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EXECUTIVE SUMMARY 

This report was prepared by the Department of Transportation's National 

Highway Traffic Safety Administration (NHTSA) in cooperation with the Federal 

Highway Administration (FHWA) for the Senate Conunittee on Appropriations. 

INfR0DUCTION 

Accidents involving large trucks (more than 10,000 pounds gross vehicle 
weight) are a serious safety problem on our Nation's highways. In 1979-1980*, 

large trucks were involved in 5.7 percent (385,000) of all police-reported 

accidents. Yet, they accounted for 11.8 percent (5,360) of all fatal 

accidents, in which 5,874 persons died. 

This report identifies the driver, vehicle, and highway/environmental factors 
and the operational practices which contribute to the frequency and severity 

of accidents involving large trucks. Analyses did not reveal any single 

solution which, if implemented, would guarantee alteration of the truck 

accident problem. They did, however, indicate areas in which the greatest 
probability exists of reducing the number of truck accidents and their 

consequences. Full implementation of the reco111111e11dations offered in Section V 

would improve large-truck safety significantly. 

As expected, the information and data which were assembled and analyzed do not 

permit conclusive answers to many questions regarding large-truck accident 

causation. CX!going and planned efforts by NHTSA and FHWA to acquire and 

analyze improved accident and travel data will permit better understanding. 

MJreover, it is unrealistic to depend solely on accident data for answers to 

several questions related to the improvement of large-truck safety due to some 
inherent limitations in the evidence available from post-crash 
investigations. For this reason, NHTSA and FHWA have successfully used and 

will continue to use engineering analysis and vehicle testing to identify 

"'Throughout this report, 1979-1980 indicates that the data presented are an 
annual average. 
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safety problems and to develop countermeasures in those areas in which 
necessary accident data are either unavailable or too costly to collect. This 

report includes information on large-truck safety problems identified through 

accident data analysis as well as through engineering analysis and 
experimentation. 

THE U.S. TRUCKING INDUSTRY 

About 20 percent of the estimated 27 million trucks in use in the United 

States in 1977, were large trucks. These represented 4.0 percent of all 
registered vehicles and accounted for 6.7 percent of all vehicle miles· 

travelled. Nearly one-fifth of the large trucks were combination trucks and 
more than four-fifths were single-unit trucks, but the typical combination 

truck travelled more than four times the annual mileage of the typical 

single-unit truck. 

For the most part, the trucking industry consists of two major groups, 
for-hire and private carriers. For-hire carriers transport freight for 

others, and private carriers transport their own goods and supplies. Economic 
deregulation now permits private carriers to act as for-hire carriers under 
certain conditions. 

In 1977 interstate for-hire carriers operated 9 percent of all large trucks in 

use and accounted for 27 percent of total interstate large-truck mileage. 
Although private carriers operated more trucks over more total miles, the 
average mileage of for-hire trucks operating interstate was greater than four 
times that of private-carrier trucks. 

"Owner-operators" or "independent truckers" own about 100,000 vehicles, of 

which 60 percent are leased to for-hire carriers and 40 percent operate as 
independents. Significant differences exist among various segments of the 

trucking industry in scheduling procedures, maintenance procedures, and 
mileage driven. 
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TRUCK ACCIDENT EXPERIENCE 

Large trucks were involved in 5.7 percent of all police-reported accidents in 

1979-1980, but in 11.8 percent of all fatal accidents. These percentages were 

less than those for passenger cars and light trucks and vans, but the relative 
proportion of fatal accidents to all accidents was much greater for large 
trucks than that for cars or light trucks and vans. 

Overall, large trucks were involved in fewer accidents per mile of travel than 

were passenger cars, but the proportion of accident-involved trucks to the 

number of registered trucks was slightly higher than that for cars. The 
opposite was true with regard to fatal accidents: large trucks experienced 

almost twice the fatal accident rate per mile travelled than did passenger 

cars. Stated another way, although accidents involving large trucks were less 

likely to occur than accidents involving passenger cars, the consequences of 

large-truck accidents were much more severe. 

About three-fourths of all large-truck accidents, both fatal and nonfatal, 
involved two or more vehicles. When a large truck collided with another 

vehicle, it was more than three times as likely to be with a passenger car as 
not. In such collisions, occupants of the other vehicles were more likely to 

be killed or injured than were occupants of the truck. 

The number of fatal accidents has increased each year from 1976 to 1980 but 

the rate of increase has been slowing. In 1980 there was almost no increase 

above the 1979 rate and a slight decrease in that rate was experienced in 
1981. The number of fatal accidents involving large trucks also increased 

each year from 1976 to 1979, but decreased 11 percent in 1980. A further 3 
percent decrease was observed for 1981. The recent decline in fatal accidents 
may be attributable in part to a reduction in vehicle miles of travel as a 
result of economic slowdown. 
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The future accident experience of large trucks will be influenced by vehicle 
miles of travel (VMT) and the changing vehicle mix. If VMT for large trucks 
in the next decade continues to increase and the rate of fatal large-truck 
accidents per VMT remains constant, then the proportion of fatal accidents 

that involve large trucks can be expected to rise from about 12 percent in 
1978 to almost 14 percent in 1990. Recent trends indicate that large-truck 
VMT is increasing at a higher rate than the remainder of the vehicle 
population. The number of vehicles using the Nation's highways is expected to 
increase during the 1980s while the amount of new highway mileage is expected 
to increase only slightly. The increased competition for highway space by 
more vehicles can be expected to result in more frequent collisions. 

By the mid-1980s smaller and lighter cars are expected to become the majority 
of the car population. l-breover, the type of accidents in which most persons 
were killed has changed from single-vehicle crashes in the 1950s to 
multiple-vehicle crashes. The increasing likelihood of collisions between 
smaller vehicles and heavier vehicles will contribute to an increased risk to 
occupants of smaller cars. 

CONJ'RIBUfING FACTORS TO TRUCK ACCIDENJ'S 

Driver-Related Factors 

o Age: Young drivers have higher accident rates than any other driver 
group. This is particularly true for drivers of large trucks. Accident 
rates per VMT are highest for young drivers (under 30), and lowest for 
middle-aged drivers (30-49). Truck drivers under age 25 are twice as 
likely to be involved ·in an accident as are passenger car drivers under 
25. Truck drivers more than 49 years old had accident rates slightly 
higher than did the middle-aged group but much lower than did young 
drivers. A survey of truck drivers has indicated that those under 25 
drove more often at higher speeds, drove more often beyond the ten 

consecutive hours permitted by the Bureau of Motor Carrier Safety (BMCS), 
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and had more moving violations and accidents than did older drivers. 
Also; drivers under 25 were more frequently employed hauling ICC-exempt 

conunodities than drivers for connnon or contract carriers and were 

consequently less subject to enforcement of safety regulations. 

o Training: A majority of the drivers surveyed had no formal training. 

Data for 1979 showed that only 15 percent of accident-involved truck 

drivers had any formal conunercial-driver education. 

o Fatigue: Although a direct relationship between accidents and 
hours-of-service is lacking, studies have found significant increases in 

driving errors and decreases in driver alertness due to fatigue well 

within the ten-hour limit allowed by BMCS regulations. Among other 

findings: cumulative fatigue effects appeared after four consecutive days 
on duty; adverse effects of prolonged driving were more pronounced among 

drivers over age 44 than among younger drivers; more single-vehicle 

accidents and accidents involving dozing at the wheel occurred during 

early morning hours; and drivers on irregular schedules experienced more 

fatigue effects than did regular-route drivers. 

o Alcohol Involvement: The role of alcohol in vehicle accidents has been 

studied extensively and is well established among passenger car drivers, 

but the role of alcohol in accidents involving large trucks has not yet 
been so well defined. This is attributable to a higher emphasis on 

passenger car drivers in previous research as well as difficulties in 

acquiring alcohol information on drivers of large trucks. 

o Drug Use: Data associating drug use to highway accident occurrence is 

also lacking. Accident studies have attempted to identify the problem but 
none has focused on drivers of large trucks. A survey of truck drivers, 
however, reported that drivers under 25 used marijuana and amphetamines 

more often than did other age groups. 
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o Driver Qualification: Thirty-one States test applicants for truck driver 

licenses in the type of vehicle to be driven, and both States and motor 
carriers are required to maintain driver-violation histories. However, 

procedures to monitor driver-violation histories and to conduct background 

investigations on prospective employees rely on the drivers' self-reported 
information. Many practices exist by which drivers avoid placement of 

violations on their records. Maintaining multiple licenses and records 

within different States is one frequently used practice. 

o Driver-Safety M:ltivation Programs: Motor carriers for years have 

successfully used awards programs as incentives for accident-free 

driving. Evidence exists that fuel-efficient driving may also reduce the 

frequency of truck accidents significantly. More recently carriers have 
been providing incentives for fuel-efficient driving. 

Vehicle-Related Factors 

o Vehicle Design and Weight: Differences exist in the accident and severity 
rates among large trucks of different types. Particular attention has 

been given to the safety records of multiple-trailer combinations. Nine 
studies have compared the records of single-trailer and double-trailer 
combination trucks. Four of these have indicated that double-trailer 

combinations are less frequently involved in.accidents but noted that this 

could be the result of stricter operational conditions such as the 

employment of more experienced drivers or the safer highway environments 

in which they were observed. Three studies, two in the early 1970s and 

one in 1979, have found no difference between accident involvements for 

single- and double-trailer combination trucks, and two other studies have 
shown that double-trailer trucks tend to experience both higher accident 

rates and higher injury and fatality rates. 
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Although one study has indicated that fatality rates for car occupants in 
car-truck collisions increase as the weight of the truck increases, the 

effects of truck weight on accident causation are not known. A recent 
FHWA study showed an inverse relationship between accident occurrence and 

truck weight and indicated that articulated trucks, especially 

double-trailers, experience a significantly higher accident rate when 
operated empty. Understanding of the effect of truck weight on accident 

occurrence and severity is hampered because many data bases reflect only 

registered truek weight rather than actual loaded weight at the time of 

the accident. 

o Crashworthiness: In 1981, 1,131 occupants of large trucks were killed. 

Seventy-two percent were occupants of combination trucks. While many of 
the fatal accidents involving combination trucks were collisions with 

fixed objects, death was most often attributed to rollovers. 

The combination-truck occupant most often killed was the driver (82 

percent). Fatally injured truck occupants, similar to fatally injured 

passenger car occupants, were almost never using a safety belt (97 

percent). Thirty-five percent of the combination-truck occupants killed 
were ejected from the truck. Studies have indicated that occupant 

fatalities occur more frequently in cab-over-engine tractors than in the 
conventipnal cab-behind-engine tractors. 

The largest group of large-truck accidents that resulted in fatalities 
were collisions of large trucks with other motor vehicles, and most of 

these fatalities in other motor vehicles were passenger car occupants (71 
percent). t.t>st of these two-vehicle collisions were head-on impacts. 
t.t>re large trucks struck passenger cars than were struck by them in 

frontal collisions, but the reverse was true in front-to-rear crashes. 
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o Crash Avoidance: The braking system of trucks is the most important 
vehicle component in the prevention of truck accidents. Two types of 
truck accidents that involve braking capabilities involve the inability to 

stop in time and loss of directional control. A reduction in the 

frequency of truck accidents may be possible by shortening the stopping 

distance of trucks with simple brake adjustments and repairs. Braking 
systems account for the largest group of safety problems found in the BMCS 

inspections that resulted in trucks being removed from service. 

Truck instability during braking and compensating steering ma~euvers often A 
results in rollover or jackknife accidents. About half of all !'f' 
single-vehicle truck accidents involve either rollover or jackknifing. 

Such accidents are high-risk events for truck occupants. One study has 
found that 56.2 percent of combination-truck occupant fatalities result 

from rollover accidents and 55.6 percent of all combination-truck occupant 

injuries resuit from jackknife accidents. 

Crash avoidance capabilities of large trucks could be improved by: 

Better braking performance, especially for empty trucks and trailers, 

Retarders that assist brakes to control downhill speeds, 

Tire designs that reduce stopping distance and improve directional 

stability, 

Proper tire inflation to reduce the potential for blowouts under heavy 

loads, 

Systems to control spray from truck tires during wet weather, 

Improved vehicle conspicui ty and lighting systems, 
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Systems to improve rear vision, 

Standardized driver controls and displays, and 

Improved defrost and defog systems. 

There is some limited evidence which links these crash-avoidance factors to 
the frequency and severity of accidents. As a general rule vehicles should be 

compatible with the limitations and abilities of drivers. 

Highway/Environmental-Related Factors 

o Interchanges and Intersections: A six-State accident sample has indicated 
that on controlled access highways 16 percent of large-truck accidents 
occur at interchanges (10 percent for rural and 21 percent for urban 
freeways). The study also found that large trucks experience fewer 
accidents at on-ramps than at off-ramps. ~re "collision" accidents 
occurred at on-ramps and more ''non-collision" accidents occurred at 
off-ramps. Truck accidents at intersections accounted for 65 and 23 

percent of total truck accidents on urban and rural nonfreeway roads 
respectively. 

o Grades: Almost one-third of all fatalities associated with 
combination-truck accidents occur in accidents on grades. Poor ability to 
maintain speed on upgrades poses a hazard of trucks being rear-ended by 
following vehicles. Trucks are often provided with climbing lanes 
primarily to facilitate traffic flow, but these lanes have safety benefits 
as well. Single-vehicle truck accidents are more likely to occur on 
downgrades than on upgrades. On downgrades, the risk of "runaway" 
accidents and of rear-ending slower-moving vehicles can be reduced by 
escape ramps and advisory signing. Downgrade accidents are more prevalent 
on rural nonfreeways than on other types of roadway. 
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o Curves: The percentage of truck accidents that occur on curves ranges 
from 7 percent on urban nonfreeways to 34 percent on rural nonfreeways. 

According to 1979 data, 44 percent of the single-vehicle accidents that 

resulted in the death of a combination-truck driver occurred on curves. 

o Stopping Sight Distance: The distance travelled from the time a driver 

sees a hazard to the time he can bring his vehicle to a stop is critical 

on crest vertical curves designed for the stopping requirements of cars. 

At sharp hill crests, even the higher elevation of drivers of large trucks 

and consequent earlier warning of a hazard ahead may not in fact 
compensate for the longer stopping distances required by large trucks. 

o Roadside Hazards: Development of guardrails and barriers to contain 

heavier vehicles did not begin until the early 1970s. Recent accident 

data indicate an increase in truck collisions with guardrails and 
barriers. These restraining devices tend to redirect striking automobiles 
but, because of their weight and higher center of gravity, large trucks 

often penetrate the barrier or overturn upon impact. 

o Speed Differentials: Coe effect of the National 55 mph speed limit has 
been to reduce the speed differential between cars and trucks. After the 

speed limit was implemented significant decreases were observed in the 

frequencies of large-truck rear-end collisions, large-truck accident 
rates, and accident severity on interstate and four-lane highways. 

o Lighting and Weather: Truck accidents tend to be more severe during the 

late night and early morning hours and during other periods when poor 

lighting conditions exist. Almost 22 percent of accidents involving large 
trucks occur during adverse weather conditions This is slightly higher 

than the 20 percent of passenger car accidents occurring under similar 

conditions. 
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KEY REC<MffiNDATIONS 

The major reconmendations of the report are sU111narized below. Additional 

recommendations and important research and development needs are presented in 

Section V (pp. V-7 to V-13). 

t.k>tor Carriers Should: 

F.nsure that drivers comply with motor carrier safety regulations. 

Conduct pre-trip and post-trip truck inspections. 

Implement effective truck maintenance programs emphasizing braking systems. 

Improve driver qualifications through pre-employment background screening 

and increased training, with special attention to the training, 

supervision, and monitoring of young drivers, and increase training to 

familiarize drivers with large-truck handling and braking capabilities. 

Ensure that safety belts are installed in all trucks and require their use 

by drivers. 

Large-Truck Manufacturers Should: 

o Improve the braking performance of large trucks and trailers, especially 

when travelling empty, and implement improvements to reduce in-service 
brake degradation. 

o Develop and install more comfortable and convenient safety belt systems 

for truck occupants. 
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Federal Govenunent Should: 

o Continue Federal inspection of large trucks and their drivers and 

encourage more widespread truck inspection by States. Publicize among 

motor carriers the economic and safety benefits of improved vehicle 

maintenance. 

o In cooperation with the truck safety community, coordinate the research 

and development program which complements truck accident and travel 

data acquisition and analysis activities. (Research and development 

needs are listed on pp. V-12 and V-13.) 

o Encourage States to evaluate and improve large-truck driver license 

testing, issuance and control practices, and foster use of the National 

Driver Register and the Driver License Compact. 

o Define in cooperation with the truck safety community the large-truck 

exposure (travel characteristics) and accident data that are most neede 

and develop and implement a coordinated plan to fill these needs. 

State Governments Should: 

o Increase on-road large-truck inspections and broaden authorization for 

removing ~ehicles from service. 

o Implement and evaluate improved truck-driver license testing and issua 

procedures and increase compliance with provisions of the Driver Licer 

Compact and participation in the National Driver Register. 

o Continue to join with Federal agencies in attempts to llllderstand 

large-truck accident phenomena and to detennine the effectiveness of 

alternative countenneasures. 
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o Increase enforcement efforts of traffic laws relating to large trucks. 

State and Federal Government Should: 

o Promote use of safety belts by all motor vehicle occupants, specifically 
including occupants of large trucks. 

o Identify and correct the hazards associated with locations that have a 
high incidence of truck accidents, such as freeway on- and off-ramps, 
surface street intersections, grades, and curved sections of highway. 

o Promote safety countermeasures and safety management techniques. 

o Adopt uniform classification and recording of large-truck travel and 
accident information. 

Insurance Companies Should: 

o Expand areas of cooperation with NHI'SA and FHWA on research efforts by 
providing available data on large-truck accidents. 

Truck Drivers Should: 

o Wear safety belts. 

o Increase familiarity wit~ large-truck maintenance problems and regularly 
check their trucks, especially the trucks' brake systems and tires. 
Insure that front-axle brakes are operative and do not defeat their 

function. 

o Comply with motor carrier safety regulations. 

o Not drive under the influence of alcohol and other drugs. 
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Important Research and Development Needs: 

o Continue collection and analysis of large-truck accident and exposure 

(travel characteristics) data to expand knowledge of accident and injury 

causation. 

o Develop and evaluate large-truck brake system modifications to reduce 

stopping distances and minimize loss of control. 

o Develop and evaluate alternative methods of improving the handling and 

stability of large trucks. 

o Evaluate truck-driver training programs and license testing procedures. 

o Evaluate roadway geometric design and traffic control device standards and 

practices as they apply to the size, weight, and configuration of large 

trucks. 

o Develop and evaluate improved safety belt systems for large trucks. 
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SECTION I 
INTRODUCTION 

Qi behalf of the Secretary of the Department of Transportation (oor), the 
National Highway Traffic Safety Administration (NI-ITSA) has prepared this 

report on the causes of truck accidents and of injuries that result from them, 

and general recommendations for effective programs of research, accident data 

collection, and countermeasure development. NI-ITSA wishes to acknowledge the 
support and cooperation of the Federal Highway Administration (FHWA) in 

preparing this report. 

In 1979-1980*, large trucks were involved in 5.7 percent of all traffic 

accidents and 11.8 percent of all fatal accidents reported to police. It is 

estimated that during these years, 44 accidents involving large trucks 

occurred every hour each day of the year and one out of every nine persons 

killed on the Nation's roadways was the victim of a large-truck accident. 

Data for 1981 show that 5,779 persons died in accidents involving large trucks 

(FARS data, NASS data, 1979-1981). 

ognizing this safety problem, the Senate Appropriations Committee directed 

, in cooperation with other members of the highway safety community, to 

undertake research and analyses necessary to identify the causes of 

large-truck accidents and to provide a basis for development of 

countermeasures. 

In report #96-932, which accompanied appropriations for the Department of 
Transportation and related agencies for the fiscal year ending September 30, 

1981, the Senate Appropriations Committee directed oor: 

" .. to undertake a comprehensive data collection and 
analysis of large (greater than 10,000 pounds GVW), medium 

(10,000 to 26,000 pounds GVW), and heavy (greater than 
26,000 pounds GVW) truck accidents. This undertaking 

*Throughout this report, 1979-1980 indicates that the data presented are an 
annual average. 
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should be done in cooperation with other Federal agencies, 
State transportation or highway departments, truck 
manufacturers, operators and carriers, labor organizations, 
associations, police officials, accident investigators and 
researchers, insurance companies, and other interested and 
affected parties. Such report shall identify truck 
accident causative factors and include reconunendations so 
that effective countenneasures to prevent accidents and 
injuries, both to their occupants and those of other 
vehicles, can be defined." 

OBJECTIVES 

The objectives of this report are to identify factors that contribute to the 
occurrence and severity of truck-related accidents and of the injuries 
sustained by all persons involved in such accidents, and to reconunend the 
implementation or further development of effective countermeasures. 

SCOPE --

This report analyzes the h1.D11an, vehicle, and highway/environmental 
characteristics of accidents involving large trucks and how these accidents 
and injuries might be prevented. It is concerned with accidents involving 
large trucks, defined by the Appropriations Conunittee as those with a gross 
vehicle weight (GVW) exceeding 10,000 pounds. The time available did not 
pennit data collection initiatives. Therefore, available truck accident and 
safety research infonnation, supplemented by the assembly and analysis of 
existing accident and exposure data files, was employed. 
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MEIBODOLOGY 

Preparation for this report was two-phased: information gathering and 

analysis. Information was gathered from four sources: a public docket that 

solicited outside comments; a Transportation Research Board workshop attended 

by a broad spectrwn of safety specialists and trucking industry-related 

officials; the literature of available research studies; and existing accident 

and exposure data of Federal, State and private agencies. 

At an early juncture, NHfSA and FHWA formed a joint committee to guide the 

project and a joint working group to perform project tasks. Groups outside 

the Federal Government were also involved. 

First, a Public Docket (Docket No. 81-06) was established and published in the 

Federal Register on April 23, 1981 which provided all private and public 

an opportunity to contribute information at an early stage in the 

evelopment of the project. Twenty-six organizations and/or individuals 

bmitted analyses, studies, and comments which were used in developing this 

These contributors are listed in Appendix A. This Docket will remain 

open indefinitely in the hopes of generating additional information as future 

truck programs develop. 

Secondly, the Transportation Research Board (TRB) of the National Academy of 

Sciences sponsored a two-day workshop on May 4-5, 1981. The proceedings of 

the workshop are summarized in the TRB publication, Transportation Research 

Circular (Number 231), September 1981 (Appendix B). 

The workshop was attended by 53 representatives of Federal and State 

Governments, truck manufacturers, the trucking industry, truck insurers, 

enforcement agencies, labor unions, and safety and research organizations. 

Workshop groups considered four facets of truck safety: truck accident 

characteristics, trends, and forecasts; driver characteristics and operations; 

vehicle characteristics and operations; and highway/environmental factors. 
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The purpose of the 1RB workshop was to assess the state-of-the-art in truck 

accident data systems. Among the questions workshop participants addressed 
were the following: 

o What are the important issues that should guide the collection of 
truck safety data? 

o What data are now available to help study those issues? 

o How good is the quality of, and how complete are existing data? 

o What are potential sources of additional data? 

Major accomplishments at the 1RB workshop included: 

o Continuation of a spirit of cooperation between Govermnent and the 

private sector in dealing with the present and future issues in truck 

safety; 

o Identification of major issues which should be addressed in this 

report; 

o Identification of data bases and information that had not been 

previously identified. 

The third source of information was a synthesis of prior research cone / 

agencies of the Department of Transportation, various States, and pr.~ 

organizations (McGee, 1981). This comprehensive review of over 190 re_v,ences 

from previous research described large-truck accident characteristics 

including accident dynamics, vehicle and driver factors, highway conditions, 

alcohol, driver fatigue, vehicle defects, and other issues of concern in truck 

safety. Additional references were identified by NHTSA staff. 
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The last source of infonnation was the accident data files maintained by NHTSA 

and FHWA. Of particular importance were two NHTSA files--the National 
Accident Sampling System (NASS) and the Fatal Accident Reporting System 

(FARS)--and a FHWA file maintained by the Bureau of Motor Carrier Safety 

(OCS). Appendix C contains a discussion of the characteristics, strengths, 

and weaknesses of the major data bases used in this report. 

The infonnation and data gathered from these sources were subjected to 

analysis as were the methods and findings of previous research and data 
bases. The results of these efforts were then synthesized and interpreted. 

REPORT TERMINOLOGY 

Throughout the literature, the tenninology used to describe trucks varies. 

Tenns like heavy truck, medium truck, straight truck, single-unit truck, 

combination truck, tractor-trailer, singles, tractor-semitrailer, 

tractor-semi-full, tractor-semi-full-full, doubles, triples, and bobtails 

sometimes are interchanged, incorrectly interpreted, or confused. To provide 
a standard nomenclature for this report, large trucks are subdivided into two 

weight groups--10,000 to 26,000 pounds and more than 26,000 pounds. The tenn 
commonly applied to the former weight group is medium-weight truck and to the 

latter, heavy truck. Unless stated otherwise, the descriptive words 
"single-unit" and "combination" wil 1 be used to represent the characteri sties 

of medium and heavy trucks, respectively. "Single-unit" trucks are considered 

non-articulated vehicles; "combination" trucks are articulated • 

It should be recognized that, contrary to the selected nomenclature for truck 

classification, a small percentage of non-articulated vehicles are in the 
heavy-weight truck group. About 23 percent of all single-unit trucks in the 

1979 NASS and FARS, 1977 Truck Inventory and Use Survey (TIU), and FHWA Cost 
Allocation Study (HCAS) exceeded the registered gross vehicle weight of 26,000 

pounds. In particular, the four data files respectively showed that 13.4 
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percent, 7.4 percent, 30.Z percent, and 49 percent of all trucks greater than 
26,000 pounds were classified as single-unit trucks. Regardless of registered 
weight, all single-unit trucks have been aggregated by configuration rather 
than weight, unless indicated otherwise. 

REPORT STRUCTURE 

The report is organized into four major sections. Section II describes the 
organization and operating practices of the U.S. trucking industry. Section 
III describes the large-truck accident experience. Section IV outlines 
approaches to accident causation as a preface to discussions of driver, 
vehi~le, and highway/environmental factors that contribute to accidents 
involving large trucks and injuries resulting from them. Section V presents 
findings, conclusions, and recoomendations. 
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SECTION II 
THE U.S. TRUCKING INDUSTRY 

This section describes the U.S. motor carrier industry, its operating 

practices that are relevant to this study and the regulatory structures under 

which it operates. It also discusses the population of large trucks in use by 

that industry and the mileages travelled by those vehicles as reflected in 
available data. Structure and practices of the industry may themselves 

influence safety in trucking and the viability and potential effectiveness of 

countermeasures to reduce the risk and severity of truck accidents. Such 

considerations are also important to any attempt to build a reliable base of 

travel infonnation that would permit calculation of accident rates for the 

different types of trucks and truck trips. 

STRUCTURE OF 1HE MITTOR CARRIER INDUSTRY 

The trucking industry consists of two major groups of carriers, for-hire and 
private. The variety of operations in which they engage are shown in 

Figure 11-1 (Chow, 1978). 

For-hire carriers transport freight that belongs to others. They can also be 

classified by the jurisdictions they serve: interstate, intrastate and local, 
the latter two operations regulated by state and local authorities. Most 

intercity for-hire trucking and some local operations also involve interstate 
commerce and as such are subject to regulation by the Interstate Commerce 

Commission (ICC). The ICC lists about 22,000 carriers that have for-hire 

authority. These account for about 10 percent of all interstate carriers . 

Private carriers are those which transport their own cargos as part of 
another, nontrucking enterprise. Recent legislation deregulating the trucking 
industry enables private carriers to act as for-hire carriers under certain 
conditions. This probably represents a small portion of overall private 

carrier operations. Private carriers transport a significant portion of the 

country's intercity highway freight. In 1977 they operated almost 83 percent 

of all the large trucks in use and accounted for 61 percent of the vehicle 
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miles travelled (Table II-1). The Bureau of Motor Carrier Safety (BM::S) 

estimates that 57 percent of all interstate motor carriers are private 

carriers. They are exempt from both ICC and State economic regulation, though 

they are subject to all applicable safety and taxation regulations and 

statutes. 

In most cases, both for-hire and private carriers engaged in interstate 

transport must comply with Federal Motor Carrier Safety Regulations (OCSR) 
promulgated and enforced by BJvCS. The regulations include requirements that 

apply to drivers' hours of service, accident reporting and recording, driver 
qualifications, and vehicle inspection and maintenance. BIVCS has estimated 

that more than 176,000 carriers are subject to its regulations. Although 

other carriers are not subject to such regulations, to limit property losses 
some have implemented safety management programs whi.ch incorporate similar 

requirements. Two major field activities utilized by OCS to enforce its 
regulations are (1) unannounced, periodic, roadside inspections of vehicles 

and drivers to determine vehicle conditions and loading, and driver 

documentation, and (2) the Safety Management Audit, the Bureau's primary tool 
for monitoring compliance with the H-K:SR and for determining whether a carrier 

has implemented an effective safety management program. 

Because the OCS-regulated sector of the industry must comply with safety 

guidelines and the non-regulated sector may operate under less restrictive 
controls of driver qualification, driving time, and vehicle maintenance, 

differences can be expected between their accident rates and general safety 

records. However, present data do not permit differentiating between the two 
sectors, and comparisons made between the two must be evaluated with this 
caveat in mind. 

Vehicles operated by private carriers represent the majority of all trucks 

operating in intercity service. On average they differ from for-hire 
operations in several relevant ways. The privately owned intercity truck 

usually has a shorter average length of haul than the for-hire truck and is 
driven fewer miles each year. 
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Operator 
Classification 

t-bt for Hire 

Private CMner, 
Individual, or 
Company 

For-Hire Interstate 

Exempt Carrier 
Common Carrier 
Contract Carrier 

For-Hire Intrastate 

Local Cartage 

For-Hire Daily Rental 

Not Rep_orted 

Totals 

TABLE II-1 

TRUCKS AND MILEAGE BY OPERATOR CLASSIFICATION 
FOR ALL LARGE TRUCKS IN USE IN 1977 

Annual 
Trucks Mileage 

(thousands) (millions) 

4,435.9 (82.6%) 58,750 (61.3%) 

73.4 (1.4%) 4,080 (4.3%) 
276.2 (5.2%) 14,890 (15.6%) 
118 .6 (2.2%) 6,825 (7 .1%) 

336.5 (6.3%) 7,774 (8.1%) 

103.7 (1.9%) 3,303 (3.4%) 

26.2 (0.4%) 183 (0.2%) 

5,370.5 100.0% 95,805 100.0% 

Source: FHWA Cost Allocation.Study Data (1982) 
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Average 
Annual Miles 

Per Truck 

13,244 

55,586 
53,910 
57,546 

23,103 

31,851 

6,985 

17,839 
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Types of For-Hire carriers 

For-hire carriers are classified by type of operation: conmon carriers, 
.. 

contract carriers, and ICC-exempt carriers. Seven percent of all large trucks 
in use and 23 percent of all travel was by interstate for-hire conmon and 
contract carriers. These vehicles had an average annual mileage per truck 
which was three times the average for all large trucks combined (Table II-1). 
In interstate operations, for-hire carriers--including ICC-exempt 
carriers--operated only 9 percent of all large trucks but accounted for 27 
percent of large-truck mileage--more than four times the mileage per truck 

• accumulated by the private carrier. 

Connnon carriers offer services to any shipper under authority granted by the 
ICC. They transport goods between designated points at published rates 
approved by the ICC for various classes of freight. 

Known as a certificate of public convenience and necessity, the authority 
granted by the ICC to a trucker specifies the types of coomodities a trucker 
may carry and the service routes he may use, whether nonscheduled, irregular 
route service between areas or regular scheduled service over designated 
roads. Services not specified in the operating certificate are generally 
prohibited. 

Contract carriers are restricted to serving a shipper or limited number of 
shippers under specific contracts and may not offer services to the public at 
large. Their rates differ from those of conmon carriers, and permits must be 
obtained from the ICC specifying areas to be served and comodities to be 
carried. 

Certain types of co111111odities hauled in interstate transport for-hire and 
transport in certain c0111111ercial zones are exempt from ICC regulation but such 
operations are still subject to part of the Ft-£SR. 
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The existence or nonexistence of a causal relationship between the ICC's 

economic regulation of motor carriers and highway safety has been 
controversial in recent years. Some have argued that deregulation of the 

motor carrier industry will result in an increase in motor carrier accident 

rates. Others have taken an opposite position. A recently completed study 

(Raven, 1981), consisted of a critical review of data and a survey of some 

1,300 truck drivers. It found no relationship between regulatory status and 

accident rates. However, a review of accident files by Waller and Li (1979) 

concluded that trucks of ICC-regulated carriers pose less of a safety problem 
than trucks of exempt-cOI1D110dity ca~riers in that the latter are more often 
judged to be in violation of safety regulations and more likely to have 

vehicle defects. 

Independent Truckers and Lease Operators 

An independent trucker is one who does not hold a certificate or permit from 
the ICC. He may own one truck which he drives himself (an owner-operator), or 
he may own several trucks and employ drivers. He may be a lease operator or 
operate independently. 

In either case he may haul ICC-exempt commodities or may lease his trucks, 

with drivers, to regulated carriers. Available evidence indicates there are 
about 100,000 vehicles owned by independent owner-operators. Of these, about 
60 percent are leased to regulated carriers and 40 percent are exempt haulers 

or independent truckers. It has been estimated these account for 25 to 40 

percent of intercity truck operations. I.aw prohibits private carriers from 

engaging owner-operators under long-term or trip-lease arrangements. 
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'JRUCKS IN USE AND MILEAGE TRAVELLED 

hi estimated 27 million trucks were in use in the U.S. in 1977. Of these, 0.9 
million (3.4 percent) were combination trucks and 4.4 million (16.5 percent) 
were single-unit trucks. The remaining 21.7 million were light trucks and 
vans. The 5.3 million large trucks accounted for 4.0 percent of all 
registered vehicles in 1977 and 6.7 percent of vehicle miles travelled [FHWA 
Cost Allocation Study (HCAS) data, 1982). 

Figure 11-2 shows that, although there were almost five times as many 
single-unit trucks registered in 1977 as there were combination trucks, they 
travelled about the same total miles: 49 billion for single-unit trucks, 46 
billion for combination trucks. 

