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SECTION 1 

SUMMARY 

The National Highway Traffic Safety Administration 

implemented Federal Motor Vehicle Safety Standard No. 121, 

Air Brake Systems, on January 1, 1975 for trailers and on 

March 1, 1975 for power units. The performance requirements 

of this standard substantially upgraded air brake systems, 
focusing on stopping distance without wheel lockup, Truck 

manufacturers chose to meet these requirements with 
computerized wheel anti-lock controls, These changes were 

expected to produce substantial improvements in the overall 

accident experience of air-braked vehicles. 

The objective of this study was to provide national 
estimates of the safety impact of FMVSS 121. This report 

presents the final results of a project which has lasted 
over four years, including nearly three years of data 

collection, This section of the report summarizes results, 
conclusions, and recommendations. 

1.1 Study Design and Data Sources 

This study combined data from many sources. Some 

existing data sources were used, some supplementary data 

collection augmented existing data sources, and some new 
data collection programs were developed and implemented. An 
overview of the study design is shown in Figure 1.1. The 

exposure data sources will be described first since they are 
most numerous and interrelated, A fundamental decision at 
the outset was to quantify the safety impact of FMVSS 

No. 121 in terms of accident involvement rates, or 
involvements per hundred million vehicle miles. These are 



the units for the involvement rates presented throughout the 

report. The critical data need became the mileage, or 

exposure, of the vehicles. The major effort of this study 

was focused on collection of the necessary exposure data. 

The development of the exposure projections is 
illustrated in the center section of Figure 1.1, The most 

important design feature was the emphasis placed on 

development of statistically defensible national estimates. 

Probability-based methods were used to select the vehicles 

for the exposure surveys. In order to carry out these 

procedures, a sampling frame is necessary. The sampling 
frames used were sales lists supplied by most of the 

manufacturers of air-braked trucks. As shown in Figure 1.1, 

the selection of vehicles for the fleet monitoring program 
was made from manufacturers' sales lists for the 1974 and 

1975 production years. Some 1976 vehicles were included. 
Manufacturers' sales lists for model year 1977 were used for 

the selection of vehicles for the second exposure survey 
conducted in 1978. These are post-Notice 7 vehicles. 

~otice 7 relaxed the stopping distance requirements of the 
standard. These vehicles were added in order to monitor the 

effect of this major change in FMVSS 121. 

The original fleet monitoring program sought 
descriptive information on the company and the vehicle, 

quarterly mileage readings, brake system maintenance data, 

and information on all accidents the selected vehicles were 
involved in. Personal visits were made to collect the data. 
At the end of the two year data collection period, serious 

under-reporting problems were present for the maintenance 

and accident information. These data were judged to be 
unsuitable for national estimates. However, there was 
sufficient basis to believe that the descriptive and mileage 
information was sound. A supplemental "trip survey" in 
which information was obtained by phone on the use of the 

selected vehicles on specific randomly selected days 
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provided information on the distribution of mileage by trip 

distance and trailer type. 

Because of the problem of accident reporting in the 

fleet monitoring program, the survey of post-Notice 7 

vehicles was limited to descriptive information and 

exposure. The trip survey procedure was used. 

These exposure data collection programs provided 

estimates of the average daily mileage for vehicles in 

various exposure categories. The last step was the 

extrapolation to the total number of vehicles in use. 

Estimates of the total number of vehicles in use were 

derived from factory sales data, 

Next, the accident data shown on Figure 1.1 will be 
reviewed. Here, two data sources were used, the NHTSA Fatal 
Accident Reporting System (FARS) and the Bureau of Motor 

Carrier Safety (BMCS) accident files. Under FARS, uniform 
data on all fatal accidents are coded by analysts in each 
state. All interstate carriers are required to file an 

accident report with BMCS on any accident involving death, 

injury, or $2,000 property damage. Supplemental data 

collection was planned for both of these sources to obtain 
information on the brake type of both tractor and trailer as 

well as the exposure category. Telephone interviews were 

used to supplement the FARS data. A mail survey was tried 
for the BMCS cases. Unfortunately, the response to the mail 

survey was so low that the results were not useful. 

The analysis consisted of partitioning the exposure and 

accident data into common categories of vehicle use. 

Accident rates were then computed within the various 
exposure categories. The resulting information on the 
differences in involvement rates associated with the 
exposure categories provides useful general information on 
the accident experience and use of heavy trucks. While this 

study does have the ability to identify differences in 
accident involvement rates for various types and uses of 
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vehicles, it does not have the ability to identify the 

reasons for these differences. For example, tractors are 

found to have higher fatal involvement rates in both local 

and intercity use than do straight trucks. The reason(s) 
for this difference is not known. It could be due to 

differences in the operating environments not adequately 

controlled for in "local versus intercity" use categories, 

driver differences, or vehicle characteristics. Statistical 

findings such as these should be interpreted as indications 
of the need for further research to identify true causes 

and/or possible countermeasures. 

The time periods spanned by the various data collection 

programs are illustrated in Figure 1.2. Notice that BMCS 
accident files were available only for 1976 and 1977. The 
trip survey for 1974 and 1975 model year vehicles was 

conducted from mid-1977 until mid-1978. The survey of post- 

Notice 7 vehicles covered the last four months of 1978. 

With this overview of the study as background, summary 
results are presented next. The material summarized in the 

next three sections is a condensation of the more complete 
discussion presented in Section 7. 

1.2 Results 

Before presenting the results, a brief review of the 

strengths and weaknesses of the data base is in order. The 

major strength of the exposure data base is the probability- 
based selection methods used. Table 1.1 summarizes the 

sample sizes, response rates, sampling frame totals, and 
frame coverage by model year. The "frame total" is the 

total number of vehicles in the sampling frame while the 
"frame coverage" is this total divided by the number of 

vehicles in the population the frame was intended to cover. 

While the response rates leave room for improvement, they 
are quite good considering that such techniques have not 
been applied to heavy truck accident research before. For 
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the post-standard 1975 model year vehicles, the response is 

nearly 70%. This table also shows the minimal coverage of 

the 1976 model year. The fleet monitoring program was 

initiated early in this model year. By.the time the program 
was expanded, the post-Notice 7 (model year 1977) vehicles 

were the focal point. Indeed, the sample size, response 

rate, and frame coverage for the survey of 1977 model-year 

vehicles are quite good. This is a reflection of the 

experience gained in the original fleet monitoring program. 

TABLE 1.1 

Exposure Survey Response Rates 
and Frame Coverage by Model Year 

Model 
Year 

1974 

1975 ?re 

1975 Post 

1975 Total 

1976 

Participating Response 
Sample Rate 

The use of probability-based selection methods provides 

a statistical basis for projection from the sample to the 
larger population the sample is drawn from. This is the 

essential difference between anecdotal and survey 
information. If the elements for observation (vehicles) are 

not selected using probability-based methods, then the 
resulting information is anecdotal in nature. Results of an 
anecdotal nature provide no statistical basis for 

Frame Frame 
Total Coverage 
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generalization (extrapolation) beyond the elements 
(vehicles) actually observed. 

The use of probability-based selection methods also 
allows the precision of the estimates to be computed. These 

are shown as 95% confidence intervals on most of the 
results--the smaller the interval, the more precise the 
estimate. Many of the confidence intervals on the results 
from the fleet monitoring program are larger than one would 

like, 25%-50% of the mean. The high variances in this 
program are primarily the result of post-sample 
stratification for analysis, which produced subsets which 
were not well distributed across the primary sampling units. 
While this outcome is disappointing, one should keep in mind 
that variance estimates could not have been made i f  
probability-based selection procedures had not been used. 

The confidence intervals estimate the magnitude of the 
random variations present in the data. Another possible 
source of error is systematic error, or bias. Systematic 
error can be quantified only by comparison of independent 
data sources. In some cases such comparisons were possible 
(FARS data and survey mileages). For example, the model 
year distribution in the fatal accident survey data was 
forced to match the distribution in the parent FARS file. 
Because this study breaks much new ground in the analysis of 
the accident experience of heavy trucks, many assumptions 
and approximations are without verification. Every effort 
has been made to trace anomalous results to possible data 
problems. However, the possibility remains that some of the 

results presented are influenced by unknown systematic 
errors, and consequently do not reflect the true situation. 

Questions of this nature can only be resolved by further 
research. 

The essential feature of the analysis is the 
incorporation of the exposure, or control, variables. The 
preliminary findings revealed that the pre- and post- 
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standard groups of vehicles differed in their composition 

and use. The exposure variables are used to partition the 

data into common categories of use before rates are 

compared. 

Mileage distributions by <:rip distance and trailer type 
were derived from the trip surveys. An important 

shortcoming here is in the estimation of the mileage 

distribution for pre- and post-standard trailers. While 

these surveys covered the calendar years of interest fairly 
well (see Figure 1,2), not all model years were surveyed in 

each calendar year. It was expected that data on the post- 
standard 1975 model year power units would accurately 

represent the 1976 power units with regard to the use of 

pre- and post-standard trailers. However, the proportions 

by trailer brake type from the accident data (discussed in 
Section 5) indicate a strong tendency for new model year 
equipment to be coupled. This being the case, the exposure 
data on trailer brake type is quite limited when only the 

model years and calendar years surveyed are applicable. 

The major difficulty in the exposure projections is the 
estimation of the number of vehicles in use, This topic is 

discussed extensively in Section 4, The necessary 
information is not available from registration data. 
Consequently, a number of assumptions and adjustments must 
be made in working from factory sales. Some analysis of the 
sensitivity of the results to these assumptions is 

presented, but even this may not adequately quantify the 
uncertainty of this information. 

These qualifications must be considered when 
interpreting the figures presented in the various tables. 

In particular, the comparison of pre- and post-standard 
vehicles is seriously limited, Throughout the report the 
various assumptions and approximations are discussed. This 
information must be used to temper one's interpretation of 

the results presented. 
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Having highlighted the strengths and weaknesses of the 

data, summary results will be presented next in two sub- 

sections. The first describes general findings on the types 

of air-braked trucks, their use, and their accident 
experience. Substantial differences are found in the 
involvement rates computed for the various exp5sure 

categories. This information may be of more long-term value 

than the comparative results on the pre- and post-standard 

vehicles presented in the second sub-section. 

1.2.1 Exposure Categories. The first general results 

to be described are the differences in use and accident 

experience of straight trucks as compared to tractors. As 

one might expect, straight trucks are typically operated in 
local trips by small, non-Authorized carriers.& On the 
other hand, tractors are operated primarily by large 
Authorized and large private carriers on intercity trips. 

The average tractor accumulates almost four times the annual 

mileage of the average straight truck. Table 1.2 summarizes 

the fatal accident experience of straight trucks and 

tractors by trip distance, All rates presented in this 
report are computed as vehicle involvements per hundred 
million vehicle miles. Also shown in the tables is twice 
the standard error of the statistics, A 95% confidence 
interval is obtained by adding and subtracting this value 

from the statistic. Involvement rates for tractors are 

double those of straight trucks in both local and intercity 
use. All the differences on this table are statistically 

lAuthorized carriers are the major class subject to 
Interstate Commerce Commission regulations. This class is 
comprised of the Common and Contract carriers. Non- 
Authorized refers to those carriers that are not ICC Common 
or Contract carriers. In general, the ICC economic 
regulations apply to interstate "for-hirew carriers, 
Interstate non-Authorized, i.e., not "for-hire," carriers 
are frequently referred to as "privatew carriers. These 
carriers haul their own goods, and are not for-hire. 
Carriers that operate locally or intrastate are also 
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significant. Because of the large differences in the use 

and accident experience of straight trucks and tractors, 
vehicle type is the single, most important control variable. 
This distinction is important to the comparison of pre- and 

post-standard vehicles, because the proportion of all air- 
braked vehicles that were straight trucks as compared to 
tractors varied appreciably from model year to model year. 

TABLE 1.2 

Summary of Fatal Involvement Rates 
by Vehicle Type and Trip Distance: 

Aggregate of Model Years 1974-1977 and 
Calendar Years 1976-1978" 

*All differences significant at .06 level or 
less. 

Trip Distance 

Local 

Intercity 

ALL 

Additional exposure categories were examined for 
intercity tractor use. These variables addressed trailer 
type (bobtail, single, or double), carrier type, and fleet 

size. Involvement rates for these exposure categories are 
summarized in Table 1.3. Involvement rates are shown for 

both fatal and injury accidents. Except for the comparison 

by carrier type, the injury involvement rates are restricted 
to Authorized carriers only. 

generally non-Authorized, regardless of whether . they are 
for-hire or not. 

Straight Truck . 
Rate 95%C.I. 

4.0 k0.4 

3.3 +O. 7 

3.7 ~ 0 . 5  
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Rate 95%C,I. 

11.1 k2.1 
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TABLE 1.3 

Summary of Involvement Rates 
for Tractors by Exposure Category: 

Intercity Use Only, Model Years 1974-1977 Combined 

-- - 

Fatal Injury 
Exposure 
Variable 
and Levels 

Trailer Type 
Bobtail 
Trailer 
Difference 

Single 
Double 
Difference 

Carrier Type 
Authorized 
Non-Auth Interstate 
Difference 

Fleet Size 
Small 
Large 
Difference 

"Differences significant at .05 level except when 
marked with asterisk. 

The involvement rates for bobtail use are 13 to 2 0  

times those for combination vehicles. However, the 
confidence intervals are very large because bobtail use is 

so infrequent (only 0.5% of the tractor mileage), In 

addition, there is some likelihood that bobtail mileage is 
underestimated. Even assuming considerable underestimation, 
the bobtails seem clearly over-involved in accidents. 
Double trailers also seem to be over-involved in comparison 
to single trailers, although not nearly to the extent of the 

bobtail category, 
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With regard to carrier type, the fatal involvement 

rates do not show any significant difference. However, the 

non-Authorized interstate carriers appear to have a much 
reduced injury accident involvement rate, This is believed 

to be a reflection of under-reporting to BMCS on the part of 
non-~uthorized interstate carriers. This topic is discussed 

further in Section 6. 

Differences in the involvement rates are also shown for 
large fleets as compared to small fleets, In particular, 

the vehicles in small fleets have more than double the fatal 

involvement rate of intercity tractors operated by large 

fleets. Fleet size is measured in the number of air-braked 
power units, small being 49 or less, and large being 50 or 
more. 

A final comparison by cab style of the tractor is shown 
in Table 1.4. The cabover-style tractors have a fatal 
involvement rate 67% higher than that for conventional-cab 
tractors. This comparison is also limited to intercity use. 
Even more striking is the result when only accidents which 

resulted in death to the truck driver are used. Now the 
cabover-style tractor has a fatality rate slightly more than 
double that of the conventional cab tractor. These results 
are also highly significant. 

This discussion has focused on differences in the 
accident experience associated with the various exposure 

categories. As such, it is necessary background for the 

comparison of pre- and post-standard vehicles presented 

next. 

1.2.2 Comparison of Pre- and Post-Standard Vehicles. 

Results are presented separately for straight trucks and 
tractors in light of the previous results showing 

substantial differences in the use and accident experience 
of these two distinct vehicle types. A final tabulation 

addresses the jackknife experience of tractors on intercity 
trips. All tabulations in this section are presented by 
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TABLE 1.4 

Fatal Involvement Rates by Cab Style: 
Aggregate of Model Years 1974-1977 and 

Calendar Years 1976-1978, 
Intercity Use Only* 

*Differences significant at .001 level. 

model year. All 1974 and the majority of 1975 model year 
air-braked vehicles are pre-standard. Efforts to split the 

1975 model year were not successful. Model year 1977 
vehicles are post-Notice 7. 

Driver Fatal 

Rate 95% C.I. 

0.65 50.15 

1.48 50.26  

-0.83 20.30 

Cab Style 

Conventional 

Cabover 

Difference 

Table 1.5 summarizes the fatal involvement rates 
(involvements per hundred million vehicle miles) for 

straight trucks. The data shown are an aggregate of the 

calendar years 1976-1978, Sufficient information is not 

available in the BMCS files to estimate injury involvement 
rates for straight trucks. Exposure data were particularly 
weak for the 1976 model year straight trucks. For this 

reason an average of daily mileage across model year was 
used in place of the actual survey data for the 1976 model 

year in this table. The 1974 model year is taken as a 
baseline in the computation of the percent change in the 
involvement rate for each successive model year. 

Fatal 

Rate 95% C.I. 

5.1 r0.9 

8.5 k1.0 

-3.4 21.3 

The percent change in the involvement rates is seen to 
be somewhat mixed, but generally increasing. These results 
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TABLE 1.5 

Summary of Fatal Involvement Rates 
for Straight Trucks by Model Year: 

Aggregate of Calendar Years 1976-1978 

*Base model year is 1974. 

Model Year 

1974 

1975 

1976** 

1977 

**Survey data replaced with an average of the daily 
mileages across model year. 

were found to be somewhat sensitive to the method used to 

estimate exposure. 

Rate 95% C . I .  

3.3 k0.9 

2.8 k0.5 

3.9 +O. 9 

4.6 +O. 4 

A summary of involvement rates for tractors is shown in 

Table 1.6. Here, results for both fatal and injury 

involvements are available. The fatal involvement rates are 
an aggregate of data from calendar years 1976-1978, while 
the injury accident involvement rates are derived from an 
aggregate of data from calendar years 1976-1977. Again, the 

percent change is computed using the 1974 model year as a 
baseline. 

Percent 
Change* 

0 

-15 

+18 

+39 

As with the straight trucks, the percent change is 
somewhat mixed, but generally increasing for the newer model 

years. These results were also found to be somewhat 

sensitive to the method used to estimate exposure. A 

notable exception is the 1977 tractors, which show a slight 
reduction. It is worth noting that the 1977 straight trucks 
showed the sharpest increase. The MVMA-supplied data on the 

percentage of tractors in each production year showed a 
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TABLE 1.6 

Summary of Involvement Rates 
for Tractors by Model Year 

*Base model year is 1974. 

higher proportion of tractors for production year 1977 (67%) 
than for any of the previous three years. If this figure 

were slightly high, the straight truck rate would decrease 

and the tractor rate would increase. However, the survey of 
1977 model year vehicles indicated that 77% were tractors! 
This kind of problem emphasizes the importance of the 

estimates of total numbers of vehicles in use. 

Model 
Year 

1974 

1975 

1976 

1977 

A serious problem was encountered in our efforts to 

estimate involvement rates for the various combinations of 

brake type (pre/post) on tractor and trailer. Surveys of 
trailer use were conducted during most of the time period 

under study. However, not all model years were surveyed in 

each calendar year. Subsequent analysis of the accident 
data suggests that the use of new trailers is strongly 
related to the tractor model year. A complete discussion of 
this problem is presented in Section 5. The survey data are 

quite limited when restricted to the calendar year - and model 
year surveyed. These results are very mixed, In genera1 

there seems to be no strong indication of under- or over- 

Injury Involvements 
(Cal. Years 1976-1977) 
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95% 
Rate C.I. 

47.4 112.5 

68.3 129.9 

57.2 t54.4 

56.6 k 4.3 

Fatal Involvements 
(Cal. Years 1976-1978) 

Percent 
Change* 

0 

+44 

+21 

+19 

9 5% 
Rate C.1, 

6.6 k0.7 

8.2 20.8 

8.5 k3.0 

6.2 = O .  2 

Percent 
Change* 

0 

+24 

+29 

-6 



involvement related to trailer brake type. Tabulations of 

these results are presented in Table 7.11. 

