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Chapter 4

Motor Carrier Accident Analysis

Accidents for heavy trucks (those with a gross ve-
hicle weight rating of over 26,000 pounds) have in-
creased over the last few years, reaching an estimated
total of 278,322 accidents nationwide in 1986. (See
figure 4-1.) Accidents for all trucks over 10,000
pounds increased at a slightly lower rate. Bus acci-
dents are such a relatively small part of total acci-
dents that accurate comparisons are difficult. To-
tal truck-miles traveled also have risen during the
1980s, but somewhat less than the rise in heavy
truck accidents.1 

Of all heavy vehicles, tractor-trailer combinations
provide the most difficult driving challenges, and

‘OTA mtlmatcs from the National Accident Sampling System data-
base; also hlatlonal Highway Traffic Safety Administration calculations.
California (Mlcials reported a similar rise o~er this period. See Califor-
nia Hlghwav Patrol and State of California Public Utilities Commis-
sion, Joint  Leglslat]ve  Report on Truck  Safet~’,  AB-2678, Final Report
(San Francisco, CA: No\ember 1987),  p. 19.

Figure 4-1 .—Truck Accidents by Category of Truck

500

400

300

200

100

0

— 10,000 to 25,999 p o u n d s

-- -  26,000 pounds and over

~ . - . - - - - - -- - - -,  - - - - - - - - -
, 0 ’

, # ~
.

I
I 1 I 1 1

1982 1983 1984 1985 1986
Yea r

SOURCE’ Office of Technology Assessment, 19@8,  based on National Acc!dent
Sampllng System data

the severity of the accidents in which they are in-
volved reflects their special nature. Roughly 1 to 2
percent of these accidents result in a fatality2—
about double the percentage for automobiles (see
figure 4-2). The comparable figure for all other types
of motor vehicles (except motorcycles) is well un-
der 1 percent. In the past decade, the average an-
nual death toll from tractor-trailer accidents has
ranged between 4,000 and 5,000 fatalities (see fig-
ure 4-3), increasing slightly since 1982. About 80 per-
cent of the fatalities in these accidents were pedes-
trians or occupants of other vehicles, a proportion
that has increased gradually over time (see figure
4-2). When single-vehicle truck accidents are elimi-
nated, this proportion is even greater (see table 4-
1). Head-on collisions are particularly severe. They

‘Based on the National Accident Sampling System  (1981-85) cst]-
mates. Multiple-vehicle accidents comprise 66 percent of all hea\w truck
accidents and 72 percent of all hea~’~’ truck accidents in~’olt’lng a fatality’.

Figure 4-2.—Vehicles Involved in Fatal Accidents
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Figure 4-3.— Fatalities in Combination Truck Crashes
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Reporting System data.

constitute only 3.3 percent of heavy truck accidents
yet account for 29 percent of all fatal accidents in-
volving those trucks.3 

This chapter contains results from OTA’s analy-
sis of motor carrier accident data and a review of
previous studies of three key accident causal factors:
driver performance, vehicle factors, and the road-
way environment. Areas needing further research
are outlined, and policy options are identified that
address accident causes as part of a national motor
carrier safety strategy.

‘Based on National Accident Sampling System (1981-85) and Fed-
eral Accident Reporting System (1983) data. For further discussion of
the strengths and weaknesses of these databases, see ch. 7.

Table 4-1.—Car Occupant Deaths Compared to
Truck Occupant Deaths in Fatal Crashes of

Large Trucks and Cars

Ratio of car occupant fatalities
Year to truck occupant fatalities

1977 . . . . . . . . . . . . . . . . .
1978 . . . . . . . . . . . . . . . . .
1979 ......, . . . . . . . . . .
1980 . . . . . . . . . . . . . . . . .
1981 . . . . . . . . . . . . . . . . .
1982 . . . . . . . . . . . . . . . . .
1983 . . . . . . . . . . . . . . . . .
1964 . . . . . . . . . . . . . . . . .

26:1
28:1
29:1
31:1
34:1
28:1
34:1
35:1

SOURCE: Insurance Institute for Highway Safety, Big  Trucks, 1985, p. 8.

METHODOLOGY

Thorough accident analysis requires accurately
identifying the type of heavy vehicle involved, the
roadway conditions, and, to the extent possible, the
characteristics of the driver. However, determining
all events leading to an accident is difficult because
of the quality of available databases.4 Police and
insurance claim reports, the most common sources
of information, are limited in detail, because the
report forms ask for only certain information and
investigating officers often do not adequately un-
derstand accident causation. The accident cause re-
ported on the form is usually only the last event
in a chain that includes interactions between the
driver, vehicle, and highway environment as well
as weather and location.

4one  of  the  ear]iest  systematic studies  of the interactions in acci-

dents examined five major factors: human, environmental, vehicular,
loss-limiting, and legal and regulatory. A.D. Little, Inc., The Srare of
the Art  of Tr&ic  Safety (Boston, MA: June 1966).

Exploring accident information beyond the de-
tail in accident reports is of critical importance.
When reporting accidents, police often must attrib-
ute responsibility to one of the parties, and if the
accident cause is not clear, the mishap may simply
be ascribed to driver error. Thus, the heavy vehi-
cle driver may be blamed more frequently than war-
ranted. 5 For example, in California, accident
reports associate driver error with over 90 percent
of truck-at-fault accidents. b In contrast, European
data indicate multiple causes involving driver error

5Kenneth Perchonok,  “Driver and Vehicle Characteristics as Re-
lated to the Precipitation of Accidents,” U.S. Department of Trans-
portation, National Highway Traffic Safety Administration, Report
No. DOT-HS-802  355, May 1977; and P.P, Jovanis, “A Perspective on
Motor Carrier Safety Issues in the 1980’s,” presented at the Confer-
ence on Truck Safety, Northwestern University, June 198’7.

‘California Highway Patrol, op. cit., footnote 1, p. 10.
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and defects in road design and the vehicle in a
majority of cases.7 OTA research indicates that
while human error is the primary cause of about
65 percent of accidents, other factors also contrib-
ute to most accidents.

Combining accident and exposure data can clar-
ify the relative importance of vehicle, driver, and
environmental factors. Where appropriate, OTA
used the Truck Inventory and Use Survey, the Fed-
eral Highway Administration (FHWA) monitoring
program, and other survey instruments to estimate
exposure. The quality and limitations of this infor-
mation are discussed in chapter 7.

In those cases where exposure data are limited,
OTA made inferences about the industry based
solely on accident data rather than on both acci-
dent and exposure data. In each case, the sources

‘J. Fructus, “Highlights on Heavy Vehicle Safety in Europe,” .Sym-
posium on the Role of Heavy Freight Vehicles in Traffic Accidents
(Ottawa, Canada: Organisation for Economic Cooperation and De-
velopment, April 1987),  VO1.  1, P. l-~1.

of the information are made explicit. Improved data
collection methods, such as those proposed in chap-
ter 7, would facilitate more detailed and specific
analyses.

Accident Causes

Accidents usually result from a chain of events,
often initiated by a single occurrence, and compli-
cated by a number of interacting factors (see figure
4-4). The potential for an accident is partially a func-
tion of the characteristics of the driver, including
experience, training, age, attitude, physical condi-
tion (fatigue, intoxication, other debilitations), and
psychological state. Other factors include the con-
dition of the vehicle, highway design, and roadway
characteristics; regulatory oversight, such as licensing
and traffic enforcement; and the type of manage-
ment supervision exercised by the carrier.

Still other factors contribute to the disproportion-
ate number of fatalities associated with heavy truck
accidents. Because of the size and weight of these
trucks relative to cars, truck occupants have more

Figure 4-4.— Motor Carrier Accident Causal
and Prevention Factors

; S t a t e  a n d  l o c a l  a g e n c y  a c t i o n s Moto r  ca r r ie r s M a n u f a c t u r e r s

ulot~ons \ Vehicle n .  - , - - 1
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SOURCE” Office of Technology Assessment, 1988,
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protection in an accident than car occupants. The
mismatch of size and mass between heavy trucks and
cars and the special difficulties inherent in control-
ling a tractor-trailer on a highway designed for
smaller vehicles are other major contributing fac-
tors to severe accident consequences. According to
OTA’s review of accident reports, the three factors
most frequently associated with heavy vehicle acci-
dents are: 1) speed too fast for conditions, 2) train-
ing of the driver, and 3) age of the vehicle.