Travel characteristics of single-unit trucks also differed from those of 
combination trucks. Combination trucks accumulated almost 4.5 times as many 
annual miles per truck as did single-unit trucks. The data indicate this was 
because single-unit trucks were more often used for local and short-haul 
transport while combination trucks were more often used for long hauls. 

Large fleets (20 vehicles or more) operated 17 percent of all large trucks and 
accounted for almost 30 percent of total travel while small fleets (5 vehicles 
or less) operated nearly two-thirds of all trucks but accumulated only about 
47 percent of the mileage (Figure II-3). BMCS records indicate only 4,395 
interstate motor carriers operate more than 25 vehicles while 161,180 
interstate motor carriers operate ten or fewer vehicles. Respectively this is 
approximately 2.5 and 91.1 percent of the number of carriers regulated by BMCS. 

Campbell and Carsten (1981) found that fleets with fewer than 50 trucks are 
more than twice as likely to experience fatal accidents than fleets with more 
than 50 trucks. Their study of intercity fleets operating combination trucks 
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found that fleets with fewer than SO trucks had a fatal accident rate of 10.4 

per 100 million vehicle miles while fleets with more than SO trucks had a 

fatal accident rate of 4.6 per 100 million vehicle miles. 

Tables II-2 and II-3 distribute transport uses and accumulated mileages across 

truck configuration and fleet sizes. Manufacturing, wholesale and for-hire 

trucking are characterized by generally larger fleets, and construction, 

retail and, especially, agriculture tend to use smaller fleets. The 
agriculture, construction, wholesale and retail truckers who are mostly 

private carriers, more often use single-unit trucks and generate comparatively 

low mileages. Conversely, manufacturing and, in particular, for-hire groups 

most frequently use combination trucks with the associated higher annual 
mileages. In comparison to single-unit trucks, combination trucks: 

o Are mostly used in for-hire transportation - Of all combination 

trucks, 40 percent are used in for-hire transportation and accumulate 

nearly 48 percent of the VMf for combination trucks. 01 the other 

hand, only 4 percent of all single-unit trucks are used for this 
purpose and account for 6 percent of the VMf for single-unit trucks. 

(Table II-2) 

o Operate in large fleets (20 vehicles or more) - Nearly 35 percent of 
all combination trucks and 42 percent of their VMf operate in large 

fleets. The majority (57 percent) of these combination trucks are 
used in for-hire transportation. Of all single-unit trucks, only 9 

percent in large fleets, accumulating 13 percent of the VMf for 

single-unit trucks. Twelve percent of single-unit trucks in large 
fleets are used in for-hire transportation. (HCAS data, 1982) 

o Have high annual mileage per truck - Average annual mileage per truck 

for combination trucks accumulate four-and-one-half times the annual 

average mileage of single-unit trucks. (Table II-2) 
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TABLE II-2 

TRUCKS AND MILEAGE FOR MAJOR USES BY TRUCK TYPE IN 1977 

Trucks Annual Mileage Average Annual 
(thousands) (millions) Miles Per Truck 

Single Single Single 
Major Uses Unit Combination Total Unit Combination Total Unit Combination 

Agriculture 1,334.4 77 .2 1,411.6 7,992 2,797 10,789 5,989 36,231 

Construction 546.3 89.3 635.6 6,473 2,808 9,281 11,849 31,445 

H Manufacturing 
H 

147.9 88.8 236.7 2,074 5,246 7,321 14,023 59,077 
I 

f---' 
Wholesale 439.1 115 .6 554.7 f---' 8,403 6,229 14,632 19,137 53,884 

Retail 396.0 56.4 452.4 5,260 2,488 7,748 13,283 44,113 

For Hire 168.0 371.6 539.6 3,173 22,273 25,445 18,887 59,938 

Others* 1,416.0 12.3.9 1,539.9 15,941 4,648 20,589 11,258 37,514 

Total 4,447.7 922.8 5,370.5 49,316 46,489 95,805 11,088 50,378 

*Other major uses included forestry and lumbering, mining and quarrying, utilities, 
services, daily rental, personal transportation, other, and not in use 

Source: FHWA Cost Allocation Study Data (1982) 



TABLE 11-3 

TRUCKS AND MILEAGE BY FLEET SIZE FOR MAJOR USES IN 1977 

A&riwltur• (;aostructioa tenufKturina lilllolnale 

Average Average Average Average 
Fl .. t Trucks Annual Niln Trucks Annual Miles Trucks Annual Miles Trucks Annual ~les 
Size lt.-ands! l'l!lr Truck (thousands) Per Truck lthousandsl Fer Truck l tbou5ands ! ,-r Truck 

l 576.7 (40.!II) 60194 169.l (26.61) u.an 59.11 (ZS.ll) ll,l!IO 111.2 (li.1') zz.211 

2-5 m.6 u2.9U 1,7S2 167.0 (26.ll) 12,9S8· §9.4 (25.1') 21.1111 1411.2 (26.111) zs.zoa 
6-111 60.l (4.U) 11.1112 125.0 (19.7') 11.oaa 52.5 (22.21) 37.105 lll.0 (24.111) 29,536 

20 and 12.6 (0.81) 40,000 ·10.11 (11.U) 22,!MI 41.9 (17.11) 41,375 105. 5 (19 .0I) J0.682 
over 

!Gt 
Soocified 4ll.4 lll.11! 61243 103.4 (16.31) 11.147 23.0 111. 71! u 1110 12.1 (13.11! 21.580 

Total 11411.6 (1001) 1,6.U 635.6 ooou 14,602 236. 7 (1001) l0,11211 554.7 (lool) 26.378 

H NllOr Ilia 
H 

I 

For Hire .... letail OtMr1• Total N 

Av•r•a• Averaae Average Average Fl .. c Trucks A!Dal Nila Trucks Annull Nila Trucks Annual Nila Trucks Annual Nil• 
$.ii• I tlaousaDds J ,-r Truck ltbousands! l'er Truck 'thousands! f!r Truck ltb1111sand1! hr Truck 

1 106.4 (ll.51) 130205 97.l (11.01) 57.114 364.6 (23.7') u.119 t.463.t (21.21) 14.071 
2•5 ltJ.6 (ll.71) 15.1115 69.9 (13.01) u.:ua 221.0 llt.91) 14,310 10141.7 (U.JI) 15.191 
6·11 IO.l (17. 11) 19,611 121.1 (23.11) 35,701 lS2.I (9.91) 11,n1 7l7.t (13.11) 25,0ll 

20 ml tJ.4 (9.61) u.uo 2u.2 (41.40 -- 55,605 115.6 02.01) 19.421 613.1 (U.11) 36,2911 

lbl 
Soecifiecl 11.9 ,n.51! 14,537 20.1 ,3.71! 26,368 607.1 l39.51J 10,155 11344.t ,zs.011 10,261 
Total 451_.!_ llOOI! !7,126 539.6 ,10011 47,155 11539.9 !1001} n 1no 5,370.5 11001) 111u9 

aotber Mjor - includecl fo.-e1trr and llllllerina, llillina ud cauarrrina. utiliei•• senicea, dail:, r•tal, per.-1 
Cnupartalioa, otw, _. aoc la ... 

Source: FHWA Cost Allocation Study Data (1982) 



Approximately 10 percent of all large trucks were used in for-hire 
transportation. This type of use is characterized by: 

o The use of combination trucks - Nearly 69 percent of all large trucks 
used in for-hire transportation are combination trucks which account 
.for 88 percent of the annual mileage for this major use. In other 
major transportation uses, only 11 percent of all large trucks used 
are combination trucks which account for 34 percent of the major use 
annual mileage. (Table II-2) 

o Large fleets - Almost 42 percent of all large trucks used in for-hire 
transportation operate in large fleets of 20 vehicles or more (Table 
II-3). Fifty percent of the mileage accumulated by for-hire use 
vehicles is in large fleets (HCAS data, 1982). Olly 10 percent of 
large trucks used in other types of major uses operate in large 
fleets (Table II-3) and account for 18 percent of the annual mileage 
for other major uses (HCAS data, 1982). 

o High annual mileage per truck - Average annual mileage per truck for 
the major use, for-hire, is more than three times the annual average 
mileage for other major transportation uses. (Table II-2) 

OPERATING PRACTICES 

Practices differ between company drivers and owner-operators, especially in 
scheduling and maintenance procedures and in average mileage driven. 

Operating conditions for the company driver appear more likely to involve 
regularly scheduled terminal-to-terminal trips, whereas the owner-operator 
driver is more likely to be assigned irregular routes with deliveries directly 
to customers (Wyckoff, 1979). 
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Many carriers using irregular route patterns also use a mix of company and 

owner-operator trucks. The tendency appears to be to give preferential 
treatment to company drivers. They are likely to be dispatched first and to 
receive preferred loads. Also, assignments for owner-operators to transport 
cargo to particular destinations do not necessarily provide for return trips 
with a payload (backhaul). In order to avoid a nonrevenue return trip, the 
owner-operator often attempts to find his own backhaul (Wyckoff, 1979). 

Maintenance practices for the two groups of drivers also seem to differ. 
Trucking companies appear-more likely to provide regular preventive 
maintenance for their fleets than are owner-operators. A 1978 survey (l>k>tor 
and Equipment Manufacturer's Association, 1979) illustrated some maintenance 
practice differences between company fleets and owner-operators. The latter 
more often relied on truck dealers and general repair shops, while fleets were 
serviced primarily in-house. The survey also demonstrated that 
owner-operators tended to drive more miles per year and that their vehicles 
experienced a longer average working life. Table II-4 shows yearly mileage 
and service-life differences for fleets and owner-operators. 
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TABLE Il-4 

CCM'ARISON OF VEHICLE LIFE AND USE BETWEEN 
CMNER-OPERATORS AND FLEETS, 1978 (percent) 

Owner-
Fleets Operators 

How many miles per year is one of 
your heavy duty trucks driven? 
50,000 miles and less 43.3 27.6 
50,000-59,999 1.2 1.4 
60,000-69,999 7.3 11.9 
70,000-79,999 7.9 13.8 
80,000-89,999 11.0 14.7 
90,000-99,999 6.7 8.5 
Over 100,000 22.6 22.1 

On the average, what is maximum 
vehicle life in years? 
5 or less 25.0 30.0 
6 7.3 11.8 
7 6.7 12.0 
8 14.6 9.8 
9 6.1 2.0 
10 28.1 23.5 
Over 10 12.2 10.9 

On the average, what is maxll'IUIII 
vehicle life in miles? 
200,000 miles or less 22.2 7.4 
200-299,999 8.7 8.0 
300-399,999 14.l 15.2 
400-499,999 12.8 13.6 
500-599,999 14.8 22.3 
600-699,999 9.4 10.8 
Over 700,000 18.1 22.6 

Source: Maister (1980) 
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SECTION II I 
TRUCK ACCIDENT EXPERIENCE 

This section presents data for accidents involving large trucks as compiled by 
l'HTSA's National Accident Sampling System (NASS) from 1979 and 1980 and the 

Fatal Accident Reporting System (FARS) from 1976 to 1981. The accident 

experience of large trucks is first presented in the context of all traffic 
accidents and then described in terms of exposure and accident rates, general 

characteristics, and projected accident trends. The characteristics and 

limitations of the data bases used are presented in Appendix C. The sample 
size for both the 1979 and 1980 NASS data is relatively small (approximately 

3,000 cases each year). In order to decrease the sampling error and since the 

data are inadequate to demonstrate any year-to-year trend information, this 

report presents the annual average NASS data for the 1979-1980 period. Where 

appropriate, FARS data are also presented as an annual average for the same 

period. Any differences noted between the NASS or FARS data presented in this 

report and the NASS or FARS annual reports are due to the use of later data 
than those used in the annual reports and some differences in definitions. 

LARGE-TRUCK ACCIDENTS IN PERSPECTIVE 

Large trucks were involved in 11.1 percent of the fatal accidents in 1981. In 
these, 5,779 persons died (FARS data, 1981). In 1979-1980 large trucks were 
involved in an estimated 5.7 percent of all police-reported accidents (NASS 

data, 1979-1980). Large trucks represented 4.0 percent of all registered 
vehicles and accounted for 6.7 percent of the total vehicle miles travelled 

(HCAS data, 1982). 

Table III-1 depicts the 1979 and 1980 accident experience for selected types 
of vehicles. Although not mutually exclusive, the percentages reflect the 

relative magnitude of involvement by these vehicles in both total accidents 
and fatal accidents. Of the vehicle types studied, large trucks and 

motorcycles were involved in a much higher proportion of fatal accidents than 
of all other police-reported accidents. 
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TABLE III-1 

ACCIDENT EXPERIENCE FOR SELECTED VEHICLE TYPES* 

1979-1980 1979 1980 
Fatal Fatal Police-Reported 

Vehicle Type Accidentsl (%) Accidents2 (%) Accidents2(%) 

Accidents involving a: 

Passenger Car 85.6 70.6 

Large Truck** 5.7 12.6 

Light Truck or Van 19.8 23.9 

1'btorcycle 2.7 10.5 

*No column total is provided because the accidents are not mutually 
exclusive; e.g., an accident involving a truck and a passenger car 
is counted in both categories. · 

**Excludes unknown truck types 

69.6 

11.1 

23.9 

10.8 

Source: lNASS (1979-1980) Annual Average 
2FARS (1979-1980) 
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EXPOSURE AND ACCIDENT AATES 

Truck accident data from seven States were used to estimate national totals 
(Najjar, 1981). This estimate generally agreed with the 1979 NASS estimate. 

An estimated 432,000 accidents involved large trucks nationwide during 1978, 

of which 26 percent resulted in nonfatal injuries and 1.2 percent resulted in 

fatalities, compared to 400,000 accidents estimated by NASS for 1979, of which 

22.3 percent resulted in injuries and 1.4 percent resulted in fatalities. 

The most recent year commonly available for all State files examined was 1978. 

Exposure data (TIU, 1977) was matched with these State data to compute rates 

of involvement by large trucks in total accidents and fatal accidents (Najjar, 
1981). Also, NHTSA and FHWA data were used to compute accident rates of 

passenger cars for comparison with the rates of other types of vehicles. 

Table III-2 contains the accident rate for each type of vehicle based on 

vehicle miles of travel (VMT) • 

Overall, large trucks were involved in fewer accidents per 100 million miles 
than were cars, but the proportion of accident-involved trucks to the total 

ntunber of registered trucks was slightly higher than that for cars. A 
different patte1n was evident when combination trucks (these include both 

single- and multiple-trailer combinations) were compared to single-unit 

(non-articulated) trucks: the accident rate per VMf was higher for combination 

trucks, and the proportion of combination trucks that were involved in 

accidents was higher. 

The rates for fatal accidents and for vehicles involved in fatal accidents 

were higher for large trucks compared to passenger cars and also higher for 

combination trucks compared to single-tmit trucks (Table III-3). 

Combination trucks were more likely to be involved in accidents than passenger 

cars or single-unit trucks for the same number of vehicle miles travelled, and 

accidents involving combination trucks were more likely to be fatal. Also, 
the proportion of combination trucks involved in accidents was about four 
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TABLE III-2 

ACCIDENT AND ACCIDENT-INVOLVED VEHICLE RATES BY TYPE OF VEHICLE 

1978 Accident- Accident 
1977 1977 All Estimate"'* Involved Involved 

flllmber Venicle 1978 Accidents of all Vehicles Vehicles 
of Miles VMf Estimate** per Accident- per per 1000 

Registered of Travel* per of all 100 Million Involved 100 Million Registered 
Vehicle T~ Vehicles* (Mi 11 ion VMT) Vehicle Accidents VMT Vehicles VMT Vehicles 

Total Large 
Trucks 5,370,500 95,805 17,839 432,000 451 454,000 474 85 

Combination 
Trucks 922,800 46,489 50,378 276,000 594 281,000 604 305 

Single-Unit 
Trucks 4,447,700 49,316 ll ,088 173,000 351 173,000 351 39 

Passenger Cars 120,985,820+ 1,120,900+ 9,265 5,793,ooo++ 517 9,247,ooo++ 825 76 

*Data from RlWA Cost Allocation Study (1982) 
**The estimation methodology is explained in the source document. Estimates are rounded to the nearest thousand. 
+1979-1980 annual average data from RlWA, Highway Statistics Division 

++1979-1980 annual average data from NASS 

Source: Najjar (1981) 



TABLE III-3 

FATAL ACCIDENT AND ACCIDENT-INVOLVED VEHICLE RATES BY TYPE OF VEHICLE 

1977 1978 FARS 
Vehicle Fatal Fatal 
Miles 1978 FARS Accidents Accident-

of Travel Fatal per Involved 
Vehicle Type (Million VMf) Accidents* 100 Million VMf Vehicle* 

Total Large 
Trucks 95,805 5,066 5.3 5,393 

Combination 
Trucks 46,489 4,005 8.6 4,239 

Single-Utit 
Trucks 49,316 1,126 2.3 1,154 

Passenger 
Cars 1,141,800** 32,028 Z.8 40,750 

•Data from FHWA Cost Allocation Study (1982) 
*Excludes single-unit trucks with unknown gross vehicle weight. 

**1978 data from FHWA, Highway Statistics Division 

Source: Najjar (1981) 
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times the proportion of passenger cars and eight times the proportion of 
single-unit trucks. One of every three registered combination trucks was 
involved in an accident in 1978 compared to one of every 26 single-unit trucks 

and· one of every 13 passenger cars. 

TRUCK ACCIDENT CHARACTERISTICS 

The distribution of types of accidents that involved large trucks in 1979-1980 
is shown in Figure III-1. About one-fourth of all truck accidents and 

one-fourth of all fatal trucR accidents were single-vehicle accidents. These 

were separated into those which also involved a nonmotorist, such as a 
pedestrian or bicyclist, and those which did not, such as collisions with 

objects, non-collisions, etc. Nonmotorists were involved in only 5 percent of 

all the single-vehicle accidents that involved large trucks, but they were 

involved in 40 percent of those accidents that resulted in a fatality. 

Table III-4 shows the distribution of accident types by first harmful event, 

defined as the first property-damage or injury producing event that can be 
determined in the accident. A far greater share of accidents which involved 
single-unit and combination trucks were of the ''non-collision" type (rollover, 

jackknife, fire, etc.) than was the case for any other kind of vehicle. 

Large-truck collisions with another vehicle accounted for 70 percent of all 

large-truck accidents and 65 percent of all fatal large-truck accidents. When 
a large truck was involved in a collision with another vehicle, it was more 

than three times as likely to be with a passenger car than with any other type 
of vehicle. 

Examination of the mix of vehicles in two-vehicle fatal accidents (Table 

III-5) revealed that about one of every four (22 percent) involved a large 

truck, but the most connnon type of two-vehicle fatal accident was car-to-car 
(36 percent). Of all vehicles involved in fatal two-vehicle collisions, 3 

percent were single-unit trucks and 9 percent were combination trucks. 
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ALL ACC.DDTS 

P'ATAL 2 
~ 

FIGURE III -1 

LARGE-TRUCK ACCIDENT EXPERIENCE 
1979-1980 ANNUAL AVERAGE 

5,360 

ALLACC::216t5 

6,773,000 

P'ATAL 
ACC'IDOfTS 

45,253 

WITHOUT 
LARSE TRUCICS 

6,388,000 
(94.3%) 

39,893 
(88. 2%) 

IINIILE-WHZCL! 

VITtt 

93,000 

1,406 
26.2%) 

VITH0UT VITtt 

269,000 

3,458 
(64.5%) 

VITH0UT 
IONJTORIST ICJINJTORIST PAaSENIIER CAR PASSEN9ER CAR 

5,000 
(5. 4%) 

563 
(40. 0%) 

88,000 206,000 
(94. 6%) (76.6%) 

843 2,257 
(60.0%) (65.3%) 

Sources: 1NASS (1979-1980) 
2FARS (1979-1980) 
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TABLE III-4 

DISTRIBUTION OF ACCIDENT TYPE BY FIRST HARMFUL EVENT* 
(percent of accidents) 

1979-1980 ANNUAL AVERAGE 

Light Single-Unit 
Passenger Trucks and Combination 

Cars and Vans Motorcycles Trucks 

M.JltiEle-Vehicle: 
Collision with 
another motor 
vehicle 78.8 81.0 65.5 75.9 

Single-Vehicle: 
Collision with 
other object 17.0 12.9 22.5 12.9 

Non-Collision** 1.5 3.4 8.3 10.0 

Pedestrian and 
Nonmotorist 2.5 2.5 3.7 1.2 

*First harmful event is the first property-damage or injury producing 
event that can be determined to have happened in the accident. 

**Non-collision includes rollover, overturned, jackknife, fire, explosion, 
immersion and other non-collision events. Motorcycle overturning accidents 
are different in nature from rollover of other vehicles because of the 

• inherent instability of two-wheeled vehicles. 

Source: NASS (1979-1980) 
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Passenger Car 

Single-llii t 
Truck 

Combination 
Truck 

Other Vehicles* 

TABLE III-5 

nJE NlMBER OF lWO-VEHICLE FATAL ACCIDEITTS 
BY VEHICLE MIX 

1979-1980 ANNUAL AVERAGE 

Passenger Single-Unit Combination 
Car Truck Truck 

5,595 564 1,694 

21 57 

122 

Total Two-Vehicle Accidents~ 15,655 

Other 
Vehicles* 

5,151 

258 

742 

1,451 

*Other vehicles included motorcycles, buses, light trucks and vans, 
unknown vehicle type, and special vehicles. 

Source: FARS (1979-1980) 
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The distribution of accidents by the severity of their results is shown in 

Table III-6. Large-truck accidents appeared to result more often in 

fatalities or property damage than did accidents that did not involve large 

trucks. 

The distribution of fatal and nonfatal injury rates among persons involved in 

all motor vehicle accidents is presented in Table 111-7. As expected, 

pedestrians, bicyclists, and motorcyclists were far more often injured than 

were vehicle occupants when they were involved in accidents. However, this 

could reflect that accidents or the involvement of such persons in accidents 

often went unreported when they were uninjured. The proportion of passenger 
car occupants who were injured was more than double that of large-truck 

occupants, yet when injuries did occur, truck occupants were nearly three 

times more likely to be fatally injured than were car occupants. 

Calculations shown in Table III-8 indicate that in multiple-vehicle accidents 

involving large trucks, the injury rate was more than four times greater for 

the occupants of "other" vehicles than for those of large trucks (223 versus 
52) and the fatality rate was more than seven times greater for "other" 
vehicle occupants than for occupants of large trucks (8.9 versus 1.2). Also 
noteworthy were the relatively high injury and fatality rates (238 and 8.6, 

respectively) calculated for occupants of large trucks in single-vehicle 

accidents as compared to multiple-vehicle accidents. 

Table III-9 shows the annual average for 1979-1980 for occupant-fatality mix 

in two-vehicle fatal accidents in which a total of 18,571 persons were 

killed--41 percent of all traffic fatalities in 1979-1980. Sixty-eight 

percent of them were passenger car occupants and only 2 percent were truck 

occupants. In collisions of cars with large trucks, 97 percent of the fatally 

injured were occupants of the passenger car. Thus, when a passenger car was 

involved in a collision with a large truck which resulted in a fatality, 
occupants of the car·were about 29 times more likely to be killed than were 

the occupants of the truck. 
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TABLE III-6 

PERCENT DISTRIBlJfION OF ACCIDENTS BY SEVERITY 
1979-1980 ANNUAL AVERAGE 

Accident Severitr 

Fatall 

Injury2 

Property Damage Olly2 

Unknown2 

All All Large-
Traffic Truck 

Accidents Accidents 

0.7 1.4 

33.3 25.7 

60.5 68.9 

5.7 3.7 

Sources: lFARS (1979-1980) 
2NASS (1979-1980) 
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M:ltor Vehicle Occu~nts 

Passenger Cars 

Light Truck or Van 

...... Single-lbit and 

...... Combination Trucks ...... 
I 

I-' 
N M:ltorcyclists 

Occupants of Other 
Vehicles 

Occupants of Vehicles 
Not in Transport 

Non -Occupants 
Pedestrians 

Pedalcyclists 

TOfALS 

TABLE III-7 

INVOLVED AND INJURED PERSONS IN ALL ACCIDEm'S 
1979-1980 ANNUAL AVERAGE 

Persons 
Involvedl 

13,979,000 

2,132,000 

480,000 

221,000 

686,000 

65,000 

127,000 

87,000 

17,777,000 

Persons Injured 
Per 1000 

Persons Involved 
Injuredl Persons 

2,574,000 184 

386,000 181 

43,000 90 

182,000 824 

67,000 98 

14,000 215 

113,000 890 

79,000 908 

3,458,000 

Sources: lNASS (1979-1980) 
2FARS (1979-1980) 

Persons 
Fatally 
Injured2 

27,623 

6,508 

1,346 

5,017 

1,425 

132 

8,081 

948 

51,080 

Fatally Injured 
Per 1000 
Injured 
Persons 

11 

17 

31 

28 

21 

9 

72 

12 



TABLE III-8 

INJURIES OCCURRING IN ACCIDENTS INVOLVING LARGE.TRUCKS* 
1979-1980 ANNUAL A\TERAGE 

Number of Accidents 

Number of Truck 
Occupants 
Number Injured 
Occupant Injury Rate+ 
Number Killed++ 
Occupant Fatality Rate+ 

Number of Other Vehicles 
Occupants 
Number Injured 
Occupant Injury Rate+ 
Number Ki llea++ 
Occupant Fatality Rate+ 

Single 
Vehicle 

88,000 

105,000 
25,000 

238 
906 
8.6 

*Does not include truck accidents involving 
pedestrians and motorcycles. 

**Two or more vehicles involved. 
+per 1,000 accident-involved occupants 

++1979-1980 data from FARS 

Multiple 
Vehicle** 

290,000 

368,000 
19,000 

52 
432 
1. 2 

457,000 
102,000 

223 
4,065 

8.9 

Source: NASS (1979-1980) 
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Other Vehicle 

TABLE III-9 

OCCUPANT FATALITY MIX IN 1WO-VEHICLE FATAL ACCIDENTS 
1979-1980 ANNUAL AVERAGE 

Vehicle in Which Fatalitr Occurred 

Passenger Single-llii t Combination Other 
In Accident Car Truck Truck Vehicles* 

Passenger Car 6,805 27 64 2,759 

Single-Unit Truck 639 22 12 272 

Combination Truck 2,016 50 141 841 

Other Vehicles* 3,232 18 34 1,639 

Total Occupant Fatalities for two-vehicle accidents= 18,571 

*Other vehicles included motorcycles, buses, light trucks and vans, 
unknown vehicle type, and special vehicles. 

Source: FARS (1979-1980) 
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PAST TRENDS 

The best data available for examining past trends in accidents involving large 

trucks are the FARS tabulations for 1976-1981. The six-year curves plotted in 

Figure III-2 demonstrate that the proportion of fatal accidents that involved 
combination trucks increased steadily from 1976 to 1979 and then decreased in 

1980 and increased slightly in 1981 while the proportion for single-unit 

trucks remained relatively constant until 1980 and then decreased slightly in 

1981. 

The number of fatal accidents and the number of fatalities by vehicle type for 

the same six years are contained in Tables 111-10 and 111-11, respectively. 

In both tables the vehicle types are not mutually exclusive; that is, an 
accident that involved both a truck and a passenger car, are included in each 

category. The annual fatal accident count increased each year from 1976 to 

1980 but the annual rate of change declined from 6.2 percent to 0.1 percent. 

Fatal accidents decreased nearly 3 percent in 1981. Fatal accidents that 

involved passenger cars increased from 1976 to 1978, then declined from 1979 

to 1981. Fatal accidents involving large trucks increased from 1976 to 1979, 

declined substantially (11.3 percent) in 1980 and declined another 2.7 percent 
in 1981. This recent decline in fatal accidents may be at least partially 
attributable to reductions in vehicle miles of travel. These patterns are 

virtually the same with respect to the number of fatalities (Table 111-11). 

Because these trends showed a change in pattern, a further examination was 

made. Figure 111-3 graphically displays the rise and fall since 1976 in the 

rate of change in the number of all fatal accidents and those that involved 

passenger cars, combination trucks, and single-unit trucks. The percentages 

used are contained in Table 111-12. The two truck types both experienced a 
much larger percent increase in fatal accident rate of change than did 
passenger cars since 1976. The rate of change peaked in 1979, then declined 

in 1980 for all categories except for a slight increase for the total of all 

fatal accidents. The drop in the rate of change in 1980 
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FIGURE 111·2 

FATAL LARGE-TRUCK ACCIDENTS IN 
RELATION TO ALL FATAL U.S. TRAFFIC ACCIDENTS 

(1976-1981) 
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*Combination trucks included all articulated trucks and 
truck tractors with no trailers (bobtail) 

**Single-unit trucks included all non-articulated trucks 
with a known or unknown gross vehicle weight 

Source: FARS (1976-1981) 
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TABLE II I-10 

FATAL ACCIDENT EXPERIENCE FOR 1976-1981 

Year 

1976 1977 1978 1979 1980 

All Fatal Accidents 39,747 42,211 44,433 45,223 45,284 

Fatal Accidents Involving*: 

-- Passenger Cars 29,533 30,791 32,028 31,912 31,550 

-- Combination Trucks 3,226 3,575 4,012· 4,251 3,679 

-- Single-U1it Trucks 1,003 1,344 1,479 1,526 1,441 

-- All Large Trucks 4,173 4,838 5,399 5,679 5,040 

*Accidents are not mutually exclusive; e.g., an accident involving a 
combination truck and a single-unit truck is counted in both categories. 

Source: FARS (1976-1981) 
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30,735 
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TABLE III-11 

FATALITIES FOR 1976-1981 

Year 

Number of Fatalities in: 1976 1977 1978 1979 1980 1981 

All Accidents 45,523 47,878 50,331 51,093 51,091 49,268 

Passenger Car-Related 34,472 35,567 37,006 36,740 36,373 35,109 
Accidents 

Combination Truck-Related 3,909 4,260 4,759 5,090 4,412 4,496 
Accidents 

Single-Unit Truck-Related 1,155 1,547 1,695 1,726 1,653 1,374 
Accidents 

All Large Truck-Related 4,996 5,717 6,350 6,696 5,968 5,779 
Accidents 

OccuEant Fatalities in All Large 
Truck-Related Accidents for: 

Trucks 1,130 1,285 1,393 1,431 1,261 1,131 

Passenger Cars 2,497 2,899 3,204 3,318 2,875 2,911 

Other Motor Vehicles 877 1,022 1,146 1,292 1,203 1,194 

Source: FARS (1976-1981) 
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FIGURE III-3 

PERCENTAGE CHANGE IN FATAL ACCIDENTS 

INVOLVING SELECTED VEHICLE TYPES SINCE 1976 
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TABLE III-12 

PERCENTAGE CHANGE RELATIVE TO 1976 ACCIDENT EXPERIENCE 

Year 

1977 1978 1979 1980 1981 

All Fatal Accidents 6.2 11.8 13.8 13.9 10.6 

Fatal Accidents involving: 

Passenger cars 4.3 8.4 8.1 6.8 4.1 

Combination Trucks 10.8 24.4 31.8 14.0 17 .1 

Single-Unit Trucks 34.0 44.8 52.l 43.7 19.3 

-- All Large Trucks 15.9 29.4 36.1 20.8 17.S 

Number of Fatalities in: 

-- All Accidents 5.2 10.6 12.2 12.2 8.2 

-- Passenger car-Related 3.2 7.4 6.6 s.s 1.8 
Accidents 

Combination Truck-Related 9.0 21.7 30.2 12.9 15.0 
Accidents 

Single-Unit Truck-Related 33.9 46.8 49.4 43.1 19.0 
Accidents 

-- All Large Truck-Related 14.4 27.1 34.0 19.S 15.7 
Accidents 

Occupant Fatalities in All Large 
Truck-Related Accidents for: 

-- Trucks 13. 7 23.3 26.6 11.6 0.1 • 

Passenger Cars 16.l 28.3 32.9 15.1 16.6 

Other Motor Vehicles 16.5 30.7 47.3 37.2 36.1 

VMf for all Vehicles (FHWA) 4.6 10.1 9.0 9,0 * 

*1981 VMf estimates not available 

Source: FARS (1976-1981) 
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was greatest for combination trucks and least for passenger cars. The drop in 
1981 is greatest for single-unit trucks with a slight rise for combination 
trucks. 

Although total travel for these vehicle groups probably influenced the 

fluctuations, the changes in the rates by which fatal accidents increased and 
decreased was greater than the change in total vehicle miles of travel (VMf), 
which continued to increase from 1975 to 1978, when it began to decrease 
(Table III-13), Estimates for 1980 indicate that total vehicle miles 
travelled was continuing downward. Considered separately, vehicle miles 
travelled by passenger cars and combination trucks have also decreased 

gradually since 1978 and 1979, respectively. Figure III-4 graphically 
illustrates the changes in vehicle miles travelled since 1975 by combination 
trucks, passenger cars, and all vehicles. The rate of change for combination 
trucks has been more rapid than that for passenger cars or all vehicles. 
Changes in the frequency of fatal accidents has tended to follow changes in 
exposure as measured by VMf. 

Another perspective on accidents involving large trucks was obtained by 
examining the relative risk of death to occupants in two-vehicle accidents in 
which fatalities occurred. Table III-14 shows the ratio of occupant 
fatalities in Vehicle A to the occupant fatalities in Vehicle B when the t~o 
vehicles are involved in a fatal accident. During 1979 and 1980, collisions 
between passenger cars and large trucks resulted in a much higher relative 

risk to passenger car occupants than other types of collisions. As indicated 
in Table III-14, the risk of death to occupants in passenger-car/large-truck 
collisions increased steadily from 1977 to 1980, possibly reflecting the 
increased number of smaller passenger cars. 

FUruRE TRENDS 

Forecasting represents an attempt to look forward through a rearview mirror. 

At present, the valid data needed to forecast large-truck accidents for the 
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TABLE III-13 

ESTIMATED VEHICLE MILES OF TRAVEL AND PERCENI'AGE 
INCREASE SINCE 1975 FOR SELECTED VEHICLE TYPES* 

Year 
Preliminary 

1975 1976 1977 1978 1979 1980 I 

1,006.9 1,054.1 1,094.0 1,141.8 1,130.0 1,111.8 
% increase since 
1975 4.7 8.7 13.4 12.2 10.4 

Trucks** (excludin, 
comoination truCKS 
VMJ' (billions) 258.9 282.6 304.0 329.7 323.1 343.9 
% increase since 
1975 9.2 17.4 27.3 24.8 32.8 

Combination Trucks 
VMr (billions) 45.9 48.9 51.6 55.0 57.7 53.6 
% increase since 
1975 6.5 12.4 19.8 25.7 16.8 

Al 1 Vehicles 
VMJ' (bi 11 ions) 1,327.7 1,402.4 1,467.0 1,544.7 1,529.1 1,528.0 
% increase since 
1975 5.6 10 .5 16.3 15.2 15.1 

Passenger Cars 
VMJ' as% of all VMJ' 75.8 75.2 74.6 73.9 73.9 72 .8 

Trucks** (excluding 
combination trucks) 
VMJ' as% of all VMJ' 19.5 20.2 20.7 21.3 21.1 22.S 

Combination truck 
VMJ' as% of all VMJ' 3.5 3.5 3.5 3.6 3.8 3.5 

*These estimates represent an update of earlier estimates published in ''Highway 
Statistics" and are based on more recent information regarding truck travel. 