Jackknife accidents were of particular interest, since 

it was felt that this particular type of accident might show 
the most dramatic improvememts for the post-standard 

vehicles. For a complete analysis, brake type of both 

tractor and trailer is needed. As suggested in previous 

discussion, the attempt to determine exposure by trailer 

brake type was not detailed enough. Consequently, the 
tabulation is presented here :by model year of tractor only. 

Summary results are presented in Table 1.7. For the fatal 

involvements, only pre-impact jackknifes were included on 
the presumption that post-impact jackknifing is not amenable 

to vehicle handling countermeasures. In tabulating 
jackknifes from the BMCS file, accidents involving property 

damage only ($2,000 or more) were included. Jackknifing is 

a separate accident type in the BMCS file. Two types of 
statistic are shown in Table 1.7. First, the jackknifes are 

shown as a percent of all accidents under the column labeled 

"percent, " No exposure data are involved in this 
computation. Next, the "rate" for jackknifes is computed as 
the number of jackknife accidents per hundred million 
vehicle miles. The confidence interval for the rate is also 

shown. 

Looking at Table 1.7, the trends in the fatal 
involvements and the SMCS-reported involvements are 

strikingly consistent. Perhaps the most important result is 
that jackknifing as a pre-impact or primary non-collision 

event occurs in only 4%-7% of the fatal and BMCS-reported 
accidents. Jackknifes generally increase as a percent of 

all accidents and as a rate for the 1975 and 1976 model 
years, dropping for the 1977 model year. The percentage of 

BMCS-reported jackknifes shows a 29% reduction, from 5 . 5 %  

for the 1974 model year to 3.9% for the 1977 model year. 
The rate of BMCS-reported jackknifes decreases 15% for the 
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TABLE 1.7 

Summary of Jackknife Accidents: 
Intercity Use Only 

1977 model year power unit. For the most part, the 
differences in jackknife involvement rates are not 
statistically significant. This difference is also of 

little practical significance, since the 29% decrease 

represents only 1.6% of all accidents. 

BMCS-Reported Involvements 
(Cal. Years 1976-1977) 

9 5% 
Percent Rate C.I. 

Power 
Unit 
Model 
Year 

1977 

1.3 Conclusions 

Fatal Involvements 
(Cal. Years 1976-1978) 

95% 
Percent Rate C.I. 

Many approximations and assumptions were necessary to 

carry out this analysis with the available data. These 
qualifications must be taken into account when interpreting 

the results. The authors conclude that this study provides 

no evidence of a substantial safety benefit for post- 

standard vehicles. However, the results are not sufficient 
to support the conclusion that involvement rates are higher 
for post-standard vehicles either. 

3.7 0.204 t0.007 

Possible explanations for the observed failure of FMVSS 

121 to produce the expected safety benefits were also 
reviewed. Maintenance and reliability problems were 
widespread in the early 121-equipped vehicles. These 

problems resulted in inoperable anti-lock systems on large 

3.9 2.83 to. 22 
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proportions of the 121-equipped tractors and trailers. 

There is another important aspect of the problem revealed 

here. Improper brake adjustment was found to have been a 

prevailing maintenance problem before FMVSS 121 was 

introduced. The knowledge available now of pre-existing 

maintenance problems and practices in the trucking industry 

would suggest that the introduction of a more complex brake 
system would aggravate such problems as improper brake 

adjustment. But these problems do not seem sufficient to 

completely explain the observed lack of safety benefit. 

The estimation of expected benefits for FMVSS 121 was 

also reviewed. Available information suggests that only a 

small proportion (10%-20%) of all large truck accidents are 

amenable to brake-related countermeasures. For example, the 
frequency of pre-impact jackknifing in injury or fatal 
accidents was found to be only 4%-7%. This problem is 
compounded when the braking performance requirements focus 
on the reduction of stopping distances, as is the case with 
FMVSS 121. A recent HSRI submission to the docket in 

response to the newly proposed air brake regulation, FMVSS 
130, points out that requiring brake systems to be designed 

to achieve shorter wheels-unlocked stopping distances 
results in reductions in vehicle stabilitya2 

It is concluded that it was unrealistic to expect FMVSS 
121 to have produced substantial reductions in overall 
accident rates. This topic is discussed further in Section 

7.3.3. 

'Response to Advanced Notice of Proposed Rulemaking, 
Air Brake Systems, Report No. UM-HSRI-79-32 (Ann Arbor: The 
University of ~ichigan, Highway Safety Research Institute, 
1979). 
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1.4 Recommendations 

The cost of nearly four years of FMVSS 121 is well over 

$1 billion, even when NHTSA's lower estimate is used,' 

Everyone would like to bring about improvements in highway 
safety as quickly as possible, especially where heavy trucks 

are concerned. The mixture of cars and heavy trucks on the 

same roads is perhaps our most serious highway safety 
problem. When vehicles of such disparate size collide, the 

consequences are most grim for the occupants of the smaller 

vehicle. The trucking industry has prospered on the 

interstate highway system. Yet the cost in human lives of 

moving goods by truck is greater than for any other 

transportation mode.' 

However, the nation's economic resources need to be 

carefully applied to the task of improving highway safety. 
In an understatement, the Council on Wage and Price 
Stability concludes: 

"The overall public interest will not be well served if 
the proposed safety standards are unduly expensive or 
are written to preclude gains in safety by less 
expensive means."" 

The problems of accident causation are so complex that it is 
extremely difficult to ensure that any change will have its 

intended effect. Consequently, it seems imperative to 

pursue countermeasure development in a cautious and 

'Economic Impact of FMVSS No. 121,. Air Brake Systems: 
A "Quick Look" Evaluation (Washington, D.C.: ~ational - 
Highway Traffic Safety Administration, April 1975.) 

'See James O'Day in response to Item IIID--Impacts on 
Highway and Motor Carrier Safety, of the Department of 
Transportation "Notice 79-10: Truck Size and Weight Study," 
Federal Reqister 44:lO (June 5, 19791, pp. 32344-32346, 
prepared for the Motor Vehicle Manufacturers Association. 

'George C. Eads, Statement to the National Highway 
Traffic Safety Administration Public Meeting on Air Brake 
Systems--Standard No. 121 (Washington, D.C.: Council on Wage 
and Price Stability, 30 October 1975). 
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deliberate manner. These recommendations are presented in 

the hope that they will reduce the problems associated with 

the implementation and evaluation of future countermeasures. 

First, the authors wish to underscore the need for 

rigorous, independent evaluation of the national impact of 

Federal Motor Vehicle Safety Standards. FMVSS 121 was 

expected to produce substantial safety benefits in return 
for a substantial economic investment. This study concludes 

that such benefits were not realized. This fact alone 

demonstrates the continuing need to evaluate Federal Motor 

vehicle Safety Standards. Altlaough many difficult problems 
hampered this program to evaluate FMVSS 121, the reader 

should not be tempted to conclude that national impact 
evaluations in the highway safety area are not feasible, 
The knowledge gained in this program should materially aid 

the planning of future countermeasure evaluation programs. 

In our view, the experience gained in this evaluation 

of FMVSS 121 suggests that future countermeasure evaluation 
programs would be enhanced if  they were initiated well 
before implementation of the countermeasure. During this 
period, limited pilot programs could be conducted to 

determine whether the proposed countermeasure can, in fact, 

influence the accident experience of equipped vehicles in a 

specific, controlled environment. Such a pilot program 
could also provide information on the types and proportion 

of all accidents able to be influenced. by the 

countermeasure. The objective here is not to determine the 
national impact, but rather to demonstrate that the 

countermeasure does alter the accident experience of the 
vehicles in a specific, controlled, real-world trial. 

In addition to these demonstration programs, a plan for 
the national impact evaluation should also be developed 
prior to implementation of the countermeasure. Major 
problems in the design of a national impact evaluation are 

the identification of vehicles affected by the 
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countermeasure and the establishment of control groups. 

These problems are usually central considerations in 

constructing the sampling frame. Development of a plan for 

the national impact evaluation prior to implementation would 

provide more options in dealing with these problems. 

Convenient ways of "tagging" vehicles with the 

countermeasures might be employed. Knowledge of the 

implementation schedule for the countermeasure could enhance 
the definition of more suitable control groups. 

Considerations such as these might even nake a phased 
introduction more attractive. 

These additions to the evaluation phase will be costly 
and time-consuming. However, they appear to be necessary 

safeguards in the pursuit of improved highway safety. The 
authors hope that these recommendations will reduce the 

problems associated with the implementation and evaluation 
of future highway safety countermeasures. This material is 
discussed more fully in Section 7.1.3. 

1.5 Report Orqanization 

The detailed description of the various data collection 
programs, the analysis, and results are presented in 

Sections 2 through 6. Sections 2 through 4 describe the 

development of the exposure projections. Section 2 is a 
summary of the final results of the fleet monitoring program 
with the emphasis on the exposure data. The survey of 1977 

model year vehicles is described in Section 3. Section 4 

presents the estimation of the number of vehicles in use and 

the estimation of total mileage using the results of 

Sections 2 and 3. The resulting exposure projections are 
combined with data on fatal accident involvements in Section 
5 to produce the involvement rates. Similarly, Section 6 
presents injury accident involvement rates based on 
accidents reported to the Bureau of Motor Carrier Safety and 
the exposure projections for the carriers which report. 
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Finally, a complete dislzussion of the findings is 

presented in Section 7. This discussion is organized in 

three topical areas. First discussed are the strengths and 

weaknesses of the data bases in relation to the features of 

the study design so that futurle studies may benefit from 

this experience. Next are summarized the general findinss 

on the composition, use, and accident experience of the 

population of late-model air-braked vehicles. These 

findings are also expected to be useful to any future 
studies of the accident (experience of heavy trucks. 

Finally, the safety impact of :FMVSS 121 is addressed. This 
discussion begins with a summary of the salient results, 

foliowed by a statement of con~~lusions. 
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SECTION 2 

FLEET MONI T0:RI NG PROGRAM 

The fleet monitoring program formed a substantial part 

of the initial phase of the study. Air-braked vehicles 
manufactured in 1974 and 1975 were selected and monitored 

through the fleets that purchased them. Two samples, one of 

pre-standard, one of post-standard vehicles, were selected. 
The two samples were of roughly equal size so that the two 

groups would have approximately equal overall sampling 

variances. 

The selected vehicles were then monitored over a two- 

year period, from January 1976 through December L977, Data 

were collected in a number of areas. Initially a 
description of the purchaser and of the vehicle was 

obtained. Then at various intervals over the two-year 
period, information was collected on odometer readings, 
brake maintenance work performed in the interim, and any 

accidents that might have occurred. It was hoped to provide 
conclusions on relative maintenance costs (per mile) of 
pre- and post-standard vehicles and on their relative 
accident rates, However, as will be indicated later, it was 

only on the odometer readings that any kind of adequate 
response rate was obtained. These odometer readings have 
subsequently been used to estimate accident rates for the 

pre- and post-standard vehicles by using two federal 

accident collection systems, the Fatal Accident Reporting 
System (FARS) of the National Highway Traffic Safety 

Administration, and the truck accident data collection 
conducted by the Bureau of Motor Carrier Safety (BMCS). 
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Subsequently a subgroup of vehicles was selected for a 
Trip Information Survey (TIS). Each of the vehicles in this 

subgroup was surveyed at various pre-selected dates to 

determine how many miles it had put on in a twenty-four hour 

period and what kind of trailer, i f  any, it had pulled, 

This part of the study was intended to provide information 
on the breakdown of mileage between local and intercity 

trips and on the usage of various types of trailers--single 
or double, pre-standard or post-standard. 

This section will initially discuss the sample design 
and the response rates and will then turn to a description 
of the vehicles and fleets selected for the study, 
concentrating on the areas for which the information 

collected is sufficient to support conclusions. Next, there 
will be a discussion of the data collected on vehicle use: 
annual mileage and the results of the trip survey, Finally, 
there will be an assessment of the fleet program and a 
discussion of some of the problems encountered in data 
collection, with an explanation in particular of why it is 
believed that the maintenance and accident data collected 
from the fleets are unreliable. 

2.1 Sample Design and Response Ratesb 

One of the principal goals in choosing the sample 
design was to control data collection costs. It was 

therefore decided to cluster the sample by geographic area 
and by fleet, so that information on a large number of 
vehicles could be collected with as few field visits and as 
few field personnel as possible. For this purpose a three- 

stage sampling procedure was utilized: first the country 

'A more complete and more technical discussion of the 
sample design is to be found in Section 2 of Kenneth 
L. Campbell and Arthur C. Wolfe, 
of FMVSS 121: Interim Report, ~e 
Arbor: The University of Michi 

Fleet Accident Evaluation 
port No. UM-HSRI-77-35 (Ann 
gan, Highway Safety Research 
9-55. Institute, October 19771, pp. 1 
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was divided into primary sampling units (PSU's) and some of 

the PSU's were selected; next fleets were selected within 

the chosen PSU's; and finally vehicles were selected for 

each selected fleet. 

In the forming of PSU's, one of the criteria was that 

purchasers within the PSU should have obtained a minimum 

number of post-standard vehicles. Since the ratio of pre- 

standard to post-standard vehicles in the sample frames was 

4.4 to 1, this ensured that each PSU would contain both pre- 
standard and post-standard vehicles that were eligible for 

selection. 

Similarly in the second stage, the selection of 

purchasers, the probability of selecting fleets that had 
obtained both types of vehicles was increased with the aim 

of reducing field contact costs. Thus, when the third stage 
was reached, in most cases a simple selection could be made 
in each fleet of a certain proportion of pre-standard 
vehicles and a certain proportion of post-standard vehicles, 

2.1.1 The Sampling Frame. Computerized information 

listing air-braked vehicles manufactured in 1974 and 1975 
plus a few 1976's was obtained from eight manufacturers: 
Ford, Chevrolet, GMC, International Harvester, Mack, 
Chrysler, White, and Freightliner. These lists indicated 

whether vehicles were pre- or post-standard, and gave the 
names and addresses of the purchasers and the vehicle 
identification numbers ( V I N ) .  Buses built on truck chassis 
e . ,  school buses) were generally included; other buses 
were excluded. Vehicles exported and those sold in Puerto 

Rico and Alaska were excluded. 

A total of 185,183 pre-standard vehicles were included 

in these lists; the figure for post-standard vehicles was 

only 42,301 (hence the 4.4 to 1 ratio). The principal group 
of vehicles not included in the sampling frame was those 
manufactured by Paccar (Peterbilt and Kenworth)--Paccar was 
unable to provide computerized lists--but even so, over 90% 
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of eligible vehicles were produced by the 8 manufacturers, 

In addition, manufacturers were not able to supply names and 

addresses for all vehicles. In particular, the manufacturer 

warranty files frequently did not contain the purchaser's 
name and address for the most recently purchased vehicles, 

Estimates of the number of air-braked vehicles manufactured, 

based on factory sales data published by the Motor Vehicle 
Manufacturers Association (MVMA), indicate that names and 

addresses were supplied for about 64% of the pre-standard 

and 50% of the post-standard vehicles. Coverage was quite 
uniform by manufacturer, except for Mack in the pre-standard 
lists. Systematic bias from the omission of these vehicles 

from the sampling frames seems unlikely, 

2.1.2 PSU Creation and Selection. To hold collection 
costs to a reasonable level, while maintaining adequate 
representation, the actual number of geographic areas was 
limited to thirty-six. To divide the country into PSU's, 
prior to selection of the thirty-six, the purchaser lists 

were first aggregated by county into 187 PSU's, with each 
PSU containing at least two fleets with more than 10 post- 
standard vehicles each or at least 2 0 0  total post-standard 
vehicles. Throughout the process of selecting PSU's, as in 
the whole sampling procedure, the main concern was the 
number of post-standard vehicles. Because there were far 
fewer of them, it was necessary to ensure that each PSU 

contained a minimum number, and it was thought more 
important to control for their sample size, relying on the 
overall ratio between the two types of vehicle to ensure 
that approximately the right number of pre-standard vehicles 

would be selected. 

Once the 187 PSU's had been formed they were stratified 
by region, degree of urbanization, geographic size and by 
how many large purchasers of post-standard vehicles they 
contained. The purpose here was to select a sample of PSU's 

that was representative for all of these factors. A number 
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of possible combinations of PSU's fitted the desired 

stratification. One pattern was selected at random, and 

further random selections were made where more than one PSU 

was still eligible for selection in a stratum where only a 

single PSU was wanted. 

This process produced the 36 selected PSU's which in 

total contained 24.5% of eligible pre-standard vehicles and 

25% of eligible post-standard vehicles. The sample was now 
one quarter of the original master frame, with the overall 

ratio between pre- and post-standard vehicles maintained. 

2.1.3 Fleet Selection. For the fleet selection within 

the 36 PSU's, the main considerations were to select as many 
fleets as possible that had purchased both types of vehicles 

(to limit data collection costs) and to finish with a 
vehicle selection that would provide roughly equal numbers 
of the two vehicle types. This latter consideration meant 

that fleets that had obtained only post-standard vehicles 
were given a selection probability 3.82 times as great as 
pre-standard only fleets.  he 3.82 ratio was used, rather 
than the overall 4.4 ratio of pre to post, because 
purchasers of post-standard vehicles were being over-sampled 
so that more post-standard vehicles were likely to be 

selected.) 

These criteria meant that certain fleets would be over- 
sampled and others under-sampled. This would be corrected 
for analysis by attaching sampling weights: thus the very 
small fleets which were given only one twentieth the 

selection probability of the large fleets would be assigned 
weights of twenty in analysis. If a simple random selection 

had been made, twenty of these very small fleets would 
probably have been selected for every one selected by this 

process. By attaching a weight of twenty (i.e., multiplying 
every variable for this fleet by a factor of twenty) this 
single fleet would represent all twenty. 
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However, it is also desirable to keep the largest 

weights as small as possible--so that one single, possibly 

variant, case cannot affect the conclusions too much. With 
this in mind joint fleets were given twice the selection 

probabilities of post-standard-only fleets containing 

similar numbers of post-standard vehicles; and within the 

joint fleets, the larger ones were given a probability 

twenty times as large as the very small ones. 

With the probabilities for fleet selection within the 

PSU's chosen, a random selection of fleets was made, taking 
into account the probability of selection of the PSU within 

which the fleet fell--so that a fleet of a given type within 
PSU 1 would have a chance of being selected only half as 
great as a similar fleet within PSU 2, if  the selection 

probability for PSU 2 was twice that for PSU 1. 

This process resulted in the selection of 554 

purchasers in the 36 PSU's. Some fleets ( 1 7 )  ended up being 

selected twice because there were very few eligible fleets 
in their PSU's, and their vehicles were subsequently 

weighted accordingly. 

2.1.4 Vehicle Selection. The third and final step in 

the sampling was the selection of study vehicles. Here 
again the goal was the selection of equal numbers of 
pre- and post-.standard vehicles. So the ratio of 3.82 to 1 

was again applied: post-standard vehicles were given 
selection probabilities 3.82 times as great as pre-standard 

vehicles. With a few adjustments this ratio was applied 

throughout the vehicle selection which was carried out 

through a random selection of vehicles purchased by the 554 

selected fleets (vehicles were identified by VIN numbers). 
Two samples were drawn, one each for the two types of 
vehicles, producing two national samples of vehicles, one 
pre-standard, the other post-standard. The procedure 
resulted in the selection of 2,690 pre-standard and 2,708 
post-standard vehicles. These numbers were later reduced to 

30 - FLEET PROGRAM 



2,615 and 2,650 respectively, because some vehicles turned 

out to have been exported, while others did not nave the 

type of brakes that the manufacturer records indicated. 