Speed Too Fast for Conditions

The phrase “speed too fast for conditions” on ac-
cident report forms masks a variety of interlocking
roadway and vehicle-related factors that affect driver
performance in ways the driver may not understand
and probably is unable to accommodate in any case.
Vehicles operating at higher speeds operate closer
to the limits of friction and rollover thresholds, and
drivers have very little time to carry out emergency
maneuvers at high speeds. (See chapter 5 for fur-
ther discussion of the driver’s role in this important
area. ) Often a posted speed is appropriate for cars
and does not adequately consider the inherent in-
compatibility that exists in many instances between
highway design and the large trucks now common.
Certain interchange ramps on major highways are
examples. Variations in speed among different ve-
hicles increase the likelihood of an accident by pro-
viding more conflict situations, such as passing ma-
neuvers and braking.8 

‘D. Solomon, Accidents on Main Rural Highways Related to Speedj

Dri;’er,  and Vehicle (Washington, DC: U.S. Department of Commerce,
Bureau of Public Roads, July 1964).

Judging the speed suitable for road conditions is
a complex task with a high potential for miscalcu-
lation, especially for drivers of heavy vehicles. A
detailed investigation of the role of human factors
in truck accidents in Finland points to failure in con-
trolling the vehicle, in estimating the traffic situa-
tion, and in perception as the principal causes when
human error is cited as the primary factor. Driver
attitude and the physical or mental state of the
driver emerge as key accident characteristics when
human error is given as a secondary cause.’

‘1.U. Stocker, “Statistical Analysis of HFV Accidents,” Symposium
on rhe Role of Heavy Freight Vehicles in Traffic Accidents, op. cit.,
footnote 7, vol. 1, p. 2-26.

DRIVER PERFORMANCE

Speed figures prominently among driver-related
factors in accidents. Where details are given on truck
accident report forms (45 percent of the time in the
National Accident Sampling System (NASS) from
the years 1981-85), the most frequently cited include
driving too fast for conditions, poor lane changes,
and following too closely. (See figure 4-5.) An anal-
ysis of heavy truck at-fault collision reports in Ore-
gon indicates that the principal causes cited are im-

proper maneuvers, speed too fast for conditions, and
driver fatigue and inattention. ’O Motor Carrier
Safety Assistance Program (MCSAP) records show
that several States have found excessive speed to
be the most frequent human factor involved in ac-
cident causation. For example, Maryland, Massa-

1(’Oregon Public Utility Commissioner, 1984  Truck Znspecrions  and
Truck Accidents in Oregon (Salem, OR: July 1985).



89

0 10 20 30
Percent of accidents

SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampling System data, 1981-85.

chusetts, Washington, and Oregon cite speeding as
the most common accident causation factor.11

The frequencies of types of driver error for truck
drivers in truck accidents in Washington State are
shown in table 4-2. Areas of poor performance by
the truck driver include inattention, exceeding rea-
sonable speed, following too closely, and improper
turning maneuvers.