**This category includes light pickups and vans and other trucks not identified as 
combinations. 

Source: FHWA, Highway Statistics Division (1982) 
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TABLE III-14 

RELATIVE RISK OF DEAIB FOR OCCUPANTS IN TWO-VEHICLE FATAL ACCIDENTS I 

Yea r 

Type of Colli-sion · 1977 1978 1979 1980 

Vehicle A -- Vehicle B 

Passenger Car -- Single-Unit Truck 16.7 17.8 22.9 25.6 
22.9 25.2 28.6 30.6 

-- Combination Truck 26.0 28.9 30.8 32.9 

-- Other Vehicles* 1.16 1.24 1.18 1.16 

Other Vehicles* -- Single-Unit Truck 11.9 16.9 12.9 18.7 
18.4 15.3 20.7 22 

-- Combination Truck 21.8 14.9 25.8 23.7 

Single-Unit -- Combination Truck 2.3 2.2 4.3 3.7 
Truck 

NOTE: This table illustrates the ratio of occupant fatalities in Vehicle A to 
the occupant fatalities 1n Vehicle B when the two vehicles were involved 
in fatal accidents. For example, in 1979, when a passenger car was 
involved in a fatal accident with a large truck, occupants of the car were 
28.6 times more likely to have been killed than occupants of the truck. 

*Other vehicles included motorcycles, buses, light trucks and vans, unknown 
vehicle type, and special vehicles. 

Source: FARS (1977-1980) 

I II- 24 

.2 

• 



1980s and beyond do not exist. Consequently this section is less a forecast 
than a sketch of the possible future portents of available information about 
exposure, the changing vehicle mix, and past accident trends. 

The speculative nature of these projections is heightened by the possible 
applications of technologies to improve automobile or truck crashworthiness, 

increases in safety belt use, major modal shifts in cargo transportation, and 
other unknowable changes that bedevil prognostication and cloud crystal balls. 

Distribution and delivery of goods to serve the needs of urban centers can be 
expected to continue. Thus, vehicle miles travelled by large trucks is likely 

to increase as urban centers expand during the next decade. Comparison of the 

changes in projected VMf travel by different types of vehicles from 1977 to 
1990 (Table III-15) indicates a large increase in travel projected for 

combination trucks (63 percent) with a much smaller increase projected for 

single-unit trucks (16 percent). Passenger car travel from 1977 to 1990 is 
projected to increase by 30 percent overall; vehicle miles of travel by large 

automobiles is expected to decrease by 32 percent while that by small 

automobiles is expected to increase more than threefold. It should not be 

expected that changes in miles travelled by all vehicles will be a simple, 
linear function. In fact, estimated vehicle mileage has been decreasing since 

1978 (Table III-13), but it is anticipated that increases in overall travel 

will take place by 1990. 

Past trends indicate that the change in fatal accidents has been greater than 

the change in vehicle miles travelled (Table III-12). The rate of fatal 
accidents per VMr for all vehicles increased 4.6 percent from 1976 to 1980. 

Rates for fatal accidents involving combination trucks increased 4.1 percent 
from 1976 to 1980 while the rate of fatal accidents involving passenger cars 

generally remain constant (1 percent increase). Even if these rates were to 
remain constant at 1978 levels (the most recent year that both fatal-accident 

and VMf data are available for both large trucks and the subgroups of 
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TABLE III-15 

COMPARISON OF PROJECTED VEHICLE MILES OF TRAVEL (MILLIONS) 
BY VEHICLE CLASS 

Percent 
1977 1985 1990 Change 

Vehicle Class VMf VMf VMf 1977-1990 

Passenger Vehicles 

Autos 
Large 839,301 670,417 571,759 -32% 
Small 219,247 497,598 805,477 +267% 

Total 1,058,548 1,168,015 1,377,236 +30% 

Motorcycles 11,490 18,613 30,158 +162% 

Buses 
Intercity 1,109 1,109 1,109 
Other 4,791 5,004 5,039 

Total 5,900 6,113 6,148 +4% 

PickuEs and Vans 249,798 397,906 476,002 +91% 

Total Passenger 
Vehicles 1,325,736 1,590,647 1,889,544 +43% 

Trucks 

Single-Unit 
Under 26,000 lbs. 39,000 39,000 39,000 

Over 26,000 lbs. 15,205 20,131 23,934 
Total 54,205 59,131 62,934 +16% 

Combinations 
Under 50,000 lbs. 7,432 9,693 11,450 

50,000-70,000 lbs. 11,920 15,104 17,843 
70,000-75,000 lbs. 14,211 20,088 23,969 

Over 75,000 lbs. 17,994 25,686 30,706 
Total 51 557 70 571 83 968 +63% 

Total Trucks 105,762 129,702 146,902 +39% 

All Vehicles 1,431,498 1,720,349 2,036,446 +42% 

Source: FHWA Cost Allocation Study (1982) 
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combination and single-unit trucks), the proportion of fatal large-truck 

accidents can be expected to increase from 12 percent in 1978 to 14 percent of 

all fatal accidents by 1990. Likewise, the proportion of fatal combination­

truck accidents in 1990 can be expected to increase from 9 percent in 1978 to 

over 12 percent of all fatal accidents, while the proportion of fatal 
single-unit truck accidents will remain unchanged from the 1978 level. 

A change in the amount of vehicle miles travelled does not necessarily reflect 

a similar change in overall vehicle population. VMT for all vehicles 
decreased from 1978 to 1979 (Table III-13), but the registered vehicle 

population increased (FHWA, 1979). This resulted in lower annual mileage 

driven per vehicle. The same pattern was reflected for passenger cars, 

considered separately: more passenger cars were registered in 1979, but on 
average each was driven less. If it can be assumed, however, that this 

reduction in vehicle usage is not a long-term trend and that average use of 
vehicles will remain somewhat constant during the decade, then increases in 

VMf imply corresponding increases in the number of registered vehicles. In 

this event, present roadway facilities will have to accommodate more vehicles 
and the likelihood of collisions will increase. 

Small cars have begun to dominate the new car market. If this continues as 

expected, by the mid-1980s small cars will account for the majority of cars on 

the road (Ramsett and Sherrer, 1981). Assuming increases in overall vehicle 
population, there are likely to be more collisions involving heavier vehicles 

and consequent increases in severity rates because of the larger proportion of 

smaller and lighter cars on the road. 

Also, there has been a shift in recent decades in the type of crashes in which 
the majority of deaths occur. During the 1950s the majority of deaths 

occurred in single-vehicle crashes. By the 1970s the majority of deaths were 

in multiple-vehicle crashes (Boehly and Lombardo, 1981). This trend, and the 

likelihood of more collisions between vehicles of substantially different 

sizes and weights, will certainly contribute to increased risk to the 
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occupants of small cars. Compacts and subcompacts accounted for about 46 
percent of the cars on the road in 1980, but occupants of these cars accounted 
for 57 percent of the deaths in fatal car-to-car accidents, and 44 percent of 

the deaths in fatal car-to-large-truck accidents (FARS data, 1980). If and 

when small cars become the majority population of all cars, it is reasonable 

to expect that the proportion of small-car occupants killed in two-vehicle 

crashes and the frequency of small-car/large-truck crashes will increase 

significantly. 
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SECTION IV 
CONTRIBUTING FACTORS 

This section examines available data on driver, vehicle, and 
highway/environmental factors which are believed to contribute to accidents 
involving large trucks and injuries resulting from these accidents. It begins 
with a brief discussion of approaches to determining accident causation. This 
discussion attempts to place the ccmplex relationships among the multiple 
factors within the perspective of a rationally organized pattern. 

APPROAOIES TO ACCIDENT CAUSATION 

The traditional debate on the causes of traffic accidents has been whether the 
highway, the vehicle, or the driver "caused" a given accident. This method of 
determining cause frequently features a subjective choice of a precipitating 
factor--often the last of a set of sequential circtnnstances or conditions 
without which the accident prestnnably would not have occurred. The following 
~amples illustrate simplistic accident situations: 

Causal Agent 

Highway/ 
Environment 

Truck 

Driver 

Example 

"Potholes" on curved section of roadway with 
superelevation inadequate for design speed. 

Sudden brake failure. 

Failure to yield right-of-way despite a clear view of 
onccming vehicles. 

The three examples represent situations most people believe should not be 
allowed to exist. However, it is possible to conceive of methods to eliminate 
these situations and the resulting accidents. Roads should be well-planned 
and maintained; vehicles should be built to perform consistently under normal 
use and with regular maintenance; drivers should behave responsibly and with 
consideration for the rights of others. Theoretically, there could be road 
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systems without hazards, vehicles designed to guarantee fail-safe operation, 
and methods of assuring driver competency in all situations before being 

allowed to drive. While technically possible, such measures are typically not 
realistic. They are listed here because they represent the quite rare 

accident circumstance--the single cause. The single-cause approach in the 

overwhelming majority of traffic accidents represents a gross 
oversimplification. The real world is a far more complex system of multiple 

variables. 

The alternative approacn is to consider several factors as operating jointly. 

Using this concept, an accident occurs only when a hazardous condition in one 
or more factors exceeds the compensatory ability or inherent performance 

characteristics of the others. 

The choice between the two approaches depends on the purpose of the quest for 

accident causes. The single-cause approach might be appropriate for the 

adjudication of individual accident cases, for example in the settlement of 

insurance claims or the prosecution of violations of the law, but it is the 
multiple-factor approach which must be adopted when the relative contribution 

of individual factors to accident probability is sought by statistical 
inference. In the context of this report such calculations are necessary to 

arrive at an identification of the "causes" of large-truck accidents--that is, 
an identification of those combinations of factors in the presence of which 

high probability exists that various types of accidents involving large trucks 

will occur. 

When accident-causation research is viewed as the evaluation of factors, it is 1 

accompanied by certain requirements, regardless of the analytical techniques 
to be employed. These are: 

o Precise formulation of the specific questions to be answered or 

hypotheses to be tested; 
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o Classification of accident types--that is, identification of the 

types of accidents to which the questions apply; and 

o Acquisition of appropriate, detailed, and accurate accident data. 

The fulfillment of these three requirements is essential for selecting 

pertinent factors and to adequately control for the prevalence of these 

factors in real-world accidents. An understanding of the causal system 

responsible for accidents,involving large trucks requires comparing accidents 

for consistent factor-combinatrons_with and without the safety-related 

features being studied. 

-
For many applications, it is also necessary to establislf-relevant accident 

rates by acquiring and applying of pertinent exposure data, tile most cormnonly 

used being vehicle miles of travel (VMI'). 

It is important to recognize that accident, injury, and fatality rates are- __ 

purely descriptive. They do not imply cause, nor do they provide answers. 

Rather, they provide clues that indicate where problems exist and where 

additional research is needed. Their single purpose is to provide a standard 

basis for comparison. They become predictive only under the assunption that 
none of the unknown factors in the causal system changes its level of 

contribution to the accidents being studied. 

The objective of accident-causation research is to identify safety problems 

and place them into perspective so that effective countermeasures subsequently 
can be developed, implemented, and evaluated. Conclusions derived from 

accident and corresponding exposure or travel data are essential to identify 
problem areas, to point directions toward the development of promising 

countermeasures, and to evaluate the effectiveness of implemented 

countermeasures. Achievement of this objective can be enhanced through the 
use of mathematical models, controlled laboratory and test-track experiments, 

and field evaluations. Accident data alone cannot provide an adequate basis 
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for such research. To fully answer questions about the relative effectiveness 

among various guardrail designs or brake system designs, for example, 
controlled laboratory or test-track experiments or computer simulations must 

be used to provide the information not contained in accident data. For a 
further discussion of supplemental safety research to accident data systems, 

see Appendix C. 

The accident-causation approach used as the basis for this report emphasizes 

the role that multiple factors play in accident causation. Successful efforts 
to prevent accidents have all relied on systematic and concurrent efforts to 

address all factors involved. Efforts which stop at a determination of the 
precipitating or "trigger" event in the accident chain produce little useful 

information for the identification of the many possible 1.mderlying factors 

that contribute to a particular crash. 

Continued improvements to truck safety will depend upon widespread acceptance 

and application of proven research and development techniques which address 
this broad spectrum of factors. 
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DRIVER-RELATED CONI'RIBUfING FACTORS 

It is ccxmnonly agreed that the demands and skills required in driving large 

trucks are more complex than those required in the routine driving of 
automobiles (Waller et al., 1976 and Moe et al., 1973). Because these larger 

and heavier vehicles are required to operate in mixed traffic composed 

primarily of vehicles with quicker response characteristics, drivers of large 

trucks nrust compensate for the relative awkwardness of their vehicles. Such 

compensation requires greater distances for passing, stopping, turning and 
accelerating, and a consequent need for more effective anticipation of 

approaching situations. In addition, maneuvers with large trucks are more 

complex than those with passenger cars. Large trucks also tend to operate 
closer to the design limits of both the vehicle and the highway. This results 

in narrower margins for error, particularly for recovery of an errant 
vehicle. Thus, the demand for attention and the precision required in most 

truck-driving situations make the truck driver a critical variable in the 
truck-accident equation. 

''Driver error" has often been cited as a major link in the causal chain in 

accidents involving large trucks (Shinar, 1979 and Washington State, 1980). 

Shinar analyzed 161 in-depth investigations of accidents that involved large 

trucks and found that 8 of the 10 accident "causes" cited most frequently were 

related to driver error. The remaining two "causes" were related to the 

highway environment. Washington State data based on police-reported 
information (Table IV-1) indicate that inattention and negligence most 

frequently "caused" accidents that involved a large truck and another 

vehicle. The truck driver was the causal factor named in 62 percent of the 

accidents compared to 31 percent for the other driver. Defective truck 
equipment was cited in 6 percent of the accidents. While "driver error" may 

be a major identifiable event which immediately preceded the accident, the 
true "causes" of the accident must be traced to multiple factors and 

conditions, including driver judgments, that led to the accident. 
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TABLE IV-1 

PERCENT DIS1RIBlITION OF APPARENT CAUSES OF LARGE-'IRUCK ACCIDENTS* 

Truck Driver Other Vehicle Drivers 
or Truck or Other Vehicle 

Apparent 
Cause Urban Rural Urban Rural 

Inattention 47.3 37.3 40.8 28.8 

Negligence 24.2 34.8 33.9 36.0 

Reckless 0.7 1.7 2.9 3.1 

IM'I 2.0 2.1 8.4 10.1 

Following too Close 6.0 4.1 4.4 3.9 

Over Centerline 2.0 3.2 1.9 8.6 

Improper Turn 9.9 3.9 3.6 3.9 

Apparently Asleep 0.8 3.0 1.3 0.9 

Operating Defective 7.1 9.9 2.8 4.7 
Equipment 

Total Ntunber of 
Accidents 1,672 1,599 869 674 

*The 4,814 accidents analyzed involved the collision of a truck with 
another vehicle. 

Source: Washington State (1980) 
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This section attempts to identify driver-related factors that contribute to 

truck accidents and fatalities, including the driver's age, experience, 

training, qualification, medical condition, fatigue, alcohol use, and use of 

other drugs. 

Several sources frequently referred to in this report are D.D. Wyckoff's book, 

Truck Drivers in America, published in 1979 and a study by BioTechnology, Inc. 

entitled, "The Effect of Truck Size and Weight on Accident Experience and 

Traffic Operations" (Vallette et al., 1981). Wyckoff analyzed interview and 

voluntary survey responses by truck drivers, and it is appropriate to note 

that a number of the Wyckoff analyses and conclusions have been criticized on 

methodological grounds (Raven, 1979). Although his information is subject to 

sampling bias and other limitations, if it is not useful as proof of accident 
causation it is indicative of which driver factors may merit closer 

attention. The BioTechnology study report provides accident and matching 
exposure information for large trucks of various sizes and weights. It 

contains the only available accident-exposure information for a broad spectrum 
of contributing factors described in this report. The BioTechnology study 

report was extensively reviewed within and outside the Department of 

Transportation by interested groups from a State Government, truck 

manufacturers, the trucking industry, labor organization, and safety and 

research organizations. Not all of the groups agreed with the findings and 

the contents of the research report do not reflect an endorsement by any of 

these groups. 

Age, Experience, and Training 

Numerous studies and data have provided statistics on the distribution of 

large-truck accidents by age of the driver. Some of these are listed in 

Table IV-2. Age groupings are those used by the KS. 
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OD 

OOVER AGE+ 

less than 20 

20-24 

2S-29 

30-34 

35-39 

40-44 

45-49 

50-S4 

SS-S9 

60 or aore 

Not stated 

TABLE IV-2 

DISTRIBlITION OF ACCIDENT-INVOLVED DRIVERS OF LARGE TRUCKS BY AGE AND 
AGE DISTRIBlITION OF ALL TROCK IRIVERS 

(percent) 

l'ATAL 
ACCIIJllNl'S ACCIIEll'S 

North Carolinal California4 
1:KSl Six State2 1973 1970-71 TexasS tW>S7 FARSI 
1978 1976-77 Large Miilclil• Single Cl:abina- 1973-77 1979-80 1979-80 

Trucks• Trucks lklit tions 

o.8 2 2.8 8,6 s.2 0.9 2.2 3,6 3,4 

11.s 19.0 24,0 13 13,8 13.5 
30 30,Z 22,9 

17,4 17.4 15,3 13,4 17,4 
34 

16.7 14,1 11.2 16.6 15.1 
30 21.3 27.8 

14,2 12,4 8,4 10.8 13.2 
24.9 

12.1 10,5 6.1 lZ,3 10.7 
zo 17,0 25,0 

10.3 9,0 7.6 10.8 8.s 
18.0 

8.2 5,7 6.6 6,6 8.s 
IS lZ,3 13.S 

S,4 3.4 s.o 3,4 5,9 
7.7 

2.s 3 1.7 3.8 4.S 2.9 4.4 3,7 

0,9 -- 3.9 3,0 9,5 7,0 -- 4,3 o.z 

1977 Survey 
of Age of Truck 

!lriv11n_6 

3.0 

10,1 

15,6 

14,9 

17.3 

16.6 

11,S 

8.s 

Z,4 

+Age groupings are those used by Bt«:S 
*This study defined large trucks as three-axle trucks and coabination trucks, and IIOdi111 trucks as two-axle trucks aore than 
24,000 pounds GVW. 

Sources: lJM:S (1978) 
2Vallette et al. (1981), six states of study were California, 

Maryland, Michigan, Nevada, Pennsylvania, and Texas 
3Lohman and Waller (1975), age brackets differ by 1 year 
4zeiszler (1973} 
So•oay et al. (1980), canbinatioo trucks only 
oSa11de1 s (1977}, age----brackets -d-i-ffer----by l year 
7NASS (1979-1980) Annual Average 
8FARS (1979-1980) Annual Average 



A comparison of accident distributions by driver ages with a survey by Sanders 

(1977) indicated that drivers under 30 were involved in a disproportionately 
high percentage of both fatal and all accidents. Similar findings were 

reported by Green et al. (1980), Northrop et al. (1976), and Vallette et al. 

(1981). Vallette et al. matched accident data with exposure (VMT) data from 

surveys made at weighing stations and truck stops to develop accident rate 

distributions by driver age. Table IV-3 provides the results of this 

analysis. It clearly shows a trend, consistent for each truck type, of high 
accident rates for the younger age group, low for the middle age group, and 

somewhat high again for the older age group. 

North Garolina and Galifornia data (Table IV-2) indicate that there were a 

greater percentage of yo,;.ig drivers involved in ''medium" and single-unit truck 
accidents than were involved in combination-truck accidents. This reflects 

the situation shown by Vallette et al. (1981) that, in general, drivers of 
single-uni~ trucks are younger and less experienced than are drivers of 

combination trucks. 

Table IV-2 further indicates that 17 percent of all large-truck drivers under 

age 25 are involved in fatal large-truck accidents and 17.4 percent in all 

large-truck accidents. Comparable data indicate that while young passenger 
car drivers (under age 25) account for 18.9 percent of the passenger car miles 

travelled, they represent 40.7 percent of all passenger car drivers involved 
in fatal passenger car accidents and 37.9 percent of all passenger car 

accidents. 

Generally, while passenger car drivers under 25 are twice as likely to be 

involved in an accident as could be expected from their share of miles driven, 
drivers of trucks under age ZS were about six times more likely to be involved 
in an accident than would be expected if their accident experience were 

comparable to their proportion of the truck-driving population. 
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Driver 
Age Groue 

Under 20 

20-29 

30-39 

40-49 

50-59 

60+ 

TABLE IV-3 

ACCIDENT RATES* BY TRUCK DRIVER AGE 
AND TRUCK TYPE 

Truck Type 

Combination Trucks 

Single-Unit Single Double 
Trucks Trailer Trailer 

669 ** ** 

88 191 sos 

85 130 280 

68 108 246 

134 142 320 

122 194 384 

*Accidents per 100 million vehicle miles of travel 
**Exposure values not available to calculate rates 

Source: Vallette et al. (1981) 
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All 
Trucks 

887 

192 

122 

102 

140 

196 



Thus, it appears that drivers of large trucks under age 25 exhibit much more 

of a safety problem than their counterpart passenger car driver. Other 

differences between passenger car drivers and truck drivers by age group were 
much less dramatic (FARS data, 1979-1980, NASS, 1981 and Smith et al., 1981). 

In Wyckoff's (1979) survey, truck drivers were questioned about their driving 
safety practices and performances (Table IV-4). The survey methodology used 

by Wyckoff has been criticized for being non-random and errors in calculating 
rates have been identified (Raven, 1979), but, if a bias did exist, drivers 

more prone to violate safety regulations could be expected to have been less 

cooperative. If this is true, the survey represents a conservative estimate. 
The survey indicated that drivers under the age of 25 drove at slightly higher 

speeds, misrepresented their logs more frequently, drove beyond the ten-hour 
limitation more often, and had more violations than did middle-aged or older 

truck drivers. Thus, by their own estimates, younger truck drivers appeared 

to take more and graver risks than older drivers. 

Analysis by age group that fails to consider experience level is not 

sufficient to understand the rate of accident involvement of drivers. 

Different types of carriers (exempt, private, contract, and common) generally 
have different policies regarding the hiring of young and/or inexperienced 

drivers. For example, Table IV-5 shows that exempt carriers employ a higher 
proportion of drivers under age 25 than either private, contract, or conunon 

carriers. 

!IIITSA and BM::S are conducting a study scheduled to be completed in 1982 that 
will attempt to identify the reasons young and/or inexperienced drivers seem 

to be involved disproportionately in accidents (Reiss, 1982). 

Little information is available on the number of drivers of large trucks who 
have received formal driving instruction. However, data reveal that many 

accident-involved drivers have not had formal driver education. 1979 NASS 
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TABLE PJ-4 

DRIVER SAFETY PRACTICES AND PERFORMANCE, 
REPORTED BY AGE 

Driver's Age 

lbder 
Item 25 25-50 

Cruising speed, mph 62.0 59.8 

Percentage who regularly 
misrepresent logs 39.0 16.0 

Percentage who regularly 
drive beyond the 10-hour 
limitation 36.1 12.0 

1-bving violation per 
100,000 miles per year 1.3 0.7 

Source: Wyckoff (1979) 

• 
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Over 
so 

58.1 

4.1 

2.7 

0.3 



Driver's Age Exempt 

Under 25 16.85 

H 25-34 37.08 < 
I "' 

f--' 
35-44 33. 71 l,,I 

45-54 8.99 

Over 55 3.37 

Total 100.00 

TABLE IV-5 

AGE OF DRIVERS, REPORTED BY TYPE OF OPERATION 
AND RECIJLATORY STA1US (percent) 

Company Drivers Dimer-Operators 

Private Contract Common Exempt Private Contract 

5.80 4.80 0.79 11.00 NA 9.58 

36.20 29.02 18.56 31.00 NA 5.46 

35.50 30.48 31.90 33.00 NA 29.92 

17.40 26. 72 35.70 20.00 NA 18.82 

5.10 8.98 13.05 5.00 NA 6.22 

100.00 100.00 100.00 100.00 NA 100.00 

Source: Wyckoff (1979) 

Common 

7.63 

28.25 

32 .48 

22.46 

9.18 

100.00 



data show that more accident-involved truck drivers (59 percent) than car 

drivers (45 percent) were reported as having no fonnal driver training. 01ly 

15 percent of the accident-involved truck drivers had any kind of conunercial 
driver education (Partyka, 1981). 

While there is a trend towards greater use of formal driver training among 

younger truck drivers, a majority of tlie drivers surveyed in what may have 
been a biased (Wyckoff, 1979) sample had not received any fonnal training. 

Training programs usually include Federal requirements, log book procedures, 

and hours-of-service regulations. A current BMCS study is developing 

truck-driver training standards and a model curriculum covering regulatory 
requirements and driving skills. This material will be used to define minimum 

R-1CSR training requirements (NPSRI, 1982). 

Medical Condition 

Accident researchers (Simpson et al., 1977; Janke et al., 1978; O'Brien, 1979; 

and Naughton and Waller, 1980) and concerned organizations (American 
Association for Automotive Medicine, and International Association for Traffic 

Medicine) have indicated that medical conditions which impair a person's 

ability to respond to a complex driving situation are a significant 
contributing factor to motor vehicle accidents. The share of highway 
accidents attributed to medical conditions has been estimated by Waller (1973) 

at approximately 15 percent of all accidents. Data on the medical condition 

of truck drivers involved in accidents are scarce. For example, the medical 
condition of drivers was reported to-BMCS in less than 5 percent of all 

fatalities (BMCS data, 1978). 

Both HS and State medical standards for truck drivers are primarily 

subjective in nature. Medical certification is based on a case-by-case 
assessment by an examining physician with overview responsibility by the motor 
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carrier or the State department of motor vehicles. Essentially, physicians 

are asked to decide subjectively if a given driver's medical condition will 

present a safety risk when driving. 

Studies by BM:S and NHTSA have established more objective medical standards 
for some conditions. In a BM::S report, ''The Insulin-Dependent Driver" (1980), 

three aspects of the diabetic driver were studied: (1) severity of disease, 
(Z) crash data associated with diabetic drivers (they experienced about twice 

the accident rate of non-diabetic drivers [Waller, 1973]), and (3) job tasks 

and life styles of the interstate truck driver. After consideration of all 
data and information, the Bt-CS decided to continue restricting 

insulin-dependent drivers from interstate coJIDilerce. 

M:>re detailed data are needed on medical conditions and their possible 

relationship to accidents involving large trucks. State officials and the 

OCS also are increasingly concerned about possible liability resulting from 

licensing and regulating drivers with known medical conditions. M:>re 

quantitatively defensible standards are needed. 

Bt-CS plans to study further the relationship between driver medical condition 
and large-truck accidents. The research will be conducted in Canada where the 

national health plan offers an unique opportunity to survey the entire 

accident population and relate information from medical records to driver 
records. The results of a study of this nature should be applicable to the 

trucking industry in the United States. 

Fatigue 

Federal Motor Carrier Safety Regulations (FMCSR) restrict the driving time of 

interstate truck drivers to no more than ten hours following eight consecutive 

hours off duty. This regulation (FMCSR Section 395, Hours of Service of 

Drivers) was adopted because fatigue has been identified as a contributing 

factor in accidents. 
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The relationship of fatigue and hours-of-service to truck safety was the 
subject of considerable research in the 1970s. A two-phase study was 

conducted by Harris and Mackie (1972) and Mackie and Miller (1978). In Phase I 

drivers were observed during truck runs and accident statistics from selected 
carriers were related to length of time on the road when the accident 

occurred, the time of day, and the driver's age and experience level. Some of 

the results of Phase I, as reported by Harris and Mackie are as follows: 

o Significant increases in driver errors and significant decreases in 
the level of alertness of drivers began to show as early as the 

fourth hour of driving time and generally increased throughout the 
trip except for a "recovery" effect near the end of the trip 

(Federal safety regulations permit 10 hours consecutive driving 

time); 

o The frequency of accidents increased disproportionately after about 

seven hours of driving and remained significantly higher than 
"expected" for all driving times longer than seven hours; 

o The effectiveness of rest breaks on driver performance and level of 
alertness varied with the amount of total trip time. The amount of 

recovery declined with each rest break. Drivers taking a third 
rest break, after about nine hours, showed not only no recovery but 

a further decline in·alertness; 

o The adverse effects of prolonged driving were evidently more 

pronounced for older drivers (aged 45 or more) than for younger 
drivers; and 

o There were marked time-of-day variations in level of alertness. 
The lowest levels occurred for most drivers between 2 AM and 7 AM. 

IV-16 



Phase II consisted of a nationwide survey of truck drivers regarding their 

trip patterns, an analysis of HS accident data, and field experiments of 
driver fatigue. Some findings reported by Mackie and Miller (1978) include: 

o M:lre accidents than expected occurred after five hours of driving 
(Figure IV-1). About twice as many accidents per mile travelled 
occurred in the second half of the trip as in the first half; 

o About twice as many accidents occurred between midnight and 8 AM 

(66 percent) as in the other 16 hours of the day (Figure IV-2); and 

o Drivers on irregular schedules experienced more fatigue than 
drivers on regular schedules and the effects occurred earlier. 

In general, the Phase II results supported those of Phase I: 

o Significant increases in driver errors and decreases in alertness 
• 

occurred within the current ten-hour limit; 

o "Sleeper" drivers experienced more severe fatigue than relay 

drivers; 

o Cumulative effects of fatigue appeared sometime after four 
consecutive days on duty; and 

o Marked time-of-day variations in alertness levels strongly 
correlated with accidents in which the driver was judged to be 
drowsy, inattentive, or sleeping. 

Results of another study of fatigue were reported by Hackman et al. (1978), 
who analyzed 1976 MS data on 5,200 accidents. The results were not as 
convincing in their correlation between hours of driving and probability of 
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accident. They observed no consistent patterns in the data to imply that the 

number of driving hours alone were related to the frequency or severity of 

truck accidents. Other findings: 

o An increase was noted in both fatigue-related and other accidents 
around the destination point; 

o No consistent relationship was found between the length of the last 

extended rest and when the accident occurred; and 

o Proportionally more fatigue-related accidents occurred between 11 

PM and 8 AM than all other time classifications. 

Though it is not always possible to show a direct relationship between 

accidents and fatigue, it is possible to study performance factors that 

indicate that fatigue may be a factor in the safe operation of motor 

vehicles. For example, the failure of truck drivers to maintain proper lane 
position or to stay on the road were cited as a factor in 10 percent of the 

fatal crashes involving large trucks (FARS data, 1981). Such behavior could 
be an indication of driver fatigue. However, the behavior cannot with 

certainty be attributed to fatigue. 

The BMCS hours-of-service regulation applies to drivers engaged in interstate 

and foreign commerce. Thirty-eight States have adopted such regulations or 

have a similar requirement. However, the present enforcement system has 

shortcomings: (1) both the BMCS and State agencies have limited manpower for 

an effective enforcement program, and (2) private and exempt carriers not 

engaged in interstate or foreign commerce generally remain outside the 

authority of BM:S and State enforcement agencies (Waller and Li, 1979). 

IV-19 



BM::S has generally enforced its hours-of-service regulation through the use of 

driver log books. However, BK:S is seeking conunents on a proposal to reduce 
the paperwork burden for motor carriers and drivers by permitting a less 
burdensome method of recording hours of service (Notice of Proposed Rulemaking 
by Bl,£S on February 22, 1982). 

Among the alternatives being considered to monitor driver performance are a 
tachograph (an on-board mechanical recording device) and a modified motor 
carrier trip report. The tachograph records: when the motor started, how 

long it idled, when the vehicle ~tarted in motion, the speed at which it 
travelled, when and where the vehicle stopped, the distance between stops, and 
the total distance that was travelled. Driver trip reports are currently used 
by many carriers. With minor increases in the amount of detailed information 
required about on-duty driver activities (driving time, rest periods, meal 
breaks, where and when stops were made, etc.), these trip reports may be an 
acceptable substitute for the current driver logs, provided copies are 
retained by drivers for record purposes. However, enforcement would be 
complicated if the trip reports were not standardized among the carriers. 

Alcohol Use 

ft.CSR prohibit the consumption of alcohol by a driver while on duty or within 
four hours of going on duty. M:>tor carriers are also responsible for not 
placing drivers on duty when they are known to have coasumed alcohol within 
the preceding four hours. 

The role of alcohol in vehicle accidents has been studied extensively and is 
well established for passenger car drivers. Almost one-third of all drivers 
involved in collisions resulting in one or more fatalities were found to be 
under the influence of alcohol (FARS data, 1981) as were one-fourth of all 
driver's involved in nonfatal injury producing collisions (Ferris et al., 
1976; Terhtme and Fell, 1981). The scope and nature of the drinking and 
driving problem among truck drivers are not so well defined, but some data are 

available. 

IV-20 



Previous studies of truck accidents indicated that the following percentages 

involved the use of alcohol by truck drivers: 

o 0.5 percent as reported by motor carriers (BMCS data, 1979); 

o 2,0 percent for drivers of trucks over 26,000 pounds GVW in fatal 

accidents in 1976 (Cassidy, 1978); 

o 1.0 percent for truck drivers reported by police in 1979 (Partyka, 

1981); and 

o 3 percent for truck drivers in 1978 (Najjar, 1981). 

Generally, alcohol-related accidents among truck drivers ranged from less than 
l percent to 3 percent of total reported accidents, whereas in 1979 

police-reported, alcohol-related accidents for passenger car drivers was 7 

percent (Partyka, 1981). Any conclusions based on these differences must 

consider suspected underreporting of alcohol involvement, especially for truck 

drivers. 