The distribution of the eligible selected vehicles by 

their sampling weights is give:? in Table 2.1. 

Distribution of Pre-Standard and Post-Standard Vehicles 
in the Three Weight Categories for 

All Known Eligible Vehicles 

.<J Type of Vehicle 

Pre-Standard 
Unwtd. 
Wtd. 

2.1.5 Response Rate. As already indicated a number of 

vehicles turned out, after the selection process, not to 

have been eligible for selection. Besides the vehicles 

exported or those with anomalous brake types, there were a 

number of vehicles that had been scrapped after accidents or 

fires. These non-sample vehicles have been dropped from the 

totals of eligible vehicles in calculating response rates. 

Post-Standard 
Unwtd. 
Wtd. 

Among the eligible vehicles, the main problem was 

locating them. Sometimes the purchaser could simply not be 

found; often the vehicles had been sold to some government 

(local, state or federal) and it was difficult to establish 

which department was the final user. Other vehicle 

purchasers turned out to be body builders or dealers who 

subsequently sold the vehicles. Many purchasers were 

1434 54.9 
1434 21.4 
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2100 39.2 

10:19 39.0 
2038 30.4 

430 16.2 
860 16.1 

162 6.2 
3240 48.3 

2615 100.1 
6712 100.1 

120 4.5 
2400 44.8 

2650 99.9 
5358 100.1 



lessors who did not operate the vehicles themselves. 
Frequently the initial purchaser could be contacted but, in 
spite of extensive effort, we were unable to locate the 
operator of the vehicle. 

In addition many of the purchasers contacted proved 
reluctant to provide information--understandably because of 

the substantial burden in providing all the information the 
study required. Others did not keep records that provided 
adequate information for the study. A number, including 
some fleets of substantial size, initially promised 
cooperation but subsequently failed to provide the needed 
information. A few large fleets with computerized record 
keeping indicated that it would be easier for them to 
provide all the requested information at the end of the 
study, but, when the time came, sent nothing in spite of 
repeated reminders. 

The vehicles which were used in the final data analysis 
were those for which adequate descriptive information had 
been obtained at both the vehicle and fleet level and for 
which at least two odometer readings had been obtained, 
preferably for dates at least six months apart. These 
"respondingw vehicles are those used in the calculation of 

Table 2.2. 

The final vehicle response rate (unweighted) was 63.1% 
for pre-standard vehicles, 69.8% for post-standard. Overall 

the unweighted response rate was 66.5%. The lower response 
rate for the older, pre-standard, vehicles reflects the 
greater likelihood that these were no longer with their 
original owner and so were more difficult to locate. 

These response rates were unfortunately somewhat lower 
than had been hoped for, but in assessing them the crucial 

question is whether there was any systematic bias to the 
study of the type that would occur if the non-responding 
group had characteristics significantly different from the 
responding group. Tables 2.3 and 2.4 give distributions by 
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TABLE 2.2 

Unweighted and Weighted Response Rates for the 
Pre-Standard and Post-Standard Vehicle Samples 

Vehicles 
Participating 
Response Rate 

Eligible 
Sample 

Participating 
Sample 

Post-Standard 
N 
Wtd N 

Pre-Standard 
N 
Wtd N 

TOTAL 
N 
Wtd N 

2,615 
6,712 

manufacturer and GVWR class for the study vehicles, and 
estimates of these distributions for the total population, 
They show the possible extent of bias along the make and 
vehicle size dimensions. 

Table 2 . 3  shows that when the sampling weights are 

applied the sample proportions by manufacturer are very 
similar to those of the original sampling frame. 
Particularly for the post-standard vehicles, the differences 

between samples and frame are well within the sampling 

errors. This indicates that the three-stage sampling 
procedure did not systematically alter the distribution of 
vehicles by manufacturer. 

Table 2 . 4  looks not at the relationship between 

sampling frame and active sample vehicles, but at that 

between factory sales and the active sample vehicles. Thus 
if bias had occurred in deciding which vehicles were 
eligible for sampling, such bias would tend to show in the 
table. The estimates of factory sales are derived from 
monthly reports of the Statistics Department of the Motor 
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Vehicle Manufacturers Association of the United States. 

They include trucks and buses manufactured in the U.S. for 

domestic sale and those manufactured in Canada for export to 

the U.S. The proportion of air-braked vehicles is estimated 

at 15% for Class 6, 85% for Class 7 and 100% for Class 8. 

The table appears to show that the samples were 

deficient in the heavy, Class 8, vehicles, particularly in 

the case of the post-standard vehicles. However, this might 

be the result of faulty estimation of the proportion of air- 
braked vehicles for each weight class. In addition most of 

the differences are once again within the sampling errors. 

2.2 Description of Vehicles and Fleets 

This sub-section will examine the study vehicles and 
study fleets, concentrating in particular on the variables 
that were used in analyzing daily mileage for the purpose of 

calculating 'accident exposure. First some indication is 
given of how the raw unweighted numbers of vehicles and 

fleets are distributed across various exposure categories. 
Next there is a more detailed discussion of the weighted 

distributions across the exposure categories. It is, of 
course, those weighted distributions that were used in 
analysis; they provide estimates of the characteristics of 

the sampling frame. The sub-section ends with a discussion 
of the weighted distributions of daily mileage, taken from 

odometer readings. These daily mileage estimates are the 
basis for the exposure figures used in the calculation of 

the accident rates for 1974 and 1975 vehicles reported in 

Sections 5 and 6. 

2.2.1 Unweiqhted Distribution of Vehicles. Tables 2.5 
and 2.6 show how the straight trucks and tractors in the 
study were distributed by model year, fleet size class, 
carrier type, and area of operation of the vehicle. The 708 

school buses on which information was obtained are omitted 
from these and subsequent tables. These school buses were 
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exempted from the 121 Standard in January 1976 and they were 

selected inadvertently. 

Tables 2.5 and 2.6 reveal how the sampling strategy 
affected the selected vehicles. These tables show how the 

study vehicles were distributed by fleet size, carrier type, 
and area of operation. Because large fleets were over- 

sampled, the vehicles, and particularly the tractors, tend 

to be in large fleets. Amther effect of this over- 

selection is that the tractors in Authorized carriers are 
somewhat over-represented too. 

The two types of vehicles are, however, not distributed 

similarly between straight ,trucks and tractors: the 
proportion of straight trucks was substantially higher among 
post-standard vehicles, probably because the large 
Authorized carriers were not pcurchasing their normal quota 

of tractors. Thus the numbers of pre- and post-standard 

straight trucks are not equal; nor are those of the two 

types of tractors. 

2.2.2 Unweiqhted Distri:bution of Fleets. The results 
of the sampling strategy at the fleet level are indicated in 
Table 2.7. More than a quarter of the selected fleets owned 

fifty or more air-braked power units, far more than would 
have been the case with a siinple random sample. Table 2.8 
shows how the fleets are distributed by carrier type. The 
Authorized fleets are not a particularly large proportion of 
the study fleets, but they include a large proportion of the 

study vehicles, because a far greater percentage of the 
Authorized fleets are in the large fleet category than is 
the case with the non-Authorized fleets. 

Tables 2.9 and 2.10 show how the study fleets were 
distributed across fleet si:ze. Once again the raw, 

unweighted data are presented. Although large fleets were 
over-sampled, a substantial number of small fleets were 
nonetheless selected. As Table 2.10 makes clear, these 
small fleets included 53 owner-operators and 97 other fleets 
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with 5 or fewer vehicles. Large fleets were by no means 

selected to the exclusion of owner-operators and other small 

fleets. 

TABLE 2 . 7  

Unweighted Distribution of Fleets 
by Exposure Category 

Fleet Area of Operation 
Fleet Size/ TOTAL 
Carrier Type Intrastate Interstate 

Small (1-49) 
Authorized 
Non-Authorized 

Large (SO+) 
Authorized 
Non-Authorized 

TOTAL 

TABLE 2 . 8  

Unweighted Distribution of Fleets 
by Carrier Type 

Authorized 
Common 
Contract 

Carrier Type 

Non-Authorized 
Exempt 
Private 
Lease 

Frequency 

TOTAL 
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TABLE 2.9 

Unweighted Distribution of Fleets 
by Fleet Size* 

Small (1-49) 

Medium (50-399) 

Large (400+) 

Fleet Size 

TOTAL 

Frequency 

*Number of air-braked power units. 

TABLE 2.10 

Unweighted Distribwion of Small Fleets 
by Fleet Size* 

*Number of air-braked power units. 

Fleet Size 

1 
2 
3 
4 
5 

6-10 
11-20 
21-30 
31-49 

Unknown 

TOTAL 
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5 3 
33 
22 
24 
18 
6 0 
8 5  
47 
5 8 
2 1 

421 



2.2.3 Description of the Sampling Frame: Vehicles. 
This sub-section presents descriptive statistics on the 

vehicles in the sampling frame. To give the estimates, 

vehicles are weighted by the inverse of their sampling 

probability. For most statistics 95% confidence intervals 
have been compiled. The larger the confidence interval, the 

poorer the job the sample has done of estimating the true 

population figure. The confidence interval was computed at 

+ 2  times the standard error. If one takes 100 samples of a 
fixed size from a population and calculates 95% confidence 

intervals for each sample, 95 out of the 100 confidence 
intervals generated will encompass the true population mean. 

It is desirable to make confidence intervals as small as 

possible so that the true population mean can be estimated 
with greater precision. One way to do this is to increase 

the size of the sample. 

In interpreting the data, one important thing to watch 
for is whether differences between subgroups are 
statistically significant. Statistical significance is 

achieved when the confidence intervals of the subgroups for 

a certain characteristic do not overlap. Thus, if from a 
sample of African animals, it was found that the mean height 

of elephants was 8 feet k 4 feet (i.e., a range of 4 to 12 

feet), while that of giraffes was 16 feet t 3 feet (i.e., a 
range of 13 to 19 feet), one would conclude that elephants 

and giraffes had differences in height that were 

statistically significant. 

Tables 2.11 and 2.12 give estimates of the proportions 

of straight trucks and tractors in various exposure 

categories: fleet size, carrier type, and vehicle area of 
operation. There are clear fluctuations from year to year, 

with some tendency for the 1974 vehicles to be distributed 
similarly to the 1976 vehicles. The Authorized carriers 
operate only a small proportion of the straight trucks but a 
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TABLE 2.11 

Weighted Proportions of Straight Trucks 
by Exposure Category* 

*N=1,045; Wtd N=2,873. 

?I 
t-' Model 
M M Year 
el 
w 

A U 1 

1974 

1 1975 Pre 
.b 

1975 Post 

1976 

Small Fleets (1-49) 

Authorized 

Local Inter- 
% city % 

0.1 9.0 

0.0 5.4 

0.8 2.1 

0.0 0.0 

TOTAL 

Wtd. 
% N N 

100.1 251 776 

100.0 123 372 

100.1 544 1478 

100.0 127 247 

Non-Authorized 

Local Inter- 
% city % 

58.8 14.6 

38.7 29.8 

38.9 26.9 

52.2 10.1 

Large Fleets (50+) 

Authorized 

Local Inter- 
% city % 

0.0 1.7 

0.0 0.0 

0.1 0.1 

0.0 0.0 

Non-Authorized 

Local Inter- 
% city % 

8.8 7.1 

12.4 13.7 

17.9 13.3 

13.8 23.9 



TABLE 2.12 

Weighted Proportions of Tractors 
by Exposure Category* 

*N=1,747; Wtd N=3,234. 

TOTAL 

Wtd. 
% N N 

100.0 940 1995 

100.1 160 399 

100.0 521 1052 

100.0 126 188 

Mode 1 
Year 

1974 

1975 Pre 

1975 Post 

1976 

Large Fleets (50+) 

Authorized 

Local Inter- 
% city % 

12.1 34.7 

1.5 29.3 

2.6 18.8 

13.8 28.7 

Small Fleets (1-49) 

Non-Authorized 

Local Inter- 
% city % 

1.4 10.2 

1.3 13.3 

3.0 13.7 

0.5 13.8 

Authorized 

Local Inter- 
% city % 

0.2 9.7 

3.3 6.5 

2.8 4.7 

0.0 1.1 

Non-Authorized 

Local Inter- 
% city % 

9.4 22.3 

19.3 25.6 

10.9 43.5 

14.4 27.7 



large proportion of the tractors. The straights operate 

mainly locally, the tractors mainly intercity. 

The same variables are presented one by one in Tables 

2.13 through 2.18. Tables 2.13 and 2.14 show the 

distribution of vehicles by fleet size. Straight trucks are 

mostly owned by small fleets, though this is less the case 

for the later model years. Tractors are roughly equally 
distributed between the two fleet size categories, except in 

the first post-standard model year. In that year, as is 

shown also in Table 2.16, the large Authorized carriers held 

off purchasing. Tables 2.15 and 2.16 show that the carrier 
type distribution is very different for straight trucks and 
tractors. There are very few straight trucks in Authorized 

fleets, but roughly half the tractors are operated by 
Authorized carriers. In the later model years the number of 
straight trucks purchased by the Authorized carriers was 
minuscule. For area of operation in Tables 2.17 and 2.18 

the picture is as might be predicted. Most tractors operate 
intercity, most straight trucks locally. Again the 1975 

post-standard tractors are somewhat out of line, presumably 
for the same reason as before. 

pres 
then 
for 

f luc 
larg 

pre- 

The pr 

'ented 
for tr 

the 197 

tuation 

,e drop 
standar 

oportions of cabover 
in Tables 2.19 and 
actors in Authorized 
6 model year appear 

s are not statist 

in the proportion of 
d may be attributabl 

s and conventional c 
2.20, first for all t 
fleets only. The 

unreliable, The year 

ically significant, 

'cabovers from 1974 

e to sampling varianc 

abs are 

ractors, 
figures 

to year 
and the 

to 1975 

One of the questions asked in the fleet study for each 
post-standard vehicle was whether the brake system had been 
modified and/or the anti-lock had been disabled. The 
response was that 98.2% of the straight trucks and 94.3% of 
the tractors (weighted figures) were operating with the full 
brake system as originally equipped. One percent of the 
straight trucks and 5.5% of the tractors had, according to 
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TABLE 2.13 

Weighted Proportions of Straight Trucks 
by Fleet Size 

Model Year 

NOTE: The coefficient of variation of the denominator 
(CVD)  is greater than .15 for all cells. When the CVD 
exceeds ,15 confidence intervals are underestimated (as the 
CVD approaches .2 the variance is underestimated by 12%-24% 
and the confidence interval by 6%-11%). In general, the CVD 
exceeded .15 when the 1975 pre-standard vehicles were split 
from the 1974 model year vehicles, and when the 1976 
vehicles were split from the 1975 post-standard vehicles. 
The computed confidence intervals are generally large enough 
to prevent statistically significant findings even though 
the variance may be underestimated. Aggregate comparisons 
across model year were not prone to this problem. For more 
information see Leslie Kish, Survey Sampling (New Pork: John 
Wiley Sons, 19651, p. 207, 

1974 

1975 Pre 

1975 Post 

the survey, their anti-lock disconnected. This information 
was mostly collected in the first six months of the fleet 
study between September 1976 and February 1977, and does not 
cover modifications and disconnects that were made later. 

Small (1-49) 

% C.I. 

Even so, it is clear that many respondents, believing it was 

illegal to tamper with the 121 system, were reluctant to 
inform us of any modifications. The figures, as they stand, 

82.5 i 8.9 

73.9 k21.4 

68.7 k12.9 

are not credible. The percentage of anti-locks reported as 
removed was even lower than the percentage of disconnects. 

Large (SO+) 

% C. I. 

Table 2.21 shows the distribution of post-standard 
vehicles by anti-lock manufacturer. 

17.5 2 8.9 

26.1 221.4 

31.3 212.9 
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TOTAL 

100.0 

100.0 

100.0 

N Wtd.N 

251 

123 

544 

776 

372 

1478 



TABLE 2.14 

Weighted Proportions of Tractors 
by Fleet Size* 

*CVD >.15 for all cells. 

TABLE 2.15 

Weighted Proportions of Straight Trucks 
by Carrier Type* 

* 

TOTAL 

100.0 

100.0 

100.0 

100.0 

Large (50+) 

% C. I. 

58.4 211.3 

45.4 225.9 

38.1 222.9 

56.'3 235.5 

Model Year 

1974 

1975Pre 

1975Post 

1976 

Small (1-49) 

% C.I. 

41.6 211.3 

54.6 225.9 

61.9 222.9 

43.1 235.5 

*CvD >.15 for all cells. 

N 

940 

160 

521 

126 
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Wtd.N 

1995 

399 

1052 

188 

Wtd.N 

776 

372 

1478 

247 

Model Year 

1974 

1975 Pre 

1975 Post 

1976 

Non-Authorized 

% (2.1, 

89.2 29.8 

94.5 29.3 

97.0 23.6 

100,lI 20.0 

Authorized 

% C.I. 

10.8 29.8 

5.4 k9.3 

3.0 23.6 

0.0 50.0 

TOTAL 

100.0 

100.0 

100.0 

100.0 

N 

251 

123 

544 

127 



TABLE 2.16 

Weighted Proportions of Tractors 
by Carrier Type* 

Model Year 

for 

1974 

1975Pre 

1975 Post 

1976 

all 

Authorized 

% C.I. 

cells. 

56.8 k13.9 

40.6 231.1 

28.8 k17.5 

43.6 r37.7 

TABLE 2.17 

Non-Authorized 

% C.I. 

Weighted Proportions of Straight Trucks 
by Area of Operation* 

43.2 213.9 

59.4 231.1 

71.2 217.5 

56.4 r37.7 

TOTAL 

*CVD >.I5 for all cells. 

100.0 

100.0 

100.0 

100.0 

Model Year 

1974 

1975 Pre 

1975Post 

1976 
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N Wtd.N 

940 

160 

521 

126 

1995 

399 

1052 

188 

Local - 
% C.I. 

67.7 214.5 

51.1 228.0 

57.7 214.2 

66.0 232.3 

TOTAL 

100.1 

100.0 

100.1 

100.0 

Intercity 

% C.I. 

32.4 k14.5 

48.9 528.0 

42.4 f14.2 

34.0 k32.3 

N 

251 

123 

544 

127 

Wtd. N 

776 

3 7 2 

1478 

247 



TABLE 2.18 

Weighted Proportions of Tractors 
by Area of Operation* 

Model Year 

1974 

1975 Pre 

1975 Post 

1976 

Local 

% C.I. % TOTAL N / Wtd. N 

- - - -  - 

*CVD >.I5 for all cells. 

TABLE 2'. 19 

Weighted Proportions of Tractors 
by Cab Style* 

*CVD >.15 for all cells. 
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N 

940 

160 

521 

126 

Model Year. 

1974 

1975 Pre 

1975 Post 

1976 

Wtd. N 

1995 

399 

1052 

188 

Conventional 

% C.1 . 

58.3 k12.7 

77.9 k15.7 

43.1 214.6 

62.2 k32.4 

Cabover 

% C.I. 