Driver Training

Analysis of NASS data for the years 1981-85 in-
dicates that training received by drivers of heavy
vehicles involved in accidents is an important fac-
tor. Although data are limited, it appears that the
majority of all heavy truck drivers have not received
extensive or appropriate training.

~~~OcO~ Ca~rler  Safety Assistance  Program, Annual Reporr  (Wash-
ington,  DC: U.S. Department of Transportation, 1986).

Table 4.2.—Accident Causes Assigned in
State of Washington Truck Crashes in 1984

Number of times Percent of
Causal factora assigned accidents

Driver errors:
Inattention. . . . . . . . . . . . 1,128 22
Failure to yield right-of-

way . . . . . . . . . . . . . . . . 513 10
Exceeding reasonable

speed . . . . . . . . . . . . . . 670 13
Alcohol . . . . . . . . . . . . . . 56 1
Disregard stop

sign/signal . . . . . . . . . . 58
Following too closely . . 277 5
Exceeding stated

speed . . . . . . . . . . . . . . 55 1
Over center line . . . . . . . 120 2
Improper passing . . . . . . 71 1
Improper turn . . . . . . . . . 271 5
Apparently asleep . . . . . 62
Drugs . . . . . . . . . . . . . . . . 1 l b
Failed to signal . . . . . . . 22 —
Disregard warning

sign/signal . . . . . . . . . . 25 —
Improper parking

location . . . . . . . . . . . . 46 —
Improper signal . . . . . . . 10 —
No lights/failed

to dim . . . . . . . . . . . . . 8 —

Deficient equipment 343 7

Other violations 606 12

No violation 1,674 33

Total accidents. . . . . . 5,051
aThe num~r of causal factors does not equal the number of total accidents

because several causal factors are assigned in some accidents
bLess than 1 percent.

SOURCE: Office of Technology Assessment, 1988, based on data from the
Washington Utilities and Transpoflation  Commission, and the National
Highway Traffic Safety Administration.

In an investigation of 35 accidents involving dou-
ble trailers, the National Transportation Safety
Board (NTSB) reported that the most common
training given to drivers consisted of instructions
on how to connect the combination units. No driver
in the sample had received appropriate, specialized
instruction on handling characteristics unique to
twin-trailer operations.12 OTA research indicates
that training provided through schools and carriers
varies tremendously in quality and duration. Some
carriers prefer to hire drivers with over-the-road ex-

‘zNational Tranqwtation Safety Board, unpublished remarks based
on research for the NTSB Heavy Truck Study,  presented at the Na-
tional Motor Carrier Safety Y4’orkshop,  Washington, DC, Mar. 11,
1987.



90

perience, rather than hiring inexperienced drivers
regardless of training. For further discussion of this
important issue, see chapter 6.

Previous Driving History

Heavy vehicle drivers involved in accidents often
have received citations for previous safety violations,
particularl y for speeding and other moving viola-
tions, and have been involved in previous accidents.
Over 40 percent of truck drivers involved in acci-
dents had at least one prior speeding conviction in
the previous 3 years. OTA’s comparison of NASS
(1981-85) and the Federal Accident Reporting Sys-
tem (FARS) (1983) data revealed little difference in
the previous violation and accident records of truck
drivers involved in nonfatal and fatal accidents.

Drugs and Alcohol

Truck accident reports often show a low percent-
age of convictions for driving while intoxicated
among truck drivers. Because of the importance of
good driver performance for safety and the lack of
data on drugs as contributors to accidents, NTSB
is conducting a study of fatal truck accidents to de-
termine the extent of driver impairment by alcohol
and drugs. The study is expected to be completed
in 1989.

Heavy vehicle drivers themselves perceive driver
drug and alcohol abuse to be relatively frequent. In
a 1986 survey sponsored by the Regular Common
Carrier Conference of 1,319 long-haul, tractor-trailer
truck drivers in Florida,13 drivers were asked their
perception of drug and alcohol use. The average re-
spondent estimated that 36 percent of fellow drivers
sometimes drive under the influence of drugs, and
18 percent of drivers sometimes drive under the in-
fluence of alcohol.

OTA analysis of NASS data indicated that alco-
hol involvement and accident severity are strongly
related. Figure 4-6 shows the severity of injuries as
a function of drinking by heavy vehicle drivers. The
relationship between drinking and accident sever-
ity suggests that alcohol alone is a major factor in
fatal accidents.

1]R. Beilock, 1986 Motor Carrier Stiety  Survey (Alexandria, VA:
Regular Common Carrier Conference, 1987).

Figure 4-6.—injury Severity in Heavy Truck Accidents
Relative to Truck Driver Drinking
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SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampling System data, 1981-85,

Age and Experience

Young and inexperienced truck drivers exhibit the
highest risk of accidents,14 with those under 25
years of age six times more likely than other heavy

1qI.J. Jones and H.S. Stein, Effects of Driver Hours of Service on
Tractor-Trailer Crash Involvement (Washington, DC: Insurance In-
stitute for Highway Safety, September 1987) p. 11; M.J. Sanders, Can-
yon Research Group, Inc., “A Nationwide Survey of Truck and Bus
Drivers,” unpublished manuscript, March 1977;  and P. Green et al.,
University of Michigan, “Accidents and the Nighttime Conspicuity
of Trucks,” unpublished manuscript, January 1980.
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truck drivers to be involved in an accident.15 Driv-
ers with less than 1 year of experience constitute
1 percent of the carrier work force, yet account for
3 percent of the accidents.l6

Fatigue

Fatigue reduces a driver’s sensorial and motor ca-
pacities. Research has shown that truck drivers are
susceptible to both sudden fatigue, due to temporary
irregularities of the sleep cycle, and accumulated fa-
tigue, due to long working hours.

Significant increases in driver errors and decreases
in alertness have been noted as early as the fourth
hour of shift driving time and generally increase
throughout the trip, except for a slight recovery near
the end of a trip.17 The lowest levels of alertness
occur for most drivers between 2:00 a.m. and 7:00
a.m. Moreover, the adverse effects of prolonged driv-
ing are probably more pronounced for drivers aged
45 or older than for young drivers. 18 Drivers on ir-
regular schedules experience more fatigue than
drivers on regular schedules, and the effects occur
earlier. 19  A recent study using a case-control design
to establish comparable samples for 300 truck
crashes indicated that the relative risk of crash in-
volvement for truck drivers driving more than 8
hours is almost twice that for drivers driving fewer
hours. 20 Moreover, drivers using a sleeper cab for
rest periods experience greater fatigue than relay
drivers.21

‘;K.D.  Hackman et al. (eds.),  Ana)ysis of Accicienr Data and Hburs
of Service of Interstate Commercial Motor Vehicle Drivers (Washing-
ton, DC: U.S. Bpartment  of Transportation, Ftderal Highway Admin-
istration, August 1978).

“Jovanis, op. cit., footnote 5.
‘TWilliam Harris et al., Human Factors Research, Inc., A Study of

the Relationships Among Fatigue, Hours of Service, and Safery  of Oper-
ations of Truck and Bus Drivers (Washington, DC: U.S. D.e~~rtment
of Transportation, Federal Highway Administration, bureau of Mo-
tor Carrier Safety, November 1972).

1‘Ibid.
‘“Robert  T. Mackie and James C. Miller, Human Factors Research,

Inc., Effects of Hours of Service, Regularity of Schedules and Cargo
Loading on Truck andl?us  Driver Fatigue (Washington, DC: U.S. De-
partment of Transportation, National Highway Traffic Safety Admin-
istration, October 1978).

‘pJones  and Stein, op. cit., footnote 14.
‘) Mackie and Miller, op. cit., footnote 19; and Robin P. Hertz,

“Sleeper Berth Use as a Risk Factor for Tractor-Trailer Driver Fatal-
ity, ” presented to American Association for Automotive Medicine, New
Orleans, LA, September 1987.

Accident data involving interstate commercial
motor vehicle drivers show fatigue-classified acci-
dents as proportionally higher during the hours be-
tween 11:00 p.m. and 8:00 a.m., suggesting an im-
pact due to circadian rhythm (see figure 4-7).22

NTSB also notes fatigue or hours-of-service viola-
tion as a factor in over 30 percent of its accident
investigations. 23 Long hours of driver duty time,
some as long as 26-31 consecutive hours prior to ac-
cidents, have been documented, often a result of
carrier dispatch, delivery, or other requirements.
Road and vehicle visibility are major contributing
factors to accidents when a driver is fatigued, as is
speed too fast for conditions.

A study of truck drivers in France found that fa-
tigue is a major problem for drivers on the road for
several days in a row. These drivers worked as fre-

2~Hackman  et al., op. cit., feotnote 15.
~~National Transportation Safety Board, op. cit., footnote 12, p. 2.

Figure 4-7.—Relationship of Driver Fatigue
to Accidents, by Hour of Day

t I

I

-- -Accidents classified
as non fatigue related

— Accidents classified
as fatigue related

I 1 I 1 I I I I I I i I I I I I I I I I i I

3 6 9 12 3 6 9 12
a m pm

Hour of day

SOURCE: Office of Technology Assessment, adapted from K.D. Hackman  et al,
(eds.),  Analysis of Accident Data  and Hours of Service of /rrterstate
Cornrnercia/  Motor Ve/rlc/e  Drivers (Washington, DC: U.S. Department
of Transportation, Federal Highway Administration, August 1978),

87-004 0 - 88 - 3
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quently as other drivers during the day, yet re-