Among accidents in which the truck driver was fatally injured, alcohol 

involvement ranged from 36 percent (Baker, 1975) to 24 percent (Simpson et 
al., 1977). Accidents involving alcohol are identified in the FARS file by 

one of two methods--a chemical test or a statement by the investigating 
officer. Chemical tests for alcohol are primarily conducted on fatally 

injured drivers: about half the States have laws requiring such a test for all 

drivers killed in crashes. Only 57 percent of all drivers fatally injured 

during 1980 were tested for alcohol, and surviving drivers were tested only 
19.1 percent of the time (FARS, 1980). Given the absence of detailed accident 
and exposure data, it is unknown whether or not any particular accident types 

are disproportionately represented for the alcohol-involved truck driver. 

Efforts are underway in NHTSA to improve reporting of alcohol use in both FARS 
and NASS. 
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Use of Other Drugs 

BMCS safety regulations (Section 391, Physical Qualifications and 

Examinations) prohibit medical certification of a driver who uses 

amphetamines, narcotics, or any "habit-forming" drugs·. Moreover, any driver 

in possession of, under the influence of, or using a narcotic, narcotic 
derivative, amphetamine, amphetamine derivative, or any other substance that 

would render the driver incapable of safely operating a motor vehicle may not 

operate or be in physical control of a BMCS-regulated truck. 

Little is known about drug involvement in highway accidents. A study in 

Washington State (Crancer and Md-kJrray, 1968) reviewed the driving records of 

302 persons arrested for possession of illegal drugs and matched their records 
against the records of the State's other 687,228 drivers. The arrested group 

was divided into three subgroups: (1) those arrested for narcotics, (2) those 

arrested for dangerous drugs, and (3) those arrested for marijuana. Each 
subgroup had higher accident and traffic violation rates than the general 

driver population. This study contrasts with the Waller (1965) drug study of 
California automobile drivers that found an increase in violations but no 

difference in accident occurrence for drivers believed to have been under the 

influence of drugs. A more recent study of drivers injured in crashes 
(Terhune and Fell, 1981) indicated that 9.5 percent had TiiC (marijuana or 

hashish) and 7.5 percent had evidence of tranquilizers in their body. A very 
small percentage of the drivers studied were driving large trucks at the time 

of the crash (1.0 percent). None of these studies focused on drivers of large 

trucks. Until recently, there have been many methodological problems with 

drug analysis procedures used to detect and/or quantify drugs in a driver's 
blood or urine. 

The Wyckoff (1979) interview data, about which methodological questions have 

been raised, showed that younger drivers (under ZS) admitted using marijuana 

and amphetamines more often than did other age groups (Table IV-6). Wyckoff 
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TABLE IV-6 

USE OF STir.uLANTS AND DRUGS WHILE DRIVING 
REPORTED BY REGULATORY STATUS AND AGE OF DRIVER (percent) 

Regulatory Status Driver's Age 

Use of Stimulants uncter 
and Drugs Exemnt Private Contract Common 25 25-50 

Use of Narcotics 
While Driving: 
Never 91.06 94.97 97.22 97. 91 99.63 97.11 
Once or twice 2.98 2.01 1.22 1.41 0.37 1.57 
Occasionally 2.98 2.42 1.30 0.52 0.00 0.96 
Regularly 2.98 0.60 0.26 0.16 0.00 0.36 
Total 100.00 100.00 100.00 100.00 100.00 100.00 

Use of Marijuana 
While Driving: 
Never 86.14 91.11 92.70 97.17 77 .41 95.12 
Once or twice 6.93 3.84 3.48 1.59 8.97 2.57 
Occasionally 3.96 3.23 2.70 0.85 9.30 1.59 
Regularly 2.97 1.82 1.12 0.38 4.32 o. 72 
Total 100.00 100.00 100.00 100 .00 100.00 100.00 

Use of Pep Pills 
While Driving: 
Never 48.26 68.89 74.61 86.55 61.28 71. 71 
Once or twice 11.94 10. 51 10.47 10.60 13.80 11.31 
Occasionally 29.35 18.18 13.87 2.65 20.20 15.40 
Regularly 10.45 2.42 1.05 0.20 4. 72 1.58 
Total 100.00 100.00 100.00 100.00 100.00 100.00 

Source: Wyckoff (1979) 
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also claimed his data showed narcotics use was low for drivers of all ages, 

regardless of the regulatory status of their carrier-employers, and that use 

of ''pep pills" was greater for all groups of drivers than was use of marijuana. 

r-HJ'SA plans a major study of alcohol and drug involvement in fatally injured 

drivers using the NASS data system in 1983. This study will include drivers 
of large trucks as a subpopulation and will provide needed data on the 

incidence of certain drugs in fatally injured truck drivers. 

Driver Qualification 

Qualifying drivers to operate large trucks is the joint concern of the Federal 

Government, the States, and the motor carrier industry. BMCS sets regulations 
for the qualification of drivers of large trucks engaged in interstate and 

foreign conmerce. Qualification factors include age, driving record, 

experience, knowledge, and physical condition. 

J\bst States use classified licensing systems to qualify drivers. They 
establish age limits (generally 18), may or may not give a road test in the 

vehicle to be operated conmercially, and may perform some background checks 

before issuing a license to operate a vehicle. Adoption of special licensing 
procedures for drivers of large trucks has increased significantly since 

States began road-testing drivers in the type of vehicle they will drive. 

Thirty-one States have a classified license system and several others plan to 

implement such a system. 

MJtor carriers may impose additional or more stringent qualifications than are 

required by State or Federal standards. Company driver-qualification 

procedures normally include an application for license or employment, 

background and driver-record checks, medical certification, road tests, a 

written examination, and establishment of a driver file. 
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State agencies and motor carriers both are responsible for maintaining files 

on driver history, monitoring driver performance, and providing remedial 
actions or sanctions when required. 

State licensing authorities routinely take action against drivers with 

excessive driving violations. They generally require an applicant to 

surrender all other State driver licenses held at the time a new license is 
issued. From information gathered through the National Driver Register (a 

compilation of the names of drivers whose operator privileges have been 

denied, withdrawn, suspended or revoked) and through conmunications with other 
State(s) from which the applicant reports holding a license, a licensing 

agency can often determine whether a driver's license should be issued to an 

applicant. However, drivers, particularly problem drivers, may not report to 

the State all of the required information (NHTSA, 1980). 

M:>tor carriers are required by FMCSR (Section 391, Qualifications of Drivers) 

to investigate the background of each new driver within 30 days of 

employment. Such investigations include an inquiry into the preceeding 

three-year driving history from each State in which the applicant held an 

operator's license and from each previous employer. The investigation is 

usually based on information supplied by the driver in his application, which 

is supposed to include a list of all accidents, violations and employers for 

the preceeding three years, and a statement revealing any denial, revocation, 

or suspension actions against his drivers license. Once employed, the driver 

is required annually to provide the motor carrier with a list of convictions 

during the past 12 months for a yearly motor carrier review of his performance. 

The States' driver history files usually contain only a record of 
convictions. Accident notations are not posted unless a conviction was 

sustained. Further, if the applicant deliberately fails to report that he 

held a license in a particular State, the driving record in that State will 

not be checked. In accordance with Federal guidelines, the Driver License 

Compact (Council of State Governments, 1961), and the Uniform Vehicle Code 

(NCUTLO, 1979), state licensing authorities must report convictions of 

IV-25 



non-residents to the driver's home State of licensure and to post and treat 

major offenses reported in other jurisdictions as if they had occurred in the 
home State. Even though the provisions of the "one license and one record 

concept" are endorsed by driver licensing authorities, adherence to the 

concept is hampered by inconsistent State laws, regulations, and operational 
practices (i-t:Bride and Jones, 1981). ()Je study that compared previous 

convictions of accident-involved truck drivers reported that they had more 
speeding and other moving violation, and driving under the influence of 

alcohol charges, suspensions, and revocations than did passenger car drivers 
(Partyka, 1981). 

No accurate assessment exists of the number of drivers who have multiple 
licenses or multiple driving records. In 1980, the National Transportation 

Safety Board (ITTSB) conducted a nationwide investigation of 44 conmercial 

drivers involved in large-truck accidents. From State driver records NTSB 
learned that these 44 operators held 63 driver's licenses, had 98 license 

suspensions, were involved in 104 traffic accidents, and had 456 traffic 

convictions. ()Je of the conclusions of the investigation was that "loopholes 
at each level of the system for detection and control of problem conunercial 

drivers ••• permit many problem drivers to escape detection and control, and 
obtain driver licenses and employment to operate large trucks, in spite of 

their records of unsafe driving" (NTSB, 1980). 

In 1979 the American Association of Motor Vehicle Administrators surveyed 

interstate large-truck operators in six States and one Canadian Province. 
Results indicated that 10.8. to 32.1 percent of the 3,370 operators surveyed 

held driver licenses in more than one jurisdiction and the National Driver 

Register file revealed that 10 percent of them had had licenses suspended or 

revoked in at least one jurisdiction (APMvA, 1981). 
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NHTSA is sponsoring two studies to define more fully the extent of the 
nrultiple licensing/multiple record problem (Reiss, 1982 and Hackman, 1981). A 
third fiITSA effort seeks to develop reliable tests and procedures for 

evaluating entry level knowledge and skill of applicants for large-truck 
driver licenses (Edwards, 1983). 

Driver-Safety lt>tivation Programs 

lt>tor carriers have used safety meetings to bring safety-related issues to the 
attention of their drivers. Some carriers have added fuel economy and 
training programs to management of driver-employees (Wiltshire, 1980). Most 

fuel-economy driving techniques are also safer driving techniques. For 
example, staying at or below the speed limit, previewing traffic far enough 
ahead to reduce the need for panic braking or road hazard avoidance maneuvers, 
maintaining adequate following distances, not only reduce fuel consumption but 
are inherently safe and help the driver remain alert. 

Che carrier (Galligan, 1981) who implemented such a program claimed to have 
increased fuel efficiency by 24 percent. The carrier also reported a 50 
percent reduction in the accident rate--from 3.0 to 1.5 accidents per million 
vehicle miles. Companies can more easily measure a driver's fuel usage than 
his driving performance; fuel consumption data could therefore serve as a 
reasonable surrogate for driving performance data, and motivating drivers to 
use techniques to conserve fuel may result in an overall improvement in safety 
performance as well. 

IV-27 



VEHICLE-RELATED CONTRIBUTING FACTORS 

Vehicle design and maintenance are recognized as contributing to accident 

causation either directly (as in the case of a tire blowout) or indirectly (as 

when a vehicle with a low rollover threshold overturns during a severe 
maneuver). The extent to which vehicle factors interrelate with driver 

factors and highway or environmental characteristics to "cause" an accident is 

often difficult to establish. 

Nevertheless, attempts have been made to estimate the role of vehicle 

ccmponents or performance properties as contributing factors in accidents 

involving large trucks. Studies indicate that vehicle component problems are 

detected in 5-13 percent of truck accidents and that the majority are 
partially attributable to brake or tire failures (BMCS, 1979 and Commonwealth 

of Kentucky, 1980). &nist and Ranney (1981) reviewed a limited number of 
accidents that involved large trucks and attributed 12.8 percent of them to 

vehicle factors alone. An additional 20.6 percent were associated with driver 

factors in combination with vehicle and highway or environmental deficiencies 
which possibly could have been avoided had the truck been ''more forgiving." 

NHTSA investigates safety-related defects in performance, construction, 

components and materials in motor vehicles and motor vehicle equipnent. 
Confirmed defects are identified by NHI'SA or the manufacturer and lead the 
owner to check and return the vehicle to a dealership for repair. Problems in 
tracking a vehicle through several owners and disregard of notices by owners 

results in a return rate of about 50 percent for all announced vehicle 
"recalls." The influence of manufacturer-related defects on large-truck 

accidents is difficult to quantify. However, between January 1, and November 

15, 1981, there were 29 announced large-truck safety-related defect recalls 

covering 109,670 vehicles. These recall campaigns typically involved steering 

and braking systems. 

This section describes the influence of large-truck size, configuration, and 

weight on accident frequency and severity and discusses specific issues of 
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truck crashworthiness and crash-avoidance capabilities. It includes 

discussion on vehicle performance characteristics which, if improved, could 
result in accident avoidance by compensating for inherent driver limitations 

or lapses in driver skills. 

Truck Size, Configuration, and Weight 

Vehicle design characteristics related to size and configuration include truck 

length, width, nunber of towed units, cargo body type, and gross vehicle 
weight. The single-lllit versus combination-truck accident experience was 

discussed in Section III (Truck Accident Experience) and will not be repeated 

in this section. 

Truck size and weight covers a variety of issues: off-tracking, passing time, 
splash and spray, aerodynamics, backing, speed on grades, braking, and 
handling and stability. A report by the Western Highway Institute (1980) 

claimed that most of these factors were not adversely affected by increases in 

truck length, weight, and number of trailers. However, braking and handling 

and stability can deteriorate as truck length, weight, and the nunber of towed 

trailers increases. These latter issues are discussed elsewhere in this 

section. 

-- Single- Versus Double-Trailer Combinations 

Efforts to determine the relative accident involvement rates of single-trailer 

(singles) and double-trailer (doubles) combination trucks have resulted in a 

range of conflicting findings. 

One of the earliest analyses of "singles versus doubles" was reported by the 

Federal Highway Administration (1969). Vehicle involvement rates were 
calculated using accident and mileage data for the years 1965-68 supplied by 

two interstate motor carriers operating double- and single-trailer combination 
trucks in western States. The results, as listed in Table IV-7, showed 

double-trailer combinations had lower accident rates. This was partially 
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Year 

1964 

1965 

1966 

1967 

1968 

Totals 
for 
period 
covered 

TABLE IV- 7 

ACCIDENT RATES OF OOUBLE-TRAILER COMBINATIONS AND 
SINGLE-TRAILER COMBINATIONS OWNED BY 'TWO LARGE TRUCKING COMPANIES 

Consolidated Freightwars* Pacific Intermountain ExEress* 

Truck- Involvement Truck- Involvement 
Vehicle miles rate per Vehicle miles rate per 
involve- operated 100 million involve- operated 100 million 
ments (thousands) VMr ments** (thousands) VMr 

(a) 117 31,130 376 
(b) 470 89,504 525 

(a) 189 41,246 458 
(b) 517 107,315 482 

(a) 260 77,521 335 
(b) 468 96,391 486 

(a) 330 116,044 284 
(b) 449 77,762 577 

(a) 433 157,242 275 (a) 92 40,022 230 
(b) 415 71,462 581 (b) 91 19,731 461 

(a)l ,329 423,183 314 (a) 630 210,709 299 
(b)2,319 442,433 524 (b) 698 184,621 378 

*(a) - Double-trailer combinations. 
(b) - Single-trailer combinations. 

**Totals only were furnished for the four-year period, 1965-1968. In addition, 
data for the last six months of 1968 were furnished separately. 

Source: FHWA (1969) 
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attributed to more stringent standards in hiring drivers and closer 

supervision of these drivers, and not necessarily inherent to double-trailer 

combination characteristics. 

In 1977, the BMCS examined accident and mileage data from seven carriers who 

operated both single- and double-trailer combinations. As shown in Table 

IV-8, the accident rates for single-trailer trucks were also consistently 

higher from 1969 to 1976, excepting 1975, than for double-trailer trucks. 

Other data that support the favorable safety record of double-trailer trucks 

are contained in Table IV-9 showing the results from two turnpike studies 

(Little, 1974 and Scott and O1Day, 1971). Both studies noted, however, that 

the lower accident rate for double-trailer combinations may be influenced by 

the fact that the turnpikes maintain strict controls on the operations of 

these trucks. 

Using accident data from the second half of 1972, the California Highway 

Patrol (Zieszler, 1973) compared the accident rates of three classes of 

trucks, buses, and all other vehicles (Table IV-10). Miles of travel for each 
class of vehicle were estimated by applying estimated mileage to the number of 

vehicles registered in each class. Zieszler concluded that the rates of fatal 

and nonfatal injury producing accidents were the same for double-trailer 
trucks as for single-trailer trucks. Another study (Yoo et al., 1978) used 

1974 California Highway Patrol accident and estimated travel data. Yoo et al. 

reported that: 

o No significant difference was found between the number of 

double-trailer and single-trailer truck accidents or injuries per 
million vehicle miles of travel; 

o Double-trailer truck accidents resulted in a significantly higher 
number of persons killed per million vehicle miles than singles; and 

o Single-trailer combination trucks had a significantly higher accident 

frequency and injury rate per million cargo ton-miles of travel, but 

no difference was noted in the number of fatalities per million 
ton-miles. 
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TABLE IV-8 

ACCIDENT RATES* FOR SINGLE- AND DOUBLE-TRAILER 
TRUCK COMBINATIONS FOR SEVEN CARRIERS 

Year Single-Trailer Double-Trailer 

1976 84.8 57.2 

1975 70.7 73.3 

1974 88.0 59.0 

1973 94.0 76.1 

1972 79.5 66.0 

1971 76.8 64.0 

1970 96.3 62.4 

1969 84.5 52.9 

*Accidents per 100 million vehicle miles of travel 

Source: BMCS (1977) 

TABLE IV-9 

ACCIDENT RATES* FOR SINGLE-AND DOUBLE-TRAILER 
TRUCK COMBINATIONS ON 'IWO n.JRNPIKES 

Location Single-Trailer 

Ohio Turnpike! 139 

Indiana TurnpikeZ 172 

Double-Trailer 

76 

84 

*Accidents per 100 million vehicle miles of travel 

Sources: !Little (1974) 
2Scott and O'Day (1971) 
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TABLE IV-10 

ACCIDENTS RATF.S* BY VEHICLE TYPE 

Vehicle Type 

Double-Trailer Combination Truck 

Single-Trailer Combination Truck 

Other Trucks 

Camnercial Buses 

All Other Motor Vehicles 

51.3 

47.S 

71.8 

37.S 

70.7 

*Accidents per 100 million vehicle miles of travel 

Source: Zeiszler (1973) 
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Vallette et al. (1981) found that the accident involvement rates of 

double-trailer combinations greatly exceeded those of single-trailer 

combinations for all roadway types (Table IV-11). The largest differeP.ce was 

on rural nonfreeways where double-trailers experienced a rate more than 4.5 

times that of single-trailer combinations. Although California's 

double-trailer mileage represented 30-35 percent of the total national mileage 

for double-trailer combination trucks, as this study notes, caution should be 

exercised in extrapolating these results to the Nation as a whole because of 
the high concentration of data from California and Nevada. 

A recent study (Campbell and Carsten, 1981) fotmd the fatal-accident rate of 

double-trailer trucks almost 50 percent higher than that of single-trailer 

combinations (Table IV-12) and the nonfatal-injury accident rate of 

double-trailer combinations over 2.5 times that of single-trailer combination 

rates (Table IV-13). This study also found that ''bobtails" (tractor only) 

were overinvolved in accidents as compared to tractors with trailers. 

Glennon (1979) studied 188,296 point-to-point 1978 trips by both 

single-trailer and double-trailer combinations of one interstate carrier. 
Total mileage travelled by each truck group was a little more than 56 million 

miles and the frequency of accidents was almost the same for the two groups: 

singles experienced 100 accidents and doubles experienced 106. These findings 

were contrary to the results of the latter two studies cited, except it was 
understood that the carrier whose 1978 operations were studied infrequently 

operated double-trailer combinations empty. Such a consideration may partly 

explain the apparent differences in the results of the last three studies 
because the Vallette study concluded that a major contributor to the higher 

accident rate for double-trailer combinations was the increased likelihood of 
collision at low gross vehicle weights. 

-- Triple-Trailers, Turnpike Double-Trailers, and Other Combination Trucks 

Triple-trailer combinations currently operate under special permits on 
selected highways in a limited number of western. States. Peterson and Gull 
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Truck Type 

Single-Trailer 
Combination Truck 

Double-Trailer 
Combination Truck 

TABLE IV- 11 

ACCIDENT RATFS* BY TRUCK TYPE AND 
ROADWAY TYPE 

Roadway Type 

Rural Rural Urban 
Freeway Nonfreeway Freeway 

77 97 279 

129 434 449 

Single-Unit Trucks 43 111 84 

*Accidents per 100 million vehicle miles of travel 

Source: Vallette et al. (1981) 
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294 

524 

171 



TABLE IV-12 

FATAL-ACCIDENT INVOLVEMENT RATF.S* BY NUMBER 
OF TRAILERS: INTERCITY TRACTORS ONLY 

Single-Trailer Double-Trailer 
Combination Truck Combination Truck 

M:xiel Year 95% 
Rate C.I.** 

1974 5.9 +0.8 

1975 Pre*** 12.5 +2.3 

1975 Post*** 3.2 +0.6 

1975 Total 7.6 +LO 

1976 7,6 +3.2 

1977 5.9 +0.2 

Total+ 6.5 +0.6 

*Per 100 million vehicle miles of travel 
**C.I. = Confidence Interval 

Rate 

24.0 

45.4 

4.8 

15.0 

10.2 

2.8 

9.5 

***Pre- and post-standard vehicles (FMVS 121) 
+Difference significant at .001 level 

Source: Campbell and Carsten (1981) 
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95% 
C.I.** 

+4.4 

+7.6 

+1.2 

+2.9 

+3.6 

+0.5 

+1.1 



TABLE IV- 13 

SlM4ARY OF INVOLVEMENT RATES* FOR TRACTORS 
BY EXPOSURE CATEGORY: INfERCITY USE ONLY, MODEL YEARS 

1974-1977 COMBINED 

Exposure 
Variable 

and Levels 

Trailer Type 

Without Trailer 
With Trailer 
Difference 

Single-Trailer 
Double-Trailer 
Difference 

Fatal 
(Calender Yrs. 76-78) 

Rate 95% C.I.** 

90.0 +44.5 
6.8 + 0.7 

83.2 +44.5 

6.5 + 0.6 
9.5 :; 1.1 

-3.0 + 1.3 

*Per 100 million vehicle miles of travel 
**C.I. = Confidence Interval 

Injury 
(Calendar Yrs. 76-77) 

Rate 95% C.I.** 

913.5 +1032.3 
53.5 + 18.3 

***860.0 +1032. 7 

47.9 + 11.9 -126.3 + 25.7 --78.4 + 28.3 

***Differences significant at 0.5 level except when marked with 
asterisk. 

Source: Campbell and Carsten (1981) 
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(1975) evaluated their operation on an Interstate highway in Utah. Using 

mileage data from participating trucking companies and one year of State 
accident data, they determined that triple-trailer combinations had an 

accident rate of 2.09 accidents per million vehicle miles compared to a 
combined single- and double-trailer combination truck accident rate of 1.79 

accidents per million vehicle miles. The higher rate for triple-trailer 

truGks was statistically insignificant, however, because the rates were based 

on small sample sizes--eight accidents for triple-trailers and 17 for the 

other combination groups. 

The so-called "turnpike double" consists of a tractor and two forty-foot or 

forty-five foot trailers. This combination is currently allowed on some 

controlled-access highways. A study in Michigan (Engineering Standards Unit, 

1976) concluded that the use of this combination type should not be allowed on 

non-controlled-access routes because of potential operational problems. 

Accident experience was documented between 1960 and 1976 for 100-foot 

double-trailer operations on the Ohio Turnpike. Thirty-six accidents, 

including one fatality, were recorded for 45,787,118 vehicle miles travelled. 
The resulting rate of 0.79 accidents per million vehicle miles was relatively 
low but it should be stressed that the sample was limited to operations 

stringently controlled and on a turnpike with relatively high safety 

standards. As with the triple-trailer combination trucks, it appears that 

under strict operating conditions "turnpike doubles" present no special safety 

problems. 

-- Truck Width 

Federal regulations and most State regulations limit truck width to 96 inches, 

but 102-inch vehicles are permitted by some States on certain highways. In 

the Vallette et al. (1981) study, an attempt was made to relate vehicle width 
to accident frequency. Because the accident file did not contain a reasonable 

sample of trucks with widths greater than 96 inches it was impossible to 
determine the effect of width on accident involvement. 
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-- Wide Loads 

Glauz et al. (1974) investigated what other motorists did in the vicinity of 

mobile and modular housing shipments that might have safety implications. 
They concluded that reported accident rates and severities for accidents 

involving transport of mobile and modular homes were similar to those for 

other large trucks. 

Another finding of the Glauz study was that overloaded tires--those carrying 

more than 2,500 pounds per tire--had 14 flat tires in 20 trips; when carrying 
less than 2,500 pounds per tire, there was only 1 flat tire in 20 trips. The 

importance of this finding is that a flat tire results in a wide load 

remaining stationary on the highway while the flat is being repaired--a 

situation assumed to present a serious hazard, especially on two-lane highways 

or roads with narrow shoulders. 

The Florida Department of Transportation (1972) evaluated 12-foot-9-inch wide 

modules used in construction of hotels by observing a demonstration vehicle as 

it travelled city streets, two-lane and four-lane highways and across 

controlled multi-lane highways. The two observers who followed the vehicle 

noted problems of encroachment on adjacent lanes by the vehicle and delays 

caused to other motorists. 

The California Highway Patrol (1981) compiled data on the transport of mobile 

homes and concluded that the running gear was overtaxed and likely to fail 

during shipment. More specifically, the tires, wheels, axles, brakes, and 

suspension were typically designed for a one-time shipment over a relatively 
short distance but were being recycled for continued use. A problem related 

to design overload and component fatigue was noted in approximately one of 
every seven transports. Average trip length was 142 miles. 

-- Cargo Body Types 

Because large-truck bodies generally are designed for the type of cargo to be 
carried, their shapes vary widely. The dynamic stability, post-crash 

consequences, and carrier operating practices are generally consistent for all 
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trucks in a body-type category. For instance, bulk liquids and bulk solids 

are transported in cargo bodies that have a high center of gravity when 

loaded. This results in an increased tendency to overturn. Liquid "slosh" in 
unbaffled tank trucks aggrevate the rollover tendency. 

Vallette et al. (1981) studied accident rates for trucks of different cargo 

configurations. Some were more often involved in accidents than others. As 

shown in Table IV-14, dump trucks had the highest rate among single-unit 

trucks and single-trailer combination trucks, and double-tankers were involved 

in accidents more often than other double-trailer combinations. National 

estimates of the number of accidents involving these two truck types were not 
available, but because dump trucks and tank trucks account for 8.8 and 9.8 

percent, respectively, of total truck travel, they constitute a significant 
problem to safety (Burger et al., 1981). 

Scott and O'Day (1971) also examined accident involvement by cargo-body type. 
The results (Table IV-15) showed dump trucks and transit mix trucks were 

overinvolved in accidents, based both on their percentage of the total vehicle 

population and miles travelled. The authors cautioned that their exposure 

values were based on census data and might not be a good estimate of actual 
exposure. In addition, differences in rates among the body types may reflect 

differing operational practices not accounted for in the study. 

-- Truck Weight 

Studies that have examined the relationship of vehicle weight to accident 

frequency and severity also have produced conflicting results. One of the 

earliest was a FHWA study (Winfrey et al., 1968) on the economics of the 

maximum limits of motor vehicle dimensions and weights. Accident data from 

three States collected during the late 1950s was matched with registered gross 

vehicle weights to determine accident involvement rates. The results (Table 

IV-16) showed that the heaviest weight group had the highest fatality rate but 
the lowest accident rate. Winfrey also found that the heaviest weight group 

consistently had the highest accident cost per mile of travel. Two serious 

limitations of this analysis were that it did not attempt to isolate vehicle 
weight from vehicle type, and that registered weights rather than actual 

weights were used. 
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TABLE IV-14 

ACCIDENT RATES* BY CARGO AREA CONFIGURATION AND TRUCK TYPE 

Truck Type 

Single-Unit Canbination Trucks 
Cargo Area with Single-Unit 

Configuration Single-Unit Full Trailer with Dolly 

Fully Enclosed 38 57 145 

Enclosed, Low Bed ** ** ** 

Tank 122 76 ** 

Bulk Connnodity 152 ** ** 

Pole/Log ** ** 413 

Platfonn 52 49 148 

Dunp 221 48 165 

Vehicle Carrier ** ** 470 

*Accidents per 100 million vehicle miles of travel 
**Rare or nonexistent configurations 

Single-Trailer 

101 

59 

197 

114 

19 

100 

330 

188 

Source: Vallette et al. (1981) 
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Double-Trailer 

198 

192 

767 

116 

** 

286 

298 

** 



TABLE IV-15 

RELATIVE INVOLVFMENT RATIOS FOR TYPES OF TRUCKS 

Relative Involvement Ratio 

% Accidents % Accidents 
Type of Truck % Vehicles % Miles 

Van 0.84 0.70 

Refrigeration Truck 1.20 0.99 

Dump Truck 1.60 2.20 

Tank Truck 0. 77 0.83 

Transit Mix Truck 1.20 3.30 

Source: Scott and O'Day (1971) 
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TABLE IV-16 

ACCIDENT RATES* BY REGISTERED GROSS WEIGHT OF 1RUCKS 

Registered 
Gross Weight Fatal-Injury Nonfatal-Injury Property Damage All 

(lbs.) Accidents Accidents Only Accidents Accidents 

12,000 and Under 4.1 220 2050 2280 

12,001-24,000 3.6 130 2000 2130 

24,001-41,000 7.7 200 2750 2960 

41,001-72,000 7.9 210 1440 1660 

*Accidents per 100 million vehicle miles of travel 

Source: Winfrey et al. (1968) 

IV-43 



Using 1973 JM:S data, Herzog (1975) found that the fatality rate for "other 

than truck occupants" in truck-involved accidents increased as the weight of 

the truck increased. However, Hedlund (1977), anal)"zed 1973 and 1974 BMCS 
data and concluded that truck weight effects were small compared to the 

effects of rural versus residential/business areas and the number of roadway 

lanes. In rural areas weight appeared to have no effect. In 

residential/business areas there was a slight increase in fatalities ·as truck 
weight increased. 

Another analysis of accidents by truck weight used 1973-75 BMCS data 

(Chatfield, 1976) and founo that the highest number of fatalities per 100 

truck accidents occurred in:accidents involving trucks weighing from 70,000 to 

85,000 pounds, but that trucks in essentially the same weight range, 75,000 to 
90,000 pol.Dlds, accounted for the lowest number of persons injured per 100 

accidents. 

Belew et al. (1975) examined national fatal-accident files from January 1973 

to June 1974 for the effect of truck weight on the fatality rate for both 
passenger car drivers and truck drivers (Figure IV-3). Although wide 

fluctuations were acknowledged, passenger car driver fatalities increased as 

truck weight increased. No consistent trend for truck driver fatalities was 

observed. 

The Vallette et al. (1981) study also developed accident rates for various 

weights of two truck types--single-trailer and doubre-trailer combinations 
(Figure IV-4). The curves indicated that accident rates decreased with 

increasing truck weight. Concerned with the possible over-representation of 
loaded vehicles and under-representation of empty vehicles in the study, FHWA 

re-analysed the data and adjusted for this potential bias (included in 
Vallette et al., 1981). The results (Figure IV-5) indicate that accident 

rates for both single-trailer and double-trailer trucks decreased as truck 
weight increased. Doubles below 30,000 pounds had a significantly higher 
accident rate than did other doubles. Rates decreased with increasing weight 

up to 60,000 pounds, then increased moderately. Table IV-17 shows the data 
upon which the curves in Figures IV-4 and IV-5 are based. 

IV-44 



f-
;z 
(.IJ 

Q -u 
u 
< 
::..:: .. u --IX 
f-

I 

IX 
< u --... 
Q 
~ 

-' 
-' -::..:: 
Vi 
IX 
(.IJ 

> -IX 
Q 

.... 
0 

IX 
(.IJ 
,:c 
::E 
!::) 
z 

FIGURE IV- 3 

DRIVERS KILLED PER CAR-TRUCK ACCIDENTS 
BY TRUCK WEIGHT 

1.0 -------------------------~ 

0.8 

0.5 

0.2 

10 20 

Passenger Car 
Drivers 

30 40 so 
(thousands) 

TRUCK WEIGHT (lbs.) 

60 

Source: Belew et al. (1975) 

IV-45 

70 80 



...... 600 
"' II 
r➔ 

:i! 
II 

'i::J 500 
•"4 

i 
> 
.§ 
r➔ 
r➔ ~ 

400 

:i! I .,. 
°' 0 

0 
r➔ 

... 300 

i 
i 200 

I .... 
~ 100 

0 
0 

FIGURE IV- 4 

ACCIDENT RATES VERSUS GROSS VEIIICLE WEIGHT 

Single-Trai lcT 6 (6 States) 

A 

10 20 

Dowle-Trailer 

(2 States) 

30 40 50 

(thousands) 

60 

GROSS VEHICLE WEIGHT (lbs.) 

70 80 

Sour~ Vaffette et al.· (1981) --

• 

• 
90 



,..., 

250~ 
Ill 

" .-4 

:i! 
" .-4 u 
'" .i:: 

~ 200 

8 
~ 

.,➔ 

.-4 

.-4 I 

:i! .j:,. 
--..i 

0 
0 

150 
.-4 

... 
8 

I 

~ 100 

I I 

.... 50 

~ I 
0 

0 10 

,'a~ 

FIWRE IV·S 

ACCIDENT RATES VERSUS GROSS VEHICLE wmcur 
f-OR TI\O STATES, CALifORNJA AND NEVADA 

\ lloli>le-Trailer 
(ZS\ ~1ty) 

'\.. '\.. • 

-......... • 

------ ■ ■ 
■ ■ 

20 30 40 50 60 70 

(thousands) 
GROSS VEHICLE WEIGHT (lbs.) 

Source: Va1.1ette et al. (1981) 

80 90 



TABLE IV-17 

ACCIDENT RATFS* FOR SINGLE- AND OOUBLE-TRAILER C<l>IBINATION lRUCKS BY 
WEIGH!' CATEOORY (CALIFORNIA AND NEVADA COMBINED) 

Gross Vehicle Weift (lbs.) 
(thousands 

10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 

Single-Trailer 291 136 49 61 37 44 45 
Combination Truck 

Double-Trailer 606 260 134 68 101 103 26 
Canbination Truck 

*Accidents per 100 million vehicle miles of travel 

Source: Vallette et al. (1981) 
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Apparently more important than gross vehicle weight is whether or not the 

truck is being driven empty of cargo. Vallette found that combination trucks 
exhibited a higher accident involvement rate while travelling empty than while 

operating with a partial or full load, and trucks towing empty double trailers 

were significantly more likely to be involved in an accident than trucks 

towing an empty single trailer. Vallette also found no relationship between 

accident severity and vehicle weight. 

Large-Truck Crashworthiness 

Ultil recently it was considered neither practical nor necessary to build many 

crash protection features into large trucks. This opinion gained acceptance, 

for the most part, because the mass of large trucks combined with the high 

speeds at which they often operate was thought to preclude practical efforts 

to mitigate the effects of the high energy levels produced by their crashes. 