41.8 212.7 

22.1 k15.7 

56.9 k14.6 

37.8 f32.4 

TOTAL 

100.1 

100.0 

100.0 

100.0 



TABLE 2.20 

Weighted Proportions of Tractors in 
Authorized Fleets by Cab Style* 

* C M  >.15 for all cells. 

Model Year 

1974 

1975 Pre 

1975 Post 

1976 

Table 2.21 

Weighted Proportions of Post-Standard Vehicles 
by Anti-Lock Manufacturer* 

Cabover 

% C.I. 

40.8 518.4 

17.3 227.4 

69.3 228.4 

8.5 219.0 

* C W  >.15 for all straight truck cells. 

Conventional 

% C. I ,  

59.2 218.4 

82.7 227.4 

30.7 528.4 

91.5 219.0 

Anti-Lock 
Manufacturer 

AC 
Bendix 
Eaton 
Kelsey-Hayes 
Rockwell 
Wagner 

Unknown 
Anti-lock removed 

TOTAL 
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TOTAL 

100.0 

100.0 

100.0 

100.0 

Straight Trucks 

% C.I. 

15.4 k7.5 
6.4 58.8 
31.2 59.4 
34.8 210.4 
1.1 22.2 
0.2 50.3 

10.8 29.6 
0.1 50.1 

100.0 ---- 

Tractors 

% C . I .  

9.0 + 7.2 
1.1 2 2.0 
29.3 t15.2 
39.8 213.4 
3.4 k 4.3 

11.0 +lo. 0 

6.3 k5.6 
0.2 20.3 

100.1 ---- 

N 

656 

79 

258 

80 

Wtd. N 

1133 

162 

303 

82 



2.2.4 Description of the Sampling Frame: Fleets. In 

assessing the characteristics of the fleets in the sampling 
frame, two provisos are necessary. The first is that the 
estimates do not describe all fleets, but merely those 

fleets that purchased air-braked vehicles produced between 
January 1, 1974 and February 1976. The second is that the 

object of the sampling was to obtain a sample of vehicles 

not of fleets. Large fleets and fleets that purchased both 
pre- and post-standard vehicles were over-sampled to reduce 
data collection costs. The effect of both these factors is 
to increase the confidence intervals for the fleet data as 
compared to the vehicle data. 

In the following tables the fleets are weighted by the 

inverse of their selection probability. Section 2 of Fleet 
Accident Evaluation of FMVSS 121: interim Report discusses 

these probabilities and the resulting weights in more 
detail. 

Table 2.22 presents the distribution of fleets by size, 
carrier type, and area of operation. Almost three quarters 
of the fleets in the sampling frame operate only intrastate. 
The table also indicates that over three quarters (76.8%) of 
the fleets are in the small, non-Authorized category. The 

large Authorized carriers were only 1.6% of the purchasers. 

Tables 2.23 and 2.24 present one-way distributions of 
the fleets by carrier type and by fleet size, The 
Authorized carriers, small and large, formed only 10.6% of 
the purchasers. The private carriers were far and away the 

largest category. It should be noted that the "lease" 
carriers are those companies that purchased vehicles purely 
for either long- or short-term lease to other operators, so 
that their vehicles were split up among carriers of various 

types. 

The fleet size distribution shows the fleets 
distributed by number of air-braked power units owned. As 
might be expected, the small fleets, those with less than 50 
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TABLE 2 . 2 2  

Weighted Proportions of Fleets 
by Exposure Category* 

Fleet Area of Operation 

Small ( 1 - 4 9 )  
Authorized 
Non-Authorized 

Fleet Size/ 
Carrier Type 

Large ( 5 0 + )  
Authorized 
Non-Authorized 

TOTAL 

Intrastate 

% C.I. 

*N=577; Wtd N=7,065. 

Interstate 

% C.1, 

TABLE 2 . 2 3  

Weighted Proportions of Fleets 
by Carrier Type 

Authorized 
Common 
Contract 

Carrier Type 

Non-Authorized 
Exempt 
Private 
Lease 

% C.I. N Wtd. N 

TOTAL 1 100.1 577 7,066 ---- 
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TABLE 2.24 

Weighted Proportions of Fleets 
by Fleet Size 

Small (1-49) 24.2 421 6,410 

Medium (50-399) 24.3 133 61 0 

Large (400+) 50.5 23 45 

Fleet Size % C.I. N Wtd. N 

power units, predominate. The very large fleets, those with 
400 or more power units, constitute less than 1 percent of 

the purchasers. 

TOTAL 

Unfortunately many of the confidence intervals in Table 

99.9 577 7,065 ---- 

2.23 are so large that the found proportions of fleets in 

the Common, Contract, and Txempt categories may be 
considerably different from their true proportions in the 
population of fleet owners. 

2.3 Mileage 

This sub-section reports the estimates of daily mileage 
for various categories of vehicles that were obtained from 
odometer readings on the study vehicles. These estimates 

were used in calculating accident rates for vehicles 
included in the FARS and BMCS accident reporting systems. 
The daily mileage estimates had to be subsetted into various 

categories--local versus intercity miles, miles pulling pre- 
standard trailers versus miles pulling post-standard 

t ra i le rs ,  miles pulling s i n g l e  t r a i l e r s  v e r s u s  miles p u l l i n g  
double trailers--and for this categorization estimates taken 
from Trip Information Survey (TIS) were used. 
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2.3.1 Estimates of Daily Mileage from Odometer 
Readings. At quarterly intervals during the two-year study 

period the fleets reported odometer readings on the study 
vehicles. From these readings the total mileage accumulated 

was computed for each study vehicle. Only vehicles for 
which there was sufficient information to compute a two-year 

mileage figure were included in the analysis files. Other 

vehicles were counted as non-responding cases. 

These two-year mileages were then divided by the number 
of days in the two-year period to give the estimates of 

daily mileage presented in Tables 2.25 and 2.26, The tables 
show that the tractors put on much greater mileage than the 

straight trucks. Some inter-model-year variation is 
noticeable, though most is not statistically significant. 
The figure for the 1976 straight trucks is particularly and 
inexplicably low, Overall the confidence intervals are 

rather large. 

TABLE 2.25 

Straight Trucks: 
Miles Per Day by Model Year* 

Model Year I Mean C.I. N Wtd. N 

1975 Pre 1 79.7 k39.5 123 372 

-- 

*CVD >.15 for all cells. 

1975 Post 

1976 

The next few tables show the daily mileages for the 
tractors, broken down by various categories. In Table 2.27 
are presented the figures for tractors by carrier type. For 

67.6 i20.0 544 1,478 

32.8 513.5 127 247 
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TABLE 2.26 

Tractors: 
Miles Per Day by Model Year* 

- - 

Model Year 1 Mean C.I. N Wtd, N 

1975 Pre I l8Oo5 
i44.9 160 399 

1975 Post 1 216*4 
i52.1 521 1,052 

- 

*CVD >.15 for all cells. 

each model year the first line gives the mean daily mileage 

per vehicle and the confidence interval associated with it; 
the second line gives the percentage of all daily mileage 
for that model year put on by the vehicles in that cell with 
confidence intervals. Thus each of the 1,131 1974 tractors 
that are estimated to be in Authorized fleets averaged 230 
miles per day. As a group these 1,131 tractors put on 62% 

of the mileage of all the sampled 1974 tractors, with the 
non-Authorized tractors putting on the other 38%. Once 
again some inter-model-year variations are noticeable, 

though they are not statistically significant. 

For the 1975 post-standard model year the proportion of 

total mileage put on by the Authorized carriers was 
substantially less than for the other model years. Here one 
can see the effect of the postponing of the purchase of new 

vehicles by the Authorized carriers because of the economic 
downturn and apprehension about the 121 system. 

Tables 2.28 and 2.29 show the same types of 
distributions for fleet size 'and cab style. The 1975 post- 
standard tractors in small fleets put on a greater 
proportion of total mileage than the other model years in 
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TABLE 2 . 2 8  

T r a c t o r s :  
Miles Per  Day by F l e e t  S i z e *  

1 9 7 4  
M i l e s  
P e r c e n t  

Model Year 

1975 
Miles 
P e r c e n t  

1 9 7 5  P o s t  
M i l e s  
P e r c e n t  

S m a l l  ( 1 - 4 9 )  

Mean C . I .  N Wtd. N 

1 9 7 6  
Miles 
P e r c e n t  

L a r g e  ( 5 0 + )  

Mean C . I .  N Wtd. N 

*CVD > . 1 5  f o r  a l l  c e l l s .  





small fleets. This can probably be ascribed once again to 

the postponement of purchasi:ng by the Authorized carriers. 

The figures for the 1976 model year with their small N's are 

probably unreliable. Table 2.29 shows that the mean daily 

mileage by cab style is generially stable across model year, 

with the cabovers generally putting on more mileage, 

presumably because they tend to be in intercity operation. 

It is not clear why there are so few cabovers, and hence 

such a small proportion of total mileage, in the 1975 pre- 

standard model year. The figures for the 1976 model year 

are once again somewhat unreliable. 

2.3.2 Proportions of Daily ~ileaqe from The Trip 

Survey. During 1977 a subsample of one fourth of the 

vehicles for which there was some descriptive information at 

that time was selected for a trip survey. Each of the 780 

vehicles in this subsample was randomly assigned a sample 
date code between 1 and 47. The calendar period from June 

27, 1977 through December 31, 1977 was divided into four 

survey periods of 47 days each. A vehicle that was selected 
for sample date code 1 was surveyed on the first day in each 

of the periods--namely June 27, August 13, September 29, and 

November 15. Subsequently another four survey periods of 

the same length were added, but each vehicle was only 
surveyed in one half of these last four periods, either in 

periods 5 and 7 or in periods 6 and 8. 

For each survey date and for each survey vehicle the 

following questions were asked: 

1. Was the unit in service on the survey date? 

2. I f  yes, how many miles did the unit run on the 
sample date? 

3, How was the mileage broken down between local, 
short-haul, and long-haul trips? 

4. If the unit pulled any trailers did it pull one 
or two? 

5. Was the "most-pulled" trailer pre- or post-standard? 
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From the responses to the trip survey it is possible to 

calculate for various types of vehicle what percentage of 

total mileage was put on in local trips and what percentage 

was put on in intercity trips, Similarly for the tractors 

it was possible to calculate what proportions of mileage 

were put on pulling no trailer, one trailer, and two 

trailers, and what proportions were put on pulling a first 

trailer that was pre-standard and a first trailer that was 

post-standard. The resulting proportions are in Tables 2.30 

and 2.31. 

TABLE 2.30 

Trip Survey Proportions of Mileage 
by Vehicle Type and Trip Distance* 

*From Vehicle Description. 

For the interim report the categories used in the 

calculation of proportions of daily mileage by trip 

distance, were taken not from the trip survey (which had not 
then been carried out) but from the vehicle description. If 

a purchaser told us that a vehicle operated mainly locally 

N 

228 
98 
510 
188 
52 
324 

237 
192 
251 
401 
16 
278 
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Intercity 

% C . I .  

12.9 29.2 
33.8 f11.5 
61.7 210.9 
93.7 22.4 
76.4 234.8 
97.6 21.5 

15.4 511.5 
21.3 f15.9 
59.0 k8.1 
94.2 23.0 
93.8 f6.0 
99.7 20.3 

Local 

% C.I. 

87.1 29.2 
66.2 k11.5 
38.3 210.9 
6.3 22.4 
23.6 234.8 
2.4 1.5 

84.6 211.5 
78.7 215.9 
41.0 28.1 
5.8 k3.0 
6.2 i6.0 
0.3 50.3 

121 
Status 

Pre 
Pre 
Pre 
Pre 
Pre 
Pre 

Post 
Post 
Post 
Post 
Post 
Post 

Usual Trip Vehicle 
Length* TY Pe 

Local Straight 
Local Tractor 
<200 Straight 
<2OO Tractor 
>200 Straight 
>200 Tractor 

Local Straight 
Local Tractor 
<200 Straight 
~ 2 0 0  Tractor 
>200 Straight 
>200 Tractor 



TABLE 2.31 

Tractors: 
Trip Survey Proportions of Intercity Mileage 

by Vehicle Type and Trailer Type* 

121 
Status 

Usual Trip 
Trailer Type 

Length* Pre Post Single Double 

Pre 
Pre 
Pre 

*From Vehicle Description. 

Post 
Post 
Post 

then - all that vehicle's mileage was put in the local 

category; similarly, if a purchaser told us that a vehicle 
operated mainly intercity then all that vehicle's mileage 

was put in the intercity category. However an analysis of 

the trip survey file indicated that many of the "localw 

vehicles did quite a few intercity trips. Because these 

trips were longer than the local trips, quite often a 

substantial proportion of their total mileage was put on in 

intercity trips. It was therefore decided to calculate the 

proportions from the trip survey presented in Table 2.30 and 

Local 
<200 
>200 

apply the proportions for each category to the odometer 

0.0 83.2 16.8 96.2 3.8 
0.0 85.7 14.3 95.3 4.7 
0.0 81.0 19.0 99.6 0.4 

Local 
<200 
>200 

mileage for each vehicle in that category. Thus, for a pre- 
standard local straight truck, 87.1% of its miles per day 

0.0 100.0 0.0 39.8 60.2 
0.0 65.7 34.3 88.9 11.1 
0.4 76.8 22.8 99.6 0.0 

would be ascribed to the local category, 12.9% to the 

intercity category. 

Similarly, after intercity mileages had been 

calculated, the trailer type proportions presented in Table 
2.31 were applied to the intercity mileage for each tractor 
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in the study. The results of applying these proportions to 

the odometer readings are presented in the next sub-section. 

2.3.3 Results of Applying the Trip Survey Proportions 

to the Odometer Mileages. Tables 2.32 to 2.35 show the 

proportions of daily mileage by model year and various other 

categories, after the trip survey proportions have been 

applied to each vehicle's total daily mileage. In Tables 

2.32 and 2.33 the mileages are split between local and 

intercity trips, first for straight trucks then for 

tractors. In Tables 2.34 and 2.35 the intercity mileage for 

tractors is further split by trailer type and number of 

trailers. 

TABLE 2.32 

Straight Trucks: 
Proportions of Miles Per Day by Trip Distance* 

*CVD >.15 for all cells. 

Mode 1 
Year 

1974 

1975 Pre 

1975 Post 

1976 

There are some substantial variations by model year 
such as the elevated proportion of local mileage for the 

1975 pre-standard tractors in Table 2.33. This figure, 
based on a small N, is however not very reliable. Perhaps 

the most notable result is shown in Table 2.34. This table 
shows that the post-standard tractors are more likely to be 

coupled to a post-standard trailer than are the pre-standard 
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Local Trips 

% C.I. 

56.5 213.1 

54.6 516.3 

52.3 214.5 

64.8 218.2 

Intercity Trips 

% C.1, 

43.5 213.1 

45.4 k16.3 

47.7 214.5 

35.2 218.2 

N 

251 

123 

544 

127 



TABLE 2.33 

Tractors: 
~roportions of Miles Per Day by Trip Distance* 

*CVD >.I5 for all cells, 

Model 
Year 

1974 

1975 Pre 

1975 Post 

1976 

TABLE 2.34 

Tractors : 
Proportions of Intercity Miles Per Day 

by Trailer Type* 

Local Trips 

% C.I. 

9.3 24.8 

16.8 i18.6 

8.4 25.7 

5.8 27.0 

*CVD >.I5 for all cells. 

Intercity Trips 

% C.I. 

90.7 24.8 

83.2 218.6 

91.6 25.7 

94.2 27.0 

Model 
Year 

1974 

1975 Pre 

1975 Post 

1976 

tractors, When the purchasers were asked whether they had a 

deliberate policy of coupling like tractor to like trailer, 
they generally responded that they had no such policy, The 

N 

9 3 8 

160 

5 2 1 

126 
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Bobtail 

% C.I. 

0.0 20.0 

0.0 rO.0 

0.3 i0.1 

0.3 kO.1 

Pre-Standard 

% C.I. 

82.0 20.6 

82.2 r0.7 

74.5 i1.9 

74.6 22.7 

Post-Standard 

% C.I. 

18.0 20.6 

17.8 20.7 

25.3 51.9 

25.1 22.8 

N 

938 

160 

521 

126 



TABLE 2.35 

Tractors: 
Proportions of Intercity Miles Per Day 

by Number of Trailers* 

-- 

*CVD >.I5 for all cells. 

Model 
Year 

1974 

1975 Pre 

1975Post 

1976 

inference must be, therefore, that the purchasers of post- 
standard tractors were also likely to be purchasers of post- 
standard trailers. According to Table 2.35, there is also 
some tendency for the later model vehicles to be coupled 

more often to double trailers. 

2.4 Discussion of Results 

Bobta i 1 

% C.I. 

0.0 20.0 

0.0 20.0 

0.3 20.1 

0.3 20.1 

This sub-section seeks to assess the quality of the 
data. It will look at response rates and give an evaluation 

of them. It will look at areas in the data collection, in 
particular the fleet accident and maintenance information, 
and explain why it is believed they are unreliable. And it 

will look at the problems in estimating population figures 
from the sample data, examining the generally large 
confidence intervals that are computed when making these 

estimates. 

2.4.1 Response Rates. The overall fleet study 
response rates have already been discussed (see sub-section 
2.2.5 above). These response rates, although lower than had 

Single 

% C.I. 

98.7 20.5 

98.4 20.7 

95.7 22.3 

96.5 53.7 
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Double 

% C.I. 

1.3 t0.5 

1.6 t0.7 

4.0 22.3 

3.2 k3.8 

N 

938 

160 

521 

126 



been hoped, were by no means unsatisfactory. Adequate 

descriptive information and at least two odometer readings 

were collected for around two-thirds of all eligible 

vehicles. Table 2.3 indicated that the responding vehicles 

represented the sample frame in a generally accurate manner. 

Systematic bias in the results would appear unlikely. 

However, a higher response rate would have produced smaller 

confidence intervals and so would have resulted in more 

accurate estimations of population parameters. 

Table 2.36 presents the response rate for the trip 

survey conducted on a sub-sample of the fleet vehicles. The 
table excludes the school buses which were included in the 

survey for the first four periods but which were excluded in 

analysis because of their exemption from the 121 Standard. 

Because each vehicle was only surveyed in two out of the 

last four periods the number eligible is half that for the 

first four periods. 

TABLE 2.36 

Trip Survey Response Rate: 
Straight Trucks and Tractors Only 
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Period 

1 
2 
3 
4 

All (1-4) 

5 
6 
7 
8 

All (5-8) 

OVERALL 

Eligible 

670 
670 
670 
670 

2,680 

335 
335 
335 
335 

1,340 

4,020 

Responding 

503 
497 
479 
485 

1,964 

218 
203 
201 
208 
830 

2,794 

Response Rate 

75.1% 
74.2% 
71.5% 
72.4% 
73.3% 

65.1% 
60.6% 
60.0% 
62.1% 
61.9% 

69.5% 



The 670 vehicles selected were taken from fleets that 

were, at the time, cooperating with the study. An extremely 

high response rate was therefore expected. As can be seen 

from the table, the response rate turned out to be high, but 

not overwhelming. There is one mitigating factor here. At 

the time the trip survey vehicles were selected the 
collection of the fleet study data was by no means complete. 

Vehicles for which a vehicle description had been obtained 
were counted as "responding" vehicles and were therefore 

eligible for inclusion in the trip survey sub-sample. 