mained on duty, driving and performing other tasks
after normal business hours. This pattern led to both
sudden fatigue and accumulated fatigue.24 The
study used a survey of truck driving patterns to

~qPatrick  Hamelin,  “Truck Driver’s Involvement in Traffic Accidents
as Related to Their Shiftworks and Professional Features, ” Symposium
on the Role of Heavy Freight Vehicles in Traffic Accidents, op. cit.,
footnote 7, vol. 2, p. 3-107.

measure exposure; periods of high accident risk were
determined by comparing accidents with exposure.
Data indicate that accident involvement rates gen-
erally increase throughout the day, reaching peaks
at mealtimes, at the end of the afternoon, into the
evening, and late at night. A risk peak in the first
hour of any shift has been reported by other heavy
truck safety research.25

“jovanis,  op. cit., footnote 5, p. 8,

VEHICLE FACTORS

Vehicle design and performance affect truck
safety, just as maintenance and operating practices
do. Design and performance issues involve brake
system capabilities, handling and stability, vehicle
crashworthiness, and truck occupant protection.
Maintenance practices include preventive mainte-
nance as well as replacement of inoperable or worn
parts. Vehicle operating practices include cargo load-
ing, cargo tiedown, overall weight, and weight dis-
tribution.

The role of vehicle factors in an accident may be
more subtle than that of the driver. While vehicle
factors may not precipitate a crash, they can reduce
the vehicle’s performance capabilities below the
threshold where safety can be maintained when traf-
fic or roadway conditions require an emergency ma-
neuver. These factors thus play a significant role in
highway environments, such as heavy traffic, steep
grades, curves, or narrow roadways, where peak ve-
hicle performance is needed.

The subtleties of the role of the vehicle in acci-
dents are emphasized in Oregon accident records
for heavy trucks. Vehicle defects were cited as the
accident cause in only 6.7 percent of all cases.26

However, when truck at-fault accidents were disag-
gregate, over 20 percent were linked to mechani-
cal defects, highlighting the potential for vehicle fac-
tors in preventing accidents as well as for mitigating
severity.

Problems associated with vehicle equipment show
up in MCSAP inspection reports. Although the
number of out-of-service citations resulting from ve-
hicle inspections varies among States, a significant

‘hOregon Public Utility Commissioner, op. cit., footnote 10.

number of trucks (ranging from 30 to 60 percent)
are placed out of service for equipment violations
immediately. 27

Braking Systems

Defective brakes were the most common equip-
ment violation cited in the MCSAP reports, fol-
lowed by poor lighting and tire condition. Brake sys-
tem failures were the single largest group of causes
cited for large truck accidents associated with me-
chanical defects, constituting 31 percent of the—
total.28

The nature of brake problems has been docu-
mented in greater detail by the Oregon Public Utility
Commission, 29 which found that over 60 percent
of all violations related to brakes being out of ad-
justment; another 14 percent related to problems
with the brake lining. Therefore, roughly three of
every four brake-related citations identified prob-
lems that normal brake maintenance could easily
detect and correct. NTSB’s investigations reveal that
in many cases the truck driver had responsibility
for proper brake adjustment, but the carrier had not
required or furnished appropriate training.3 0

~;The process of selecting vehicles for inspection varies among
States. Out-of-service citations are likely to be high (greater than 50
percent) when the selection process is nonrandom, based on inspect-
ing vehicles that outwardly appear to have problems. Random selec-
tion yields out-of-service citation rates closer to 30 percent. Paul
Melander, Tennessee Public Service Commission, personal communi-
cation, Mar. 23, 1988.

‘~Bureau of Motor Carrier Safety, 1976-1978 Analysis ofhfotor  Car-
rier Accidents Involving Vehicfe Defects of Mmhanical Failure (Wash-
ington, DC: U.S. Department of Transportation, November 1979).

‘~oregon Public Utility Commissioner, op. cit., footnote 10.
~~)National Transportation Safety Board, opi cit., footnote 12, P. 3.
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Poor brake adjustment and maintenance coupled
with sudden braking or other avoidance maneuvers
can increase the possibility of jackknifing,31 a sig-
nificant problem as shown in figure 4-8. Jackknif-
ing potential is exacerbated by wet road condi-
tions32 and is especially prevalent among lightly
loaded or empty vehicles.33 A comparison of acci-
dent-involved articulated vehicles from the NASS
(1981-85) and FARS (1983) databases does not, how-
ever, show jackknifing to be overrepresented in fa-
tal accidents.

“Jackknifing 1s also discussed in ch. 5.
‘~H.S.  Stein and 1.]. Jones, Crash involvement ofbrge Trucks by

Configurat~on:  A Case Conrrol  Srudy  (Washington, DC: Insurance
Institute for Hlghwav Safetv, January 1987).

“C. Winkler  et al., Parametr~c  Analysls  of Heat’y Duty Truck Dv-
nam~c  Stablliry,  Report No. DOT-HS%06-411 (Vrashington,  DC: U.S.
Department of Transportation, National Highway Traffic Safety
Administration, h4arch 1983).

Braking and
steering

Steering

Other

I I I
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Percent of Jackknifes a

These numbers do not add to 100 since some
jackknifes are attributed to multiple maneuvers.

SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampling System data, 1981-85

Tires

Data from Oregon indicate that in 1984, 9.9 per-
cent of truck at-fault collisions were attributed to
mechanical causes, although for single-vehicle truck
crashes 21 percent were attributed to mechanical
causes and 24 percent of these to tires. Other data
indicate tires to be the second leading cause of
crashes in which mechanical defects were primary

contributing factors. ~4

Tires have not been examined as extensively as
other factors as a cause of accidents. Tire specialists
indicate that a single tire blowout—even on the
steering axle—should not result in total loss of con-
trol by the driver, unless other circumstances or
equipment problems exist. Looseness in the steer-
ing system, striking a curb, or panic braking may,
in combination with a blowout, cause the driver to
lose control. Because specifying an accident cause
is complicated, and the tire blowout is easily remem-
bered and identified,35 it is difficult to determine
whether a blowout preceded a crash or occurred as
a result of it.

Rollovers and Vehicle Handl
and Stability

Rollovers often occur on curved roads, :

ing

and vehi-
cle factors include handling characteristics and sta-

‘~ Insurance Institute for Highway Safety, Big Trucks (V’ashington,
DC: 1985).

‘Christopher G. Shapeley, “A Comparison of Car and Truck
Safet ~,” presented at the American Societv of Ci\’il Engineers Sympo-
sium on Accommodation of Trucks on the Highv’av:  Safety in De-
sign, Nashville, TN, May 11, 1988.

Photo credit: Michael Hines, OTA staff

Vehicle handling skills are challenged when drivers
transport especially wide loads.
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bility as well as load shifting, deficient brakes, and
deficient tires. (For information on roadway con-
tributory factors see chapter 5.) Driver-related fac-
tors include inattention, falling asleep, loss-of-con-
trol/skidding, speeding, and avoidance maneuvers.
Operational factors, such as unbalanced cargo loads
and trailer loads with high centers of gravity, also
affect vehicle stability.

Poor handling and vehicle instability often lead
to vehicle rollovers, which, in turn, strongly corre-
late with accident severity. Rollovers are more likely
to be associated with accidents involving a driver
fatality relative to all heavy truck accidents (see fig-
ure 4-9). OTA’s NASS (1981-85) and FARS (1983)
analyses also show that rollovers occur in 7.6 per-
cent of all heavy truck accidents, but are a charac-

Figure 4-9.—Tractors Involved in Fatal Accidents,
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SOURCE: Office of Technology Assessmentj 19SS; based on Motor Vehicle
Manufacturers Association data, 1987.

teristic of 16.5 percent of truck accidents involving
a fatality. Other studies substantiate the relation-
ship between rollover and fatal accidents36 and
show that the risk of injury is higher in rollover ac-
cidents involving a single vehicle relative to multiple-
vehicle accidents.37

Rollovers are a particularly acute problem for
double-trailer combinations. Although the sample
of doubles accidents in the NASS database is quite
small, the incidence of rollovers in doubles accidents
is very high. Studies show that doubles are three
to four times more likely to overturn than singles
in noncollision accidents 38 and that rollover
occurred in close to 70 percent of twin-trailer acci-
dents. The most common occurrence was rollover
of the rear trailer.39

Override/Underride

When accidents occur between large trucks and
cars, the mismatch between truck and car bumper
heights causes trucks to override smaller vehicles or
smaller vehicles to underride trucks. Override/
underride accidents occur more frequently at night,
when darkness reduces visibility for all drivers. Fig-
ure 4-10 shows that the override/underride prob-

~hNational Highway Traffic Safety Administration, Truck Qcupanr
Projection, Prepred in response to the Motor Carrier Safety Act of