Nevertheless, a significant number of truck occupant fatalities and serious 
injuries might be avoided wi~h crash protection features such as collapsible 

steering coll.DlDls. 

A potential for reducing fatalities and injuries may also exist in making 

large trucks less "aggressive" when they strike or ar~ struck by smaller 
vehicles. Efforts to develop underride guards to improve the survival 

potential of occupants of cars that impact the rear of large trucks illustrate 

that some practical technicaf solutions are possible. 

This section discusses the nature of protection afforded occupants of large 
trucks when they are involved in accidents as well as the consequences to the 

occupants of nontrucks when involved in truck-related collisions. 

Truck Occupants 

In 1981 there were 1,131 fatalities to occupants of large trucks, according to 

FARS data. Of these fatalities, 815 (72 percent) were occupants of 

combination trucks, 292 (26 percent) were occupants of single-unit trucks, and 

24 (2 percent) were "bobtail" occupants. 
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Although many fatal accidents involving single-unit and combination trucks 

were initiated when a truck struck another vehicle or a fixed object, the 

occupant deaths were most frequently attributed to subsequent rollover (Bondy 

and Partyka, 1980). 

Rollover accounts for half of all fatalities in single-unit truck collisions 

even though single-units are less likely to overturn in a fatality-causing 

accident than are combination trucks. In contrast, only 26 percent of 

passenger cars in which an occupant was killed overturned (Partyka, 1979). 

The truck occupant most frequently killed was a truck driver (72 percent for 

single-units, and 82 percent for both combinations and ''bobtails"). Other 

combination-truck occupants killed in accidents were in the right-front 

passenger position (10 percent) and in the sleeper section of the cab (5 
percent). Other occupants killed in single-unit trucks included right-front 

passengers (14 percent) and people riding on the vehicle exterior (S 
percent). Only one occupant of a single-unit truck was killed in a sleeper 

section. 

Partyka (1979) found that ejection from the cab was frequently associated with 

truck-occupant fatalities: 40 percent for single-units, 34 percent for 
combinations, and 41 percent for "bobtails." In contrast, 24 percent of 

passenger car fatalities were associated with ejection. About 97 percent of 
all fatally injured occupants were not wearing safety belts. The rate of 

safety belt use was the same for truck and automobile occupants killed in 

accidents (FARS data, 1980). - In a study of injury producing accidents 

involving large trucks and other vehicles in 1978, 10.9 percent of the truck 
occupants and 13.8 percent of the occupants of the other vehicles claimed they 

were using safety belts (Najjar, 1981). NASS data for 1979-1980 indicate that 
10 percent of all accident-involved passenger car occupants were wearing 

restraints. The difference in safety belt use between truck occupants 

involved in fatal accidents and those involved in nonfatal injury-causing 
accidents suggest that, similar to the protection afforded passenger car 

occupants, safety belt use reduces the likelihood that truck occupants will be 

seriously injured. 
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Discomfort caused by safety belt system designs and the jarring motion of the 
truck cab and seat are said to be disincentives to the use of safety belts in 

large trucks (NI-ITSA, 1979). 

Truck crashworthiness inquiries must also address the relative levels of 

occupant protection afforded by different types of tractor cabs. 
Cab-over-engine tractors are often favored over cab-behind-engine types 

because they enable longer trailer-lengths within overall length regulations. 

A few studies have examined the relative safety of the two types of tractors. 

In a study of California truck accidents, Philipson et al. (1978) round that a 

high ratio of accidents involving cab-over-engine tractors resulted in major 

injury or fatality. 

A similar finding was reported by Campbell and Carsten (1981), who compared 

the relative safety of the two cab styles for truck model years from 1974 
through 1977. Cab-over-engine tractors had a 70 percent higher involvement in 

fatal accidents. When only truck-driver fatalities were considered, the rate 
for cab-over-engine tractors was more than double the rate for 

cab-behind-engine tractors. 

Data analysis by Kubacki and O'Day (1981) indicated a slightly higher fatality 

rate and a higher ratio of truck-driver fatalities or injuries per accident 

for cab-over-engine types (see Tables IV-18 and IV-19), but the authors 

cautioned that their conclusions were tentative because of potential 

inaccuracies in the accident and exposure data. If such a difference does 

exist in serious accidents involving the two cab-types, the authors said, it 

may be because of differences in operating environments and speeds. 
Cab-over-engine tractors were noted to be more likely found on long-haul trips 
and corresponding higher-speed operations than cab-behind-engine tractors. 

Conversely, the difference in injury and fatality rates could be related to 

tractor design: ejection of occupants appeared to occur more often in crashes 

of trucks with the cab-over-engine configuration. 
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TABLE IV-18 

ACCIDENT, INJURY, FATALITY, AND EXPOSURE COUNTS 
FARS AND TIU FOR t,()DEL YEARS 1974-77 COMBINATION TRUCKS 

NON-LOCAL, ALL CARRIERS 

Item Cab-Behind-Engine 

Fatal Involvements 503 

Driver Fatalities 64 

Registered Vehicles 80,138 

Vehicle Miles Travelled* 5.86 

Fatal Involvement Rate** 85.8 

Driver Fatality Rate** 10.9 

*100 million vehicle miles travelled 
**Per 100 million vehicles miles of travel 

Cab-Over-Engine 

845 

140 

96,344 

8.96 

94.3 

15.6 

Source: Kubacki and O'Day (1981) 
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TABLE IV-19 

ACCIDENT, INJURY, FATALITY, AND EXPOSURE COUNTS 
BMCS AND TIU FOR AUTHORIZED CARRIERS, NON-LOCAL, 

COMBINATION TRUCKS 

Item Cab-Behind-Engine 

Involvements 3325 

Driver Injuries 924 

Driver Fatalities 48 

Registered Vehicles 82,348 

Vehicle Miles Travelled* 58.3 

Involvement Rate** 57.1 

Driver Injury Rate** 15.9 

Driver Fatality Rate** 0.82 

*100 million vehicle miles travelled 
**Per 100 million vehicles miles of travel 

Cab-Over-Engine 

4305 

1385 

85 

122,910 

101.2 

42.6 

13. 7 

0.84 

Source: Kubacki and O'Day (1981) 
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-- Occupants of Other Vehicles 

1979-1980 FARS data indicate that 69 percent (4,344) of all the fatalities 

resulting from large-truck crashes occurred to occupants of other motor 

vehicles which either struck or were struck by a large truck. Almost 
three-fourths of these fatalities were passenger car occupants (3,097) and 86 

percent of these (2,655) died in two-vehicle accidents as opposed to accidents 

involving three or more vehicles. NASS data (1979-1980) indicate that in 
about 67 percent of all car/large-truck accidents, the truck is the striking 

vehicle. 

Figure IV-6 shows the initial point of impact on the struck vehicle in fatal 

large-truck/car accidents in which the striking vehicle impacted head-on. Of 
the total 1,860 fatal accidents that involved a frontal impact by one or both 

vehicles, 678 were head-to-head collisons. Cars struck the rear of large 

trucks as the initial impact point in 234 fatal accidents. 

The Kubacki and O'Day (1981) study cited earlier showed that cab-type also 
influences the injury outcome to occupants of other vehicles involved in an 

accident with a large truck. While cab-over-engine types were found to be 
more often associated with truck-occupant injuries, collisions with 

cab-behind-engine combination trucks exhibited a somewhat higher incidence of 

injury to occupants of other vehicles. Conversely, Vallette et al. (1981) 

found that cab-type does not affect the severity of injury to occupants of 

other vehicles. 

Passenger car collisions with the rear of large trucks are often spectacular 

because of the frequently fatal consequences to car occupants when their 

vehicle underrides the truck. Vehicles underride the rear or side of trucks 

in 5-10 percent of all accidents involving large trucks. Minahan and O'Day 

(1977) found that 90 percent of the fatal car-into-truck rear-end collisions 
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involved underride. Approximately 1.4 percent of all traffic fatalities 
occurred in rear-end accidents involving large trucks. Almost 

one-and-one-half times as many fatalities occurred as a consequence of 

passenger car impacts with large trucks than non-passenger car impacts (FARS 

data, 1981). 

Federal regulations require that trucks and tractor-trailers in interstate 

commerce provide protection against rear underride, but clearance between the 

bottom of the undernde protection device and the ground can be as much as 30 

inches, which is higher than the bumper system and engine block of most 

automobiles. Testing of prototype underride guards by DeLeys and Ryder (1971) 
showed that energy attenuating systems were more effective than rigid 

devices. Zaremba et al. (1977) and Moffatt et al. (1980) also reported 

favorable results from crash tests of two guards designed to be more 
energy-attenuating. The guard.s were tested with a 21-inch ground clearance. 

They prevented occupant compartment intrusion of both small and standard-size 
automobiles at impact speeds of more than 30 mph. 

BMCS and NHTSA are studying improved underride guard protection. The Texas 
Transportation Institute and Dynamic Science, Inc., have performed a series of 

DOT-sponsored crash tests. NHTSA used data from these tests to propose a rule 

(Notice of Proposed Rulemaking by NHTSA on January 8, 1981) which would 

require a guard to have moderate strength (approximately 45,000 pounds) and a 

21.65-inch ground clearance. NHTSA is continuing to sponsor crash tests to 
obtain additional data on the effectiveness of the proposed requirement. 

Large-Truck Dynamics and Crash Avoidance 

Some accidents occur when a driver unknowingly exceeds the safe dynamic 

performance bounds of his vehicle. This may be especially true in combination 
and single-unit trucks where special driving skills are essential to safe 
operation. 
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Opportunities exist for improving large-truck performance. This subsection 

discusses large-truck brake systems (including maintenance), retarders, 

handling and stability, and tires and their role in collision-avoidance 

maneuvers. 

-- Truck Brake-System Design 

Large trucks are typically equipped with either drum or disc air brakes. The 

braking performance of vehicles equipped with air brakes is regulated by 

Federal Motor Vehicle Safety Standard (FMVSS) No. 121 which became effective 

in 1975. Reduction in loss of control due to wheel lockup was one of the 

major objectives of this standard. 

The effectiveness of FMVSS No. 121 was evaluated by the Highway Safety 

Research Institute (Campbell and Carsten, 1981) when they examined model years 
1974-77 which included both pre- and post-FMVSS 121 trucks. The authors 

concluded that the results showed no evidence of a substantial safety benefit 

from the standard. NI-ITSA also examined the data used in the Campbell and 
Carsten study. Truck travel data from the TIU (1977) were substituted and the 

results (Cooke, NHTSA, in a report to be released in 1982) indicate that 

reductions did occur in fatal-accident involvement for post-FMVSS 121 trucks 
when compared to the pre-FMVSS 121 trucks but these reductions were 

attributed, at least in part, to the effects of the differences in the ages of 

the trucks. 

The brake system of a large truck is critical to its safe operation. Design 
and development of truck-braking systems that can operate optimally is 

complicated by the wide variation between empty and fully-loaded conditions of 

travel, by the usually high ratio between the height of the center of gravity 

and the vehicle's wheelbase, and by the articulation of combination trucks. 
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The comparatively longer stopping distance required by trucks can contribute 

to an accident. In 1974 BMCS tested the stopping distance performance of 366 
cars and 1,200 trucks, both loaded and unloaded, at initial speeds of 20 mph. 

The average stopping distance for the passenger cars was 22.4 feet. Figure 
IV-7 sununarizes the weight and braking distance results of connnercial truck 

configurations. The average stopping distance for large trucks ranged from 

32.7 feet to 43.8 feet--46 and 96 percent greater than cars, respectively. No 

restrictions were imposed on the number of wheels permitted to lock. Winter 

(1975) noted that earlier testing had shown that truck-stopping distances 
could be reduced 9 percent simply by adjusting the brakes. 

Current production passenger cars are capable of panic stopping from 60 mph in 
less than 200 feet. When compared to trucks, a disparity is evident in the 

braking capabilities of the two types of vehicles. In tests of truck-stopping 
distances one wheel per axle was permitted to lock (Radlinski, 1976 and 

1982). The results showed that a loaded 80,000-pound combination truck 

required 250 to 300 feet to stop from 60 mph. Unloaded, this same combination 
truck required 350 to 400 feet to stop from 60 mph. A ''bobtail" or empty 

single-unit truck can require 300 to 500 feet. When distances between 

vehicles in traffic are short, these differences in stopping distances become 

decisive. 

Trucks can lose directional stability when a wheel "locks" at any of their 

axles. Figure IV-8 illustrates this type of control problem for single-unit 
and combination trucks. 

In single-unit trucks, directional control can be lost during braking in two 

ways: when the front wheels lock and do not rotate because of excessive brake 

torque, the vehicle becomes unresponsive to steering and continues straight 

ahead; when the rear wheels lock, directional stability is lost and the 
vehicle tends to "spin out," the rear-end swinging rapidly forward. Both 

conditions can be attributed to a property of pneumatic tires by which they 
require rolling motion to maintain directional stability. Otherwise, front 
tires do not respond to steering and rear tires are unable to correct the 
errant direction of the vehicle. 
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Two types of instability occur from wheel lockup in a combination truck. When 

the rear wheels of the tractor lock, a "jackknife" occurs similar to the 

"spin out" of single-unit trucks. The instability results in rapid rotation, 

requiring about one second for the tractor to rotate 120 degrees, at which 

point the cab strikes the body of the trailer. A second type of instability, 

called "trailer swing," occurs when trailer wheels lock. The trailer rotates 

relatively slowly, often without being noticed by the driver, because no 

irrrnediately noticeable disturbance occurs to the tractor's motion. 

Loss of control is camnon in single-vehicle large-truck accidents. In many 

cases braking instability is an accident-initiating or contributing factor. 

BMCS (1979) data for single-vehicle accidents indicate that run-off-road, 
"jackknife," and rollover accidents accounted for 23.2 percent of all reported 

truck accidents and 15.7 percent of truck-occupant fatalities. Bondy and 

Partyka (1980) found that 69 percent of all combination-truck occupant 
fatalities reported in FARS in 1979 occurred in single-vehicle accidents. A 

significant nunber of these may have been associated with loss of control. 

When loaded to their maximum gross vehicle weight, large trucks have less 

reserve stopping capability than smaller vehicles. Heavier trucks in 
particular can experience heat buildup and subsequent brake "fade." The 

problem of "fade" is complicated by the introduction in recent years of more 

fuel-efficient engine designs. These engines provide less non-braking 

downhill retardation than did previous designs. 

It is estimated that 25 to 50 drivers of large trucks are killed each year in 
"runaway" accidents (Fancher et al., 1981). A greater mnnber of nonfatal 

"runaway" accidents was also estimated to occur. In many cases truck 
"rtmaway" is the result of poor brake maintenance or poor brake adjustment 

which causes braking demands, normally distributed to by the brakes on all 

axles of the vehicle, to be transferred to fewer axles. This increases the 

chances of heat buildup and "fade" on the axles that are required to absorb 

the braking demands. 
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"Retarders" are used on large trucks to assist the primary braking system by 

slowing the engine or drive line. They help eliminate or reduce heat buildup 
in the primary brake system, thus "saving" brakes for accident avoidance and 

stopping maneuvers. The use of these devices, while popular in some regions 

of the country and on some types of vehicles, is not widespread. 

-- Brake System Maintenance 

Truck brakes require mo~e attention and maintenance than passenger car 

brakes. Several components in the brake systems of trucks are prone to wear 

and failure, requiring frequent repair or adjustment. BMCS annually 
spot-inspects large trucks as part of its overall safety program. In 1979 it 

spot-inspected 23,838 large trucks (BMCS, 1980). Forty-one percent (9,671) of 

those vehicles were removed from service for one or more defects sufficiently 

hazardous to make the vehicle's continued operation unsafe. The largest 

nt.DTiber of defects was found in braking systems (50.8 percent). In 1976 and 

1977, 53.8 percent of the defects found were related to brake systems (BMCS, 

1978). BMCS inspections dating back more than ten years reflect this same 
proportion, and findings of State inspecting agencies confirm those of Federal 

inspectors. For example, between June 1980 and January 1981 Oregon conducted 

weight and safety inspections of 2,556 large trucks and removed 48.9 percent 
of them from service, the majority for brake system defects. BMCS (1979) 

studied its accident data for 1976 through 1978 and fotmd 4,291 accidents (4.8 
percent of the total reported for those years) in which mechanical defects 
were reported to have been contributing factors. Brake system failures were 

the single largest group cited, contributing to 31 percent of all accidents 

related to mechanical defects. In a review of its 1978 and 1979 accident 

data, the Commonwealth of Kentucky (1980) fotmd that brake system problems 

contributed to 5 percent of all combination-truck accidents. 
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Lolnnan and Waller (1975) reported that vehicle defects were found in 8 percent 

of the large trucks and 10.8 percent of single-unit trucks weighing more than 

24,000 pounds that were involved in truck accidents in North Carolina. 
Zieszler's (1973) analysis of truck accidents in California showed that 

combination trucks had a slightly lower incidence of defective equipment (6.Z 

percent) than did single-unit trucks (7.4 percent). Finally, Vallette et al. 

(1981) reported that defective truck equipment was more often found involved 

in single-vehicle accidents (24 percent) than in multiple-vehicle accidents 

(11 percent). 

M::Dole and O'Day (1975) found that vehicle defects were a contributing factor 

in more than 6 percent of the truck accidents reported to police agencies in 

Texas, compared to Z percent of the passenger car accidents reported. Truck 

defects were cited as a "cause" in about 10 percent of the accidents when the 

trucks involved were at least 10 years old, but in only 4 percent of the 

accidents when the trucks were less than 3 years old. The defects most often. 
reported were in brake, tire, and wheel systems--accounting for about 70 

percent of all defect-related accidents. 

M::Dole and O'Day (1975) also concluded that a relationship existed between 

good inspection and maintenance practices and lower rates of defect-related 

accidents. They found that more effective maintenance practices were usually 

adopted by larger firms, which considered such maintenance to be of economic 
benefit. Poorer maintenance practices were more likely to be associated with 
smaller firms (1- to 5-vehicle fleets) or individual owners who did not connnit 

the resources necessary for adequate maintenance and inspection. Only 16 
percent of the small fleets surveyed required written pre-trip inspection 

reports, whereas 59 percent of the large fleets required of them. 

The most important "detection mechanism" for identifying defects was 
considered by McDole and O'Day (1975) to be the driver himself. They 

identified the major accident-causing defects as those which are visually 
detectable--defective tires, brakes, lights, and wheels. The report 

emphasized the importance of pre- and post-trip inspections by drivers. 
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Drivers of carriers regulated by BMCS are required to "satisfy themselves" 

that the various truck components are in safe working condition before each 

trip and to complete a vehicle inspection report after each trip. 

A three-year BMCS demonstration program is attempting to evaluate whether a 

Federally financed effort to encourage States to expand their vehicle weighing 

and inspection schedules would increase truck safety. Utah, Idaho, Alaska and 
Michigan are cooperating in the program. As of August 1981, three out of the 

four States inspected and weighed more vehicles than they had before the 

demonstration program started. Commercial vehicle accidents decreased 37 
percent in Idaho and 43 percent in Utah after the project began. Data were 

not available for the other two States. 

-- Handling and Stability 

In addition to the dynamic instability that can occur in large trucks as a 

result of simple braking actions, instability can also result from steering 

maneuvers which, if made at certain speeds, can cause unstable lateral motions 
or a rollover. 

Large trucks, especially some combination trucks, are susceptible to rollover, 

"spin out" and "jackknife" even in routine turning maneuvers (Figure IV-9). 
For example, the tractor of a combination truck may "spin out" on curves even 
without braking. Typical passenger cars can successfully execute cornering 

maneuvers on dry pavement that require up to 0.8 - 0.9 g's of lateral 

acceleration. By comparison, many fully-loaded large trucks become unstable 
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during cornering at 0.3 - 0.4 g's of lateral acceleration. The stiff rear 
springs often-found on large trucks and the high center of gravity typical of 

loaded trucks combine to create a condition which, when coupled with other, 
often subtle factors, can cause the rear tires to lose stability. As the 

sharpness and speed of the turn increase, the vehicle becomes increasingly 

less stable. 

When combination trucks change lanes rapidly, sideways movement of the last 

unit in the combination tends to be greater than that of the tractor, creating 

a whip-like effect. The movement is even more exaggerated if the last trailer 
is loaded more heavily than those ahead of it. Trailers typically used in 

double-trailer combinations may experience as much as twice the lateral 
accelerations as those experienced by the tractor and may overturn as a result. 

Single-vehicle accidents, including those that involve pedestrians or 

bicyclists, are generally thought to be those in which handling and 
instability tendencies are most likely to be contributing factors. BMCS 

(1977) reported 13.4 percent of all truck accidents and 51.6 percent of all 

single-vehicle truck accidents involved to either rollover or jackknifing. 
NASS data (Partyka, 1981) indicated 49.8 percent of the accident-involved 
large trucks overturned and 19.6 percent "jackknifed." 

A review of 1976-78 BMCS accident data by Ervin et al. (1980) found a close 

relationship between rollover threshold and the ntnnber of accidents involving 
rollover. The sampling in Figure IV-10 represents 21,000 single-vehicle 
accidents that involved three-axle tractors pulling two-axle van-type 

semi-trailers. 
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Rollover and "jackknife" accidents were comparatively high-risk accidents for 
occupants of large trucks. Bondy and Partyka (1980) found that 56.2 percent 

of the fatalities to occupants of combination trucks occurred in rollover 
accidents and 55.6 percent of injured occupants of combination-truck occupants 
were involved in "jackknife" accidents. 

-- Truck Tires 

Two characteristics of t1uck tires that present potential safety hazards 

unique to large trucks are traction and blowout potential. Truck tires 
possess about 20-30 percent less longitudinal and lateral traction properties 

than do passenger car tires (Boyd et al., 1979). This reduces both the 

stopping distance and lateral stability of the truck because the governing 

factor is the amount of friction that can be achieved between the tire and the 
roadway. 

Because of the heavy loads carried under conditions of underinflation and 

overheating, truck tires are more prone to blow out or catch fire than are car 
tires. If a blowout occurs, particularly on the steering axle, it can cause 

loss of control and an accident. 

Contact with road obstructions or severe pavement irregularities, excessive 

loading of the tire, and excessive wear are the leading causes of tire 
blowouts. Anderson et al. (1975) reported that tire failure accounted for 

less than 1 percent of the total accidents reported to BMCS, and for 4-5 
percent of the large-truck accidents that occurred on the Ohio, Indiana, and 

Pennsylvania Turnpikes from 1966 through 1972. 

Aerodynamic Disturbance and Splash/Spray Effects 

Two potentially adverse effects of large trucks on other vehicles are 

aerodynamic disturbances caused by the airflow around the truck and the splash 

or spray from wet pavement. 
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The nature and magnitude of the effect of truck-induced aerodynamic 

disturbances on passenger cars were investigated in a series of laboratory and 

test-track experiments (Weir et al., 1971). The measure of safety performance 
was the peak lateral displacement of a car's path from the lane centerline 

during the airflow disturbance. Results showed that when a car passed a 

truck, the truck's wake caused the passenger car to displace laterally from 

0.5 feet to 3.3 feet, depending upon lane width, relative and absolute speeds, 
initial vehicle clearances, and crosswind conditions. During the tests the 

automobile driver did not attempt to steer against the displacements. In a 

real-world situation, a driver may be able to compensate for such disturbance 

by corrective steering. 

Large trucks operating on wet roads create a spray cloud of water vapor, 

usually dirty. This spray is a potential hazard to the truck itself and to 

other motorists on the highway. By obscuring the truck driver's rear vision, 

it can increase the possibility of lane-change accidents with unseen vehicles 

alongside the truck. Also, stress in attempts to use spray-fouled mirrors 

adds to the truck driver's otherwise difficult task of operating the vehicle 

in adverse weather. The spray simply obscures the vision of motorists who 

attempt to pass in the rain and can increase the likelihood of an accident. 

Effective devices to suppress truck splash and spray, such as tire flaps and 

side panels, are ccmmercially available. 

Truck-Generated Stress: Heat, Noise, and Vibration 

Drivers of large trucks are subjected to varying degrees of heat, noise, and 

vibration with potentially negative physiological or psychological effects 
which can increase the likelihood of accidents as a result of stress-induced 

fatigue. Experimental research (Mackie et al., 1974) indicated that truck 
cab-heat decreased alertness and increased fatigue. Also, drivers suffered 
some temporary loss of hearing at high cab-noise levels and some of the 

cab-vibration conditions were considered borderline with respect to 
International Standards Organization fatigue-induced proficiency standards. 
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Neither heat nor noise in truck cabs appear to be a significant problem. Cab 

air-conditioning was the obvious countenneasure for excessive heat. The 

International Brotherhood of Teamsters made cab air-conditioning a requirement 

in the 1977 National Master Freight Agreement. Likewise, the promulgation and 

enforcement of B!vK:S in-cab noise emission standards, coupled with the 

Environmental Protection Agency's maximum allowable exterior noise level 

standard--83 decibels in 1978--for large trucks as manufactured, has 

significantly reduced noise levels in truck cabs. For example, BMCS measured 
the cab-noise levels of 39,000 large trucks. In 1976, the number of trucks at 

or above the 90 decibels allowed was 7.4 percent of those examined. By early 

1981 this had declined to 2.3 percent. 

Poor ride quality or excessive vibration is perceived by drivers of large 

trucks as a significant problem. Wilson and Horner (1979) surveyed 3,600 

Teamster truck drivers and found that 36 percent believed that cab vibration 
either caused major discomforts or created serious problems that made it 
difficult to drive the truck safely. More drivers seemed aware of vibration 

when driving their vehicles empty (71 percent) than when their vehicles were 
loaded (47 percent). The drivers surveyed reported they had been involved in 

1,667 accidents over the previous five years, 14 percent of which they 

attributed in part to poor ride quality. 

Ride quality is not a well understood phenomenon. The measurement and 

interpretation of truck cab vibrations and the determination of acceptable 
levels for safety and driver health are subject to differing views within the 

safety community. 

Vehicle Conspicuity 

In 1980, 1,368 fatal accidents involved an impact into the side or rear of a 
large truck and resulted in 1,598 fatalities (FARS data, 1980). 
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A study of a sample of fatal side- and rear-impact truck accidents (Minihan 
and O'Day, 1977) fomd that such accidents could be characterized as (1) 

occurring more often at night, (Z) resulting from the driver of the striking 
vehicle having been "surprised" by the presence of a large truck which he did 

not see in time to perform evasive maneuvers, and (3) involving high impact 

velocities. The authors concluded that increasing the conspicuity of large 

trucks, particularly at night, could decrease the number of fatal 

car-into-truck side and rear collisions. 

These findings have encouraged continued research into the effectiveness and 
desirability of equipping the rear and sides of large trucks with passive 

retro-reflective materials. NHfSA is experimenting with large-truck 
conspicuity. 

Methods of enhancing motorist awareness of slow-moving large trucks on grades 

was studied by Lum (1979) on a two-lane rural highway. He concluded that: 

o Roadway signs are ineffective as warning devices during hazardous 

overtaking; and 

o Four-way flashers on trucks are effective both during daylight and 

night hours in reducing the risk of accidents when such vehicles are 

overtaken by faster vehicles. 

The effectiveness of four-way flashers on slow-moving trucks was further 
investigated in a controlled field test by Knoblauch and Tobey (1980). Their 

results suggest that four-way flashers can reduce the likelihood of rear-end 

collisions. 

Visibility 

Truck design plays a major role in detennining how much of the surrounding 

environment is visible to the driver. The size and location of windshields 
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and windows detennine how much can be seen directly; the size, location, 

number and style (plane or curved) of rearview mirrors detennine indirect 
visibility. 

Direct visibility to the rear is impossible in most large trucks because the 

load or trailer obstructs vision. Lack of visual information from the sides 

and rear of the vehicle may result in accidents while passing, turning or 

changing lanes. For cab-over-engine truck configurations, the height of the 
drivers' eyes above the road, the width of the cab, and the height of the 

windowsill on the passenger side frequently combine to create a ''blind spot" 

in the right-front quadrant large enough to conceal a full-sized passenger 

car. In cab-behind-engine tractors, the driver sits lower, in a narrower cab 

and, consequently, the right-front "blind spot" is smaller. However, in some 

cabs with long hoods the driver may be unable to see the road directly in 
front of his vehicle. 

The limitation on direct visibility places much of the burden of satisfying 

the drivers' need for visual information on mirrors. As a result, truck 
mirror systems have proliferated. These use a wide variety of placement 

choices in locating plane and convex mirrors of differing sizes and shapes. 

Drivers who are assigned daily to different trucks must adjust to each new 

mirror system and its perfonnance characteristics. 

Evidence indicates that the amount of time a driver's eyes are diverted from 

the forward roadway to mirrors varies considerably among mirror systems. 

Although the number of mirror glances and glance durations are thought to have 

safety implications, the relationship of these secondary criteria to accident 

involvement has not been established. 

Decreased visibility resulting from inadequate defrosting and defogging of 

windshields, side windows, and outside rearview mirrors is a common complaint 

voiced by drivers of large trucks (NI-ITSA, 1979). Federal regulations require 
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all vehicles, including large trucks, to be equipped with a windshield 
defrosting and defogging capability. The regulation establishes performance 
requirements for the defrost/defog system in passenger vehicles but similar 

performance requirements do not exist for large trucks. 

Controls and Displays 

Controls and displays that differ from vehicle to vehicle or that have poor 

·, hllDan-engineering designs may lead to inadvertent control operations, delays -. 
in operating controls, and distraction of the driver's attention from the 

road. These problems can be more acute for drivers of large trucks than for 
passenger car drivers because many drivers switch from vehicle to vehicle more 

often than do most passenger car drivers and trucks contain more controls than 

do cars. Various groupings of large trucks have about 52 controls, whereas 

light trucks and cars generally have about 33. Large trucks have about 34 
displays, whereas light trucks and cars have about 17. 

Indirect evidence from experimental studies indicates that drivers take longer 

to find and operate controls in unfamiliar vehicles. Complaints from fleet 

drivers, who are likely to be assigned a different truck each day, also 
suggest there are safety problems associated with controls and displays. 

Hazardous Materials Transportation 

Hazardous materials are defined in the Hazardous Materials Transportation Act 

of 1974 as substances or materials in a quantity and form which may pose an 

t.mreasonable risk to health, safety, and property. Such substances include 

explosives, radioactive materials, liquified petroleum gas, liquified natural 
gas, poisons, etiologic agents, and liquid and solid flammables. The Vallette 

et al. (1981) study showed that 3.2 percent of 1,146 accidents investigated 
involved hazardous cargos, with flammable liquids being the most frequent 

cargo involved. Also, Philipson et al. (1978) reported that 2.6 percent of 
2,923 truck accidents recorded in California involved hazardous material. 
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Accidents that involve trucks hauling hazardous materials are of particular 

concern because of the potentially serious consequences of post-cargo 

spillage. Post-crash fires, explosions, toxic spills, and other environmental 

disruptions can endanger a great many of people. A BMCS study (1977) reported 
that truck accidents involving hazardous cargos resulted in 22 percent more 

fatalities per accident and 61 percent greater property damage per accident 

than did all other truck accidents. 
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HIG-IWAY/ENVIRONMENTAL-RELATED CONIRIBUTING FACTORS 

Road types differ and some highway features are associated with higher 

accident risks than others. Environmental and temporal factors also influence 
both the occurrence and consequences of highway accidents. FHWA considers 

full control of access the most important highway safety feature. A high 

percentage of large-truck traffic uses the Interstate System, where access is 
fully controlled. In 1979 the Interstate System experienced a fatality rate 

60 percent lower and an injury rate 73 percent lower than non-Interstate roads 
(FHWA, 1981). If reported Interstate fatality and injury rates had been as 

high as those on other roads in 1979, 6,700 more persons would have died and 

510,000 more persons would have been injured. 

Large-scale improvement of the overall highway environment is not usually 

feasible as a colllltermeasure against truck accidents because of the massive 

size and cost of such an undertaking. Even though access control has been 

shown to be very effective in reducing accidents, for example, full control of 

access is not practical on most roads. Similarly, upgrading all guardrails 

and bridge rails to restrain large trucks would not be feasible because of the 

many thousands of miles of existing guardrails and bridge rails. However, 

highway improvements applied selectively to high-risk locations and elements 

can effectively reduce the frequency and severity of traffic accidents, 
including truck accidents. Examples of such improvements are changes in the 

geometrics of freeway exist ramps and curves, shoulder widening, roadside 
clearing, and installation of high-performance barriers. Such highway 

improvements at high-risk truck accident locations can be highly cost 

effective. 

Roadway Type 

Two roadway classifications important to analyses of safety features are 

freeway versus nonfreeway and rural versus urban. Table IV-20 presents 

accident rates for large trucks, nontrucks, and total traffic by roadway type 

and location. Accident rates for all groups were consistently higher in urban 
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locations and on nonfreeways than they were in rural locations and on 

freeways. The rural freeways, with lower average daily traffic, had the 

lowest accident rates for all vehicle types. A study by Cirillo et al. (1970) 

provides nationwide comparisons of overall accident rates which demonstrate 

the benefits of full control of access and other aspects of freeway-type 

design. 

Specific roadway features which may affect truck safety are discussed later. 

It is important to note here, however, that because the type of roadway 
significantly influences the rate of accidents involving large trucks, and 

because truck exposure can vary greatly by roadway type, future evaluations of 
the relative safety of various truck types or operations should be controlled 

for roadway type. 

Interchanges 

The study by Vallette et al. (1981) found that 16 percent of the truck 
accidents on freeways occurred within the area of the interchange (10 percent 

for rural freeways; 21 percent for urban freeways). The study also indicated 

that large trucks have more accidents at off-ramps than at on-ramps. This 
result is consistent with other research (Cirillo et al., 1969) which showed 

that the accident rate at off-ramps in most cases was higher than the rate at 
on-ramps. BMCS data (1979) showed that the ratio of off-ramp to on-ramp 

accidents involving trucks was 840:701. More collision accidents occurred at 

on-ramps, and more non-collision accidents occurred at off-ramps. The high 
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Vehicle Type** 

Total Traffic 

Non trucks 

Total Large Trucks 

TABLE IV- 20 

ACCIDENT RATES* BY VE-IICLE TYPE 
AND ROADWAY TYPE 

Roadway Type 

Rural Rural Urban 
Freewar Nonfreewar Freewar 

90 261 359 

87 269 365 

112 234 273 

*Accidents per 100 million vehicle miles of travel 
**Based on California and Michigan data only 

Source: Vallette et al. (1981) 
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Urban 
Nonfreewar 

492 

507 

302 



percentage of rollover accidents at ramps also suggests that truck speeds 

frequently exceed ramp design speeds. At both on- and off-ramps, at least 25 

percent of all accidents involving large trucks resulted in an overturned 
truck. In only 7 percent of non-ramp accidents involving large trucks did the 

truck overturn. 