Subsequently when it proved impossible to collect odometer 

readings on some of these vehicles they were dropped from 

the study e counted as non-responses). So vehicles 
which had been dropped from the main analysis file as non- 

responses were included in the trip survey file, and it is 

presumably these vehicles that caused many of the data 
collection problems. Another large part of the non-response 

is attributable to a couple of large fleets which, after 
promising trip survey data, did not send them in. 

The response rate for the last four periods is 
appreciably lower than that for the first four periods. 

When the trip survey began the vehicle operators were 
informed it would only last for four periods. Some of them 
seem to have felt they had done their duty at the end of the 

first four periods. 

2.4.2 Assessment of the Exposure Estimates. Beyond 

the initial fleet and vehicle descriptive information, the 

odometer readings were the easiest data to collect. The 
trucking companies did not consider them to be sensitive 

information and SO released them willingly. Many companies 
record odometer readings when they conduct periodic 
maintenance, and therefore had precise figures available in 

their books. Finally such readings are inherently self 
checking: they increase from reading to reading and one can 

even predict, after the first two readings, the size of 
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subsequent readings. New odometers are the only explanation 

for readings that are lower than ones taken at an earlier 

date, and odometer replacements are recorded in vehicle 

maintenance files. It is therefore believed that the 
odometer readings and the daily mileage figures computed 

from them are extremely reliable. Errors are likely only 
from deficiencies in the sampling. 

It was hoped that the trip survey data, and the 
proportions of daily mileage computed from them, could be 
almost as reliable. A relatively easy method exists for 

checking whether this is in fact the case: it is possible 

to compute daily mileage estimates from the trip survey (as 
was done from the 1978 trip survey discussed in Section 3 )  

and to compare these estimates with the daily mileages 
computed from the odometer readings. Table 2.37 presents 
such a comparison. The table shows that the estimates from 
the trip survey are generally lower than the odometer 
figures, particularly for the long-haul tractors. There are 

a number of possible explanations: one is that the fleets 
generally report "as the crow flies" mileages in the trip 
survey, excluding pick-up and delivery at each end; another 
is that some fleets that drive faster than the speed limit 
or exceed legal driving times are reluctant to report 

mileages that might indicate violation of the law. 

The fleet data are probably not affected severely by 
this underestimation. Only the proportioning of total 

mileage between local and intercity trips is taken from the 

trip survey; total mileage came from odometer readings. 
However, the study of the post-Notice 7 vehicles, carried 

out in 1978, relied on the trip survey to provide figures 
for total mileage. In that study the exposure for the 

intercity tractors may be underestimated, and accident rates 
therefore overestimated. 
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TABLE 2.37 

Comparison of Average Daily Mileage 
from Odometer Information and Trip Survey 

Vehicle 
Category 

PRE-STANDARD 
Straight Truck: 

Odometer Mileage 

N MPD C.I. 

Local 
< 200  
> 200  

Trip Survey Mileage 

N MPD C.I. 

Tractor: 
Local 
< 2 0 0  
> 2 0 0  

POST-STANDARD 
Straight Truck: 
Local 
< 2 0 0  
> 2 0 0  

Tractor: 
Local 
< 2 0 0  
> 2 0 0  

2 .4 .3  The Problems with the Fleet Accident and 

Maintenance Data. When the fleet study was first planned, 

two of the main components were intended to be the computing 
of accident and maintenance rates for the study vehicles in 
order to compare the experience of pre- and post-standard 

vehicles. However, the accident and maintenance data turned 
out to be the most problematic parts of the study. The two 
will be dealt with in turn here. 

Figures published elsewhere had given, prior to the 

study, some indication of what accident rates to expect for 
vehicles in various exposure categories. Thus the fleets 

participating in the National Fleet Safety Contest between 
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1971 and 1973 reported an average accident rate of 3.06 

accidents per million miles for intercity trucks in Common 
carriers and 13.7 accidents per million miles for trucks 
owned by city governments, The figures from the same source 

for the 1975 to 1977 period are 2.91 and 12.99 
respectively.' As only fleets with good safety records are 

likely to enter such a contest, these figures must be at the 

low end of the range for each category. Most fleets could 
be expected to have higher rates. 

When the accident rates for the study fleets were 
tabulated it became clear that there were large differences 

in completeness of reporting. Some large Common carriers 
reported accident rates for their intercity tractors that 
were very much in line with the predicted levels. For 
example the rate for one large carrier turned out to be 3.09 
accidents per million miles for pre-standard intercity 

tractors and 3.20 accidents per million miles for post- 
standard intercity tractors. Other Common carriers, 
however, reported rates for intercity tractors that were so 

low as to strain credibility: 0.34, for example, or 0.75 or 
1.32. An examination of the accident data on a case by case 
basis for one fleet showed that we had received reports on 
only those accidents that met the BMCS threshold, (any 

injury accident or more than $2000 in property damage). 
Minor accidents were left out entirely, yet the same company 
later released figures indicating a far greater number of 
accidents. 

The tabulation of rates for municipal fleets revealed 
similar variations in data quality, One large city had 42.6 
accidents per million miles for its pre-standard trucks and 

'National Safety Council, Fleet Accident Rates, 1974 
Edition (Chicago: National Safety Council, 19741, pp. 26-7; 
and National Safety Council, Accident Facts, 1978 Edition 
(Chicago: National Safety Council, 19781, p. 64. 

FLEET PROGRAM - 69 



39.0 for its post-standard trucks. Another had a rate of 
120.4 for its pre-standard trucks. 

Many fleets, fearing damage to their reputations if 
data were leaked, were clearly reluctant to report all their 

accidents. Others found the collection of the data to be 
too much of a burden on their time. But whatever the 
reasons the data were clearly too unreliable to perform 
their intended purpose: the assessment of the safety impact 

of the 121 Standard. It was therefore decided to use the 
FARS and BMCS data sets exclusively in comparing accident 

rates for pre- and post-standard vehicles, 

The maintenance data were intended to provide an 
assessment of the costs of the 121 system just as the 
accident data were intended to test potential benefits. The 
unit of measurement here would be intervals between services 
on brake components, with intervals measured in miles and 
results computed for various operating environments. But 
once again data collection problems were severe. For one 
third of all maintenance entries in the data files no 

mileage at the time of maintenance was reported. This made 
the computing of intervals between services extremely 

difficult. Also large inter-fleet variations in data 
quality were noticeable. For many vehicles no brake 
maintenance at all was reported in the two-year study 
period. Other vehicles listed only major brake work, while 

yet another group listed periodic maintenance at regular 
intervals. Some, but not all, of this variation may be 
attributable to differences in maintenance policies between 

fleets, as vehicles are sometimes driven for as much as two 

years without maintenance. 

Yet even the deficient data that were collected would 
lead one to the conclusion that maintenance intervals were 
substantially smaller on the post-standard vehicles, i,e., 
that they required much more servicing on brake components. 
None of the figures were statistically significant but they 
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all pointed the same way. For tractors the maintenance 

interval between services on any component of the brake 

system was 31% lower for the post-standard vehicles. For 

straight trucks the interval was 60% lower, And these 
figures were close to being significant at the 95% 

confidence level. 

2.4.4 Variance. As stated earlier a sampling 
procedure should be designed to result in confidence 

intervals that are as low as possible. A large confidence 

interval produces an estimate of a population parameter that 

has a wide range; a small confidence interval produces a 
much smaller range and hence a much more precise estimate. 
1000 vehicles +50 is clearly more useful than 1000 vehicles 

t200. 

The most straightforward way to achieve small 
confidence intervals is to take a simple random sample of a 

large size. Cluster sampling, as used in the fleet study 
where vehicles were clustered by PSU and by fleet, can 

produce confidence intervals even smaller than random 
sampling if  the sampling strata correspond to the analysis 
strata. If however, as in the current study, the data are 
stratified after the fact (i.e., only in analysis) large 
confidence intervals are likely. If the strata are not 

homogeneously distributed across clusters, confidence 
intervals will further increase. This was the case here 
where, for example, the straight trucks were not distributed 

evenly across PSU's. 

The high sampling variances are therefore directly 
attributable to the desire to control the cost of the study. 
Two ways of reducing them offered themselves, The first was 

to carry out a pilot study prior to the main project. This 
would have permitted all stratification to be carried out 
prior to sampling. The second would have been to take a 
simple random sample of the type used in assessing the post- 

Notice 7 vehicles in 1978. 
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SECTION 3 

1978 TRIP SURVEY 

On March 1,1976 NHTSA published a major amendment to 

FMVSS 121 which became known as "Notice 7." This amendment 

relaxed the stopping distance requirement from 245 feet to 
293 feet on dry pavement from 60 mph. It was hoped that 

this modification would allow the front axle brakes to be 
de-powered on most vehicles so that anti-lock could be 

eliminated on the front axle, The objective of the 1978 

Trip Survey was to collect descriptive information and 
exposure data on the first year of production of "post- 
Notice 7" vehicles. Accident experience would be derived 
from the FARS and BMCS files. No maintenance data were 

collected. 

In general, this survey was patterned after the Trip 

Survey conducted as part of the fleet monitoring program 
described in the previous section, except that a new sample 
of post-Notice 7 vehicles was selected. The first sub- 

section of this section describes the sampling frame and 
sample design, survey methods, and response rates. 
Descriptive statistics on the types of vehicles and owners 

found in the survey are presented in the second sub-section. 

Mileage distributions and average daily mileage results are 
included in the third, and final, sub-section of this 

section. 

3.1 Method 

For the 1978 Trip Survey, a random sample of 2,166 

vehicles was selected from manufacturers' sales lists 
containing 142,983 model year 1977 vehicles. The survey was 
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conducted by telephone during the last four months of 1978. 

Each vehicle was surveyed on two randomly selected dates 

(spaced 60 days apart). On the initial call, descriptive 

information on the company and the vehicle were requested, 

in addition to information on the use of the vehicle on the 
survey date. Usage information comprised five basic 
questions: 

1. Was the unit in service on the survey date? 

2. If yes, how many miles did the unit run on the 
sample date? 

3, How was the mileage broken down between local, 
short-haul, and long-haul trips? 

4. I f  the unit pulled any trailers, did it pull one 
or two? 

Was the l'most-pulledl' trailer pre- or post-standard? 

Additional detail on the sampling frame, sample design, 
survey method, and response rates are provided in the 
remainder of this sub-section. 

Although Notice 7 was published in March of 1976, truck 

manufacturers did not make appreciable modifications to the 
vehicles until the start of the 1977 model year 
(approximately November 1976). For this reason the survey 
of post-Notice 7 vehicles was focused on the 1977 model 

year. All of the truck manufacturers which supplied sales 
lists for the previous survey also agreed to supply similar 
information for this survey (except Chrysler which had 
stopped producing heavy trucks in 1975). In addition, 
Paccar (Kenworth and Peterbilt), which had been unable to 
provide the computerized data required for the complex 
sampling approach used in the first survey, provided hard 
copy lists of VIN numbers for the survey of post-Notice 7 
vehicles. Because this design entailed only a simple random 
sample, Paccar vehicles were selected without the aid of a 
computer. The selected VIN1s.were returned to Paccar where 
purchasers1 names and addresses were obtained from company 
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files and sent to HSRI. Paccar's participation raised the 

coverage of the sampling frame from approximately 90% for 

the fleet monitoring program, to essentially 100% for the 

survey of post-Notice 7 vehicles. The percentage quoted is 
the percentage of total heavy truck factory sales accounted 

for by the participating manufacturers. 

Even though nearly all manufacturers participated, 

names and addresses were not obtained for all vehicles 

produced. Table 3.1 shows adjusted factory sales by 
manufacturer for the 12 month period, November 1976 through 

October 1977. The adjustments were applied to factory sales 
by Weight Class in an attempt to estimate sales of only air- 

braked vehicles and are described in more detail in the next 
section. Table 3.2 shows the number of eligible vehicles in 
the sampling frame by manufacturer. Ineligible vehicles for 

selection were those missing a purchaser name and address or 

vehicles sold outside the contiguous 48 states. Overall, 
the sampling frame covers 79% of the total adjusted factory 

sales. Coverage is fairly uniform by manufacturer, although 
it is somewhat lower for International Harvester (65%). 

Freightliner, Kenworth, and Peterbilt are not identified 
individually in the factory sales data published by the 
Motor Vehicle Manufacturers' Association. 

~nformation requirements .were extensive in the fleet 

monitoring program, requiring :personal visits to the carrier 

in order to achieve a reasonable response rate. The complex 
sample design employed in this program arose from the need 

to limit travel costs. However, the Trip Survey conducted 
as part of the original program showed that limited exposure 
information could be obtained in a telephone survey. The 

most important design feature of the 1978 Trip Survey, then, 
is its reliance on the telephone interview for data 

collection. With the requirement for personal visits 
eliminated, a simple random sample can be used. The 
selection process is, of course, vastly simplified for a 
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TABLE 3.1 

Adjusted Factory Sales of Air-Braked Vehicles 
by Manufacturer for 1977" 

Chevrolet 
Ford 
GMC 
Intl, Harvester 
Mack 
White** 
Others*** 

Manufacturer 
Adjusted 

Factory Sales Percent 

*Based on Motor Vehicle Manufacturers Association 
(MVMA) sales data (November 1976 through October 1977). 

TOTAL 

Freigh 

l82,OlO 100.1 

***Includes Peterbilt, Kenworth, and Others. 

TABLE 3.2 

Sampling Frame Totals and Selected 
Vehicles by Manufacturer 
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Manufacturer 

Chevrolet 
Ford 
Freightliner 
GMC 
Intl. Harvester 
Mack 
Peterbilt 
Kenworth 
White 

TOTAL 

Eligible Selected 
Vehicles Percent Vehicles 

7,116 5.0 108 
29,770 20.8 451 
8,020 5 . 6  121 
16,539 11.9 251 

' 27,024 18.9 410 
19,016 13.3 288 
9,117 6.4 138 

13,345 9.3 202 
13,036 9.1 197 

142,983 100.0 2,166 



simple random sample, and the sampling error is reduced in 

comparison to the sample design used for the fleet 
monitoring program. 

An interval selection procedure with a random start was 

used. With the interval equal to 66, a total of 2,166 

vehicles were selected. The number of vehicles selected 
from each manufacturer's list is shown in the last column of 

Table 3 . 2 .  Table 3 . 3  shows the random starts used for each 
manufacturer for both the vehicle selection and the 

assignment of the survey "date code." 

TABLE 3.3 

Random Starts for the Selection of Vehicles 
and Assignment of Date Codes 

Manufacturer 

The survey covered a 120 day period beginning September 
11, 1978 and ending January 8, 1979. The survey was divided 

into two 60 day periods, and each vehicle was surveyed once 
in each period, The "date codes" (1-60) correspond to the 
first 60 days of the survey. These date codes were randomly 
assigned to each vehicle at the time of selection in the 
following manner. Since several trucks are frequently 
purchased in a single order by large companies, it is likely 
that vehicles adjacent to one another on the manufacturers' 

Random Start 

Vehicle Selection Date Code 

Chevrolet 
Ford 
Freightliner 
GMC 
Intl. Harvester 
Mack 
Paccar 
White 
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5 4 11 
5  1 3 3  
48 9 
33 18 
19 2 1 
2 8 53 
56 3 5  
5  4 8 



sales lists may have been purchased by the same company. 

The date codes were put in the order shown in the listing 
below so that adjacent vehicles would not be assigned 

consecutive date codes. For each manufacturer, the date 
code for the first vehicle selected was determined by 

selecting a number from 1 to 60 from a random number table. 
Date codes for each successive vehicle selection were 

assigned by entering the sequence shown below at the date 

code initially selected and continuing through the sequence 
as many times as necessary. The survey date in the second 

period was then 60 days from the first survey date for each 
vehicle. The starting date code for each manufacturer is 

also shown in Table 3.3. 

Column 1 Column 2 Column 3 Column 4 

Survey information was collected by telephone. Calls 

were placed as close as possible to the survey date. In a 

large company, the dispatcher was usually best able to 
provide the requested information. On the initial contact 
the VIN was checked and the company unit number obtained. 
Descriptive information on the vehicle and the owner was 
recorded as well as the information on vehicle usage on the 
survey date. Arrangements were then made to obtain the 
vehicle use information once again in 60 days. Data forms 
are shown in Figures 3.1 and 3.2. 
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S e l e c t i o n  : i u m e r  ( 5 1 .  I 
1977 

COIjPANY - V E H I C L E  

D E S C R I P T I O N  

Samgle Da te  Cjde (C31.  5 

Carpany :lame 

Cowany U n i t  Nulrber 

VEWIQE DATA VAL!CATiON 

Veklcle Hanufacturtr (bl. kg) 
Pete rb l l  t 1 1 i z h t l f n e r  1 1 :Eirm Auto Car 

05 Internrt1onal h'es te rn  Star 
06 Hack 

Has the brake system been modif! ed? (Col. 18 

1 I f  yes. was m e  maifiea >are m e  a n r ~ i o c x l  iCoi. i 9 .  1 1:: 
Unkncwn k d e l  Year 

1 

Is the f ron t  axle equipped with an t i l ock?  (Col . 20 

: [ 1 ;:s 
8 Unkncwn 

SnLE - 
Vehicle Style 

Stra ipht  Truck 

(Col. 12) 

GEXERAL EXPOSURE 
Cab Sty le  (Col. 13) 

Convcn t ional  o r  Long Canvcntfonal 
Short Conventional 
Cab Over or  711: QP 

o r  T f l t  Cao w i t h  Sleeper 

C a r t l a  Type 

Prfvate (Not For Hfre) 
For HIre 
3 [ ] Authorized (ICC! 

Qrqo Jody Style (See ;able R e l a )  (Col. 14-15) 
Cargo (e.g., f a n )  

9 [ ] Unknown 

R e e t  Size ( i  Airbraked ? h e r  Uni ts)  

: n e w  - 
9 rlrn m a 1  ad Mmdaw 
52 cffm vhrl Only 
sa r t rq  m a 1  I# wad Swim 
54 FIfm Whal a d  )uP CAAU iJsurl Area o f  Cprratfon of :mu: 
IS omu Hl(ca: 
Y cnu mtcn a n  r.m z n t c a  

I n t r a s t a t e  
I n t t n t a t e  

rif i n t r a .  o r  i n te r . ,  Usual Tr ip  Lengtn iui. 2 4 )  

AXLE AND B i U K E  CHFI!?dRATIO3 ] less :han 233 a l l e r  one *ay 
2CO ni 1 es ane ray  

H w e r  o f  Rear A x l a  

Anti lock !'~nufecturer 
Coooeratl on 

b u t  unable ta i n r i d e  T i  

Cannot Locate 
won-Sanle Ychf c l e  (e.g.. ou:side o f  
cant. USA, bus, mfg. under exenpt.. 
destroyed p r i o r  to TT date, e x . )  

6 [ ] OUlcr: 

FIGURE 3 . 1  COMPANY AND VEHICLE DESCRIPTION FORM 
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1977 VEHICLE 
TRIP INFORMATION SURVEY 

1. Was L'ut Ln use? 

( 1 2 %  

1 a. Was it j.mg serviced, or not schedul+d fnr use? [Coi  15: 1 
[ ] 3 %n8: Know 
[ 1 2 Wasn't Scneduied 
[ 1 1 aalnq Sorvlcad 

[ 1 3%n1tKnow 
1 1 m, not ttie br.*es }'G 

[ I 1 Pas 

1 b. Drd a s  sarvrclnq xiwive t!!e brakes a t  a i l ?  [Coi 16; 

c. Waa the reason for servicing a breakdown or  fai lure [Coi 1 7 1  
11 the  rake system? 