1984  (Washington,  DC: December 1986).

‘;Stein and Jones, op. cit., footnote 32, p. 13.
‘*Oliver Carsten, “U.S. Accident Experience of Single and Double

Trailer Combinations,” Symposium on the Role of Heavy Freight Ve-
hicles in Trafi”c  Accidents, op. cit., footnote 7, vol. 1, p. 2-80, table 5.

‘qNational  Transportation Safetv Board, op. cit., footnote 12, p. 1.

Photo credit: Land Line

Flatbed trailers are particularly difficult to see, creating
the potential for severe underride accidents.
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Figure 4-10.— Accidents and Override/Underride in
Reduced Lighting Conditions, by Truck Type
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SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampling System data, 1981-85.

lem is greater for dump trucks, closed-top vans, or
flatbed or platform trailers; platform trailers present
the most problems.40

A comparison between fatal and nonfatal car-into-
truck accidents shows that fatalities occur more fre-
quently in underride accidents, including many from
contact with the side of the truck. Trucks and
trailers with devices to prevent underride were more
likely to be involved in nonfatal accidents,41 high-
lighting the value of such protection.

Truck Configuration and Utilization

Accident rates and types vary for straight and
combination trucks, for single- and double-trailer

“’Motor Vehicle Manufacturer’s Association, Proceedings of the A’a-
tjona]  Truck Safety  Symposium (M’ashington,  DC: June 1987),  PP. 85-
86; Motor Vehicle Manufacturers Association, Moror Truck Research
(N’ashington, DC: November 1985).

41 Motor Vehicle Manufacturers Association, Motor Truck R==h J
op. cit.,  footnote 40, pp. 7, 9.

operations, and for loaded and empty trucks. The
operating characteristics and contributing factors—
the number of powered axles, cab configuration,
type of trailer, type of cargo, trip length, time of day,
road type, and driver age and experience-differ for
every accident. Each factor needs to be considered
independently and interactively in any comprehen-
sive analysis.42 In fact, for single-trailer operation
alone, involvement rates differed significantly by
trailer type and location, as shown in table 4-3.

Table 4-4 shows fatal accident involvement per-
centages (truck driver and other vehicle driver) by
truck body type for combination trucks. These data
underscore the overinvolvement of tank trucks and
the relative severity of dump truck collisions for the
other vehicle driver.

The relative safety of single- and double-trailer
combination trucks is highly controversial, and sev-
eral studies have examined their relative risks. Each
study differs in methodology and sources of data,
making a comprehensive and coherent assessment
difficult. For example, studies of truck accidents on
turnpikes permit consistent accident and exposure
information because the intercity operations of dou-
bles are adequately represented. However, the re-
striction to turnpike operation eliminates consid-
eration of the entire trip from origin to destination.
National studies do not allow control for geographic
location and roadway type. Thus, study results have
varied due primarily to: 1) differences in exposure
survey methods and uncertainties in the resulting
estimates of exposure, 2) unreliable and missing ac-

‘:T. Chirachavala and J. O’Day, A Comparison of Accident Char-
acteristics and Rates for Combination Vehicles ~~ith  One  or Two
Trailers, Report No. UM-HSRI-81-41  (Ann Arbor, MI: University of
Michigan, August 1981).

Table 4-3.—Single-Trailer Involvement Rate
(per 100 million vehicle-miles)

Trailer type Local Interci ty

Van . . . . . . . . . . . . . . . . . . . . . . . . . . 168.0 75.9
Flatbed. . . . . . . . . . . . . . . . . . . . . . . 69.9 106.8
Tank . . . . . . . . . . . . . . . . . . . . . . . . . 142.2 78.1
Auto . . . . . . . . . . . . . . . . . . . . . . . . . 241.6 73.6
Dump . . . . . . . . . . . . . . . . . . . . . . . . 46.1 33.1
SOURCE: T. Chirachavala  and J. O’Day, A CornparlsorI  of AccMent  Characteris-

tics and Rates for Combination Vehicles With One or Two Trailers,
Report No. UM-HSRI-81-41  (Ann Arbor: University of Michigan, August
1981),



Table 4-4.—Distribution of Combination-Unit Truck Mileage and
Fatal Accident Involvements by Body Type, in Texas

Percent of Percent of “other vehicle”
combination-unit driver fatalities occurring

Percent of truck driver in col l is ions with
Body type miles traveled fatal i t ies combinat ion-uni t  t rucks

Van . . . . . . . . . . . . . . . . . . 45.5 28.1 24.5
Platform. . . . . . . . . . . . . . 22.2 25.2 27.8
Tank a . . . . . . . . . . . . . . . . 15.0 33.0 20.8
Dump . . . . . . . . . . . . . . . . 7.3 3.0 11.1
Pole/log . . . . . . . . . . . . . . 1.2 0.7 1.9
Livestock . . . . . . . . . . . . . 1.3 6.7 8.0
All others. . . . . . . . . . . . . 7.2 3.3 5.9

Total . . . . . . . . . . . . . . . 100.0b 100.0 100.0
alncludes  dry bulk, liquid,  and gas.
bsum does not equal 100 percent due to rounding.

SOURCES: Truck Inventory and Use Survey/Texas 1982 and Texas State Accident Data (1981-1983); National Highway Traffic
Safety Administration

cident data, 3) differences in the definition of an ac-
cident and/or large truck, 4) differences in vehicle
classification survey methods, 5) differences in driv-
ing environment, and 6) inherent stochastic varia-
tion associated with small samples.43 Despite these
variations, a summary of study results to date
follows.

Using accident and exposure data during 1966-
70 on the Indiana Toll Road, one study concluded
that doubles had a significantly lower involvement
rate than did singles.44 However, doubles had
more injuries or fatalities per accident than singles.
No effort was made to separate these data by rural
or urban location.

In 1977, an FHWA study analyzed the accident
experience of seven large motor carriers for a 7-year
period and found no significant differences between
accident and severity rates of singles and doubles.45

The carriers surveyed were among the largest com-
mon and private carriers in the country; no attempt
was made to control for different operating envi-
ronments.

A followup study conducted by FHWA in 1978,
using data from California, found that the only sig-

‘JG.A. Sparks and J. B[elka, “Large Truck Accidcnr Experience in
Western Canada: A Case Study of Two Large Fleets,” .svmposium on

rhe Role of Heatrv Freight Vehicles in Traffic Accidents, op. cit., foot-
note 7.

‘+R.E. Scott and ]. O’Day, Srarisrical  Anal\’sis  of Truck Accident
lnvo)~’ernenr,  Final Report (Ann Arbor, MI: Highway Safety Research
Institute, December 1971).

~5Federal  Highltay Administration, Safety  c~mp~ris~fl ofD~ub~t’s

Versus Tractor Semi-Tra~ler  Operatmn (Washington, DC: U.S. De-
partment of Transportation, 1977).

nificant difference in doubles and singles involve-
ment rates on a vehicle-mile basis, was a higher fa-
tality rate for doubles. 46  However, when a
cargo-based exposure measure (ton-miles) is used,
the higher tonnage capability of doubles results in
a higher accident rate and injury rate for singles.
Although there were problems with the accuracy
of the exposure estimates in this study, the findings
illustrate some of the differences in the way this topic
is viewed.

The Insurance Institute for Highway Safety used
a case-control study design to account for differences
in operating characteristics between singles and dou-
bles. 47 The study concluded that doubles are two
to three times more likely to be involved in acci-
dents than other large trucks on the same type of
roadway. This approach preselected locations where
accidents have already occurred, perhaps for rea-
sons unrelated to vehicle configuration. The study’s
findings have generated substantial controversy.

Other controlled studies have been conducted for
a less-than-truckload carrier by Northwestern
University. % Using over 160 traffic links connect-
ing terminal pairs served by both singles and dou-
bles in 1983 and 1984, the studies found no statisti-
cally conclusive evidence of differences between the

*H McGee  ~ al.,  Comparison of California Accident Rates for Sin-

gle and Double Tractor-Trailer Combination Trucks, Report No.
FHWA-RD-78-94 (Washington, DC: U.S. Department of Transpor-
tation, Federal Highway Administration, March 1978).

~:steln and Jones, op. cit., footnote 32.
“Jovanis, op. cit., footnote 5.
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accident rates of singles and doubles. A similar study
conducted for OTA corroborated these findings;
moreover, after an initial driver learning period, the
doubles safety record improved sufficiently to ex-
ceed that of the singles.49

An extensive Transportation Research Board
study of the relative safety of single- versus double-
trailer trucks concluded that doubles have slightly
more accident involvements per mile traveled than
singles operated under identical conditions at high-
way speeds. 50 This and other studies indicate that
considerable differences exist in single- and double-
trailer accident involvement rates by road type, em-
phasizing the importance of the operating environ-
ment as well as the configuration of the truck.51 

Accident rates for articulated trucks exceed those
for straight trucks by factors of three to four, de-
pending on location and road conditions.52 The
consequences of articulated truck accidents are more
serious as well. While single-unit trucks have non-
fatal accident rates comparable to nonfatal accident
rates for combination trucks (see table 4-5), their
rate of involvement in fatal accidents is consider-
