple¡nental investigations, such as a ¡nail or phone
survey as was done by the University of Michiganrs
Transportation Research Institute.

Exposure data for this variable are likewise not
readily available and are not being collected in any
data collection syste¡n. These data, too, r,rill require
supp).enental surveys conducted on the road at weigh
stations, truck stops, rest areas, ând other places.

Ilriver Age

The age of the driver has been found to correlate
with accidents in generaL, and this appears to carry
over to truck 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 claimed that drivers of double-trailer
trucks are general.ly the older and more experienced
drivers. If so, age shouJ.d be considered in the
analysis.

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

Highr,¿ay Type

From the perspective 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 experÍence dif-
ferent accident rates on different highl'ray types'
and, perhaps' this difference varies atnong the truck
types.

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

1. Function,
2. Access control.
3. Number of lanes
4. Divided or undividedr
5. Lane or pavement width, and
6. Design speed.

To develop a highway type cLassification system,
the percentage of nileage and vehicle miles traveLed
for highways defined by the first four of the factors
noted previously vras determined. Frorn bhat anal.ysis
the fotlowing highv¡ay types ¡,rere established.
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Urban

t. fnterstates and other freevrays and expreas-
ways, ¡nore than two Lanes, divided¿ full access con-
trol.

2. Interstates and other freeways and express-
v,rays. tnore than two lanes, divided, partial access
control.

3. Other principal arterials, t!,ro 1anes, un-
divided, no access control.

4. Other prlncipal arterials, more than two
Ianes, dÍvided, no access control.

5. Other principal arterials, tnore than trro
lanes, undivided, no access control.

6. Minor arterials, two lanes, undivided, no
access control.

7. Mínor arterials, more than two lanes, divided,
no access control.
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9. Minor collectors, two lanesr undivided, no
access control.

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

SUMMÀRY

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

. Truck type,. Truck length,

. Truck trailer type,. ltruck r,reÍght,. Driver type,. Driver age, and. Higheay type.

These variables should dictate the experimental de-
sign and sanpling requirements. and both accident
and exposure data, as a nLnimum, have to be obtained
for these variables.
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8. Minor arterials, more than trro
divided, no access control.

9. Collectors, two lanes, undivided¡
control.

1anes. un-

no accesa

Rural

I. Interstatesr more than two lanes, divided,
full access control.

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

3. Other principal arterials, nore than tsro
J.anes, divided¡ full access control.

4. Other principal arterials, ¡nore than two
lanes¡ dfvided, partial access control.

5. OÈher principal arterial6. rnore than two
lanes, divided, no access control.

6. Minor arterials, tvro lanes, undivided, no
access control.

7. Minor arterials, more than tr,ro lanes¡ dividedr
no access control.

8. Major collectors, ëwo lanes, undivided, no
access control.