1 

[ I 3 Don': Know 
[ 1 2 N o  

) ?, ... 
[ I ? Yes 

/ C. ;mrt was ehe nature of the brake problem7 I 

1 Select ion  Ilo. l1-4; 

I Survey Period - PI 
/ Sample Date Code [ 6 - 7 ;  

/ Sample Date [8-111 

I Sample Day of Meek - [ I 2 1  
(!+an; 24'~~s; J=?ea; i=f)ecrs; 
&c%; 6 4 ~ s ;  7=Smi 

2, ~ppm-tely how m y  rules vas ilnrt &iven from ~ d n r g h t  :o mdnrqht? 

Company Name 

Company Uni i Number 

Spacify nmber of nules: 

Source: : I 1 bcords  
i 1 2 Ereirate 
[ I 3 N o t  slue 

3, Has a l l  of =?is  mrleaqe driven on ilccal/snor, naui/Lonq i a u i )  crrgs? ;' 30, enmar =mi + t q e  YE qpmpr.a:Z :*:na. -. 
,; not, rntor  a ~rsakimm of ni:eajerr bemeen ~ s z a g a ~ - e s .  

a. iacal: .Xiler 
Zn or mu?d :he m a  i n  uiiicn :ire vehicle <3 Pased. 

5. short !ha: hues  
.4 A p  a o s h e r  m a  :ass :h 296 m i a s  my. 

c. Long Haul: .Urles 
A :pi? 3 snosher crea -!ore :h 250 m i a s  m j .  

4, a. 3id 2nrt pul l  any t r u l e r s ?  

i ! 2Can't:VloW 
[ I 2 . W  
! I : Yes 

b. W a s  it a single =e:*&m or louj le  Sattom? 

[ i 3 Con'cKnow 
[ ] 1 single-tes&be :he noss ~ s e d  :rai?ar .  
[ 1 2 buble-ieerribe :he jCrss and seccmi 3m.JZ.z~. 

[Col 23-25]  

[Col 26 ] 

SIXGLE OR FIRST ?-WLER: jZC3ND TIW'iZR (IN 3CUBLE) : 

c. x u  it a 121 t r a i l e r ?  [Coi 27:  1 f .  Was it a 121 w a r l e r ?  jC01 ~011  
[ 1 3 D n ' t  Know 
: ; 2 m  
[ 1 1 Yes 

I 

/ the anti-skrd? , :be anti-skid? 
I 

[ ; 3 Con': :mow , ! 
2 2 K Q  

FIGURE 3.2 TRIP INFORMATION SURVEY FORM 
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Of the 2,166 vehicles selected, 47  (2.2%) were found to 

be "non-sample" vehicles. The term "non-sample" means that 

these vehicles were not part of the intended population, 
The intended population in this case was model year 1977 

121-equipped vehicles sold within the 4 8  contiguous states. 

For the most part, vehicles not meeting these requirements 
were eliminated from the manufacturers' sales lists before 

the selections were made. A few slipped through, however. 

A description of the non-sample vehicles is provided below. 

Non-Sample Categories - Vehicles 

Located outside the U.S. 21 
Auto carrier (exempt from FMVSS 121) 10 
Destroyed prior to survey 7  
Glider kit 4 
Other (test vehicle, demo, etc.) 5 

TOTAL 47 

Nearly half are vehicles whi'zh were registered outside the 
contiguous 48 states, mostly in Canada. Most of these 
vehicles had original sales addresses within the U.S., but 

were subsequently transferred to a Canadian location. The 
next largest category is auto (carriers which are exempt from 
the standard. Apparently these vehicles had not been 
excluded in some of the sales lists, Overall, the number of 
non-sample vehicles is very small and indicates that the 
sampling frame was indeed quite clean. The primary credit 

goes to the manufacturers who supplied the sales lists. 

In general the response rate was better for the 

descriptive information than for the information on vehicle 

use, as might have been expected. For example, vehicle type 
(straight truck or tractor) was obtained for slightly over 

8 0 %  of the sample. Non-response on this question is 
basically refusal. Some descriptive items could be 
determined from the VIN. Consequently, cab style is known 
for 96.5% of the sample vehicles. Going to the questions on 
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usage, whether or not the vehicle was in service on the 

survey date was ascertained for 68% of the vehicle (62% of 

the survey dates). While this response rate is not as high 

as one might like, it is as good as that obtained in the 

fleet monitoring program (66%) where personal visits were 
used. Very little prior research of this type has been 

attempted in the trucking industry. In general, these 
response rates are thought to be quite good in light of the 

independence and diversity of the trucking industry, 

Complete results from this survey are presented in the 
remaining two sub-sections of this section. Descriptive 

statistics on the vehicles and owners are presented in the 

next sub-section, while mileage distributions and average 

daily mileages are covered in the last sub-section. 

3.2 Descriptive Statistics 

Company and'vehicle description forms were keypunched 

for all selected vehicles and entered into a MIDASL data 
file regardless of whether the interview was completed or 

not. A "completion statusw was recorded on the form (and in 
the computer file). Some data elements like number of rear 

axles or cab style could be determined from the VIN. Fcr 
completed interviews survey data were checked with these. 
When the interview could not be completed, the available 

information from the VIN was entered as survey responses. 

The resulting data fiJe is a "vehiclew file in that each 
record corresponds to a single sampled vehicle. The numbers 

(and percentages) presented in this sub-section are the 

numbers (and percentages) of the sampled vehicles responding 

to the various categories of each question, The percentage 
of vehicles in the sample providing a particular response is 

'Michigan Interactive Data Analysis System. See 
Daniel J. Fox and Kenneth E. Guire, Documentation for MIDAS, 
3rd ed. (Ann Arbor: The University of Michigan Statistical 
Research Laboratory, September 1976.) 
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an estimate of the percentage of vehicles in the total 

sampling frame which would be expected to respond in the 

same fashion. The accuracy of this estimate is a function 

of the sample size and.the magnitude of the proportion, and 

is presented as a "confidence interval." A 95% confidence 

interval means that if  the process were repeated 100 times 
(draw 100 samples and compute 100 confidence intervals), 

then the true population value would be included in the 

calculated interval for 95 of the 100 samples. 

For a simple random sample, the variance of a 

proportion, p, is given by: 

The standard error in p is given by the square root of the 
variance, and the 95% confidence interval has been computed 
as +twice the standard error for these tabulations. 

Percentages are obtained by multiplying both the proportion 

and its confidence interval by 100. 

The primary variables of interest here are the 
exposure, or control, variables for the computation of 

accident rates. It is recognized that many factors 
influence the overall accident rate for any group of 
vehicles. The following factors have been included in this 

study, and are referred to as "exposure variables." 

Variable Levels 

1. Vehicle Type Straight Truck, Tractor 
2. Area of Operation Local, Intrastate, Interstate 
3. Carrier Type Authorized, Non-Authorized 
4. Fleet Size Small (1-49), Large (50+) 
5. Trip Distance Local, <200 Miles, >200 Miles 

Both accidents and vehicle mileage will be grouped using the 
categories formed by these variables. Accident rates will 
then be computed within the various categories. 
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The first results of interest, then, are the 

proportions of vehicles which are found in the various 

exposure categories. A major finding of the fleet 
monitoring program was that these proportions varied 
significantly when comparing the 1974 model year to the 
post-standard 1975 model year trucks. Table 3.4 presents a 

complete tabulation of proportions for the questions on the 
Company and Vehicle Description Form in the survey of 1977 

model year 121-equipped trucks. Results are shown 
separately for straight trucks and tractors, as well as the 
combined results. Ninety-five percent confidence intervals 
are shown for all percentages, The "missing data" or 
"unknown" responses are aiso included for each question. 

The first general observation to make in reviewing 
Table 3.4 is that the confidence intervals are very good 
(2%-4%). In this respect the simple random sample used for 
this survey represents a considerable improvement over the 
fleet monitoring program. Perhaps the first variable worth 

commenting on is vehicle type which simply tells whether the 
vehicle is a straight truck or tractor. This information 
was not available from the VIN or the manufacturers' 
records. Missing data (unknown) on this variable, then, is 
basically the result of nonresponse or refusal. For this 
question, the response rate is slightly over 80%, which is 
quite good. However, proceeding through this table, one 

observes that the response drops on some of the questions, 
in pa;ticular those relating to the anti-lock equipment. 
First, it is worth noting that cab style was determined for 
over 97% of the selected vehicles. The reason for this 
phenomenal response is that cab style could be determined 
from all of the manufacturers' VIN's except one, as will be 
shown in Table 3.5. For this variable, interview 
information was checked with the VIN data, and when the 
interview could not be completed, the VIN information was 
entered in its place. 
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Descriptive S t a t i s t i c s :  
1977 Model Year A i r - B r a k e d  V e h i c l e s  

VARIABLE 

1. M a n u f a c t u r e r  
C h e v r o l e t  
F o r d  
F r e l g h t l t n e r  
GMC 
I HC 
Mack 
P e t e r b l  1  t 
Kenwor th 
W h l  t e  
Au toca r  
Western  S t a r  

2 .  Model Year 
1977 
1978 
l lnknown 

3 .  V e h i c l e  Type 
S t r a i g h t  T ruck  
T r a c t o r  
Unknown 

4.  Cab S t y l e  
C o n v e n t i o n a l  
S h o r t  C o n v e n t i o n a l  
Cabover 
Cabover w/Sleeper 
Unknown 

N 

44 
118 

2  
4  1  
8  7  
6 2  

3 
7  
6 
7  
4  

33 1  
10 
4 0  

285 
48 
4  6  

2  
- - 

STRAIGHT 

% 

1 1 . 5  
3 1  .O 

. 5  
1 0 . 8  
22 - 8  
16.3 

. 8  
1 . 8  
1 . 6  
1 . 8  
1  .O 

9 7 . 1  
2 . 9  

10.5  

74.8  
12 .6  
1 2 . 1  

.5 
- - 

- 

TRUCK 

95% C. I .  

23 .3  
f 4 . 7  
f0. 7  
k 3 . 2  
2 4 . 3  
2 3 . 8  
20 .9  
+I . 4  
f 1 . 3  
5 1  . 4  
5 1  .O 

2 1 . 8  
5 1 . 8  
- - 

5 4 . 4  
f 3 . 4  
5 3 . 3  
f 0 . 7  
- - 

N 

25 
197 
107 
163 
2  19 
2  19 

94 
133 
154 

5  
1  

1022 
8  6  

209 

527 
108 
25 1  
412 

19 

N 

9  7  
447 
109 
250 
407 
286 
137 
198 
164 

I 5  
9  

1360 
9 6  

663 

38 1 
1317 
42 1 

96 7  
25 1  
409 
4  1 8  

74 

TRACTOR 

% 

1 . 9  
1 5 . 0  
8 .  I 

12 .4  
16.6  
1 6 . 6  
7 . 1  

1 0 . 1  
11.7  

. 4  
1  

9 2 . 2  
7 . 8  

1 5 . 9  

40.6  
8 . 3  

1 9 . 3  
3 1 . 7  

1.4 

TOTAL 

X 

4 . 6  
2 1 . 1  

5 . 1  
11 .8  
19 .2  
1 3 . 5  
6 . 4  
9 . 3  
7 . 7  

. 7  

. 4  

93.4  
6 . 6  

31 .3  

2 2 . 4  
7 7 . 6  
19 .9  

4 7 . 3  
1 2 . 3  
2 0 . 0  
20.4  

3 . 5  

95% C. I . 

2 0 . 7  
2 2 . 0  
f 1  . 5  
+I . 8  
+ 2 . 1  
2 2 . 1  
f 1 . 4  
? 1 . 7  
f 1 . 8  
f 0 . 3  
+O. 1  

f l  . 6  
_+I . 6  

- - 

22 .7  
+I . 5  
k 2 . 2  
?2.6  
- - 

95% C . I .  

+ 0 . 9  
51 .7  
f 0 . 9  
f 1  . 4  
1 . 7  
+I . 5  
? I  . G  
? I  . 3  
1 . 2  
?0 .4  
20 .3  

? I  . 3  
1 . 3  

- - 

f 2 . 0  
2 2 . 0  

2 2 . 2  
5 1  . 4  
2 1 . 7  
*I . 8  
- - 
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Continuing with Table 3.4, the distribution of cargo 

body styles for straight trucks is shown next. Dump truck 
is the single largest category at almost 33%. The worst 

response comes on the question on anti-lock manufacturer 
where missing data is 76.5%. Only 6.'4% of the owners said 

that the brake system had been modified. Of these, over 93% 
said that the modified component was the anti-lock. Owners 
also indicated that about 55% of the vehicles had anti-lock 

on the front axle. However, non-response on this question 

is 47%. The last four questions provide one-way 
distributions on the remaining four exposure variables. 
Non-response on these variables increased to 25%-30%. 

The distribution of cab style by manufacturer is shown 
in Table 3.5. Cab style, as noted earlier, could be 
determined from the VIN for all manufacturers except 
Peterbilt. The only cab style data for this manufacturer 
comes from the survey, while the others represent a 
combination of survey and VIN information. 

Table 3.6 shows a three-way distribution of area of 
operation, carrier type, and fleet size for straight trucks. 
Fleet size is measured by the number of air-braked power 
units owned. The primary observation to be made from this 
table is that nearly half (47%) of the straight trucks are 
operated by small non-Authorized carriers in primarily local 
use. Two-way distributions for each combination of these 

three variables are shown in Tables 3.7 through 3.9. 

Tables 3.10 through 3.13 present the same information 
for tractors. Here one sees that about 67% of the tractors 
operate interstate, and that they are split about 50-50 
between Authorized and non-Authorized carriers. The reader 
should keep in mind that this survey was conducted one year 
after the end of sales for this model year. In general, one 
would expect larger proportions of the tractors to be in 
local pick-up and delivery operations as the vehicles become 
older. Looking at Table 3.11, one finds that 52.3% of the 
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TABLE 3.5 

C a b  S t y l e  b y  M a n u f a c t u r e r  

C o n v e n t  lona 1 
T o t a l  % 

Row % 
C o l u m n  % 

CAB STYLE 

S h o r t  C o n v e n t i o n a l  
T o t a l  % 

Row % 
C o l u m n  % 

C a b o v e r  
T o t a l  % 

Row % 
c o l u m n  -/. 

V e h i c l e  M a n u f a c t u r e r  

CHEVROLET FORD F R E I G H T L I N E R  GMC I H C  MACK P E T E R B I L T  KENWORTtl W t i I T E  

C a b o v e r  w / S l e e p e r  
T o t a l  % 

Row % 
C o l u m n  % 

TOTAL 

U n k n o w n  
T o t a l  % 

Row % 
C o l u m n  % 

TOTAL 
P e r c e n t  
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TABLE 3 . 9  

S t r a i g h t  T r u c k s :  
C a r r i e r  T y p e  b y  Fleet S i z e  

C a r r i e r  T y p e  

F l e e t  S i z e  O t h e r  A u t h o r i z e d  

N % C . I .  N % C . I .  

TOTAL 

TOTAL 

E x e m p t  
N % C .  I .  

N "/. .I .  
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T A B L E  3 .  1 1  

T r a c t o r s :  
A r e a  of O p e r a t l o n  b y  C a r r l e r  T y p e  

C a r r l e r  T y p e  

O t h e r  

A u t h o r i z e d  

E x e m p t  

T O T A L  

A r e a  of O p e r a t l o n  

L o c a  1 I I n t r a s t a t e  I I n t e r s t a t e  

N % C . I .  I N "/. C . I .  I N % C . 1  

TOTAL 
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tractors are operated by ICC regulated carriers (~uthorized 

plus Exempt on this table), and that another 29.5% of the 

vehicles operated by non-regulated carriers are used in 

interstate operations. Adding these two, one would estimate 

that a little over 80% of the tractors should be reporting 

accidents to the Bureau of Motor Carrier Safety (BMCS). 

Table 3.12 shows that about 31% of the tractors are 

operated by carriers with 400 or more air-braked power 
units, Looking at the relation of carrier type to fleet 

size shown in Table 3.13, one finds that the Authorized 
Carriers have nearly twice as many vehicles in the largest 

fleet size category as the "other" category on carrier type. 

3.3 Mileage 

Results in this sub-section come from the 1978 Trip 
Survey File. Information on vehicle use was requested on 
each of two randomly selected days for each survey vehicle. 
The number of trip surveys attempted, then, was twice the 

number of selected vehicles ( 2  x 2166 = 4332). The first 
results presented are simply the percent distribution of 

responses to the trip survey questions. These are shown in 

Table 3.14. As for the descriptive information, the 
responses are shown separately for straight trucks and 
tractors. Notice that the sample design distributed the 
surveys equally among the days of the week. The response 

rate quoted in Section 3.1 was based on the answer to the 
question on whether the selected vehicle was in use on the 

selected date. From Table 3.14, one sees that a total of 
2,642 valid responses were obtained out of 4,236 surveys 

(here the non-sample vehicles have been omitted) for a 62% 
response rate. Some vehicles responded on only one of the 
survey dates so that responses were obtained from - 68% of the 
selected vehicles (1,444). The 95% confidence intervals 
shown in Table 3.14 (and 3.15) were computed in the same 
manner as in Section 3.2. 
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T A B L E  3 . 1 4 - - C o n t  inued 

V A R I A B L E  

8 .  T r a i l e r s  
Y e s  
No 
U n k n o w n  

9 .  S i n g l e / D o u b l e  
S i n g l e  
D o u b  l e 
U n k n o w n  

1 0 .  F i r s t  T r a l l e r  1 2 1  
Y e s  
No 
U n k n o w n  

I 1  T r a  i 1 er  1  Brake 
M o d 1  f led 

Y e s  
No 
U n k n o w n  

1 2 .  T r a i l e r  1 A n t i - S k i d  
M o d i f  l ed  

Y e s  
NO 
U n k n o w n  

1 3 .  T r a i l e r  2  1 2 1  
Y e s  
N o  
U n k n o w n  

1 4 .  T r a i l e r  2  Brake 
M o d l f  led  

Y e s  
N o  
U n k n o w n  

N 

1 4 2 4  
7 

1 1  

1 3 2 5  
86 
1 3  

589 
5 2 4  
3 1  1  

4 0  
3 2 3  
226 

3 3  
3  
4  

2  1  
2  4  
4  1  

0 
1 7  

4  

TRUCK 

9 5 %  C . I . 

k 2 . 3  
2 2 . 3  - - 

N N 

2 2  
3 6 7  

6 

T R A C l O R  

% 

99 .5  
. 5  
. 8  

9 3 . 6  
6 . 2  
.9 

5 2 . 9  
4 7 . 1  
2 1 . 8  

1 1 . 0  
89 .0  
3 8 . 4  

9 1 . 7  
8 . 3  

1 0 . 0  

4 6  7  
5 3 . 3  
4 7 . 7  

0 . 0  
1 0 0 . 0  

1 9 . 0  

S T R A I G H T  

% 

5 . 7  
9 4 . 3  

1 . 5  

9 5 %  C .  I .  

f . 4  
+ .  4  
- - 

2 1 . 3  
f 1 . 3  
- - 

5 3 . 0  
k 3 . 0  
- - 

? 3 . 3  
f 3 . 3  
- - 

k 9 . 3  
f 9 . 3  
- - 

f 1 5 . 0  
f 1 5 . 0  

- - 

- - 
50.0 
- - 

% 

TOTAL 

9 5 %  C .  I .  
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TABLE 3.14--Continued 



Overall, about 70% of the vehicles were in service with 

the remaining 30% not in service. Of the vehicles not in 

service, about 10% were in for maintenance, On about 16% of 

these the maintenance involved the brake system, and in 67% 

of these, the reason f o r  the maintenance was a brake system 

breakdown o r  failure. 