ably lower.53;

Whether the tractor is operating as a bobtail (not
pulling a trailer) or attached to a semitrailer also af-
fects accident rates. Bobtails are 14 times more likely

+ ‘P.P. Jovanls and I. Zabaneh, ‘{ Anaiysis of Carrier-Based Safetv
Data,” OTA contractor rept>rK, February 1W!8.

“’Transportation Research Board, Tt{ln Trailer Trucks, TRB Spe-
cial Report 211 (Washington, DC: National Research Council, 1986).

“Car\tcn, op. cit., footn(xe  18.
‘: Stein and ]onei, op. cit., footnote 32, p. 9.
“Natmnal Hlgh\\al Traffic Safetv Administration, op. cit., footnote

36.

Table 4-5.—Vehicle Involvement Rates in Fatal
and Nonfatal Accidents in 1984

Combina t ion -  S ing le -un i t
uni t  t rucks trucks

Vehicles in fatal accidents . . . 4,232 956

Vehicle involvements in fatal
accidents (per 100 million
vehicle-miles) . . . . . . . . . . . . . 5.5 1.8

vehicle involvements in
nonfatal accidents (per 100
million vehicle-miles) . . . . . . 279.0 299.0

SOURCES” National Highway Traffic Safety Administration, Fatal Accident
Reporting System, National Accident Sampling Systems, Federal
Highway Administration, Highway Statistics, Truck Inventory and Use
Survey

to be involved in a fatal accident, and their injury
involvement rate is 19 times greater than for the
tractor-semitrailer configuration.5q In addition,
empty tractor-semitrailer trucks are more likely to
be involved in crashes than fully loaded trucks.’i
This is probably due to the difficulty in maintain-
ing control when braking empty or partially loaded
tractor-trailers. (See chapter 5, figure 5-3.)

Truck Occupant Protection

Less than 1 percent of all medium and heavy truck
occupants involved in accidents are killed, and only
10 percent are injured.56 Nevertheless, truck driv-
ing is considered a relatively dangerous occupation.
Table 4-6 shows fatality rates for selected occupa-
tions, indicating that truck driving and mining are
the most dangerous industrial occupations.

A truck driver wearing a seat belt is much less
likely to be injured or suffer severe injury in an ac-
cident, primarily because he is less likely to be
thrown out of the cab by the impact. The majority
of truck drivers (76 percent) involved in accidents
were not wearing seat belts, as shown in figure 4-
11.7 FARS (1984) data indicate that total or par-
tial ejection was involved in 38 percent of
combination-unit truck occupant fatalities. Truck
occupants were also ejected after an accident more
frequently than were passenger car occupants (25
percent). 58

Entrapment, cab crush, and contact with interior
surfaces have serious consequences for truck oc-
cupants who remain in the cab during an accident.
A study of truck occupants in rural accidents iden-
tified ejection and steering-assembly contact as the
leading sources of injury, followed by contact with

54K, Campbell and O. Carsten, Fleet Accident E\’aluarlon  of
FMVSS 121, Report No. DT-HS-806-261  (Vrashlngton,  DC: L1. S. De-
partment of Transportation, National Highwa}  Traffic Safetv Admin-
istration, August 1981).

55Stein and Jones, op. cit., footnote 32, p. 11.
~Naticlna]  Highway Traffic safety Administration, op. ~lt., footnote

36.
‘;This contrasts somewhat with the safety belt use rate for truck

drivers not involved in accidents. A nonobtrusive sur\c} of safety belt
usc among combination-unit truck drivers revealed that over 93 per-
cent were not using their belts. P. Alhson and R. Tarklr, “Heavy Truck
Occupant Restraint Use, ” prepared for the National Highu’ay Traffic
Safetv  Adm]nlstratlon,  September 1982.

‘+~’atlonal Hlgh\\ay Traffic Safet~ Admlnlstratlon, op. cit., footm}te
36, p. 14.
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Table 4-6.-Occupational Fatalities in 1984

Industry group Workers (x 103) Deaths a Deaths/10 8 workers

All industries . . . . . . . . . . . . 104,300 11,500 11
Trade . . . . . . . . . . . . . . . . . . . 24,000 1,200 5
Manufacturing . . . . . . . . . . . 19,900 1,100 6
Service . . . . . . . . . . . . . . . . . 28,900 1,900 4
Government . . . . . . . . . . . . . 15,900 1,400 9
Transportation and public

utilities . . . . . . . . . . . . . . . 5,500 1,500 27
Construction . . . . . . . . . . . . 5,700 2,200 39
Agriculture . . . . . . . . . . . . . . 3,400 1,600 46

Truck drivers . . . . . . . . . . . . 1,876b 1,087C 58

Mining, quarrying . . . . . . . . 1,000 600 60
aNatlOnal  safety council, Accident F8cts  7*.
bus,  Depa~ment  of Labor, Employment arrd ~arfl~flgs,  ~anuarY f~.
cFederal  Accident Reporting SySt&m,  IW.

SOURCE: National Highway Traffic Safety Administration

the windshield and the door area.59 A study of in-
jury patterns of fatally injured truck drivers con-

59H. Robinson et al., Trucks in Rural Injury Accidents, NHTSA Re-
port No. HS-800-232 (Washington, DC: U.S. Department of Trans-
portation, July 1969,

Figure 4=11 .—Truck Driver Seat Belt Use,
by Injury Severity
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SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampling System data, 1981-85.

eluded that severe abdominal injuries in combina-
tion with head and/or chest injuries were more likely
among combination-unit truck drivers than among
drivers of other truck types.60 The nature of these
injuries suggests the steering wheel is particularly
dangerous. The steering wheel was also identified
as the most prominent source of injury in an anal-
ysis of 124 accidents involving Volvo trucks in
Sweden. 61

Some information is available on the relative
safety of cab-over-engine units (COE) and conven-
tional cabs. For example, the risk of injury to a COE
driver is 15 percent higher, and the risk of injury
to the nontruck driver slightly lower, when a COE
is involved.62 FARS data show that COEs have a
greater involvement in accidents in which a fatal-
ity occurs as well as in accidents involving a truck-
driver fatality.

The initial stimulus for the COE design was Fed-
eral length restrictions that are no longer in effect.
Many drivers claim COEs have poorer ride quality
and increased vibration that cause discomfort and
fatigue.

b~~. Karlson et al., “Fatally Injured Truck Drivers,” Proceedings of
the 21st Conference of the American Association of Automotive Medi-
cine (Arlington Heights, IL: American Association of Automotive Medi-
cine, September 1977).

blA. Anderson et al. “Injuries in Trucks and the Effectiveness of
Seat Belts,” Proceedings of the 24th Conference of the American Asso-
ciation  ofAutornotive  Medicine (Arlington Heights, IL: American Asso-
ciation of Automotive Medicine, October 1980).

‘zMotor Vehicle Manufacturers Association, op. cit., footnote 41,
p. 11.
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SAFETY OF NON REGULATED CARRIERS

A substantial safety concern has been the lack of
Federal regulatory oversight of carriers operating ex-
clusivel y in commercial zones and in other feder-
ally exempt categories. Analysis of NASS (1981-85)
data indicates that nearly two out of every five ac-
cidents involve a heavy truck belonging to a car-
rier that is not Interstate Commerce Commission
(ICC)-regulated. Oregon officials report that in 1984
the highest at-fault accident rate belonged to ICC-
exempt, interstate carriers.63

Figure 4-12 shows the age distribution of heavy
trucks involved in accidents. Differences in the qual-
ity of various truck operations are also apparent

“’Oregon Public L’tillty Commissioner, op. cit., footnote 10, p. 39.

Figure 4-12.—Vehicle Age by Regulatory Status
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SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampling System data, 1981-85

when examining Federal roadside inspection data.
Table 4-7 shows that ICC-exempt carriers have
somewhat higher violation rates than other carriers
and slightly more serious safety problems. System-
atic interpretation is impossible because of numer-
ous changes in recent years in coverage by ICC reg-
ulations and in the application of Federal safety
regulations to previously exempt carriers.

Roadside inspections can serve as effective acci-
dent prevention measures. A 10-year California
State study found a clear inverse relationship be-
tween the number of roadside inspections and the
number of truck at-fault accidents.64 (See figure 4-
13.) Although other factors undoubtedly influenced
operations over the study period, the apparent corre-
lation between increased enforcement activities and
on-the-road safety improvement is hard to ignore.

“Callfornia Highway Patrol, Crirical  Zrem Znspecrion  Fac-r  Sheet

(Sacramento, CA: 1986).

Figure 4-13.—Truck Inspection and Truck Accident
Rates for California State Highways, 1976-85
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Table 4-7.—BMCS Roadside Inspection of All Carriers (in percent)

ICC-authorized Private ICC-exempt other

1983
Without violations . . . . . . . . . . . . . . . . 36 25 28
With violations. . . . . . . . . . . . . . . . . . . 64 75 72
Out-of-service violations. . . . . . . . . . . 28 25 32
1984
Without violations . . . . . . . . . . . . . . . . 29 21 20
With violations. . . . . . . . . . . . . . . . . . . 71 79 80
Out-of-service violations. . . . . . . . . . . 31 29 36
KEY: BMCS = Bureau of Motor Carrier Safety.

ICC = Interstate Commerce Commission

SOURCE: Bureau of Motor Carrier Safety, BMCS Annual Roadside Inspection IW.3 and 1984 (Washington, DC: September 1985).

ECONOMIC FACTORS

The U.S. trucking industry represents a diverse
mix of carriers, drivers, and truck owners operat-
ing with a broad range of safety practices and levels
of management control. Some limited evidence links
the amount of motor carrier investment in safety-