Intersections 

The study by Vallette et al. (1981) found that the percentages of accidents 
involving large trucks that occurred or were related to intersections were 65 

and 23 percent for urban and rural nonfreeways, respectively. The O'Day et 

al. (1980) analysis of five years of FARS data showed that 23.8 percent of the 

fatal accidents involving combination trucks occurred within an intersection, 

another 1.7 percent were considered intersection-related, and 4.7 percent 

occurred near a driveway, alley or other road-access point. Analysis of North 

Carolina data showed that almost 33 percent of the accidents involving large 

trucks occurred at intersections and another 13.5 percent at driveways and 
alley intersections (Lohman and Waller, 1975). Table IV-21 shows that 
single-unit trucks were involved in fatal accidents at junctions more often 

than were other vehicle types. 

Grades 

Large trucks encounter special safety risks on grades. On upgrades they are 

subject to being struck in the rear by overtaking vehicles, and on downgrades 
they are susceptible to "runaway" accidents, or overtaking and striking slower 

vehicles. Scott and O'Day's (1971) analysis of truck accidents on grades of 
the Ohio and Pennsylvania Turnpikes revealed that large trucks were more often 
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TABLE IV-21 

PERCENT FATAL ACCIDENTS AT JUNCTIONS AND NON-JUNCTIONS 
BY VEHICLE TYPE 

Vehicle Type 

Passenger Light Truck Single-Unit Combination 
Car or Van Truck Truck 

Junction* 30.8 29.3 42.5 32.7 

Non-Junction 69.2 70.7 57.5 67.3 

*Junction includes intersections, interchanges, driveway, alleys, 
railroad grade crossings, and crossovers. 

Source: FARS (1980) 
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the struck vehicle on the steeper upgrades and cars were more often the struck 
vehicle on downgrades. The truck accident study by Vallette et al. (1981) 

reported that: 

o The ratio of truck accidents on upgrades to those on downgrades was 

about 1:1 except on rural nonfreeways, where trucks had a higher 
proportion of downgrade accidents than upgrade accidents (25 percent 

versus 15 percent); and 

o Steep downgrades on urban roadways, particularly nonfreeways, had a 

greater incidence of truck accidents than lesser slopes or 

corresponding upgrades. 

The O'Day et al. (1980) analysis of five years of FARS data showed that 31 

percent of the fatal accidents involving combination trucks occurred on 

grades. Steep upgrades occasionally have climbing lanes for larger, slower 

vehicles. These are installed primarily to improve traffic flow and capacity 
and little attention has been paid to their possible safety effects. Scott 
and O'Day (1971) canpared the rate of accidents in climbing lane segments of 

the Pennsylvania Turnpike to the rate for similar grades without climbing 

lanes. Findings were inconclusive because of insufficient data. 

Lill (1977) found that about 6 percent of 497 BMCS-reported accidents studied 

involved "runaway" trucks on downgrades. He also indicated that the factors 

most prevalent in downgrade accidents, aside from grade geometry, were failure 

to downshift and defective brakes. 

In developing warrants for the use and location of truck escape ramps, Eck 

(1980) analyzed sane 600 accidents and found that: 

o "Runaway" truck accident rates increased with the steepness of the 

grade; 
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o Routes with low percentages of truck traffic had the highest 

"nmaway" truck accident rates; and 

o Routes with the lowest volumes of traffic had the highest truck 

accident rate. 

What is not available from the work of Eck (1980) or other research by 

Williams (1978) and Erickson (1980) is analysis of the effectiveness of truck 
escape ramps in reducing the frequency and severity of truck "runaway" 
accidents. Though the studies provided data to substantiate the use of truck 

escape ramps, no data have been collected to measure effectiveness. However, 

the studies did report accidents which occurred because drivers of "runaway" 

trucks unsuccessfully attempted to "ride it out" rather than use escape ramps. 

Various signing techniques have been used to advise unfamiliar truck drivers 

about the nature of the grade (length, curvature, and gradi'ent) and the 

reconunended speed. Research by Meyers et al. (1980) showed that a rating 

system based on grade length and steepness is feasible and signs were 

developed to advise truck drivers of the safe descent speed on a grade based 

on the gross weight of his truck. Those which have proven effective under 

experimental conditions will soon be tested on highway downgrades. 

Curves 

The Vallette et al. (1981) study found that accidents involving large trucks 

on curves ranged from a low of 7 percent for urban nonfreeways to a high of 34 

percent for rural nonfreeways. Overall, 20 percent of the accidents in the 

sample occurred on curves, but the mileages for curved and straight portions 
of the roadways used in the study were unknown. As a result, the over- or 

under-involvement of large trucks in accidents on curves could not be 

determined. 
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Bondy and Partyka (1980) analyzed 1979 FARS data for accidents involving 
combination trucks in which the truck driver was killed. Forty-five percent 

of the single-vehicle accidents occurred on curved sections of roadway as 

compared to only 16 percent of the multiple-vehicle accidents. 

Shoulders 

BMCS (1977) conducted a study of 2,006 accidents involving motor carriers 

tmder its jurisdiction. The accidents occurred between 1967 and 1975. Three 

percent involved a vehicle stopped on the shoulder of a highway. Of these, 43 

percent were trucks. Ninety percent of these on-shoulder accidents were 

rear-end collisions and resulted in more fatalities and injuries per accident 
than the total sample of accidents. 

Other findings of the Br-tCS analysis: 

o Sixty-two percent of on-shoulder accidents occurred during darkness; 

and 

o Drivers dozing at the wheel were identified as the primary cause in 

53 percent of the on-shoulder accidents. 

Sight Distance 

Stopping sight distance is the distance travelled by a vehicle from the 

instant its driver sights an object which requires a stop to the instant the 

brakes are applied, plus the distance required to stop the vehicle after brake 

application. At present, crest vertical curves (where road alignment changes 
from uphill to downhill) are usually designed to give the automobile driver 

sufficient sight distance to bring his vehicle to a safe stop. It has 

generally been asummed that the higher eye height afforded drivers in trucks 

compensated for the longer distance required to stop a truck. 
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This assumption was critically examined by Gordon (1979). He evaluated sight 
distance requirements for crest vertical curves, passing zones, and sag 

vertical curves (where road alignment changes from downhill to uphill) for 

different types of trucks and cab configurations. 

Crest Vertical Curves: Gordon concluded that increased eye height compensates 

for inferior truck braking for the average of all truck sizes, but does not 
hold true for larger and heavier trucks that have longer braking distances. 

FHWA is further studying the extent of stopping sight distances required by 

trucks. 

Passing Zones: Others have reported that trucks, on average, require 50 
percent more distance to pass other vehicles than do nontrucks. Gordon 
concluded that this was not adequately compensated for by the truck driver's 

17 to t7 percent sight distance advantage and that lengths of passing zones, 
standardized for passenger cars, are inadequate for trucks. 

Sag Vertical Curves: Sight distance in this instance is determined by 

headlight range. Gordon concluded that the truck driver has no unusual 

visibility disadvantage. 

Roadside Features 

Vehicle collisions with roadside objects were reported by FARS to be the first 

harmful event in 33 percent of all fatal accidents in 1980, as compared to 

nrultiple-vehicle collisions (38 percent) and vehicle accidents involving 

pedestrians (18 percent). Considerable effort has gone into development of 

more forgiving roadside features and protective devices to reduce this toll. 
M:>st of this effort has focused on improved safety for passenger cars because 
(1) they represent the majority of the vehicles on the road, and (2) until the 
mid-1970s the development of barriers to contain heavier vehicles was thought 

unfeasible. 
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Breakaway supports for signs and luminaries pose no problems for large 
trucks. If a breakaway device performs properly when struck by an automobile, 

it will perfonn properly when struck by a large truck. (The increasing 

population of smaller and lighter passenger cars on the roadway does create 
concern about the adequacy of breakaway devices for those vehicles, however.) 

Standards used in the developnent of crash cushions specify acceptable 

performance for vehicles weighing between 2,250 and 4,500 pounds. A recent 

study (La.bra, 1979) has shown that it is not feasible with current technology 

to develop impact attenuators for combination trucks. 

Traffic barriers (guardrails, bridge rails, and median barriers) now on 

highways have also generally been developed for passenger vehicles. It is not 

uncommon for large trucks, because of their weight and high center of gravity, 

either to penetrate a traffic barrier or to overturn upon impact rather than 

be redirected upright and on a non-collision course. In a limited sample (68 

cases) of truck accidents involving guardrails (Vallette et al., 1981), 36 

percent of the trucks that struck guardrails mounted on wooden posts 
penetrated or vaulted the guardrail compared to 19 percent for guardrails with 

steel posts. VanZweden and Bryden (1979) fo1.U1d that vehicle penetration of 
weak-post guardrail and median barrier designs occurred in 16 percent (57 of 

347 cases) of impacts by vehicles weighing less than 5,000 pounds, and in 43 
percent (20 of 47 cases) of impacts by vehicles weighing more than 5,000 

pounds. The sample did not include impacts within SO feet of either end of 

the railing. Other evidence of the inadequancy of guardrails and barriers for 
trucks was cited by Post et al. (1973), who reported that the number of trucks 

involved in traffic-barrier fatal accidents in Texas increased from 16 to 21 
percent over a two-year period in the early 1970s. 

This concern has prompted impact-testing of large trucks into these protective 

devices. Post et al. (1973) did preliminary testing by running a loaded 

combination truck weighing 48,000 pounds into a concrete safety-shaped barrier 
(commonly referred to as the New Jersey barrier) at speed and approach angle 
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combinations of 35 mph and 19 degrees, 34 mph and 15.5 degrees, and 45 mph and 
15 degrees. The barrier proved effective for all three tests, and only minor 

damage occurred to both truck and barrier. 

Research has established the upper performance limit of concrete safety-shaped 

barriers (DSI, 1981). In a 40,000-pormd, cab-over-engine combination-truck 
impact at 55 mph and 15 degrees, the tractor and the front of the trailer 

climbed the top of the barrier. The position of the vehicle after the crash 

suggested that complete vaulting of the tractor and, possibly, the trailer 
could be expected in a collision with a barrier longer than the section 

employed in the test. 

FHWA research on barrier systems for heavier vehicles has primarily 

concentrated on school buses and intercity buses because of the consequence of 
serious injuries and fatalities to a larger number of people when such 

vehicles penetrate or vault a traffic barrier (TI!, 1982). Problems 
associated with the difficulty of containing combination trucks and of stable 

redirection (e.g., truck-load shift, fully-loaded combination trucks and 

rollover) have not been addressed rigorously. 

FHWA has a program to develop improved bridge railing systems for heavier 

vehicles (FCP Project lT, 1981). One project evaluated an energy-absorbing 

system which used the deformation of steel rings as the primary energy 

absorber. Kimball et al. (1976) conducted three crash tests using combination 

trucks weighing 40,000 and 70,000 pormds. Although the vehicle was contained 

and redirected in each test, it overturned. 

Studies of the dynamics of truck impacts into guardrails, barriers, and other 

protective systems is continuing at FHWA (TI!, 1982). An effort by FHWA and 
the New Jersey Turnpike Authority is aimed at developing a high performance 

median barrier capable of successfully redirecting an 80,000-pound combination 

truck without rollover. 
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Effect of the 55 MPH Speed Limit 

Solomon (1964) concluded that the greater the variation in speed of any 

vehicle from the average speed of all traffic, the greater its chance of b~ing 
involved in an accident. One of the effects of the 55 mph national speed 

limit implemented in 1974 has been to reduce the speed differential between 
cars and trucks. A reduction in the incidence of car-truck collisions could 

be presumed to have occurred as a result. 

Zaremba and Ginsburg (1977) examined accident data from police-reported 

crashes during two years in Maryland, North Carolina, Pennsylvania and Texas 

to determine the change (if any) in the frequency of front-to-rear collisions 

as a result of the mandatory 55 mph speed limit. From accident data files 

they were able to distinguish front-to-rear crashes involving (1) two 

automobiles, (2) one automobile and one combination truck, and (3) one 

automobile and one single-unit truck. High- and low-speed roadways were 

considered separately. Their results are illustrated in Figure IV-11. 

The number of front-to-rear crashes involving automobiles and trucks decreased 

from 1973 to 1974, especially on higher-speed roads. M:Jst notable was a 
decrease of nearly 34 percent in the number of combination trucks struck in 

the rear by automobiles on higher-speed roads. The decreases were observed 
despite the fact that, as the researchers noted, combination-truck travel 
increased in the States considered by an estimated 13 percent on main rural 
roads in 1974. The authors concluded that the large decline in the number of 
crashes in which automobiles struck combination trucks in the rear, and the 

small decline in the number of crashes in which combination trucks struck 
automobiles in the rear, was the result of the combined effects of the 

decreases both in the speeds of and speed differentials between these vehicles. 

Two studies (Radwan, 1976 and Radwan and Sinha, 1978) examined the effect of 

the 55 mph speed limit on truck accidents in Indiana for three classes of 
rural highways--lnterstate, four-lane, and two-lane. Accident rates were 
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FIGURE IV- 11 

OVERALL PERCENTAGE CHANGE IN 

FRONT-TO-REAR CRASHES, 1973-74 
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detennined for six 6-month periods before the national speed limit was enacted 

and for three 6-month periods after. Truck exposure was calculated from State 
traffic and vehicle classification cotmts. The first analysis (1976) 

determined that: 

o Average large-truck accident rates on Interstate and other four-lane 

highways decreased significantly as a result of the 55 mph speed 

limit; 

o The rate of rear-end collisions involving large trucks decreased 
significantly on Interstate and other four-lane highways but not on 

two-lane highways; and 

o The rate of front-to-side accidents involving large trucks decreased 

significantly on non-Interstate four-lane and on two-lane rural 
highways. 

The second report (1978) analyzed large-truck accident rates by severity. The 
researchers found that accident rates decreased for all severity levels 
(property damage, nonfatal injury, and fatality) on Interstate highways. On 

other four-lane and two-lane rural highways, a significant decrease was 
·observed only for accidents that resulted in nonfatal injuries. 

The researchers attributed the reductions observed in the two studies to an 
absolute reduction in speeds and to the decreased speed differental between 

large trucks and passenger automobiles. 

Signal and Sign Visibility 

A large vehicle obstructs the forward vision of motorists in smaller vehicles 

behind them. While no accident information is available to substantiate that 

this poses a significant safety problem, some analytical work has been done. 
Abramson (1971) developed a mathematical model to determine the probability 
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that a driver's view of a roadside sign will be blocked by a truck or trucks 

ahead. The model considers the number of lanes, lane width, position and size 

of the sign, truck length and speed, angle of the driver's line of sight, and 

car speed. The model can be used to determine when to install overhead signs 

as well as for evaluating devices that rely on line-of-sight. 

King et al. (1976) examined traffic signal visibility through simulation 

experiments and analysis. The validated analytical model was used to 

determine the extent of expected visibility blockage as a function of signal 

location, traffic volune, and traffic mix. Truck length, width, and height 
were also considered. Only truck height was found to affect significantly the 

visibility of traffic signals. As expected, blockage of signal visibility was 

found to increase as traffic volume increased, as the nunber of trucks 
increased, and as average traffic speed decreased. It was concluded that the 

addition of a far-left, post-mounted traffic signal would considerably reduce 
truck blockage of signals, and that increasing the height of traffic signals 
to the maximum permitted would be less effective. 

Environmental Characteristics 

-- Time of Accident 

Data from six sources show a reasonably consistent pattern for total accidents 

and fatal accidents involving large trucks by time-of-day, day of the week, 
and month of the year. Table IV-22 presents these data by hour-of-day. Truck 

accidents during late night and early morning were found to be more likely to 

have fatal results than were those during other time periods but because no 

exposure data (\/Mf) were available by time-of-day, day of the week, or month 

of the year, interpretations regarding over- or under-involvement of large 

trucks in accidents would be meaningless. Accident characteristics for these 
time periods could be only a reflection of travel patterns. 
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TABLE IV-22 

PERCENT DISJ'RIBUfION OF TROCK ACCIDENTS BY HOUR OF DAY 

FATAL 
ACCIDENTS ACCIDENTS 

IM:Sl Six States2 Seven Sta tes3 Calif.4 NASS5 FARS6 FARS6 
1978 1976-77 1978 1970-71 1979-1980 1979 1980 

8.7 7.0 5.6 7.0 2.9 10.8 11.4 

9.4 9.0 4.0 4.8 1.7 8.7 8.8 

13.4 13 .o 13.8 13 .3 14.7 11.8 11.7 

16.4 18.0 19.3 17 .9 20 .1 15.3 14.0 

16.6 17.0 21.2 20.2 22.0 16.3 16.5 

16.8 18.0 20.8 20.l 24.0 15.3 16.5 

10.1 10 .0 8.7 9.0 9.5 11. l 10.3 

8.0 8.0 6.5 7.4 4.9 10. 7 10. 7 

-- -- -- -- 0.2 

Sources: locs (1978), values are for time increments 1/2 
hour earlier, e.g., 8.7% is for 2330 to 0230 

2Vallette et al. {1981), six States of study were California, 
M"lryland, Michigan, Nevada, Pennsylvania, and Texas. 

, 

3Najjar (1981), injury accidents only for North Carolina, Maryland, 
New York, Michigan, Colorado, Washington, and California. 

42ieszler (1973) 
5NASS (1979-1980) Annual Average 
6FARS (1979-1980) 

mcs1 
1978 

14.8 

12.4 

12.2 
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13.7 
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Light Conditions 

The distributions of truck accidents and fatal truck accidents under various 

light conditions are shown in Table IV-23. These distributions are, of 

course, similar to those of accidents by hour-of-day and similarly indicate 

that large-truck accidents during darkness were more severe, inasmuch as BMCS 

data show that 27 percent of all truck accidents (those which occurred during 
darkness) accounted for 40.7 percent of all fatal accidents that involved 

trucks. Again, without exposure data (VMf} of truck travel based on light 

condition, it is not possible to determine the relative hazard for various 

light conditions. 

-- Weather and Pavement Condition 

The percentage of truck accidents that occurred during adverse weather 

conditions varied from 14 percent to 27 percent in the set of six samplings in 

Table IV-24. The variation probably reflects geographic and climatic 
differences. The NASS estimate of about 22 percent contrasts with 20 percent 

of the passenger car accidents which occur during adverse weather conditions 

(NASS data, 1979-1980). In Cassidy's (1978) analysis of 1976 FARS data, he 
found that large trucks were involved in only 8 percent of all fatal accidents 

but in 16 percent of all those during snowfall or sleet, 10 percent of those 

during rain, and 16 percent of those during fog, smoke, or smog. As noted by 
Li et al. (1979), the greater likelihood that a fatal accident involving a 

large truck would occur during inclement weather could be attributed in part 
to the fact that trucks often operate regardless of weather conditions in 

order to meet schedules. However, it could also be influenced by the 

performance ability of large trucks on wet and slippery pavements. 

Pavement condition is a result of weather, and distributions of accident rates 
based on the two variables should be similar. Similarity does indeed exist 

when the distribution of truck accidents by pavement condition (Table IV-25) 

is compared to the distribution by weather condition (Table IV-24). When data 
from KS and from Lohman and Waller (1975) were examined by accident type, 

wet or icy pavement conditions accounted for a greater incidence of 
single-vehicle accidents than of multiple-vehicle accidents. 
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TABLE IV-23 

PERCENT DISTRIBUTION OF TRUCK ACCIDENTS BY LIGlIT CONDITION 

FATAL 
ACCIDENTS ACCIDENTS 

North3 
LIGHT BM:Sl Six States2 Carolina NASS4 FARS5 FARS5 Bt,£Sl 

CONDITION 1978 1976-77 1973 1979-1980 1979 1978 1980 

Day 61.3 63 74.0 84.9 57.5 57.8 46.0 

Dawn or 7.1 6 3.4 2.0 4.4 3.6 8.9 
D..lsk 

Dark 27.0 23 15.7 7.6 31.0 31.0 40.7 

Dark, 
Lighted 3.5 8 3.6 5.5 7.0 7.5 3.5 

Other* 0.9 3.3 0.1 0.1 0.8 

*Other also includes the categories of ''mill tiple" and ''not stated". 

Sources: lm.cs (1978) 
2vallette et al. (1981), six states of 
study were California, Maryland, Michigan, 
Nevada, Pennsylvania, and Texas. 

3Lohman and Waller (1975) 
4NASS (1979-1980) Annual Average 
5FARS {1979-1980) 
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TABLE IV-24 

PERCENT DISTRIBUTION OF TRUCK ACCIDENfS BY WEA1l-lER CONDITION 

FATAL 
ACCIDENTS I ACCIDENTS 

North4 
WEATI-JER JM:Sl Six States2 Calif .3 Carolina NASS5 FARS6 FARS6 

CONDITION 1978 1976-77 1970-71 1973 1979-1980 1979 1980 

Clear, 
Cloudy 70.0 77 87.7 80.0 78.l 83.l 84.6 

Rain 14.9 11 -- 13.1 15.1 10. 7 9.4 

Snow 8.3 7 10.2 1.5 4.5 2.7 3.1 

Fog/Smog 2.3 -- -- 2.0 0.9 I 2.7 2.0 

Sleet 1.2 l -- 0.2 0.1 0.3 0.3 

Other"' 2.6 4 1.3 1.0 1.3 0.5 0.6 

*Other also includes the categories of ''multiple" and ''not stated". 

Sources: lsr,cs (1978) 
Zvallette et al. (1981), six states of study were 
California, t-tiryland, Michigan, Nevada. Pennsylvania, 
and Texas. 

3zeiszler (1973) 
4Lohman and Waller (1975) 
5NASS (1979-1980) Annual Average 
6FARS (1979-1980) 



TABLE IV-25 

PERCENT DISTRIBlITION OF TRUCK ACCIDENTS BY PAVEMENT CONDITION 

FATAL 
ACCIDENTS ACCIDENTS 

North4 
PAVEMENT ocsi Six States2 Calif.3 Carolina NASS5 FARS6 FARS6 
CONDITION 1978 1976-77 1970-71 1973 1979-1980 1979 1980 

Dry 65,8 72 87.2 75.8 72.0 77.6 81.3 

Wet 17.9 16 10.6 17.5 21.0 15.9 13 .1 

Snowy 4.7 1.4 1.9 2,8 2.5 
12 0.9 

Icy 8.9 1.9 3.7 3,1 2.6 

Other* 2.7 1.3 3.4 1.4 0.6 0.5 

*Other also includes the categories of ''multiple" and ''not stated". 

Sources: lBM:S (1978) 
2vallette et al. (1981), six states of study were 
California, Maryland, Michigan, Nevada, Pennsylvania, 
and Texas. 

3zeiszler (1973) 
4Lohman and Waller (1975) 
SNASS (1979-1980) Annual Average 
6fARS (1979-1980) 
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SECTION V 
FINDINGSJ CONCLUSIONS AND RECOMMENDATIONS 

This section summarizes current knowledge about the causes of large-truck 

accidents and the injuries that result from them. Supporting material for 

each finding and conclusion is referenced by page number in this report. The 

findings and conclusions are followed by recorrunendations about what should be 

done by motor carriers, truck manufacturers, government agencies, insurers and 

drivers. The section concludes with an enumeration of research and 

development efforts needed to achieve a more thorough understanding of 

large-truck accidents and to develop effective countermeasures. 

FINDINGS AND CONCLUSIONS 

The U.S. Trucking Industry 

1. About 20 percent of the estimated 27 million trucks in use in the United 

States in 1977 were large trucks. These represented 4.0 percent of all 

registered vehicles and accounted for 6.7 percent of all vehicle miles 
travelled (p. II-7). 

2. Although combination trucks travel as many miles a year as single-unit 

trucks, there are only one-fifth as many combination trucks as 

single-unit trucks (p. 11-8). 

3. Significant differences exist in scheduling and maintenance procedures 

and mileages driven among various segments of the trucking industry (p. 
II-13). 

Truck Accident Experience 

4. In 1979-1980 accidents involving large trucks accounted for about 5.7 
percent (385,000) of all police-reported accidents and 12.4 percent 

(6,332) of all traffic fatalities. In 1980 large-truck accident 
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fatalities dropped to 11.7 percent (5,968) of all traffic fatalities and 

for 1981 the number of fatalities declined to 5,779 but the proportion of 

all traffic fatalities has remained the same. The recent decline in 
fatalities may be attributable to reductions in miles of travel (pp. 

Ill-1, III-17, III-18 and III-22). 

S. Large trucks were involved in fewer traffic accidents per mile of travel 

than were passenger cars--474 truck involvements versus 825 car 

involvements per 100 million vehicle miles of travel (p. III-4). 

6. Large trucks experienced almost twice the fatal accidents per mile of 
travel than did passenger cars, and combination trucks were involved in 

fatal accidents at a rate of more than three and one-half times that of 

single-unit trucks (p. III-5). 

7. Cxte of every 12 large trucks and one of every 3 combination trucks are 

involved in an accident each year, compared to one of every 13 passenger 
cars. These differences are attributable, at least in part, to 

differences in average miles travelled (p. III-4). 

8. When a passenger car is involved in a fatal accident with a large truck, 
the car occupant is 29 times more likely to be killed than the truck 
occupant. The risk of death to occupants of passengers cars involved in 

fatal accidents with large trucks increased each year from 1977 to 1980 
(p. III-24). 

9. The number of fatal accidents that involved large trucks increased 
annually from 1976 to 1979, then declined by 11.3 percent in 1980 and 

declined another 2.7 percent in 1981. The number of persons killed in 

accidents involving large trucks also declined. Historically, such 

reductions have accompanied economic slowdowns (pp. III-17 and III-18). 
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10. Fatalities that result from large-truck accidents will continue to 

represent 11-14 percent of all traffic fatalities through the 1980s, 
although large trucks will account for only about 7 percent of the 

nation's vehicle miles travelled (pp. III-1 and III-25). Thus, the 

severe consequences of large-truck collisions with automobiles, 
especially small passenger cars, are and will continue to be a major 
safety problem (p. III-28). 

·· 11. The following trends are expected to continue during the current decade: 

o Large passenger car mileage will decrease; 

o Small passenger car mileage will increase; 

o Large-truck mileage will increase; 

o The number of registered vehicles will increase; 
o Annual accidents and fatalities will increase; 

o Large-truck accidents and resulting fatalities will increase; 

o Traffic density will increase because construction of new highway 

mileage will increase only slightly compared to the increase in 

vehicles registered (pp. III-21 to III-28). 

Driver-Related Factors 

12. Drivers of large trucks who are younger than 25 appear to l)e more 

overinvolved in accidents than are passenger car drivers unuer 25 

(p. IV-9). 

13. The majority (85 percent) of drivers of large trucks involved in 

accidents have had no fonnal corrmercial driver training (p. IV-14). 

14. Although no direct relationship exists between accidents and 

hours-of-service, drivers of large trucks have been shown to experience 
significant increases in driving errors and decreases in driver alertness 

due to fatigue well within the ten-hour limit allowed by B!vlCS regulations 
(pp. IV-15 to IV-20). 
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15. Use of alcohol appears less prevalent among accident-involved drivers of 
large trucks than among accident-involved passenger car drivers (pp. 
IV-20 and IV-21). 

16. Accurate assessments of the number of drivers of large trucks who have 
multiple licenses or multiple driving records are not available (pp. 
IV-24 to IV-27). 

Vehicle-Related Factors 

17. Available evidence is conflicting on whether or not the accident rates 
per mile of travel differ between single-trailer and double-trailer 
combination trucks (pp. IV-29 to IV-34). 

18. Combination trucks, especially double-trailer combinations, appear to 

have higher accident rates when running empty or near empty than when 
running loaded (pp. IV-44 to IV-49). 

19. Single-unit and combination (single-trailer) 5!!:!!!!E. trucks and 
double-trailer tank trucks are more likely to be involved in an accident 
than other large-truck configurations. This may be attributable, in 
part, to operating and maintenance practices (p. IV-40). 

20. Truck rollover is the harmful event most frequently attributed to 
fatalities among occupants of large trucks (p. IV-SO). 

21. More than one-third of all ocgipants of large trucks killed in accidents 
were ejected from the cab (p. IV-50). 

22. About 97 percent of all fatally injured truck occupants were not wearing 

safety belts, the same rate as for fatally injured passenger car 
occupants (p. IV-SO). 
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23. Cab-over-engine tractors experience higher truck-driver fatality rates 
than do cab-behind-engine tractors, This may be attributable in part to 

differences in operating practices (p. IV-51). 

24. Large trucks required greater stopping distances than passenger cars. 

Empty combination, single-unit trucks and "bobtails" also experienced 

instability problems during braking (p. IV-58). 

•, 25. M:>re than 40 percent of the large trucks selected for inspection by State 

and Federal agencies are taken out of service because of defective 

equipment. About half of these equipment defects were in the 

truck-braking system. Many defects can be found by visual inspection by 
drivers themselves (p. IV-62). 

26. Proper inspection and maintenance of large trucks resulted in reduced 
rates of involvement in defect-related accidents. Operators of large 
fleets tend to employ more thorough maintenance practices than do 

operators of smaller fleets (p. IV-63). 

27. Four-way flashers on slow-moving large trucks appear to reduce the 

likelihood of rear-end collisions (p. IV-71). 

Highway/Environmental-Related Factors 

28. The safety benefits of full control of access (e.g., the Interstate 

System) apply as well to trucks as to all other vehicles (p. IV-75). 

29. M:>re truck rollovers occur in large-truck accidents at freeway on- and 

off-ramps than in accidents at other locations (pp. IV-76 and IV-78). 

30. Accidents involving large trucks occur more frequently at freeway 

off-ramps than at on-ramps (pp. IV-76 and IV-78). 
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31. Fatal accidents that involve combination trucks appear to occur more 

frequently on highway grades than on level sections (pp. IV-78 and IV-80). 

32. Many more of the most serious large-truck single-vehicle accidents occur 

on curved sections of highway than on straight sections (pp. IV-81 and 

IV-82). 

33. Criteria used to establish and mark passing zones on two-lane roads often 

do not accommodate large-truck sight distance requirements (p. IV-83). 

34. Roadside protective systems such as guardrails, median barriers and 

impact attenuators generally are not designed to accommodate large-truck 
impacts; in some instances it may not be cost-effective to provide such 

protection for large trucks, given present technology (pp. IV-83 to 
IV-85). 

35. The 55 MPH national speed limit appears to have reduced large-truck 

accident rates on multi-lane highway facilities (pp. IV-86 to IV-88). 

Data Sources 

36. No single source of large-truck accident data exists currently which 
contains both the volume of cases needed to represent national experience 

and the detail needed for complete causation analysis (pp. C-8 and C-9). 

37. Currently available data on accident and travel characteristics severely 

limit understanding how relevant factors interact to influence 

large-truck safety (pp. C-9 and C-10). 

38. Examination of factors and their relative contributions to large-truck 

accidents should not rely exclusively on accident data but should be 

complemented by analytic, laboratory and test-track research, and by 

on-highway evaluations (pp. C-11 and C-12). 
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RECa+IENDATIONS 

M:>tor Carriers Should: 

1. Ensure that drivers comply with motor carrier safety regulations (pp. 

IV-7 to IV-27). 

2. Conduct pre-trip and post-trip truck inspections (pp. IV-62 to IV-64) . 

3. Implement effective truck maintenance programs emphasizing braking 

systems (pp. IV-62 to IV-64). 

4. Improve driver qualifications through pre-employment background screening 

and increased training, with special attention to the training, 

supervision, and monitoring of young drivers, and increase training to 
familiarize drivers with large-truck handling and braking capabilities 

(pp. IV-7 to IV-14 and IV-24 to IV-27). 

5. Ensure that safety belts are installed in all trucks and require their 

use by drivers (pp. IV-49 to IV-51). 

6. Use freeway facilities wherever possible (pp. IV-75 to IV-94). 

7. Consider installing devices to reduce splash and spray (pp. IV-68 to 
IV-69). 

8. In geographic areas where new trucks will be operating in mountainous 

terrain, specify that they come equipped with retarders to increase 

reserve braking capacity (pp. IV-57 to IV-62). 

9. Increase safe-driving incentive and safety management programs (p. IV-27). 

10. Cooperate with State and Federal agencies in the collection and analysis 
of truck travel and accident experience (Appendix C). 
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11. Subject to individual state traffic regulations, use four-way flashers on 

large trucks when operating on high-speed highways at low speeds 

(p. IV-71). 

12. Take steps to control the use of alcohol and other drugs by drivers (pp. 

IV-20 to IV-24). 

13. Ensure that safety-defect corrections are made (p. IV-28). 

Large-Truck Manufacturers Should: 

1. Improve the braking performance of large trucks and trailers, and 

implement improvements to reduce in-service brake degradation (pp. IV-57 

to IV-64). 

2. Develop and install more comfortable and convenient safety belt systems 

for truck occupants (pp. IV-49 to IV-51). 

3. Improve the handling capability of large trucks (pp. IV-64 to IV-68). 

4. Install retarders in large trucks to enhance reserve brake capacity (pp. 

IV-57 to IV-62). 

S. Increase large-truck conspicuity (pp. IV-70 to IV-71). 

6. Improve the crashworthiness of tractor cabs (pp. IV-49 to IV-53). 

7. Standardize truck controls, displays, and mirrors (p. IV-73). 

8. Improve the ride quality of large trucks (pp. IV-69 to IV-70). 

9. Distribute to purchasers of large trucks improved inspection, 

maintenance, and service instructions (pp. IV-62 to IV-64). 

V-8 



. . 

10. Increase sponsorship of research and development to improve large-truck 

safety. (Research and development needs are listed on pp. V-12 and V-13.) 

11. Publicize and continue to promote the timely correction of safety-related 

defects (p. IV-28). 

Federal Government Should: 

1 . Continue Federal inspection of large trucks and their drivers and 

encourage more widespread truck inspection by States. Publicize among 

motor carriers the economic and safety benefits of improved vehicle 

maintenance (pp. IV-28 and IV-62 to I"\L-64). 

2. In cooperation with the truck safety community, coordinate the research 

and development program which complements·truck accident and travel 

data acquisition and analysis activities. (Research and development 

needs are listed on pp. V-12 and V-13.) 

3. Encourage States to evaluate and improve large-truck driver license 

testing, issuance and control practices, and foster use of the National 
Driver Register and the Driver License Compact (pp. IV-24 to IV-27). 