The mileage data are not shown in this table. However, 
it should be noted that the mileage was estimated by the 

respondent (rather than coming from records) the majority of 

the time (64%). The next series of questions addressed the 
pulling of trailers, As would be expected, straight trucks 

seldom pulled trailers (6% of the surveys), and tractors 
seldom run bobtail (0.5% of the surveys). Double bottoms 

(two trailers) were indicated on only 6% of the surveys. 
The statistic which is markedly changed from the previous 

trip survey is the frequency with which the trailer was 

equipped with 121 brakes. In this survey, the trailer was 

equipped with 121 brakes on 53% of the surveys. Trailer 

brakes had been modified 11% of the time, and in over 90% of 

the cases the modified part was the anti-lock. I t  is more 
or less presumed that the "modification" was to disconnect 

the system. 

The remainder of the data shown are the descriptive 
information on the power unit which was merged from the 

Company and Vehicle Description File so that the trip survey 

information could be categorized using these variables, 

Since the response rate is somewhat lower, the question 
arises whether the group of vehicles which were able to 

supply the vehicle use data are any different in composition 
than those supplying only the descriptive information on the 

company and vehicle. A comparison of the distributions in 
Table 3.4 with the same variables in Table 3.14 shows 
essentially no important differences. For example, the 

percentage of straight trucks is 22.4% in Table 3.4 and 
23.8% in Table 3.14. 

104 - 1978 TRIP SURVEY 



Table 3.15 shows the percentage of vehicles in use by 

day of the week separately for straight trucks and tractors. 
From this table one can see that tractors are used more on 

the weekends than straight trucks, as would be expected. 

TABLE 3.15 

Percent of Vehicles "In-Service" by Day of Week 
and Vehicle Type 

Vehicle Type 

Day of Straight Truck Tractor 
Week 

Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
Sunday 

ALL 

The next two Tables, 3.16 and 3.17, show average daily 

mileages for the various categories formed by the exposure 

variables, area of operation, carrier type, and fleet size. 

Here, the variance in the miles per day, mpd, is computed 
using the common equation shown below. 

The variance of the - mean mpd is obtained by dividing the 

result given by the equation above by n, the sample size. 
The 95% confidence interval on the mean is then computed as 
twice the square root of its variance. (The expression for 
the variance of a proportion given in the previous sub- 
section is obtained by simplification of the above 
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expression based on the fact that, for a proportion, the 

variable only takes on the values 0 and 1.) 

Looking at Table 3.16, the overall average daily 

mileage for straight trucks is 76.5 miles per day with a 95% 

confidence interval of i7.9 miles per day based on 638 

surveys. In other words, on each survey date we inquired 

about the mileage for the 24-hour period. If the vehicle 
was not in use a mileage of 0 was entered. The results 

shown were obtained by simply averaging the daily mileage 

totals for all straight trucks, The confidence intervals 

become larger as the number of surveys in any particular 

category becomes small. Again, these confidence intervals 

are appreciably better than those obtained in the fleet 
monitoring program. Average daily mileage does not vary 

from one category to another very much, except for the 
variation shown for the three levels on area of operation. 
No appreciable differences are shown with regard to fleet 

size or carrier type. 

The overall average daily mileage for tractors is 273.7 

mpd with a confidence interval of k11.2 mpd based on 1,980 

surveys. Tractor mileage also does not seem to vary much 

with carrier type or fleet size, As with the straight 
trucks, appreciable variation is shown with area of 

operation as would be expected. 

In addition to the total mileage for the 24-hour 

period, interviewers also inquired about the number of miles 

accumulated on the survey date in each of three trip 

distance categories, local trips, trips with a one-way 

distance less than 200 miles, and trips with a one-way 

distance more than 200 miles. In this way the total mileage 
for the day could be allocated among the three levels of 
trip distance. Trip distance is the primary exposure 

variable. The next sequence of tables, 3.18 through 3.25, 
all present distributions of mileage by trip distance versus 

the other exposure variables. 
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Table 3.18 shows the overall distribution of mileage by 
trip distance for tractors and straight trucks. A percent 
distribution of mileage is shown as the second row of the 

table which can be seen to sum to 100 at the right margin. 

Also shown is a breakdown of the average miles per day by 
trip distance. For example, straight trucks are found to 

put on 5 7 . 3 %  of their total mileage in "local" trips, When 

this percentage is multiplied by the total average daily 
mileage of 7 6 . 5  mpd, the figure shown, 43.8 mpd, is 

obtained. The "average" straight truck, then, may be 
thought of as putting on each day, 43.8 miles in local 
trips, 26 .7  miles in trips with a one-way distance less than 

200  miles, and 5 . 9  miles in trips with a one-way distance 

more than 200 miles, for a total average daily mileage of 
76.5 miles. The "intercity" trip distance category is 
simply the sum of the "less than 200  miles" and the "more 
than 2 0 0  miles" categories. Overall, this table shows that 

straight trucks put on 43% of their mileage in intercity 
trips, while tractors put on 96% of their mileage in 
intercity trips, 

Confidence intervals on the mpd figures in these two 
tables are computed as shown by the previous equation. 

Confidence intervals on the percentages must be computed as 
a ratio of the total miles in a particular trip distance 

category divided by the total mileage for all trip distance 

categories. A general equation for the standard errors of 
functions of random variables is given in Kendall and 
Stuart' as shown below. 

'Maurice G. Kendall and Allan Stuart. The AdvanreA 
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where g(x) is a function g(xl, x2, ... xk), 
and xi has mean O i l  

and g' ( 8 ) is ag/ axi evaluated at 8 1 ,  B2, ... Bk. 

This equation for the variance of the function g(x) is an 

approximation obtained by taking the terms of the Taylor 

expansion of g(x) shown below. 

For a ratio of population totals, g(x) = x1/x2 where x, and 
A 

x2 are population totals. Using the expression from Kendall 

and Stuart, the variance of a ratio of population totals can 

be shown to be given by: 

Notice that the covariance xerm must be computed for this 
expression. As before, the 95% confidence interval is 

computed as twice the square root of the variance. 

Tables 3.19 through 3.21 show distributions of mileage 

by trip distance versus carrier type, fleet size, and area 

of operation respectively. Only area of operation, Table 
3.21, appreciably influences the distribution of mileage by 

trip distance, 

Table 3.22 shows the distribution of trip distance by 

cab style for tractors. Cabover tractors are shown to put 

on a higher percentage of their total mileage (88.8% versus 

65.7%) in long haul trips (more than 200 miles one-way 

distance). Also, the average daily mileage for the cabovers 

is nearly 50% higher than the conventional cab vehicles 

Tables 3.23 to 3.25 show the distribution of mileage by 

trip distance versus carrier type, fleet size, and area of 
operation for tractors. A result similar to that for 
straight trucks is observed. 
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TABLE 3.21 

S t r a i g h t  Trclcks: 
Mileage Apportioned by T r i p  Distance and Area o f  Operat ion 

Area o f  Operat ion I 
Local 

M i  les/Day 
Percent 

I n t r a s t a t e  
M i  les/Day 
Percent 

I n t e r s t a t e  
M i 1 es/Day 
Percent 

TOTAL 
- - 

T r i p  Distance 

Mean C . I .  

I n t e r c l  t y  
ALL 

Mean C . 1  

I n t e r c  i t y  
(>200 M i l e s )  

Mean C . l  

Local 

Mean C .  I .  

ALL STRAIGHT TRUCKS 
M 1 1 es/Day 
Percent 

I n t e r c l  t y  
(<200 M i l e s )  

Mean C .  I 

638 
43.8 25.3 
57.3 56.7 

26.7 26 .3  
35 .0  56 .6  

5 . 9  f3.8 
7.7 24.7 

32.6 27.2 
42.7 k6.7  

76.5 _+7 9 
100.0 
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TABLE 3.24 

T r a c t o r s :  
M i l e a g e  A p p o r t i o n e d  b y  T r i p  D i s t a n c e  a n d  F l e e t  S i z e  

F l e e t  S i z e  

1 
M l 1 e s / D a y  
P e r c e n t  

2-5 
M i  1 e s / D a y  
P e r c e n t  

6-49 
M i  l e s / D a y  
P e r c e n t  

50-399 
M i  1 e s / D a y  
P e r c e n t  

400+ 
M I  l e s / D a y  
P e r c e n t  

ALL TRACTORS 
M l  l e s / D a y  
P e r c e n t  

L o c a  1 

M e a n  C. I .  

11.5 f3.0 
3.9 fl. 1 

T r i p  D i s t a n c e  

Intercf  t y  I n t e r c i t y  
(<200 M i l e s )  (>200 M i l e s )  

In te rc i  t y  
ALL 

M e a n  C I .  

TOTAL 

M e a n  C.1 
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The last series of tables in this section address the 

distribution of mileage by trailer type. Table 3.26 shows 

the use of trailers by straight trucks. Overall, trailers 

are pulled for only 10% of the vehicle'stotal mileage. A 

similar distribution is shown for tractors, but including 

the trip distance variable in Table 3.27. Bobtail mileage 

is shown to be only 0.4% of the total intercity mileage. 

TABLE 3.26 

Straight Trucks: 
Percent Miles by Trailer Use 

(~=389) 

No Trailer 

Trailer Use 

Trailer 

Percent Miles 95% C.I. 

J 

~nformation on the type and number of trailers pulled 
is shown in Tables 3.28 and 3.29. Table 3.28 indicates 

TOTAL 

that, for tractors, 58.3% of the intercity trailer mileage 

is accumulated while pulling a trailer equipped with 121 

brakes. This figure is substantially higher than the 21,5% 

obtained in the earlier Trip Survey for post-standard 1975 

100.0 -- 

tractors. In Table 3.29, slightly less than 7% of the 

intercity trailer mileage is attributed to doubles (two 
trailers). 

The last two tables present distributions of the total 

intercity daily mileage for tractor by the type of trailer 

pulled. The total mpd at the bottom of Table 3.30 is the 
overall intercity mpd for tractors taken from Table 3.23. 
As was done with trip distance, this total is then 
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distributed among the three trailer types shown. The 

bobtail (no trailer) mpd is obtained by multiplying the 

percentage of intercity miles bobtail from Table 3.27 by the 

total intercity mpd for tractors. The mpd with a pre- 

standard trailer, shown in Table 3.31, is a product of the 
percent trailer miles intercity from Table 3.27, the percent 

pre-standard trailer miles intercity (given a trailer was 

pulled) from Table 3.28, and the total intercity mpd for 

tractors from Table 3.23. The equation from Kendall and 

Stuart referenced earlier can also be used to develop the 

variance expression for these statistics. This expression 

includes terms for the variance of each of the five terms 

involved (numerator and denominator for the two ratios) and 

20 covariance terms. 

TABLE 3.30 

Tractors: 
Average Daily Mileage in Intercity Trips 

by Number of Trailers 

Number of Trailers Miles Per Day C.I. 

None 
(Bobtail) 

One Trailer 
(Single) 

Two Trailers 
(Double) 

TOTAL 
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TABLE 3.31 

Tractors: 
Average Daily Mileage in Intercity Trips 

by Trailer Type 

Post-Standard 1 152.0 i14.4 

Trailer Type 

None (Bobtail) 

Pre-Standard 

Miles Per Day C.I. 

1.1 i1.0 

108.7 k11.4 

This formulation of the exposure data simplifies the 

variance estimation for the total vehicle miles which is the 
topic of the next section. 

TOTAL 
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SECTION 4 

EXPOSURE PROJECTIONS 

The previous two sections have described the collection 

of data on the average daily mileage for 1974-1977 model 
year vehicles during the calendar years 1976-1978 in various 

exposure categories. The objective of this work is to 

produce national exposure estimates in vehicle miles which 

are compatible with the accident information collected 

through the NHTSA Fatal Accident Reporting System (FARS) and 

the Bureau of Motor Carrier Safety. Estimates of the number 

of vehicles in service for each model year in each calendar 

year are needed in order to use the data from the previous 

sections to estimate the national exposure of pre- and post- 

standard vehicles. 

Unfortunately, the information necessary to provide a 

direct answer to this problem is not currently available. 

Published statistics do not distinguish air-braked trucks 

from the large numbers of lighter trucks. Furthermore, 

truck model years are not well defined, which turns out to 

be the most troublesome aspect of this problem. 

The R.L. Polk Company publishes the number of "new 

registrations" by calendar month and by weight class. 

However, this tabulation does not currently include the 

model year of the vehicle. Similarly, the Motor Vehicle 

Manufacturers Association (MVMA) publishes factory sales by 
calendar month and weight class. Historically, the model 

year of a truck has not been identified by the manufacturer 
as is done with passenger cars in the Vehicle Identification 
Number (VIN). Each state has procedures for assigning a 
model year for registration purposes. Usually the model 
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year is taken to be the calendar year at either the time of 
registration, the time of sale, or time at which the vehicle 

was delivered to the dealer. For trucks, then, model year 
is really only defined in the state registration files! 

The first part of this section attempts to estimate the 
number of vehicles in service by model year using factory 

sales data and various assumptions on the time lag between 
production and registration. Supplementary statistics 

supplied by the MVMA allow the estimation of air-braked 

trucks and tractors in these data. This sub-section 
concludes with estimates of the number of air-braked 
straight trucks and tfactors by model year and calendar 

year, 

In the next section, 4.2, estimates of total vehicle 
miles are computed using the numbers of vehicles in use and 

the average daily mileage estimates from the previous 
sections. Confidence intervals are also computed. In the 
last sub-section, the sensitivity of the vehicle miles 

figures is examined. 

4.1 Vehicles in Use 

The primary data source used in this sub-section is the 

MVMA monthly statistics which tabulate factory sales by 
weight class. Specifically, the "Domestic Sales" plus the 

"Canadian Exports to the U.S." were used. Several problems 
have to be dealt with before factory sales can be used to 
estimate the number of vehicles in service. The desired 
vehicle population for this study is, of course, air-braked 
vehicles. Since vehicles equipped with air-brakes are not 
identified in any of the available tabulations, weight class 
is used as a surrogate. A first approximation is to take 
all Class 7 and 8 vehicles (GVWR >26,000 pounds). For the 
1978 Interim Report, this estimation was refined to 15% of 

Class 6, plus 85% of Class 7, plus 100% of Class 8. In an 
effort to improve upon this approximation, NHTSA requested 
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information from the MVMA c8n the number of air-braked 

vehicles produced during 1974-1978. Additionally, they 

requested that straight trucks and tractors be tabulated 

separately. t his breakdown had previously been shown to be 
most critical to the exposure estimation. MVMA responded 

with the information in Table 4.1. The accompanying letter, 

which is reproduced in ~ppendix A ,  stipulated that MVMA was 

not able to perform audit procedures, and that the 

individual manufacturers advised that direct tabulations 

were not possible so that subjective estimates were 

necessary in some cases. 

The monthly statistics published by MVMA were used to 

provide the total number of vehicles produced in each 

calendar year, shown in Table 4.2. By dividing the MVMA 

supplied figures shown in Table 4.1 by the figures in Table 

4.2, the percent of each weight class which is air-braked 

can be computed. This result is shown in Table 4.3. There 

are some small inconsistencies which show up in the 

percentages for Class 8, in particular the total of 113% for 

the 1975 calendar year. 

Also taken from the MVMA supplementary statistics shown 
in Table 4.1, are the percentage of air-braked vehicles 

which are tractors in each calendar year. This infornation 

is repeated in Table 4.4. These results are somewhat 

different from the percentages obtained from the surveys 

which were described in Sections 2 and 3 of this report. 

For example, 72% of the 1974 model year vehicles in the 

Fleet Monitoring Program were tractors, while 47% of the 

1975 model year vehicles in this program were tractors. In 

the survey of 1977 model year vehicles, nearly 77% of the 

vehicles were found to be tractors. It is not clear what 

biases may be operating, but the MVMA percentages will be 

used for this analysis. 

The percentages of air-braked vehicles by weight class, 
 able 4.3, and the percentage of tractors, Table 4.4, were 
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TABLE 4.2 

Factory Sales by Weight Class and Calendar Year 
for U.S. Domestic and Canadian Exports to U.S. 

Source: MVMA monthly production statistics. 

Calendar Year 

TABLE 4.3 

Weight Class 

6 7 8 

Percent Air-Braked Vehicles by Weight Class 
and Calendar Year 

used to adjust the monthly factory sales figures. This 

adjustment produced a monthly tabulation of air-braked 
factory sales separately for tractors and straight trucks. 
This result is presented in Table 4.5 beginning with January 
1974 and ending with December 1977. This same adjustment 

Calendar Year 
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TABLE 4.4 

Percent Tractors by Calendar Year 

Calendar Year I Percent Tractors 

was applied to the monthly registration data, except that a 

two-month lag between production and registration was 
assumed. This result is presented in Table 4.6. A plot of 
the adjusted factory sales data and the adjusted new 
registrations by month is shown in Figure 4.1. The result 
is not particularly satisfying. Early in 1974, production 
exceeded registrations. During 1975 production dropped way 

off, and registrations now exceeded production. Industry 
publications during this time period generally described 
rising factory inventories during 1974 coupled with "over- 
buying" on the part of some large fleets, which frequently 
involved placing multiple orders with several manufacturers. 
Delivery was not always taken on all of the orders placed. 

The stage would seem to have been set for substantial drops 
in production in 1975. Indeed, factory sales show a sharp 

decline which began in late 1974 and continued through 1975 
before leveling off at the end of the year. This situation 

is also due, in part, to a depressed economic condition in 
the trucking industry in mid-1975. Registrations, however, 
continued strongly until nearly the end of 1975 before 
dropping off also. This delay in the decline of 
registrations is thought to be due to a lag in the 
purchasing and subsequent registration of the substantial 
inventories of pre-standard vehicles which were produced. 
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TABLE 4.5: Adjusted Monthly Factory S a l e s  

Month / Adj. Tota l  T r a c t o r s  S t r a i g h t  Trks.  

January 
February 
March 
Apr i l  
Ma Y 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
Apr i 1 
Ma Y 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
Apr i 1 
Ma Y 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
Apr i 1 
May 
June 
J u l y  
August 
September 
October 
November 
December 

EXPOSURE PROJECTIONS - 131 



132 - EXPOSURE PROJECTIONS 

TABLE 4.6: Adjusted Monthly New Regis t ra t ions  

Month 

1974 January 
February 
March 
Apr i 1 
Ma Y 
June 
J u l y  
August 
September 
October 
November 
December 

1975 January 
February 
March 
April  
Ma Y 
June 
Ju ly  
August 
September 
October 
November 
December 

1976 January 
February 
March 
Apr i 1 
Ma Y 
June 
Ju ly  
August 
September 
October 
November 
December 

1977 January 
February 
March 
Apr i 1 
Ma Y 
June 
J u l y  
August 
September 
October 
November 
December 

Adj, Total  Trac tors  S t r a igh t  Trks. 