related activities to the firm’s overall financial con-
dition. One examination of for-hire, general freight
carriers found that the average carrier that eventu-
ally goes bankrupt spends less on safety and main-
tenance, has older equipment, and depends more
on owner-operators.65 However, the basis for this
finding was not a comparison of accident rates to
carrier profitability, but rather a comparison of ex-
penditures related to safety performance to a
weighted combination of financial ratios. Moreover,
studies of this kind are hampered by the scarcity
of industry financial data maintained by ICC, par-
ticularly for new entrants. Furthermore, ICC is elim-
inating requirements for detailed financial reports
from those carriers who must still submit records.

The question of whether driver speeding is related
to the method of compensation extended to drivers
has been hotly debated. Undeniably, drivers paid
by the job have an economic incentive to speed to
produce more revenue-generating trips within a
given time period. However, numerous other fac-
tors affect a driver’s desire to speed. Figure 4-14
shows the relationship between carrier classification
and speeding violations among truck drivers in-
volved in accidents. Although speeding is prevalent
across all segments of the carrier industry, excessive

“5G. Chow, “Deregulation, Financial Condition and Safety in the
General Freight Trucking Industry,” presented at the Northwestern
University Conference on Economic Deregulation and Safety, Evan-
ston, IL, June 1987.

speeding is more frequently found among ICC-
exempt and for-hire carriers according to accident
data. Leased drivers have the highest incidence of
previous speeding violations and previous license
suspensions and revocations. Furthermore, the

Figure 4.14.—Percentage of Trucks That Speed,
by Carrier Classification

Private

N o n -
commercial
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Percent

aMar@t share in percent.
KEY: ICC = Interstate Commerce Commission.

SOURCE: Office of Technology Assessment, 198B;  based on National Accident
Sampling System data, 1981-85.
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NASS (1981-85) data show that leased drivers and
drivers operating for ICC-exempt carriers are dis-
proportionately involved in drunk driving accidents.
The validity of these figures is difficult to establish
because of the relatively small sample size and be-
cause NASS data do not have well-defined driver
or carrier classification categories.66 Furthermore, it

The National Accident Sampling System driver classifications are

is difficult to delineate the class of driver on a spe-
cific trip because the same driver could be leased
or not leased in different driver classifications and
may drive in many different types of operations dur-
ing the year.

somewhat confusing, since the classification categories  do not appear
to be mutually exclusive (e.g., an  owner-operator could be trip leased
in some instances).

ENFORCEMENT

State terminal audits conducted as part of the
MCSAP program raise important carrier manage-
ment safety issues. In Arizona, for instance, the three
most common carrier violations are: 1) failure to
maintain driver qualification files, 2) hours-of-service
violations, and 3) failure to maintain inspection, re-
pair, and maintenance records. Officials familiar
with Oregon’s audit results concluded that carriers
do not comply with the requirements because of a
lack of knowledge or understanding of the regula-
tions as applied to their operations. Moreover, even
when the regulations are understood, the cost of

noncompliance is so low that it is not an effective
deterrent. These findings point to the need for a bet-
ter education and enforcement program.

In Michigan, a direct link has been established
between driver qualifications, hours of service, and
vehicle operations and commercial vehicle accidents.
Making compliance with driver qualification pro-
cedures a direct responsibility of carriers has proven
to be an effective accident prevention tool.67

‘; Motor Carrier Safety Assistance Program quarterly and annual
reports.

ROADWAY ENVIRONMENT

Roadway environment factors are often listed in-
cidentally on many accident reports. Road design/
geometry, weather, lighting conditions, traffic con-
flict opportunity, and operating speeds can all cre-
ate conditions that are unforgiving of errors, mak-
ing an accident more likely.

Road Type

The functional class of the roadway has a pro-
found impact on heavy truck involvement rates for
both fatal and nonfatal accidents68 (see table 4-8).
A similar relationship between rural/urban and In-
terstate/other roadway fatality rates appears in a cor-
roborating study, although the magnitudes differ
somewhat.69

Figure 4-15 depicts frequencies of heavy truck ac-
cidents and fatal heavy truck accidents by road clas-

“U. S. Department of Transportation, Federal Highway Adminis-
tration, “Monitoring Operations of Larger Dimension Vehicles Report,”
unpublished manuscript, Jan. 14, 1987.

~qCarsten, op. cit., footnote 38, table 5.

sification. Of particular significance is the propor-
tion of heavy truck, fatal accidents (relative to all
large truck accidents) that occur on U.S. and State
highways, particularly rural, non-Interstates. Some
characteristics of these roads create the potential for
severe accidents.

Table 4-8.—Single-Trailer Accident Involvement Rates
by Highway Functional Class

Involvement rates
(per 100 mvm)

Nonfatal
Functional class Fatal injury

Rural Interstate. . . . . . . . . . . . . . . . 1.87 25.53
Rural-other principal artery. . . . . . 3.80 31.43
Rural minor arterial . . . . . . . . . . . . 6.49 41.65
Rural major collector. . . . . . . . . . . 13.67 50.12
Urban Interstate . . . . . . . . . . . . . . . 2.23 52.73
Urban-other principal artery . . . . . 9.52 103.41
Urban local . . . . . . . . . . . . . . . . . . . 27.79 55.59
KEY: mvm = million vehicle-miles,

SOURCE: Federal Highway Administration, “Monitoring Operations of Larger
Dimension Vehicles Report, ” Jan. 14, 1987.
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Figure 4-15.— Fatal Truck Accidents—
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SOURCE: Office of Technology Assessment, 1988; based on Nationai  Accident
Sampling System data, 1981-85 and Fatal Accident Reporting System
data, 1983.

For instance, fatalities are far more likely in acci-
dents occurring on roads that are not physically
divided and thus provide greater opportunity for
head-on collisions (see figure 4-16). Roads with
higher posted speed limits are significantly more
likely to be the site of fatal truck accidents (see fig-
ure 4-17).

Slightly less than half the heavy truck accidents
(49 percent) occur at intersections, and 80 percent
of heavy truck accidents occur on roadway align-
ments classified as “straight” according to NASS
(1981-85) data. Of all heavy truck fatality accidents,
only 34 percent occur at intersections and 81 per-
cent occur on straight aligned roads. Finally, 71 per-
cent of nonfatal heavy truck accidents occur on level
ground, 28 percent occur at grade, and only 1 per-
cent at crests or in sags. Fatal heavy truck accidents
have a similar pattern, except for a slightly higher
proportion of fatal accidents at hill crests.

Figure 4-16.— Fatai Truck Accidents
by Median Controi
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SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampiing System data, 1981-85 and Fatal Accident Reporting System
data. 1983.

Lighting Conditions

The impact of lighting conditions on heavy truck
accident rates is still imperfectly understood. Sev-
eral studies find that the risk to truck safety is 1.5
to 2.0 times greater at night than in the daytime.70

Table 4-9 indicates this is apparently true for rear-
end accidents. Other studies report a higher truck
accident rate in darkness during the summer, but
a comparable accident rate for daylight and dark-
ness during the winter season, or find no significant
impact of lighting conditions.71 However, there is

‘cMotor  Vehicle Manufacturers Association, Proceedings of the Na-
tional Truck Safety Symposium, op. cit., footnote 40.

71L. Strandberg, “On the Braking Safety of Articulated Heavy
Freight Vehicles,” Symposium on the Role of Heavy Freight Vehicles
in Traffic Accidents, op. cit., footnote 7, vol. 2, p. 3-28; P.P. Jovanis
and J. Delleur, “Exposure-Based Analysis of Motor Vehicle Accidents,”
Transportation Researrh  Record, No. 910 (Washington, DC: Trans.
portation  Research Board, 1983), pp. 1-7; and Stein and Jones, op. cit.,
footnote 32, p. 12.
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Figure 4-17.— Fatal Truck Accidents
by Posted Speed Limits
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SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampling System data, 1981-85 and Fatal Accident Reporting System
data, 1983.

Table 4-9.—The Effect of Lighting Conditions
on Rear. End Collisions

Lighting condition

Accident twe Daylight Not daylight

Rear end . . . . . . . . . . . . . . . . 27.30/o 72.70/o
Other . . . . . . . . . . . . . . . . . . . 49.1% 50.9 ”/0
SOURCE: Motor Vehicle Manufacturer’s Association, Proceedings of the National

Truck Safety  SyrrtposiurrJ  (Washington, DC: June 1987), pp. 85-89.

a correlation between lighting conditions and fatal-
ities; 50 percent of fatal accidents involving heavy
trucks occur at night, in contrast to 27 percent of
all heavy truck accidents (see figure 4-18). An offi-
cial for the largest bus company indicated that night-