4. Define in cooperation with the truck safety corrnnunity the large-truck 

exposure (travel characteristics) and accident data that are most needed 

and develop and implement a coordinated plan to fill these needs 

(Appendix C). 

5. Continue the development and promotion of improved truck-driver training 

programs with emphasis on yoW1ger drivers (pp. IV-7 to IV-14). 

State Governments Should: 

1. Increase on-road large-truck inspections and broaden authorization for 

removing vehicles from senrice (pp. IV-62 to IV-64). 
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2. Implement and evaluate improved truck-driver license testing and issuance 
procedures, and increase compliance with provisions of the Driver License 

Compact and participation in the National Driver Register (pp. IV-24 to 

IV-27). 

3. Continue to join with Federal agencies in attempts to understand 

large-truck accident phenomena and to determine the effectiveness of 
alternative countermeasures (Sections III and IV). 

4. Increase enforcement efforts of traffic laws relating to large trucks 
(pp. IV-75 to IV-94). 

5. Increase familiarity with truck-driver training programs and promote use 

of improved programs by the trucking industry, including safety-incentive 

awards (pp. IV-7 to IV-14 and IV-27). 

6. Promote an understanding by industry of the benefits of compliance with 
Federal and State Motor Carrier Safety and Hazardous Materials 

Regulations (pp. IV-7 to IV-74). 

7. Continue to promote truck safety-defect corrections (p. IV-28). 

State and Federal Government Should: 

1. Promote use of safety belts by all motor vehicle occupants, specifically 

including occupants of large trucks (pp. IV-49 to IV-51). 

2. Identify and correct the hazards. associated with locations that have a 

high incidence of truck accidents, such as freeway on- and off-ramps, 

surface street intersections, grades, and curved sections of highway (pp. 

IV-76 to IV-82). 

3. Promote safety countermeasures and safety management techniques (Section 

IV). 
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4. Adopt uniform classification and recording of large-truck travel and 
accident information (Appendix C). 

5. Continue efforts to achieve uniformity among State and Federal motor 
carrier safety regulations (pp. IV-7 to IV-74). 

6. Publicize the braking performance and control problems associated with 

empty trucks, trailers, and ''bobtail" tractors (pp. IV-57 to IV-62). 

Insurance Companies Should: 

1. Expand areas of cooperation with NHTSA and FHWA on research efforts by 

providing available data on large-truck accidents (Appendix C). 

2. Encourage truck owners to correct safety defects (p. IV-28). 

3. Increase cooperative efforts with motor carriers to implement 
truck-safety programs (Appendix B). 

4. Sponsor and conduct research and development efforts to improve 
large-truck safety. (Research and development needs are listed on pp. 

V-12 and V-13.) 

Truck Drivers Should: 

1. Wear safety belts (pp. IV-49 to IV-51). 

2. Increase familiarity with large-truck maintenance problems and regularly 

check their trucks, especially the trucks' brake systems and tires. 
Insure that front-axle brakes are operative and do not defeat their 
function (pp. IV-62 to IV-64 and IV-68). 

3. Comply with motor carrier safety regulations (pp. IV-7 to IV-74). 
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4. Not drive under the influence of alcohol and other drugs (pp. IV-20 to IV-24). 

s. Comply with State and local traffic laws and ordinances (pp. IV-75 to IV-94). 

6. Increase use of retarders when the truck is so equipped (pp. IV-57 to IV-62). 

7. Travel on freeways instead of other road types wherever possible, even if 

slight increases in mileage result (pp. IV-75 to IV-94). 

8. Participate in driver-training sessions and seminars on safe-driving 
practices (pp. IV-7 to IV-14). 

9. Insist that safety-related defects be corrected (p. IV-28). 

Important Research and Development Needs 

1. Continue collection and analysis of large-truck accident and exposure (travel 

characteristics) data to expand knowledge of accident and injury causation 

(pp. IV-1 to IV-4 and Appendix C). 

2. Develop and evaluate large-truck brake system modifications to reduce 
stopping distances and minimize loss of control (pp. IV-57 to IV-62 and IV-64 

to IV-68). 

3. Develop and evaluate alernative methods of improving the handling and 

stability of large trucks (pp. IV-64 to IV-68). 

4. Evaluate truck-driver training programs and license testing procedures (pp. 

IV-7 to IV-14 and IV-24 to IV-27). 

5. Evaluate roadway geometric design and traffic control device standards and 
practices as they apply to the size, weight, and configuration of large 
trucks (pp. IV-75 to IV-89). 
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6. Develop and evaluate improved safety belt systems for large trucks (pp. IV-49 

to IV-51). 

7. Develop and test improved roadside protective systems, such as guardrails, to 

increase their ability to acconunodate large-truck impacts (pp. IV-83 to 

IV-85). 

8. Develop and evaluate alternative methods of separating large-truck traffic 

from other traffic including reserved truck lanes.on multi-lane facilities 

and routes dedicated to truck use during certain hours of the day or days of 

the week (pp. IV-78 to IV-81). 

9. Develop and evaluate tractor-cab modifications to improve the protection 

afforded the driver in large-truck collisions (pp. IV-49 to IV-53). 

10. Evaluate current warrants and design practices for truck climbing lanes on 
upgrades and for "runaway" truck escape ramps on downgrades (pp. IV-78 to 

IV-81). 

11. Determine the extent to which drivers of large trucks have multiple licenses 

and multiple records (pp. IV-24 to IV-27). 

12. Identify the role in large-truck accidents of alcohol and other drug use and 
of fatigue and special medical conditions (pp. IV-20 to IV-24). 

13. Test and evaluate methods of increasing large-truck conspicuity (pp. IV-70 to 

IV-71). 

14. Develop and test alternative methods of increasing fields of view afforded 

drivers of large trucks (pp. IV-71 to IV-73). 

15. Develop and evaluate alternative methods of improving the ride quality of 
large trucks (pp. IV-69 to IV-70). 
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Thia Transportation Research Circular sUD1Darizes 
the oroceedinRs of the workshop held on May 4-5, 
1981, to c~nsider truck safety issues and truck 
safety data, Among the questions workshop partici­
pants addressed were (a) What :Important iaauea 
should guide the collection of truck safety data? 
(b) What data are now available ta help study those 
iaauea? (c) Bow good in quality and how complete 
are ezisting data? and (d) What are potential sources 
of additional data? 

The workshop was aponaored by the National High­
way Safety Adllliniatratian (lllrrSA) of the U.S. 
Department of Transportation and was conducted by 
the Transportation Research Board (TRll). Invited 
participants were practitioners from enforce111ent 
agencies, state highway and transportation agencies, 
driver organizations, the trucking industry, truck 
manufacturer•• truck inaurer■ , and safety organiza­
tions, Each participant has direct practical 
axperiance with SOIU! aspects of the truck safety 
proble111 &lld is knowledgeable about 1ourcea of data 
on truck accidents. A list of workshop participants 
and their affiliations is presented in the final 
section of this report. 

Diacuaaion aaong participant■ took place mainly 
in four workshop groupa, each of which conaidered 
a different facet of truck safety. Each participant 
wu uaigned to one of theH groups: 

1. The overview of truck accidents-characteris-
tic■ , trends, and forecast•~ 

2. Highway enviromNllt factors in truck accident■; 
3, Vehicle factor ■ in truck accidents; 
4. Driver factors in truck accidents. 

In the final aeaaiona of the ueting, partici­
pants -t aa a whole to h .. r, discus■, and add to 
the reports of the four groupa. The topical 
a.-iaa contained in this report repraaent 
coapoaitea of the group and the plenary discussion■ 
in each subject area, 

I. BACKGROUND 

Heavy-truck accidents are a serioua highway safety 
proble111, and many reault in fatalitiea. Data 
collected through lllrrSA's Fatal Accident Reporting 
Syatl!lll (FAJ.S) indicate a general upward trend in 
the involvement of heavy trucks in fatal accident■ 
and in the total nuaber and relative proportion of 
fatalities that reault froa such accidents. 

According to the FAJ.S data, the proportion ~f 
all traffic death• that resulted from heavy-truck 
accidents increaaed fr.,. 11 percent in 1976 to 
13 percent in 1979. Heavy-truck accident fataliti11■ 
incres■ed 34 percent during this period cmpared 
with 12 percent for all traffic accident■• (1980 
FAJ.S data ahov an 11 parcent drop in truck-related 
fatalities.) Passenger-car accup-ta repreaent 
about half of these dutha; a little lea■ than 
one-fourth are occupant■ of the heavy truck&; &lld 
the remainder are occupant■ of light truck& or 
other vehicles, motorcycle rider■ , and pedeatriana. 

The increased involvement of heavy truck■ in 
fatal accidents may be due in large aeaaure to 1111 

increaH in relative expoaure in recent year■ • 

Car vehicle miles of travel are decreasing, while 
heavy-truck mileage is either the s•e or increasing, 
These trend■ may be expected to continue. According 
to William Scott, Director of the lllrrSA's National 
Center for Statistics and Analysis, heavy truck■ 
may be involved in 20 to 25 percent of all fatal 
highway accident■ somet:lma between 1985 and 1990. 
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Truck Safety Data Project 

The U.S. Sanata Ccmaittee on Appropriations, con­
cerned about the pre■ent and projected involvement 
of heavy trucks in fatal accidents, has directed 
the U.S. Secretary of Tran■partatian to learn more 
about the cauaaa of heavy-truck accidents in order 
to develop effective count■rmeaaurea. NRTSA was 
aaaignad the laad role and waa inatructed ta work 
with a broad croaa section of relevant government 
agencies, induatry, and the research coamunity to 
make a comprehensive analysis of data on truck 
accidents. The project is ta be l:lmited to data 
on large truck■, which were defined by the 
Appropriation■ C01Bittee a■ those truck& with a 
gras■ vehicle weight exceeding 10,000 lb. 

Becauae the project report to Congress is due 
on January 15, 1982, 110 new accident data-collection 
efforts are poaaible. Nonethele••• a variety of 
substantive federal and state data sources were 
utilized in the preparation of thia report. The■e 
data aourc■a are described here. 

l. FARS. Since 1975, NBTSA has collected and 
aggregated ■ tata reports on fatal accidents, These 
reports include accident cause, vehicle defects, 
driver drug uae, and other variables, 

2. Bureau of Motor Carrier Safety (BKCS) 
Accident Reports, Since 1973, BMCS has required 
regulated carrier■ to fill out reports on accident■ 
involving thair truck&. The Bureau then aggregates 
the data furnished in the report. The report■ 
include descriptive data an the vehicle and the 
highway environment aa well aa on the accident 
circumstances and injuriea. 

3. National Accident Sampling Syatea (NASS). 
The NASS, which began collecting data in 1979, 
currently operate■ a network of 30 traffic accident 
re■aarch tema in selected aites across the country, 
Researcher■ study the enviro1111■11tal, vehicular, and 
hullan factor■ aaaociated with a carefully chosen 
random sample of accidents involving pedestrians, 
autOIIObilea, motorcycles, bicycles, buses, and 
truck&. The investigations focus on information 
such aa vehicle crash protection, driver charac­
teristics, roadside hazards, and injury aeverity. 
Tha■e data are compiled into national totals based 
on geography, population, and type of roadway. 

4, Truck Inventory and Use (TIU) Survey. The 
TIU is a atatistical sample of all trucks registered 
in the United States. The U.S. Bureau of the 
Cenaua conducted this eurvey in 1963, 1967, 1972, 
and 1977, and will do eo again in 1982. Though 
TIU is not a source of accident data, it does offer 
aposure data that to s.,.e extent match the BMCS 
data, The TIU data far heavy trucks describe such 
characteristics as Biles traveled, cargo weight, 
number of trailers, 1ll0del year, and size of carrier 
operation. 

5. The state■ also collect data froa police 
accident reports, &lld soma carry out special studies 
of apecific problema, Also, NHTSA Standard 18, 
promulgated under Section 402 of the Highway Safety 
Act of 1966, provide■ for state multidisciplinary 
accident-investigation teams, which are to fallow 
up specific accidents and provide in-depth reports 
on them. Theae reports generally include detailed 
descriptions of the accident scene, vehicles in­
volved and injuries austained. 



It is certain that other sources of data pertain­
ing to truck accidents exist, Although they would 
not be national in scope, the statistics that 
insurers, carriers, safety organizations, safety 
researchers, and others collect for their own 
purposes might help NHTSA learn mare about the 
major causes of truck accidents. One of the tasks 
of the truck safety data project, then, involves 
unearthing and evaluating these data sources. 

The preanalysis phase of the project involves 
three approaches ta discovering existing research 
and data on truck accidents. All three are proceed­
ing simultaneously. One approach is a comprehensive 
literature review that will identify research results 
bearing on heavy-truck accident experience and 
causation and on the causes .of injuries in truck 
accidents. A contractor, Wagner-McGee Associates, 
is responsible for this activity, A second approach 
is a review by NHTSA of existing truck accident and 
exposure data bases that federal agencies, state 
transportation or highway departments, insurance 
companies, and the trucking industry have developed. 
The workshop, held May 4-5, 1981, is the third 
element of the data-discovery phase of the truck 
safety data project. 

An interagency coordinating committee, composed 
of rep~esentatives from NHTSA and the Federal 
Highway Administration (FIIWA), is directing this 
project, The CDIDIDittee has three responsibilities: 
to coordinate project activities, to provide 
technical expertise about and access to information 
about truck safety, and to review the project's 
progress and output. A working group of several 
committee members carries out the committee's 
day-to-day activities, 

Scope of Workshop Deliberations 

In the work.shop's opening session, NHTSA officials 
explained how NHTSA and FIIIIA are developing the 
report to the Senate, what the wrkshop is expected 
to contribute to the project, and where the 
boundaries of the workshop's discussions should lie, 

NHTSA Administrator, Raymond A, Peck, Jr., asked 
the workshop participants ta accomplish three taska: 

1. To identify major issues concerning truck 
safety, 

2. To suggest existing sources of data bearing 
on those issues, and 

3. To evaluate the validity and adequacy of 
that data. 

Peck stressed that the project's time constraint 
does not permit the development of new data sources, 
even though many gaps exist in our knowledge about 
truck accidents. However, Peck asked workshop 
participants to help identify these deficiencies 
and to suggest sources of existing date that NHTSA 
might not otherwise know about. 

Douglas Robertson, Chief of the Systems Develop­
ment Branch of NHTSA's Accident Investigation 
Division and project manager for the truck safety 
study, detailed NHTSA's organization and plans for 
the study and the workshop's role in it. He 
suggested that a first order of business for the 
workshop should be to identify major issues 1n 
truck safety. Then, participants should identify 
and evaluate sources of data that might shed light 
on those issues. 

The workshop participants were divided into 
four groups, The overview group was to deal vith 
descriptive data on truck accidents. The other 
three groups were to concern themselves with causal 
factors that might lie in highway design and con­
ditions, in the trucks themselves and the way they 
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are operated, and in the drivers and. their driving 
practices. The remainder of this report is baaed 
on the deliberations of these four group■• 

II. OVERVIEW OF TRUCK ACCIDENTS 

James O'Day, chairman; 
W.IC. Barton 
Carmen Campbell 
Russ Piste 
John F. Harrison 
Alan F. Ho■kin 
William Johna 
Farrel L, Krall 

Sue Partyka, recorder 
Edward E. Kynaston 
John Lav 
Ronald D. Lippa 
Dan Najjar 
John A. Pachuta 
Thomaa A, Ranney 
Linda D. Zenker 

Several state and federal ayatema c011pile data on 
truck accidents. The federal data present an 
aggregate view of changes in truck accidents aver 
time, The otste data are mare detailed than the 
national data and, hence, are more likely to shed 
some light on causation. Both type• of data have 
same limitations. 

Truck-Accident Data Issues 

Two ganaral concerns with respect to existing data 
ere their lack of detail on truck characteristics 
and the improper interpretation of data that do 
exist. 

Truck Characteristics. Although the distinction 
between heavy trucka--those weighing more than 
10,000 lb,-and pickups and vans is important, it 
is also important for accident analysis to distin­
guish among different types of heavy trucks. 
Truck safety may well differ among trucks according 
ta their size, weight, use, configuration, and 
other characteristics. Dimensions significant in 
any comparison of heavy-truck accident rates include 
cab style (cebover versus conventional), body type 
(box, flatbed, tanker, other), total length and 
width, number of trailers, straight trucks versus 
combinations, and perhaps the types of cargou 
carried. 

The FARS data distinguish only between straight 
trucka and combinations and among several broad 
weight classes. The IIMCS data identify trucks, 
tractors, and trailers, but they do not indicate 
cab style and usually do not include the vehicle 
identification number. The identification number 
of trucks may be of limited value in tracing 
vehicle characteristics, however, because many 
trucks undergo major modification (e.g., new bodies 
or additional axles) after leaving the factory, 

State accident reports vary in the amount of 
truck-characteristic detail they compile and in 
their definitions of heavy trucks. California, 
for example, defines large trucka as those with 
three or more axles, Maryland •••1gns different 
license plate numbers ta four categories of heavy 
trucks and thus could retrieve same information 
about body style and other characteristics. Such 
inconsistencies among state data preclude aggregat­
ing them to produce detailed national statistics 
by type of truck, Ideally, police agencies should 
have a c0111111Dn set of truck codes for designating 
size, weight, model, and other truck characteristics 
in theit accident reports. 

Interpretation of Data. Proper presentation, 
interpretation, and use of the truck accident data 
that are collected are matters for some concern. 
For example, accident rates that are ·reported with­
out reference to actual numbers can be misleading. 
For sampled data, such as that gathered through 
NASS, variance is also important. Variance is leas 
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critical for cenaua-type data, such aa FARS collects. 
Some analy■ ts argue, hovcver, that bacauae ona or 
two year• of t:lme-aeriea data may ba viewed•• a 
amople of the vhol■ aet, analyata should c-pute 
statistical bounds for abort-term data, juat aa for 
any other ..-ple. 

Collection and uae of data that have inherent 
limitatiana constitute 1111othar intarpretation problem. 
For exmople, the "out-of-service" atati■tica that 
FBWA collects on trucka that do not paaa inspection 
are influenced by the practice of choosing to inspect 
thoae trucka that appear moat likely ta fail. Such 
data may be of value, but analyata ahould take 
selectivity into consideration and should qualify 
their interpretations accordingly. 

In order to min:llllize statistical miainterpreta­
tion, analyaaa of truck accident data ahould includa 
a full discuaaion of possible error■ and uncertainties 
in the data. Jteaulta should be praaented in the 
scientific literature or in faruaa such aa thoaa 
TIUI provides. Such arrangements far peer review 
would permit the challenging of ruult■ that are 
not properly supported. 

National Data Baaea 

A l:lmitation of all national data on truck accidents, 
for purposes of meeting NBTSA'a congreaaional 111&11date, 
is that they are more useful for tracking accident 
rates over time than for suggesting uaeful caunter­
meaauree far truck accidents. Another lillitation 
is that these data ayatema are only aa reliable aa 
th■ reports that are fed into them, and many such 
reports are inconsistent with one another, limited 
in coverage, or possibly inaccurate. 

!!![. The FARS 1a generally accepted &a the moat 
complete data base for fatal accidents. n.e pr■s■nt 
file structure permits a variety of analyses not 
pasaible a few years ago, but it cannot identify 
truck characteristics such as body style, configura­
tion, cargo, or weight. FARS depends on state 
reporting, but all states do not necessarily report 
on all variables, and categories and definitions 
also vary among the ststea. 

BMCS Accident Reports. The BKCS data baae carries 
a c01aendsble level of detail about accidents that 
meet certain criteria, but it does not include all 
truck-involved accidents. Because the BKCS data 
include pri.msrily regulated, interstate carriers, 
they cannot be considered to represent the total 
population of trucks weighing more than 10,000 lb. 

n.e ability of the BKCS data to help establish 
causality may be limited to soma degree by their 
dependence on carrier self-reporting. Carriers 
may not know aome specifics about their trucks st 
the time of an accident. It ia unlikely that safety 
violation& are fully reported. BKCS does issue 
follow-up questionnaires to subsets of the accident 
population, and these allow further study of specific 
problems. 

During the next six month• BKCS expects ta 
modify its truck accident report form to include 
new causation categories. The modified farms may 
produce data useful for within-file analysis that 
will help identify probl- and l!Valuate programs. 

~- In 1979, th■ NASS program waa operating at 
only a fraction of the ll!Vel planned for it. Of the 
projected 75 accident investigation teams, 10 were 
in operation, and they collected data on about 300 
heavy-truck accidents. n.ese numbers are increaaing. 
At presant, there are 30 teams in operation. Even­
tually this data ba■e will be capable of producing 
a repre■entative sample of police-reported truck 
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accident data in considerable detail. n.e■e data 
should permit analysis of truck accident charac­
teristics. 

TIU. n.e 1977 TIU ezpoaure data on truck■ do not 
completely match the BMCS data on accidents. For 
example, TIU reports the usual or typical grass 
vehicle weights for a particular truck, whereas 
BMCS data are baaed on the actual W11ight of a 
vehicle at the tillle of an accident. The 1982 TIU 
survey will report empty, typical, and lll&Jtimum 
weights for each truck, which should improve the 
accuracy of accident rates computed by combining 
TIU and BMCS data. Of course, uncertainties about 
the reliability of reporting under either system 
will still remain. 

State Data 

State accident data ganarally do not use a c01a0n 
threshhold for reporting accidents and thus do not 
lend themselves ta aggregation on a national basis. 
Nevertheless, state data could be useful in problem 
identification. Mast heavy-truck accidents occur 
in the several large states that have considerable 
heavy-truck populations, and aggregated truck 
accident data from those states would probably 
adequately represent the characteristics of moat 
heavy-truck accidents. 

Many state reports include a ll!Vel of detail on 
specific types of accidents, not now collected on 
a nationwide basis, that could be useful in analyzing 
causes of those particular accidents. Far example, 
mountainous states may specifically identify dOWllhill 
runaways, whereas this event is not c01111110n enough 
in all states to reach the FARS file. States also 
collect data on nonfatal accidents, which the FAILS 
file would not include. 

A limitation of state data baaea is that they 
are gathered from police reports, which in turn 
depend partly on drivers' statements. Driver• may 
not know the answers to some specific questions or 
may be reluctant to admit violations or noncom­
pliance with regulations. n.is could result in 
undereat:!lllating causality associated with certain 
factors. 

State Bilevel Studies. Many states conduct bilevel 
studies in conjunction with their normal police 
accident-reporting programs. California, for 
example, has collected such supplementary reports 
in connection with truck accidents, and Colorado 
has collected supplementary reports for downhill 
runaways . 

State MDAI Team Reports. n.e ntDDber of heavy-truck 
accident reports completed by federally sponsored 
multidisciplinary accident investigation (MDAI) 
tea11a ia relatively small, although some (South 
Carolina, for example) may have carried out several 
such investigations. These reports include such 
details as cause and type of occupant injury and 
details of crash damage. Many of these reports 
follow the format developed for federal MDAI studies 
and thus could probably be aggregated. 

Other State Data. Most states have conducted 
specific studies of highway accident problems for 
use within their OWll jurisdiction■• (For example, 
see R. Zeiszler, Accident Experience in Double 
Bottom Trucks in California, Department of California 
Highway Patrol, April 1973.) Many were published 
privately in limited quantities, however, and so 
are not generally available. A survey of state 
highway departments to discover the existence of 



such studies might yield substantial amounts of 
information about truck accidents. 

Several states (some in conjunction with IIMCS) 
have truck inspection teems that have collected 
information on the physical condition of trucks. 
California, for example, has c011piled statistics on 
vehicle condition, including a relatively detailed 
examination of braking systems. 

III. HIGHWAY ENVIRONMENT FACTORS 

Larry Yort, chairman; 
Charles N. Brady 
Raymond R. Crowe 
Michael D. Freitas 
Carl Hayden 

Hugh McGee, recorder 
David J, Rensing 
R.P. Smith 
Paul Stalknecht 

Truck weight and type are significant determinants 
of the extent to which the highway environment 
contributes to truck accidents. This is because 
different trucks may respond differently under the 
same highway conditions. In order to understand 
these differences, accident data should be separately 
identified by truck characteristics. At least two 
weight groups would be appropriate: 10,000 to 
26,000 lb. and more than 26,000 lb. Truck type 
is also important. Combinations account for 90 
percent of the heavy trucks involved in fatal 
accidents, and NRTSA's study should separately 
identify and emphasize these vehicles. Individual 
states have developed exposure data (vehicle miles 
of travel) for combination trucks, which could be 
used to calculate and examine accident rates 
specifically for those trucks. 

Data that NHTSA could use to relate truck acci­
dente to highway deficiences or to highway deeign 
are generally lacking. It is probable that highway 
design standards, such as those for geometrics, 
pavement structure, stopping-sight distances, and 
acceleration-deceleration lanes, do affect truck 
safety, albeit indirectly. Existing data bases do 
not permit analysis of the relationship of these 
standards to truck accidents, however. 

Highway type may also be a significant contribu­
tory factor in truck accidents. For example, in 
Illinois, interstate travelway routes--highways 
that are used during construction of an interstate 
route--have much higher truck accident rates than 
do other interstate routes, but no data have been 
collected to help explain this difference. 

Highway appurtenances, such as New Jersey 
barriers, guard rails, and crash cushions, are 
important factors in the severity of truck accidents. 
Although additional data are necessary to develop 
design improvements. some engineering data exist 
now, and additional pertinent information is being 
developed. (For example, see C.E. Kimball, M.E. 
Bronstad, J.A. Michie, J.A. Wentworth, and 
J.C. Viner, Development of a Collapsing Ring Bridge 
Railing System, Southwest Research Institute, 
FHWA-RD-76-39, January 1976.) The present design 
of Nev Jersey barriers may afford more protection 
to cars than to trucks, but ne~ barrier designs 
are being tested and these may prove satisfactory 
for trucks. FBWA has already developed a guardrail 
standard that adequately protects both cars and 
trucks, but the cost of such rails in prohibitive 
for many atatea. More engineering data are needed 
to discover whether crash cushions now in use absorb 
enough energy to reduce adequately the severity of 
accidents involving very heavy vehicles. 

Maintenance and construction areas on highways 
are problem& for trucks, particularly the "S" 
curves at median crossovers and short detours. 
FHWA standards address this problem, and uniform 
application and enforcement of those standards 
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should reduce truck accidents at these points. Data 
are lacking that would indicate the extent to which 
drop-offs at the edges of paved highways, which are 
sometime■ severe during construction, are a serious 
cause of truck accidents. 

Several specific types of truck accidents, 
though not necessarily directly caused by highway 
conditions, may be influenced by the highway envi­
romoent. In such cases, highway modifications and 
improvements might reduce the likelihood that other, 
nonhighway factors will cause accidents. For example, 
speed plus large size in trucks may be directly 
associated with rollover accidents on freeway ramps; 
nevertheless, changes in ramp design might help 
reduce the probability that a heavy truck, going too 
fast, will roll over. 

Some engineering data are available on the 
freeway rollover problem. We know, for instance, 
that combination trucks roll over with lower "g" 
forces than aut0110biles (R.D. Ervin, The Dynamic 
Stability of Fuel-Carrying Double-Tanker Truck& in 
Michigan, Highway Safety Research Institute, June 
1978). Ccmputerized data on the specifics of 
actual rollover accidents on ram~s are not available, 
however. Sufficient data of this type exist at 
the state level, which, if collected and ccmbined, 
might provide a basis for determining relationships 
among ramp configuration, speed, truck weight, and 
other factors. 

Several special studies exist that also might 
include acme data on ramp accidents. Studies 
that Dynamic Science conducted for BMCS probably 
include some data on rollover accidents on ramps 
(R.L. Anderson, R.A. Nicky, G. McCormick, and 
F. Russoniello, Control of Large Commerci,l Vehicle 
Accidents Caused by Front Tire Failures, Dyn Sci-
2320-75-130, Dynamic Science Division, Ultrasystems, 
Inc., Phoenix, AZ, August 1975). FHIIA studied 
about 10,000 accidents during a 10-year period on 
8,000 to 9,000 miles of the Interstate system in 
16 atates, which might include quantitative data 
on rollovers on ramps and permit calculation of 
rollover frequency as a function of curvature and 
length of ramp (J.A, Fee (nee Cirillo), R.L. Beatty, 
s.r.. Dietz, D.F. Kaufman, and J.G. Yates, Interstate 
System Accident Research Study-1, U.S. Department 
of Tranaportation, FHWA, October 1970). 

The highway envirot11Dent also influences jack­
knife accidents, Highways with tight curves and 
pavements with law skid resi~tance contribute to 
such accidents. Unsafe maneuvers, such as high 
speed or sudden changes in speed. can lead to 
jackknifing. Data shoving the relationships among 
truck characteristics, driving practices, highway 
conditions, and jackknifing may exist, but they 
apparently have not been collected and analyzed. 

A frequent type of truck-involved accident is 
the collision of cars into truck rear ends. These 
accidents happen most often in the traveled lanes 
of highways, but they also occur in other locations 
such as on highshoulders or in climbing lanes. 
Existing data are probably sufficient to support 
analysis of why these car-truck rear-end accidents 
happen. 

IV. Vl!BICLE CHARACTERISTICS AND OPERATION 

chairman; Robert Clarke, recorder 
Jame O'Steen 

Rodney Harris, 
Gerry Davie 
Claude Harris 
Farrel L. Krall 
Willi• W. Neuman 

Donald W. Vier:lmaa 
Wallace E. Whitmer 

Like the highway environment, vehicle-related 
factors are rarely cited as direct causes of 

• 
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tnr.ck accidents. Nevertheless, the maintenance. 
operation, and design of vehicles and the way the 
vehicles and drivers interact are :lmportant to 
accident avoidance and to mitigation of injury 
should a crash occur, 

Vehicle Safety Factors 

Vehicle-related factors that might contribute to 
heavy-truck accident■ and that should be a focus 
for further study include: 

1. Improper 11&intenance of brakes, tires, 
lighting systems, handling and stability systems 
(suspension, tire inflation, etc.), and steering 
systems; 

2. Improper operation, such as ezcesaive speed 
or splash and spray, poor loading practices, and 
u:ceeding the performance capabilities of a specific 
vehicle; 

3. Poor driver visibility, both of the road and 
of controls, and cab environmental factors; and 

4. Design elements (e.g. size, weight, and 
configuration of the truck), brake performance and 
maintainability, and tire traction, wear properties, 
and load senaitivity. 

Design factors that may help mitigate the aaverity 
of injury to the driver in a crash would include 
the use of seat belts for the driver, windshields 
and doors to help prevent ejection, rollover crush 
protection for the driver, coupling system integrity, 
proper load retention, and fuel syatems that will 
min:lmi.ze postcrash fire potential. 

It may be possible to dl!IIOnatrate in laboratory 
or test environments the relationships between 
safety and vehicle design, but in practice, it is 
difficult to separate vehicle design fram driving 
practices, highway environment, and other factors 
in accident causation. National data bases, such 
as FARS or BMCS, lack the detail to demonstrate 
what changes in vehicle design might reduce the 
likelihood of accidents or help avoid serious 
injuries or fatalities. In-depth accident investi­
gation 111ay provide sufficiently detailed data about 
a few accidents, but these few may not be nationally 
representative and findings based on them could not 
be generalized to the whole truck population, 

Because of the limitations of any one of the 
u:isting data-collection systems, it may be necessary 
to combine accident and ezposure data, engineering 
tests, and field avaluation results in order to 
aake sound decisions about countermeasures that 
involve vehicle characteristics, 

Econamic and Regulatory Influences on Vehicle Design 

State statutes limit overall vehicle length, width, 
height, and total and individual axle weights. 
Certain truck design feature• reflect att.,.,pta to 
maximize the ravenue-generating capability of truck■ 
within size and weight conatraints. It ia possible 
that -e of these features might have concamitant 
safety conaequencea, but data to support causal 
judgments are lacking. 

Yor example, the cab-over-engine truck tractor 
allows more length to be devoted to the trailer, 
thus increasing cargo space. It may offer other 
advantages aa vell-eaaier maintenance. better 
driver viaibility, and greater maneuverability. 
It has been claimed, havever, that this design is 
leas camfortable for drivers and offers them lea■ 
crash protection than a conventional cab-behind­
engine design, but data are not available to 
support or refute this claim. 
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Low vehicle tare weight is also desirable in 
order to maximize cargo weight within state-imposed 
weight limits. This consideration, along with cost, 
must be considered in the decision to add certain 
safety davices to trucks. If a designer contemplates 
adding a safety device, such as a rear underride 
protection system, to a truck, the designer must 
consider whether the potential safety benefits of 
the device are sufficiently great to offset adverse 
cost, weight, or operational consequences. Thus, 
unless such devices have proven safety effectiveness, 
designers may be reluctant to incorporate them into 
new truck designs. 

Truck width also affects safety, and in the 
Dnited States width is generally limited to 96 in. 
This limitation constrains cargo-carrying capacity, 
and pressures exist in the United States to increase 
this standard. Proponents point out that Canada 
allows 102-in. truck widths and that increased 
width could reduce a truck's rollover threshhold 
and increase its lateral dynamic stability. The 
safety consequences of occupying more road space 
are unknown, however. Perhaps Canadian data on 
the net safety cost or benefit or increasing truck 
width& could be examined. 

V. DRIVER CHARACTERISTICS AND PRACTICES 

Livia Li, chairman; 
Tom Bailey 
Theodore E. Brooks 
B.E. Chisolm, Jr. 
Robert T. Hindle 

Charles Overbey, recorder 
A. James McKnight 
Martin L. Reiss 
Warren J. Rheaume 
Kenneth A. Thompson 

The role of the driver in heavy-truck accidents is 
particularly difficult to assess. There is no easy 
way to trace a specific driver's record of accidents 
and violations from one state to another. There 
is also no easy way to determine a driver's physi­
cal and psychological status st the time of an 
accident. Exposure data are also lacking. 

Driver Is1111es 

Several driver characteristics appear significant 
in heavy-truck accidents. Age and driving experience, 
for example, are important correlate• of auch 
accidents. Because young drivers and inexperienced 
drivers have higher accident rates than do others, 
some carriers set minimum age and experience require­
ments in hiring drivera. A problem in analyzing 
the causal significance of these two variables in 
heavy-truck accidents, however, is that age and 
experience are highly correlated. The causal 
relationship of age to accidents and experience to 
accidents may be quite different in nature, but 
it would be difficult to assess them separately. 