time accidents involving a bus running into a flat-
bed trailer truck were a major concern.72

‘: Ro&rt Forman, vice president for safety, Greyhound Bus Co., per-
sonal communication, February 1988.

Figure 4-18.—Combination Truck Accidents,
by Time of Day
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SOURCE: Office of Technology Assessment, 1988; based on National Highway
Traffic Safety Administration analysis of Texas data, 1981-83.

Weather Conditions

Most heavy truck accidents (80 percent) occur in
clear weather conditions (see figure 4-19). However,
one study concluded that snowy weather is an im-
portant predictor of high accident rates for trucks,
whereas rainy days have lower truck accident rates
than do clear days.73 Conspicuous by their absence
as accident factors are splash, spray, or wind from
passing trucks, likely due to difficulty in measuring
this problem from accident reports. Moreover, re-
search literature does not contain detailed discus-
sion on this subject, although individual carriers,
the American Trucking Associations, and others
have recognized it as a significant problem. Addi-
tional study is needed to determine whether other
characteristics, such as wet road conditions described
in accident reports, are acting as a surrogate for
splash and spray problems.

7]Jovanis and Delleur, op. cit., footnote 71.
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Figure 4-19.—Fatal Truck Accidents by
Weather Condition

Clear Rain Snow
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apercent  of all accidents. (These numbers do not add Up to 100 because not  a~l
posted speed limits are included.)

SOURCE: Office of Technology Assessment, 1988; based on National Accident
Sampling System data, 1981-85 and Fatal Accident Reporting System
data, 1983.

Sharing the Road

In a majority (77 percent) of multiple-vehicle ac-
cidents involving trucks, the truck is the striking
unit.74 A subset of the accidents where the truck is
the striking unit may be attributable to passenger
car maneuvers into a truck’s path. Annual studies
carried out over the past 10 years by the California
Highway Patrol of heavy truck collisions place trucks
at fault 43 to 53 percent of the time.75 

“0TA calculations from the National Accident Sampling System
(1981-85) data.

‘5National Highway Traffic Safety Administration, op. cit., footnote
36, p. 157.

An American Automobile Association-sponsored
study of multiple-vehicle accidents involving heavy
trucks in Michigan notes that the nontruck driver
was considered at fault in 69 percent of fatal acci-
dents and 49 percent of serious injury accidents re-
quiring hospitalization.76 These results suggest that,
in addition to developing policies directed at im-
proving the skills of truck drivers, educating the driv-
ing public about truck operations and safety require-
ments is a priority.

‘dAmerican Automobile Association, Cars and ~ruclcs: Sharing rhe
Road Safely  (Washington, DC: December 1986).

CONCLUSIONS AND POLICY OPTIONS

Drivers, vehicles, road design characteristics, and
ambient environmental conditions form a system
in which motor carriers operate. Accident analysis
highlights the interrelated nature of highway trans-

portation. The accident studies referenced in this
chapter underscore the complexity of this operat-
ing system and illustrate the difficulty of isolating
single causal factors. Moreover, the precise role that



105

each accident causal factor plays in heavy vehicle
accidents is difficult to determine from current ac-
cident reports. OTA finds that better understand”
ing by State enforcement officers of accident cau-
sation and accident investigation methods is
needed. Congress may wish to request the Depart-
ment of Transportation to add accident investi-
gation to the training provided under MCSAP.

OTA analysis of Federal and State data shows
that the three most common factors associated
with heavy vehicle accidents are speed too fast for
conditions, the training of the driver, and age and
condition of the vehicle. The appropriate speed for
conditions is a function of a variety of factors—
highway and vehicle design, and environmental and
human factors–that must be evaluated by the
driver. Any one of them can create unsafe driving
conditions. When heavy vehicles operate at speeds
higher than appropriate for the road design, the ve-
hicles are closer to their limits of braking and rol-
lover performance capabilities. The time available
to the driver to carry out emergency maneuvers is
greatly reduced. Other factors, such as insufficient
training, fatigue, road design inadequate for trucks,
vehicle overloads, and poor visibility can all inter-
act to limit safe speed, In view of the major role speed
plays in fatal truck accidents and the many charac-
teristics of heavy vehicles that make them more dif-
ficult and time consuming to stop safely, Congress
may wish to reexamine the decision to permit
truck speeds of 65 mph at the discretion of States
and to explore other methods of controlling ex-
cessive speeds for heavy vehicles.

The heavy vehicle driver operates a complex piece
of heavy equipment on roads designed for and oc-
cupied by smaller, more responsive vehicles. The
driver is frequently the key factor in determining
whether or not an accident occurs. However, truck
drivers are often ill-prepared or inadequately trained
for their jobs. Accident results indicate that better
driver training could help reduce both the number
and severity of accidents.

Congress may wish to consider requiring 1) that
national guidelines for truck driver training be de-
veloped and validated; 2) that States must require
evidence of training in a school or carrier program
meeting the guidelines for the commercial vehi-
cle driver’s license; and 3) that the special han-

dling characteristics of different vehicle configu-
rations be a part of the guidelines. A k ey

component of such a program is broad representa-
tion on the group developing the guidelines, includ-
ing Federal and State regulatory and enforcement
officers, scientists and researchers who study human
fatigue factors, and representatives of training

schools, carrier management, labor, and vehicle
manufacturers.

A large number of heavy truck drivers involved
in accidents have poor driving records, including
speeding offenses and other unsafe maneuvers that
are major causes of accidents. Young, inexperienced
drivers are particularly at risk of an accident. There
is a strong correlation between truck drivers under
the influence of alcohol and increased accident likeli-
hood and severity, Inspection and accident records
show that carriers exempt from Federal safety reg-
ulations have more violations both for the condi-
tion of the vehicle and the qualifications of the
driver.

Fatigue can play a major role in accidents, par-
ticularly early in a shift and after extended shift
length. Older drivers are more affected by fatigue
than younger drivers. Drivers of large trucks have
shown significant increases in driving errors and de-
creases in driver alertness due to fatigue well within
the current hours-of-service limit. Policy options ad-
dressing these driver-related factors may be found
in chapter 6.

Vehicle design and operating characteristics have
a significant impact on safety. Brake systems are
most in need of attention, with brake maintenance
a principal concern. Tire condition and perform-
ance are also key factors in safely handling a heavy

truck. Override/underride accidents occur more
often under conditions of reduced visibility, and
trucks with underride protection are involved in
fewer fatal accidents. Bobtails and combination
trucks running empty pose higher accident risks, be-
cause of the complicated relationship between brake
systems and truck loads. Poor handling and vehi-
cle stability increase the likelihood of rollover, par-
ticularl y for doubles operations. Policy options to
address these issues directly are presented in chap-
ter 5.

Studies of the relative safety of single and double
combinations are not conclusive about differences
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in operating safety. OTA finds that different safety
problems are inherent in each design, and that
driver training and experience with doubles and
any other heavy vehicle with special handling
characteristics can improve their safe operation.

Truck occupants typically do not protect them-
selves by wearing seat belts. As a result, ejection and
contact with the cab interior often occur, leading
to serious injury or fatality. Congress may wish to
consider a requirement for heavy trucks to have
substantial safety restraints and for drivers to use
them.

Furthermore, OTA concludes that stepped-up
research is needed to improve cab design and
safety. A public/private cooperative approach
could provide a cost-effective way to integrate pub-

lic health expertise and manufacturing product de-
velopment.

Although roadway environment is recognized as
a key part of the safety equation, U.S. and State
highways are significantly overinvolved in fatal
heavy truck accidents. Clear median markings and
sturdy barriers are key factors in safety, and Con-
gress may wish to encourage DOT action on de-
veloping standards for such median devices on
State and rural highways heavily used by trucks.

Finally, the need for cars and trucks to share the
roads safely makes education a top priority for DOT
and State governments alike. The driving public
must be made more fully aware of the handling char-
acteristics of heavy trucks and the potentially life-
threatening consequences of a multiple-vehicle
crash.