Im additional problem is that good information 
on driving u:perience is hard to obtain. Although 
driver age is routinely reported on most accident 
forms, driver experience may or may not be reported. 
Even if experience is recorded, it& definition is 
elusive. "Ezperience" may refer tc years with a 
particular carrier or to years of driving a 
particular truck. NHTSA has an ongoing project 
that addresses this problem (See Anal aia of e 
E,c erience Licimsin Status and Accident Violations 
of Drivers of Heavy Vehicles, DTNB 22-80-C-00733. 
This project is being carried out by the National 
Inatitute for Safety Research, Inc., Rockville, MD). 

Driver training, as distinguiahed froa 
experience, is also a likely factor in heavy-truck 
accidents, but it is one about which little is 
known. S011e trucking CIJlll)aniea have training 
programs for their drivers, but many drivers 



acquire their training through comaercial 1chaala, 
through apprenticeehip with an experienced driver, 
or through self-teaching behind the vhael. Acting 
an the supposition that training 1a indeed an 
important ■afety factor, BMCS is att•pting ta 
improve heavy-truck 4river training by developing 
a 1110del curriculum and guideline• far certifying 
driver-training schools, 

Driver■' attitude■ tovard driving, their rest 
and off-duty habit■, and their life-style■ alao 
affect accident potential. Intuitively, drivers 
who feel a profe■sional responeibility tovard their 
job■, their -player■, and the public should be 
more likely than others ta observe safety regulations, 
u:hibit good driving practices, and avoid situations 
likely to cause accidents. This theeia haa not 
been thoroughly researched, however, and the role 
of driver attitude in heavy-truck accidanta cannot 
yet be quantified. 

Economic praaaurea also affect aome drivers 
and may influence their driving practicu. Those 
who are paid by the mile may resist taking adequate 
t:lllle off for meals and re■ t, and the fatigue that 
results may increase the likelihood of their being 
in an accident. Some owner-operators, pressed by 
inflation in operating coats and high interest 
rates on their truck loans, al■o may driva too 
long without sufficient rest. Information directly 
relating driver economic■ to accident u:perience 
is needed to help develop solutions to these 
problems. 

Driver use of alcohol does not appear to be a 
major factor in truck accidents. In fact, u:iating 
data indicate that in car-truck accidents it is 
more often the car drivar than the truck driver 
who is "under the influence" (L.S,S. Lohman and 
P. Waller, Trucks: An Analysis of Accident 
Characteristics by Vehicle Weight, Highway Safety 
Research Center, University of North Carolina, 
Chapel Hill, September 1975). A IIIITSA contractor 
ia currently studying this iaaua (Identification 
and Testing of Countermeasures for Specific 
Alcohol Accident Types and Problems, IIIITSA Contract 
No. DOT-HS-9-02085, Calspan Field Services, Inc., 
Buffalo, NY). The influence that driver medical 
conditions have on accident probability is also 
an unknown. BMCS requires interstate drivers ta 
have periodic medical checkup■, but whether this 
haa helped to prevent accident ■ haa not been 
determined -pirically. 

Data Sources and L:llllitationa 

Soae data exist on drivers who are involved in 
accidents, but few could be used to establish 
causation. 

.!!£!· The l!KCS files contain some information about 
drivers of trucks involved in accidents. The infor­
mation ia limited, of course, to drivers operating 
in interstate ccmaerce. Further, because it relies 
on self reporting, the information on safety belt 
use, hours of driving, physical condition, and 
other potential lapse■ could be inaccurate. Infor­
-tion or analysis is needed to determine whether 
inaccurate reporting is sufficiently frequent to 
cause any appreciable skewing of the aggregate 
data. 

~- The state report■ which the PARS file■ are 
based Y■ry in their inclusion of questions about 
drivera involved in fatal accidents. Therefore, 
although the PARS data might offer some information 
on cauaality, they would not neceaaarily be 
nationally representative. 
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NASS. As the NASS program expand■, it could provide 
very detailed information on the drivers of heavy 
trucks that are in accidents, if appropriate data 
elements were added to the report forms. 

State Pilea. Although data on regulated, inter­
state drivers are available through the BMCS records 
on drivers, state files are the only source of 
records on intrastate drivers and these filea vary 
considerably in quality. They rely on police reports 
of accidents, which generally do not include detailed 
information an the drivers. A driver's history 
within a particular state may be available, but 
usually it would not be in the same file aa informa­
tion on the accident in which the driver is involved. 
The two data sets would have to be matched in order 
to relate driving history to a particular accident. 

Exposure Data. Researchers have attempted to conduct 
driver surveys at roadsides and truck stops (For 
example, see D.D. Wyckoff, Truck Drivers in 
America, Lesingtan Books, Lexington, MA: o.c. 
Heath and Co., 1979). It is suspected that drivers 
avoid such surveys, however. Further, there ia 
no guarantee that the surveys will produce repre­
sentative samples of all types of heavy-truck 
drivers. Driver exposure data are necessaryt 
however, in order to study accident-involvement 
rates by driver characteristic. New methods are 
needed to gain this information. 

None of the existing data files provides all 
the information needed for all types of heavy-truck 
drivers. It ia important for purposes of causal 
analysis of driver-related factors in truck 
accidents that drivers be identified by type­
regulated or unregulated, interstate or intrasta~e, 
company driver or owner-operator. Beyond this 
breakdown, a distinction should be made among 
owner-operators. Some operate under permanent 
leaaes to larger carriers and must abide by the 
same rules and regulations as drivers for those 
companies; some trip-lease to regular carriers; 
some obtain their loads through brokers; and 
some obtain their own loads. Both accident and 
e,cposure data by types of drivers are needed to 
compare accident rates for each group. 

Potential Sources of Data 

It is possible that some other data sources might 
supplement present ones to produce additional 
information on the role of drivers in heavy-truck 
accidents. Some likely sources are noted below. 

Trucking Companies. Many carriers keep very 
detailed records on their drivers, and these 
records may permit identification of some driver 
characteristics that affect truck safety. For 
exam.pl■ , Yellow Freight System, Inc., conducts 
ongoing studies of vehicular accidents on a 
monthly and yearly basis. One study completed 
at the conclusion of 1980 indicated that because 
of economic conditions (lay-off of many driver■ 
with seven years or less seniority) and lesa 
highway exposure, Yellow Freight System u:perienced 
a 47 percent reduction in road accidents for 1980 
compared with 1979. 

By identifying companies that have good 
driver record systems and obtaining penaission to 
use their records (assuring them of individual 
confidentiality), it may be possible to learn 
more about the relative importance of various 
driver characteristics in safe driving. 

• 



• 

Insurance Companies. C0111panies that insure heavy­
truck drivers must have some basis for setting 
insurance rates. These companies could be contacted 
for permission to examine the records they use for 
rate setting. 

Special Data Bases. Private researchers have 
conducted heavy-truck studies that may include 
information on drivers (For example, see Vallette 
et al., op cit.; K, Perchonok aod T.A. Ranney, 
Analysis of Truck. Tractor/Trailer Accident Data, 
Pinal Rlilport ZN-5926-V-l, Calspao Corporation, 
Buffalo, NY, June 1976; and T.A. Ranney, Analysis 
of Heavy Truck Accident Data, Calspan Field Services, 
Inc., Buffalo, IIY, September 1978). These special 
studies may suggest hypotheses to investigate in 
future special studies or when additional data 
become available, A literature search could unearth 
these sources. 

MDAI Approaches. In-depth investigations of heavy­
truck accidents could help identify driver factors 
involved in those accidents. The University of 
Indiana has used this approach to study causes 
of passenger-car accidents (J.R. Trest, N.S. Tumbas, 
S.T. McDonald, D. Shinar, R.D. Hume, R.E. ~.ayer, 
R.L. Stanisfer, and N.J. Castellao, Trilevel 
Study of the Causes of Traffic Accidents, Final 
Report, Vols.land 2, Institute for Research in 
Public Safety, Bloomington, IN, March 1977), and 
that model might be used for heavy trucks, as well, 

VI. SUMMARY 

Workshop participants generally agreed that data 
that could be valuable in helping to examine 
heavy-truck accident causation do exist in a 
variety of sources. The task ahead is to locate, 
examine, and--where possible-collate such data. 

Major Data Issues 

Two important areas of data deficiency surfaced 
in most of the workshop group discussions aod in 
the colloquy that followed delivery of the group 
reports. 

The first general issue was the role of economic 
factors in truck operations and driving practices. 
Little is known about how general economic conditions, 
such as inflation, and special ones, such as strikes, 
affect trucking operations. Data that might indicate 
whether pr~sent economic incentives encourage 
dangerous practices in trucking and how deregulation 
might change these incentives are generally lacking. 

The second way in which most truck accident data 
are deficient is that they are categorized too 
coarsely for meaningful causal analysis. Finer 
breakdowns are needed of exposure and accident 
experience of vehicles, drivers, and carriers, by 
type. "Heavy trucks", for instance, include a 
multiplicity of sizes, weights, and configurations, 
and these differences are relevant to safety 
performance. The owner-operator category also 
conceals significant variations. Some operate 
as individuals; others are under contract to 
major carriers. Although both must meet federal 
equipment aod driving standards, assuring compliance 
ia much more difficult in the case of individual 
operators. 

Each of the workshop groups also noted major 
issues within its area of concentration. The 
overview group stressed the importance of careful 
aoalysis and interpretation of the data that are 
available and of open publication for peer review 
of research results. The highway environment 
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group's main concern was that, although highway 
conditions undoubtedly pose potential safety 
problems, these problems cannot be isolated by 
using present statistical data and methodologies. 
The vehicle factors group noted the same data 
difficulty as tha highway group. It suggested 
that it may be necessary to combine the results 
of accident data analysis, engineering tests, and 
field evaluations in order to make sound decisions 
concerning vehicle-related countermeasures. The 
driver factor group observed that, although 
driver• and driving practices are responsible for 
a large proportion of the safety problem, these 
are the factors that are least amenable to change. 
If driver problem• could be identified more 
precisely, however, it might be possible to 
ameliorate same of them directly through careful 
driver selection or indirectly through changes 
in vehicles and/or highways that would minimize 
driver limitations. 

Potential Data Sources 

The "WOrk.shop generated suggestions for several 
sources of data on heavy-truck accidents that 
NHTSA might examine. These sources are generally 
varied in scope, in emphasis, in definitions, and 
in form, snd data from them could probably not be 
aggregated. Nevertheless, they should be useful 
in helping to identify major safety problems in 
heavy trucking. These sources include: 

1. Insurance company data. Insurance companies 
that insure carriers must have records that help 
them determine which companies to insure and at 
what rates. The insurance companies' criteria 
for granting insurance and the data on which those 
criteria are developed could help guide further 
investigation of specific problems. 

2. In-depth investigations of specific acci­
dents. State MDAI reports, such as those South 
Carolina has produced, also could provide important 
insights to heavy-truck accident causality, parti­
cularly if those reports included questions related 
to suspected problem areas that broader data sources 
do not address. 

3. Other state data. Many states have made 
special studies and reports on types of accidents 
that are particular problems in those states but 
might not reach national accident data systems. 
Mountainous states' studies of truck runaways 
would be examples of such reports. 

4. Federal agencies concerned with transporta­
tion-FIIWA, NHTSA, BMCS, the Interstate Commerce 
Commission, and perhaps others--have carried out or 
contracted for projects that could be sources of 
information on truck accidents. Other such projects 
may be in progress or have been completed by univer­
sities, associations, or safety organizations. Even 
though some of these projects may not be confined to 
heavy-truck accidents, they may contain information 
on them. 

5. It is in the carriers' interest to understand 
why their trucks have accidents, and they undoubtedly 
investigate the accidents that do happen. In addition, 
many keep consistent records over time, like those 
of the Yellow Freight System, that might help in 
problem identification. These could prove to be a 
valuable resource, particularly of information on 
driver factors--an area in which few data are 
currently available. 



Though no one of these data resource& could be 
considered complete or definitive, they do offer a 
potential for patching together a much wider and 
deeper picture of heavy truck accidents than we now 
have. 
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INI'RODUCTION 

APPENDIX C 
DATA SOURCES 

This report made use of original data analysis as well as the results of 

studies in the published literature. This appendix is intended to focus 
primarily on what data files are available and pertinent to the accident 
experience of large trucks. It contains a description of the data files used 

in the analysis and of their limitations so that results can be properly 
evaluated. Toe appendix also includes a discussion of data system 
limitations, supplemental safety research to accident data systems, and 

reconnendations for improved accident-data usefulness. 

Throughout this report statistical results from previous research have been 
appropriately referenced. This section does not discuss the data sources used 
for those studies. It is assumed that the previous studies themselves contain 
the backgrotmd necessary for evaluation of their conclusions. Where this is 
not the case, the authors of these studies are the best sources of further 
infonnation on how their data were obtained. Similarly, numerous data 
collection efforts are not included in this section because they were 
discussed in their respective final reports or did not offer tmique data for 
this report. This is not meant to imply disparagement either of the methods 
of obtaining the data or of the validity of the resulting estimates. 

Several unpublished papers based on the data sources to be discussed have been 
prepared to support this report. A list of these papers is provided at the 
end of this Appendix. They are available from NIITSA's National Center for 
Statistics and Analysis (NCSA). 

Further infonnation on the original data sources used for this report is in 
the referenced coding manuals and analysis docllDentation as listed in the 
References. 
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ACCIDENT DATA FILES 

Bureau of Motor Carrier Safety 50-T (MCS 50-T) 

The Bureau of M:ltor Carrier Safety (BMCS) is an office within the Federal 

Highway Administration (FHWA). The main mission of the BMCS is to reduce the 
risk of connnercial vehicle accidents and to decrease the resultant fatalities, 

injuries, and property losses. One of the means to accomplish this mission is 

a Federal accident reporting requirement as set forth in the Federal Motor 
Carrier Safety Regulations (FMCSR). BMCS collects and automates truck 

accident data submitted by motor carriers subjected to the Department of 
Transportation (DOT) Act on a form called MCS 50-T. Requirements for filing 

the 50-T accident form are described in Section 394 of the "Federal Motor 
Carrier Safety Regulations and Noise Fmission Requirements" (BMCS, 1979). 

This form is required when an accident involves a motor vehicle engaged in the 
interstate, foreign, or 

subject to the DOT Act. 

death of a human being, 

intrastate operations of a motor carrier who is 
The accident must be reported if it results in the 

or total property damage exceeds $2,000, or bodily 

injury to a person who, as a result, receives medical treatment away from the 
scene of the accident. Motor carriers must report fatal accidents immediately 

and submit information on nonfatal accidents within 30 days. Approximately 

30,000 accidents are reported annually. Data from 1973 through 1979 have been 

automated. 

A limitation of the BMCS accident data base is that it includes data only for 

interstate carriers. Intrastate carriers are not subject to the FMCSR and 

therefore, are not required to sut:rnit accident reports. Also, some accidents 

for which reports are required may go unreported. 

The information provided by the motor carrier is not verified from independent 

sources. Thus, care must be used in interpreting answers to questions which 
might imply fault or non-compliance with laws and regulations. Nevertheless, 

the self-reporting system is valuable in that it can collect data that is more 

difficult to obtain through other means, such as vehicle and cargo weights. 
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The BM:S 50-T data are a good source of data on accidents, injuries, and 

fatalities for different groups of drivers, vehicles, and highway environments. 

Fatal Accident Reporting System (FARS) 

FARS is a computerized data base containing infonnation on all police-reported 

fatal motor vehicle accidents in the United States. It is an ongoing data 
collection program of NCSA. The data are drawn from various sources, which 

generally include police accident reports, driver license files, motor vehicle 

registration files, records from bureaus of vital statistics, and state 

highway department records. These are occasionally supplemented by emergency 

medical service reports and hospital records. Data for the FARS file are 

supplied by the States on standard forms. Each accident in the data base 

involves at least one fatality which has occurred on a highway. The FARS 

definition of a fatality is a death which occurs within 30 days of a motor 

vehicle accident and is the result of the accident. Data on approximately 

300,000 fatal accidents from 1975 through 1981 have been automated. About 

34,000 involved a large truck. 

FARS is a national census of the most serious part of the safety problem--the 

loss of human lives--but it has significant limitations. Though it provides 

some information on f3tal accidents as reported by each State, it cannot 

supply the national distribution for all accident severities. It lacks 

information on nonfatal injury and property-damage-only accidents for purposes 

of comparison. However, this problem can be overcome by intelligent use of 

broader-based accident files. Another problem is lack of information about 

the type of truck involved in the fatal accidents reported. This is largely 

the result of variance in the methods of classifying vehicle types in the 

record-keeping systems used by the SO States and the District of Columbia. 

Increasing the detail required in the forms could have the unfortunate result 

of less data or a reduction in the quality of data because many States might 

not be able to provide the information in the specified categories. 
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FARS data are a good source of total fatality counts by gross truck type and 

by the types of other involved vehicles and can be supplemented by nonfatal 

accident files for greater utility in analysis. 

National Accident Sampling System (NASS) 

NASS is another data collection effort of NCSA. The program is sponsored by 

NHTSA and supported by FHWA. Its objective is to provide nationally 

representative estimates for all police-reported accidents. Accident 
investigation teams under NHTSA contract are trained in the use of a standard 

set of data collection forms, and quality control contractors are employed to 
review the accuracy of the data submitted by the accident investigators to 

ensure uniformity in the data. Ten teams began operation in 1979 and have 
collected information on more than 3,000 accidents, of which over 300 involved 

a large truck. The NASS program calls for establishment of 75 teams. This 

expansion will greatly improve the precision of national estimates. 

The major limitation of NASS is the small nl.Dllber of teams investigating 
accidents. Until more teams are operating, the national estimates of truck 

accidents produced from NASS will be crude. However, even with full 
implementation of NASS, no one data collection effort can provide all the 

necessary information. To answer specific questions, special studies can be 

designed within the NASS framework and particular situations can be 

over-sampled for increased precision. 

The NASS data are a good source of detail on accident sequence and resultant 

injuries. When complemented by FARS, they are useful in describing the scope 

of large-truck accidents and their consequences. 
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The National Crash Severity Study (NCSS) 

NCSS was an accident data collection program of NCSA that involved a random 

sample of accidents that resulted in car tow-aways. It was conducted by seven 

investigation teams under contract to NHI'SA. Data on more than 12,000 

accidents were collected from January 1977 through March 1979. More than 400 

of these were two-vehicle accidents involving a car and a large truck. As 

with NASS, the resultant data can be used to produce estimates of relative 

frequencies of events. However, in the case of NCSS, the sample frame was the 

seven geographical areas where the teams were located rather than the entire 

country. 

The NCSS data are limited in that they only contain those large trucks which 

were involved with a passenger car that was towed from the scene of the 
accident. However, the data that were collected included detail on crash 

configuration and injuries received. Because of the tow-away criterion, these 

were on average more serious accidents than those investigated by NASS. 

Because the individual NCSS team areas were not selected randomly, the cases 
represent only the experiences in the NCSS areas. However, these areas were a 

judgment sample that included both rural and urban environments and a 

scattering of geographical locations. Thus, the results from this data were 

indicative of the national experience and, given certain assumptions, can be 

used to estimate national totals. 

The NCSS data are a good source of injury consequences in serious car-truck 

accidents, and provide details on types of collision. 

Collision Performance and Injury Report (CPIR) 

The CPIR file is a compilation of multi-disciplinary accident investigations 

(MDAis) sponsored by NIITSA, the Motor Vehicle Manufacturers Association 

(MVMA), and the Canadian government. From 1967 to 1980, 470 accidents 

involving large trucks were investigated. 
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The major limitation of the data is that cases were selected by approximately 

40 different teams over many years and under no single sampling plan. Thus, 

the data are not representative of any known population of accidents. As a 
result, questions about the frequency of accident characteristics are not 

answerable using CPIR data. 

However, the data can provide insight into the characteristics of large-truck 

accidents, the sequence of events in accidents, the performance of vehicles, 

and injuries sustained by·occupants of the large trucks and of the other 

vehicles that collide with them. This insight can be used to form hypotheses 
testable by more representative data. 

State Accident Files 

The data files of seven States--North Carolina, New York, Colorado, Maryland, 

Michigan, Washington, and California--were available to NCSA within the time 

limits of this project. The accident data files for the first six States were 

available through contracts with NI-ITSA. The California accident data were 
acquired by direct request to the State. 

The difficulties of combining State files arise from their varied 

record-keeping systems and are similar to those described for FARS. However, 

FARS analysts review the individual accident diagrams and narratives and 
attempt to complete a standard form; such a method is not possible using State 

automated files alone. The possibilities of using canbinations of States to 
form a data base are therefore·severely limited. 

The advantages of the State files are the large voll.DDe of accidents (almost 
three million traffic accidents occurred in these seven States in 1978) and 

the longer periods of time that they have been in operation (pre-dating most 

Federal data collections). 
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South Carolina's Specialized Accident Investigation and Surveillance 
Program (SIT) 

South Carolina conducted in-depth investigations of fatal traffic accidents, 

most actively from 1970 through 1974, and collected data on 4,194 accidents. 

Of these, 273 involved a tractor-trailer. Although not automated, these cases 

were useful for the detailed questions and answers they included. Among these 

were conclusions by the team on the causes of the fatal accidents. 

EXPOSURE DATA FILE 

Truck Inventory and Use Survey (TIU) 

TIU is an exposure data base collected every quinquennium by the Bureau of the 

Census as part of the Census of Transportation. Trucks were randomly selected 
for the survey from each State's motor vehicle registration files. (Vehicles 

owned by Federal, State and local govermnents were excluded from the 1977 
survey.) Data were solicited by questionnaires mailed in 1963, 1967, 1972, 

and 1977 to the more than 100,000 individuals and companies in whose names the 

selected trucks were registered. More than 90 percent responded, probably 
because of the legal requirement to do so. The data can be used to produce 

national estimates which are as complete as the sample frame. The method 

employed has varied as the Bureau of the Census has attempted to improve its 

procedures, however, and as a result cross-year comparisons require 

familiarity with the development of the sampling methodology. 

The most important limitation of the TIU is that it is truck~based for typical 

usage during the entire year. Questions about the driver cannot be answered 
meaningfully by this method. Also, the cargo weight, number of trailers, and 

other variable features are reported as a "best" answer or the ''most 

frequently used." For example, many truck tractors may pull single trailers 

C-7 



most of the time but pull double or triple trailers at other times. Because 

the information is obtained only for the ''most frequently used" trailer unit, 
the less frequently used configurations may be underestimated. Consequently 

accident rates cannot be calculated in relation to exposure by cargo weight or 

trailers pulled. 

For non-variable factors such as model year and size of carrier operation, TIU 

is a good source of national estimates of exposure. However, the accuracy of 
the resulting estimates is affected by the difficulty of obtaining complete 

truck-type profiles. This limits the usefulness of estimates which combine 

TIU with accident data. 

The 1977 TIU sampling frame was based upon a census of State registrations, as 

compiled by the R. L. Polk Company. To meet its deadline, the Polk Company 

was forced to use incomplete data files. The FHWA Cost Allocation Study has 

devised its recoDDnended method for adjusting the file to account for the 

undercount. It is recognized as being susceptible to possible future 

revision. It is this procedure which was used to produce the TIU estimates 
which are contained in this report. 

Another difference between FHWA and NHTSA figures is the inclusion of 

Government vehicle estimates in the Cost Allocation Study. These estimates 

were not derived directly from TIU and therefore are not included in this 

report. 

Also, the Cost Allocation Study included pickup trucks with registered weight 

over 10,000 pounds. This has not been done in this report in order to 
increase compatibility with FARS. 

Finally, single-unit trucks pulling trailers have been classified as 

single-unit trucks for this report so that the estimates can be used with 

FARS. However, the Cost Allocation Study classified this configuration as an 
articulated vehicle. 
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DATA SYSTEM LIMITATIONS 

The Limitations of Accident Data Files 

An accident data file is a listing of items of information about a number of 

accidents. The collection of each item of information requires the 

expenditure of a certain amount of manpower and time. The level of effort 

needed to collect 100 data items for each of ten accidents is roughly 

comparable to that needed to collect 25 data items for each of 40 accidents, 

as long as the same general areas of interest are covered by the data items 

chosen. This means that for a given level of resources any data collection 

system will always present a compromise between volume and detail. This is 
reflected in the three most prominent types of accident data files: police 

accident reports, compiled at the State level; NASS accident reports, annually 

compiled at the Federal level; and multi-disciplinary accident investigation 
files, an open-ended, relatively small collection of in-depth reports on 

accidents of special interest. 

To determine the cause of a particular accident, the multi-disciplinary 
accident investigation is customarily chosen to provide a plausible, but 

subjective, explanation. However, the very process of eliminating 
non-pertinent factors in specific accidents on the basis of expert judgment 

renders it practically impossible to aggregate such individual cases for 

statistical inference. M:>reover, the file of in-depth reports cannot 

constitute a representative sample of the universe of similar accidents. It 

is therefore not even possible on the basis of such investigations to make a 
meaningful statement with regard to the relative distribution of causal 

factors. 

The accident data files generated by compilations of police reports present 

different obstacles to effective analysis. Although well suited to the 

purpose for which they are designed, their information content is usually too 

sparse for analytic inference. Only in rare instances is it possible to 
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undertake analysis of one of the potential causal factors identified in police 

accident reports, and then usually only with a number of plausible but 

unproven assl.llllptions. 

The NASS data collection system offers an accident file which, upon full 

implementation, is capable of providing information in sufficient detail and 

adequate volume to pennit a variety of investigations into the causes of 

accidents. However, it should be recognized that for NASS, as for any other 

suitably designed accident data file, this capability is limited. It should 
also be kept in mind that all accident files based on police reports of 

accidents are necessarily incomplete and biased because many accidents are 

never reported. While it is recognized that the incidence of reporting is 

good for accidents resulting in fatalities and injuries, little information is 

available on the number of unreported, less severe accidents. A current NCSA 
study seeks to provide needed data on both the magnitude and characteristics 

of unreported accidents. 

The Limitations of Exposure Data Files 

Existing files of exposure data consist of a set of listings, such as of 
registered vehicles, vehicle miles of travel, and licensed drivers. The 

reliability and accuracy of such listings is unknown. It is conceivable that 

the results of such enumerative surveys as FHWA's Highway Performance 

Monitoring System (HPMS) and the National Personal Transportation Survey 
(NPTS) eventually can be converted into exposure data inasmuch as the two 

·surveys are capable of correlating vehicle type, speed, volume, and road type, 

as well as of establishing other groupings. 

A file of exposure data should meet two requirements: 

o The data should be in definitional agreement with the corresponding 

accident data; and 
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o The infonnation to be collected should meet the needs of the analysis 
plan it is to serve. 

Constraints imposed by the second requirement make it impossible to design an 

"all-purpose" system to collect exposure data. The analysis plan detennines 
the combination of factors in accidents that is to be scrutinized, and the 

exposure data file must match these factor combinations. This means that the 

data on all factors being studied must be collected simultaneously for each 

unit of observation (e.g., each vehicle). As a result, any one study can 
cover only a limited number of factors, and the effective compilation of 

exposure data crucially depends on the quality of long-range planning for 

accident research. The inadequacy of existing exposure data is demonstrated 
throughout this report. Without exposure data it is not possible to calculate 

accident or injury rates, or to arrive at conclusions about the relative risk 

associated with specific driver, vehicle, and highway/environment conditions. 

For example, it is possible to examine the distribution of large-truck 

accidents by time-of-day, or by weather and pavement conditions, but, without 
exposure data the analyst cannot determine whether these factors are linked to 

accident causation or whether they only reflect travel patterns. 

SUPPLEMENTAL SAFETY RESEARQi TO ACCIDENT DATA SYSTEMS 

Because accidents are rare events, it is never possible to obtain a complete 

roster of accident-factor combinations adequate for inferential analysis. 

Accident data can only provide a certain level of detail because of sample 

size limitations. Accordingly, causation research cannot rely exclusively on 

accident data. If certain types of detailed questions are to be answered, 
real-world and laboratory experiments, and computer models must be used to 
fill the information voids. In this case, however, accident data can be used 

to guide the researcher in devising effective study designs. 

To supplement analysis of accident-data files, a number of methods are 

available to researchers, including: (1) controlled field studies using actual 
accident involvement; (2) driving simulators with which conflict situations 
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can be simulated and responses can be measured in a controlled and repeatable 

manner; and (3) controlled experiments either in the laboratory or in actual 
traffic. Each of these methods has advantages and disadvantages. 

Controlled field experiments have the marked advantage of using real-world 

accident involvement of comparison groups. If the reason for utilizing a 

controlled field experiment is to evaluate the benefit of a countermeasure for 

a vehicle fleet, and if one fleet of vehicles equipped with that 

countermeasure has significantly fewer accidents, deaths, or other injuries 

than an equivalent fleet without ~he countermeasure, then the effectiveness of 

that countermeasure has been defined at least for the same particular set of 

operating conditions and practices. The major problems in using of this 

method are cost, time, and extrapolation of results to the larger population. 

Adapting a countermeasure to a controlled group can be costly to implement. 

Moreover, there are costs associated with the collection and analysis of the 

accident data from the controlled group and with monitoring the group 

throughout the study to ensure that conditions do not change. Finally, such 
studies require extensive time to collect data on a significant number of 

accidents for statistical analysis. Notwithstanding these problems, the 
controlled field study could be a preferred method for problem identification 

and evaluation of specific countermeasures because it uses actual accident, 

data as the measure, and hence does not require additional efforts to support 
or interpret the results. 

The major advantage of driving simulators as a research tool is that they 

permit careful control of many variables that cannot be controlled in the real 
world. It is possible to simulate hazardous situations, often with 

considerable realism, that cannot be duplicated in the real world for 

humanitarian reasons, and although simulators are costly to develop, they may 

be reasonably economical to operate. Yet, no matter how realistic simulators 
may be, test subjects remain fully aware that even if they are involved in an 

"accident" they will not suffer harm. Also, it is often difficult to achieve 

a high degree of realism in simulation, making it yet more difficult for test 
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subjects to become "involved" in the simulated driving. Tl-Jis casts some doubt 
on the validity of research results. At best, simulator studies must rely on 

criteria which fall short of the ultimate criterion--actual accident 

involvement. However, driving simulators can be a useful research tool for 

· problem identification and initial countermeasure development. 

The third research tool, controlled experiments conducted either in the 

laboratory or in actual traffic, also must rely on fictional accident 

involvement, but this method can often be used at relatively.low cost, thereby 
permitting systematic examination of relevant variables as part of problem 

identification. 

RECOMMENDATIONS FOR INCREASING THE IITILITY OF ACCIDENT DATA FOR THE STUDY OF 
LARGE-TRUCK SAFETY 

The analysis done by the NCSA to support this report demonstrates that there 

is no single authoritative source of data on accidents involving large trucks 

which contains both the volume of cases necessary for accurate representation 

of the national truck population and the detail necessary for analysis. While 
analytical studies produce hypotheses about causative factors, enumerative 

studies put these results in the context of the entire safety problem and 
enable decision-makers to set priorities based 1Jpon estimates of the potential 

reduction in fatalities, injuries, property damage, and other measures of 

societal costs. The impracticality of creating a data file for both analysis 

and enumeration, combined with the need to both analyze and enumerate, implies 

that multiple data collection systems are necessary. 

To improve the analyst's ability to synthesize the various sources of data, 
some modifications to the existing systems are needed. Three suggestions to 

improve data file compatibility follow. 

1. The range of methods used in Federal data systems to classify truck types 

has been described by Partyka (1981). Inconsistencies among data files 

include the methods of coding body type, weight, use, and type of cargo. 
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Since classifications differ among these sources, they cannot be used in 

combination effectively. This results in an inefficient use of data that 

are expensive and time-consuming to collect. Therefore, data definitions 
should be standardized as much as possible without compromising the 

analytical needs of the various Federal agencies. 

2. State-collected accident data are potentially useful for estimating 

national totals. Presently they are limited by the incompatibility of 

most data groups. This was documented by Najjar (1981) in an attempt to 

augment Federal data with those from seven States. A uniform set of 
coding rules could dramatically increase the usefulness of State data. 

3. A major difficulty encountered in the analysis by Najjar was that TIU 

data were based upon an undefined subset of all large trucks. Similar 
problems are encountered when using m.cs 50-T data because little is 

included about motor carriers not regulated by the ICC. Thus, available 

data files overlap in ways that are not completely understood. A system 
of cross-file checks would reduce the effect of this overlapping. For 
example, any data source to be used with the data on predominately 
ICC-regulated trucks that are in the BMCS file should have an element 

that identifies the truck as ICC-regulated for comparison purposes. 

Similarly, to estimate the effect of the missing portion of the truck 

population on the computation of fatality rates, the TIU form should ask 

whether the truck was involved in a fatal accident in the year being 
studied. As a first step, an analysis of the current conditions of the 

files would help to define how the files overlap and which cross-file 

checks would be most useful. 

Some modifications in individual data systems would increase the potential of 

each to identify problem areas of truck safety. Three suggestions for such 

improvements follow. 
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1. M:>re emphasis should be placed on reducing the amount of missing data by 

investigator-initiated attempts or by analyst-supplied estimates of the 
unknown values, based upon known information. Missing data jeopardize 

the validity of the results of analyses of the available data because of 

the possibility of biases. It is important to know why data are missing 
and whether an assumption of randomness is justifiable despite that void. 

2. Additional information on less severe accidents is needed as a control 

for more severe cases. An example of this need can be found in the 

unpublished paper on collisions with fixed objects by Partyka (1981). 

Collisions with roadside poles and guardrails that resulted in less 

severe results could not be identified because the struck object was not 
coded for non-tow-away, low-injury accidents. Selected items for less 
severe accidents should be available when they can be shown to be useful 

and collectible. 

3. The 563 cases involving large trucks in the 1979-1980 NASS file are 

insufficient to answer the complicated questions of truck involvement. 
The completion of the full NASS system is needed for greater data volume, 

a wider variety of accident locations, and a consequent increase in the 
accuracy of national estimates. 

Detailed exposure data based upon trip samples or day samples is also 
critically needed. The TIU method of summarizing a year's experience-for a 

given truck with a single value cannot provide the information necessary to 

estimate accident involvement rates by subsets of such factors as driver 

characteristics, truck load weights, and types of cargo, all of which are 

believed to be associated with accident involvement. For this reason the 
"most frequent" value over the course of a year is inadequate for determining 
truck safety by subgroups. 

Finally, it needs to.be recognized formally that problem-solving is an 

iterative process and requires a long-term commitment by groups responsible 
for various aspects of safety research. To this end, flexible data collection 
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systems like the NASS special study concept are useful tools. Most important, 

though, to the success of any such effort is the understanding that the most 

useful tool of any research is the well formulated question. 
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