17011.0 9968.3 7042.5 
13424.0 7866.4 5557.5 
15202.0 8908.1 6293.4 
16304.0 9554.0 6749.7 
16191.0 9487.7 6702.9 
15144.0 8874.6 6269.8 
16968.0 9943.0 7024.6 
18301.0 10725.0 7576.8 
16345.0 9578.4 6767.0 
18586.0 10891.0 7694.4 
13393.0 7848.5 5544.9 
16429.0 9627.6 6801.8 
13843.0 8112.0 5731.0 
10262.0 6013.3 4248.3 
13104.0 6578.3 6525.8 
12106.0 6077.1 6028.6 
13998.0 7027.2 6971.2 
13628.0 6841.1 6786.6 
14143.0 7099.7 7043.1 
16008.0 8036.2 7972.2 
16632.0 8349.4 8282.8 
16176.0 8120.1 8055.4 
11599.0 5822.8 5776.5 
13839.0 6947.2 6891.8 
10479.0 5260.3 5218.4 
10247.0 5143.9 5102.9 
9825.5 6032.8 3792,6 
11031.0 6773.3 4258,l 
12211.0 7497.3 4713.3 
11069.0 6796.3 4272.6 
12256.0 7525.1 4730.8 
14710.0 9031.9 5678.0 
14163.0 8695.8 5466.7 
11883.0 7296.3 4586.9 
10124.0 6216.0 3907.8 
13016.0 7991.7 5024.1 
9770.7 5999.2 3771.5 
9351.2 5741.6 3609.5 
9752.2 6553.5 3198.7 
10132.0 6808.5 3323.2 
11447.0 7692.1 3754.5 
12948.0 8701.2 4247.0 
11364.0 7636.9 3727.5 
13150.0 8836.5 4313.0 
14983.0 10068.0 4914.3 
13019.0 8748.7 4270.2 
10991.0 7386.0 3605.1 
14503.0 9746.1 4757.0 
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Factory sales show a slow recovery during 1976 which picks 

up during 1977. In general, the trucking industry was also 
described as "recovering" during this period. What is 

particularly puzzling, is that the registrations do not keep 

pace with factory sales during 1977. 

Obviously, vehicles are not put into service 
immediately upon production. There is some time lag due to 

delivery, sales, and body building, even for tractors. The 

difficult question is: how long is the delay? For this 
analysis, three assumptions are tried, two, three, and four 

months. The general assumption is that a vehicle's model 

year designation will be determined by the calendar year in 
which it is first registered. The FARS files show a small 

number of new model year vehicles in accidents in November 
and December of the previous calendar year, so one knows 

that this assumption is not completely correct. In fact, 
the most likely situation is that the effective production 
and registration period for any particular model year is 
something different than 12 months in order to account for 
varying inventories. A t  this point, we are simply trying to 

cover the range in the hope that incorrect assumptions will 

be apparent through inconsistent results, or that the 
results will be insensitive to this assumption. 

Generally, the manufacturers report that, for heavy 

trucks, the new model year production starts in October or 
November of the previous calendar year. Therefore, a two 
month lag in registration would be consistent with taking 
January through December registrations and production 
starting in November. Similarly, a three month lag would be 

consistent with production starting in October, and a four 
month lag with production starting in September. The 

possibilities are endless, but it is hoped that these 
choices reasonably span the range. Tables 4.7 through 4.9 
show the resulting numbers of new vehicles in each "model 
year" corresponding to the three assumptions on time lag 
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when applied to the adjusted monthly factory sales data in 

Table 4 . 5 .  In each case, the pre/post standard is 
determined by the March 1, 1975 effective date which applied 

to the production of the vehicle. In general, the numbers 
of vehicles in each model year do not vary much across these 

tables. Sensitivity will be discussed more fully in the 

last part of this section. 

Number of Vehicles by Model Year: 
Two Month Lag (~ovember-October) 

Model ~ e a r I 5 t r a i g h  t Tr uc k Tractor TOTAL 

1975 
Pre 
Post 

TABLE 4 . 8  

Number of Vehicles by Model Year: 
Three Month Lag (October-September) 

1 9 7 5  
Pre 
Post 

Model Year 
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Straight Truck Tractor TOTAL 



TABLE 4.9 

Number of Vehicles by Model Year: 
Four Month Lag (September-August) 

1975 1 
Pre 
Post I 

Model Year 

The preceding discussion has covered the estimation of 

the number of new air-braked straight trucks and tractors 

introduced in each model year. Exposure piojections are 
desired for the calendar years 1976-1978.  Additional 
factors which need to be addressed are non-sample vehicles, 

vehicle use in the introductory year, and scrappage. 
Adjustments in vehicle mileage with age are not made since 

the survey periods pretty well span the time period of 
interest. This topic is covered in the next sub-section. 

For the most part, information on the total number of non- 
sample vehicles was not obtained as part of the sampling 
frame, since, in the context of the original fleet 
monitoring program, it was appropriate to simply request 

that they be deleted from the sales lists. The vehicles 

considered here as non-sample are basically those of the 

"wrong" brake type for their model year. Throughout the 
time the standard has been in effect, certain vehicles, like 

auto carriers, have been exempt from portions of the 
standard. Similarly, during the 1974 model year, some 
vehicles were fitted with prototype 121 hardware. These 
vehicles of anomalous brake type show up in the interviews 

Straight Truck Tractor TOTAL 
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on the FARS reported cases. The accident data, in fact, 

provide us with our only estimate of overall percentage of 

these vehicles. Three percent of the FARS- reported 1974 

model year vehicles were reported to have 121  brake.^. For 

1976 model year vehicles, 7% were reported to not have 121 

brakes, and for the 1977 model year, 5% were reported to be 

non-121. Of course, one might suspect that these are simply 
reporting errors. However, interviewers were instructed to 

point out to the respondent that their response to the brake 
type question was unusual, considering the model year of the 

vehicle, and request additional information. Usually, the 

respondent would, in fact, describe an appropriate situation 
like prototype hardware, or an exempt vehicle type. Re- 

calls were also made on the majority of these cases, with 
few changes in the responses. It was decided that it would 
be best to delete these vehicles from the accident group, 
and to delete a similar percentage from the vehicles in 
service. This effectively assumes that these vehicles are 
neither under- nor over-involved in accidents in comparison 

with the rest of their model year class, 

The second adjustment factor addresses the exposure 
during the introductory year. For the previous analysis, 

new model vehicles were assumed to be introduced during the 
calendar year. Monthly tabulations of new registrations 
were used to estimate a factor for the proportion of the 

introductory year that the "average" vehicle was in service. 
This factor was 0.46. However, accident rates for the 

introductory years for 1976 and 1977 model year vehicles 

were somewhat higher than for the first full year of 

exposure. 

Conrad Cooke of the NHTSA has suggested that November 
through October is a more appr~priate registration period to 
use. This suggestion is based on his analysis of a 

tabulation published by R.L. Polk which is found in the 
Automotive Industry Statistical Issue. This table is 
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derived from registration data, and shows the number of 

registered vehicles by "year-model" and manufacturer as of 

July 1 of each year. A comparison of July 1 totals for the 
introductory year and for the first full year indicates that 

about 69% of the total are registered by July 1 of the 

introductory year. Assuming registrations to be constant 
each month, this percentage is equivalent to 8 registration 

months which implies a November 1 start for new model year 

registrations. This computation can only be made for 
manufacturers which produce exclusively Class 7 and 8 

vehicles (Diamond Reo, Kenworth, Mack, Peterbilt, White, and 

~reightliner). Use of a November 1 starting date for each 
model year produces introductory year exposure factors of 
0.55-0.60. 

This suggestion certainly increases the exposure during 

the introductory year. In fact, it tends to produce 
somewhat reduced accident rates in the introductory year as 

compared to the first full year. As with the previous 
vehicle population data, further examination of this 
approach raises additional questions, For example, a 
comparison of the November through October sum of "new 
registrations" for these manufacturers produces totals which 

are 9%-15% higher than the July 1 "year-model" total, Also, 
one might expect that the lag between production and 
registration would be somewhat less for these manufacturers 

since they produce proportionately more tractors than the 
manufacturers not included. A plot of the percentage of all 
registrations accounted for by these manufacturers by month 

shows a systematic variation ranging from 46%-32%. The low 
point occurs in August 1975. 

Certainly some new model year vehicles are registered 
prior to January 1 of each year. However, there does not 
seem to be a good way to quantify this fact, Arbitrarily, 

factors ranging from 0.50-0.60 have been applied to the 
model year totals for the introductory year. 
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The final adjustment to be applied is intended to 

account for scrappage of some vehicles each year, No 

figures were found which directly applied. A review of the 

year-to-year decreases in the tabulations of vehicles by 

make and "year-model" published by R.L. Polk for the subset 

of manufacturers listed above suggested that reasonable 

scrappage rates might be 1% for the second year of use, 3% 

for the third, and 6% for the fourth. 

Table 4.10 summarizes the product of these three 

adjustments (non-sample, scrappage, and introductory year) 

by model year and calendar year. Multiplication of these 

factors by the numbers of vehicles shown in Tables 4.7 

through 4.9 produce the adjusted numbers of air-braked 

vehicles in use by model year, calendar year, and vehicle 

type (34 cells including the split of 1975 model year into 

pre-standard and post-standard). These results are shown in 

Tables 4.11 to 4.13. These figures are used to compute 

vehicle miles in the next sub-section. 

TABLE 4.10 

Adjustments Number Vehicles 

*Introductory year adjustment: two month lag, 
f=0.50; three month lag, f=0.55; four month lag, £=0.60. 

Model Year 
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1976 1977 1978 



TABLE 4 .11  

Number of Vehicles In Use 
(Two Month Lag) 

S t r a igh t  Tractor / s t r a i g h t  Tractor S t r a igh t  Tractor 
Year 1 Truck Truck / Truck 

Mode 1 

TABLE 4.12 

Calendar Year 

1 9 7 5  
Pre 
Post 

Number of Vehicles In Use 
(Three Month Lag) 

1 9 7 8  1 9 7 6  

6 5 , 0 1 9  7 0 , 0 5 9  
2 4 , 0 1 7  2 8 , 7 2 8  
4 1 , 0 0 1  4 1 , 3 3 1  

1 4 0  - EXPOSURE PROJECTIONS 

I , 
1 9 7 7  

Mode 1 
Pear 

1 9 7 4  

1 9 7 5  
Pre 
Post 

1 9 7 6  

1 9 7 7  

6 4 , 3 6 9  69 ,358  
23 ,777  2 8 , 4 4 1  
4 0 , 5 9 1  4 0 , 9 1 8  

63 ,068  67,957 
23 ,296  27 ,866  
3 9 , 7 7 1  4 0 , 0 9 1  

Calendar Year 

1 9 7 6  

St ra igh t  Tractor 
Truck 

8 5 , 7 7 1  1 2 1 , 4 0 6  

6 7 , 7 6 4  76 ,145  
32 ,164  40 ,259  
3 5 , 6 0 1  3 5 , 8 8 6  

2 5 , 9 8 1  3 7 , 1 8 9  

--- --- 

1 9  7  7  

St ra igh t  Tractor 
Truck 

8 4 , 0 7 4  1 1 9 , 0 0 4  

6 7 , 0 8 6  7 5 , 3 8 4  
3 1 , 8 4 2  39 ,856  
3 5 , 2 4 5  3 5 , 5 2 7  

47 ,237  67 ,617  

3 0 , 9 7 0  6 0 , 1 9 7  

1 9 7 8  

St ra igh t  Tractor 
Truck 

81 ,483  1 1 5 , 3 3 6  

6 5 , 7 3 1  7 3 , 8 6 1  
31 ,199  3 9 , 0 5 1  
34 ,533  3 4 , 8 0 9  

4 6 , 7 8 0  6 6 , 9 6 2  

56 ,310  1 0 9 , 4 5 0  



TABLE 4.13 

Number of Vehicles In Use 
(Four Month Lag) 

Mode 1 
Year 

4.2 Vehicle Miles 

1975 
Pre 
Post 

Estimates of total vehicle miles are obtained by 

multiplying the number of vehicles in use for a particular 

model year and calendar year, which were presented in the 

previous sub-section, by the mileage estimates which were 

presented in Sections 2 and 3. A most important part of 

this process is the calculation of confidence intervals for 

the resulting estimates of total vehicle miles. Indeed, 

this consideration largely determines the estimation method 

used. This sub-section begins with a description of the 

basic calculation. Next, the overall matrix of vehicle 

miles per day is described and related to the matrix of 

vehicles in use and the resulting vehicle miles matrix. The 
actual estimates of total vehicle miles and their confidence 

intervals are contained in Appendices B through E, being too 

numerous to include here. 

Calendar Year 
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1976 

Straight Tractor 
Truck 

70,417 81,799 
39,477 50,610 
30,941 31,189 

I 

1977 

Straight Tractor 
Truck 

69,713 80,981 
39,082 50,104 
30,632 30,877 

1978 

Straight Tractor 
Truck 

68,306 79,345 
38,293 49,092 
30,013 30,253 



Mileage information is presented as average miles per 

day in Sections 2 and 3. Total vehicle miles per year are 

computed as shown below. 

VM = (vehicles) (MPD) (365)/106 

Inclusion of the lo8 factor in the denominator produces 
results having the units of one hundred million vehicle 

miles. For the variance computation, only the mpd is 
considered a random variable. All other factors, including 
the number of vehicles in use, are considered to be 

constants. This approach is taken because no variance 
estimates are available for the number of vehicles in use 
even though there is uncertainty associated with these 
figures. This problem is addressed in the last sub-section 
of this section where the sensitivity of the estimated 
number of vehicles in use and the resulting estimates of 
vehicle miles is examined in light of the three different 
assumptions included on the time lag between production and 
registration. This same sensitivity analysis is carried out 
for the accident rates in Sections 5 and 6. 

The total vehicle miles, then, can be written as a 
constant (CI) times the miles per day (mpd). 

The confidence interval on the vehicle miles, in turn, is 
given by the constant times the confidence interval on the 

estimated miles per day. 

(CIIVM = C1(CI)mpd' 

where C1 = (~ehicles)(365)/10 8 

Numbers of straight trucks and tractors in use by model 
year and calendar year are developed in the previous sub- 
section (Table 4.12, for example). Mileage estimates are 
presented for model years 1974-1976 in Section 2 and model 
year 1977 in Section 3. Data collection for these estimates 
basically covered the calendar years of interest. Mileage 
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on the 1974-1976 model year vehicles was monitored during 

calendar years 1976 and 1977. A comparison of 1977 calendar 

year mileage with 1976 calendar year mileage showed no 

decrease. For this reason, these mileage estimates are 

applied to the 1978 calendar year without change. 

Similarly, the survey of 1977 model year vehicles was 

carried out during the last four months of calendar year 

1978, and the mileages are applied to calendar years 1977 

and 1978. 

Some additional explanation is required for the 
estimation of total vehicle miles for exposure categories 

which are a subset of all tractors (or all straight trucks). 

For example, to compute an accident rate for tractors on 
intercity trips, it is necessary to known the total 
intercity vehicle miles for tractors, Conceptually, this is 

most easily thought of as the total tractor mileage times 

the percentage of all tractor miles which are put on in 
intercity trips. Two mileage statistics are now involved, 
the total tractor mileage (expressed in Sections 2 and 3 as 

average miles per day) and the percentage of tractor mileage 
put on in intercity trips. It is now the variance of this 

product that is needed in the calculation of confidence 
intervals for the total vehicle miles estimate, Table 3.18 
presents this kind of product. In this table the overall 

miles per day for tractors is broken down into 11.9 mpd in 

local trips and 261.8 rnpd in intercity trips summing to 

273.7 total mpd for 1977 model year tractors. The total 
vehicle mileage estimates for each exposure category are 
made in this manner. A miles per day figure is computed 

which represents both the total tractor (or straight truck) 

mileage times the proportion of tractor (or straight truck) 

mileage put on in the exposure category of interest. This 

"apportioned" mpd is multiplied by the number of tractors 
(or straight trucks) in use as described at the beginning of 
this sub-section. The variance on the apportioned mpd is 
used in similar fashion to the variance of the total 
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vehicle miles estimate for the exposure category of 

interest. 

At this point it is appropriate to list the exposure 

categories addressed. For use with the FARS accident data, 

there are the following 18 exposure categories, 

Straight 
straight 
Straight 
Traccor : 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 
Tractor: 

Truck: Total 
Truck: Local Trips 
Truck: Intercity Trips 
Total 
Local Trips 
Intercity Trips 
Intercity, Bobtail 
Intercity, Trailer 
Intercity, Pre- Trailer 
Intercity, Post- Trailer 
Intercity, Single Trailer 
Intercity, Double Trailer 
Intercity, Conventional Cab 
Intercity, Cabover 
Intercity, Small Fleets 
Intercity, Large Fleets 
Intercity, Authorized Carriers 
Intercity, Non-Authorized Interstate Carriers 

For reference, the mpd estimates for these exposure 

categories are repeated in Tables 4.14 through 4.20. 

Similar mpd estimates are necessary for use with the 

BMCS-reported accidents, In Table 4.20, the non-Authorized 

carrier category includes only carriers which indicated that 

they operated interstate. Therefore, the exposure 
categories presented in Table 4.20 are intended to cover all 

vehicles whose accidents should be reported to BMCS (the 

reporting threshold is any injury in the accident or $2000 

property damage for the accident). The reporting of fatal 

accidents to FARS and BMCS is compared in Sections 5 and 6, 

and it is found that the non-Authorized interstate carriers 

seem to substantially under-report fatal accidents to BMCS. 
A comparison of injury accident rates for these two groups, 
using the BMCS accident data, produces substantially lower 
rates for the non-Authorized interstate carriers which is 

also interpreted as under-reporting. For this reason, the 
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TABLE 4.14 

Straight Trucks: 
Average Miles Per Day Apportioned by Trip Distance* 

1974 36.6 

1975 Pre 43.5 

*CVD >.15 for all cells except 1977 model year. 

Model Year, 

TABLE 4.15 

TOTAL 

MPD C.I. 

Tractors: 
Average Miles Per Day Apportioned by Trip Distance* 

N 
Local Trips 

MPD C.I. 

Intercity Trips 

MPD C.I. 

*CVD >.15 for all cells except 1977 model year. 

Model Year 

1974 

1975 Pre 

1975 Post 

1976 

1977 
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Local Trips 

MPD C.I. 

19.6 57.5 

30.4 235.1 

18.1 510.7 

10.4 57.0 

11.9 22.0 

Intercity Trips 

MPD C.I. 

189,7 246.7 

150,l 247.9 

198.3 254.9 

168.2 2113.2 

261.8 211.6 

TOTAL 

MPD C.I. 

209.2 242.4 

180.5 244.9 

216.4 252.1 

178.6 k107.4 

273.7 i11.2 

N 

938 

160 

521 

126 

1980 



TABLE 4.16 

Tractors: 
Average Intercity Miles Per Day Apportioned by Trailer Type* 

1975 Pre 

Model Year 

1975 Post 

1976 

- - 

*CVD >.15 for all cells except 1977 model year. 

Bobtail 

MPD C.I. 

TABLE 4.17 

Tractors: 
Average Intercity Miles Per Day 

~pportioned by Number of Trailers* 

Pre-121 
Trailer 

MPD C.I. 

1975 Pre 

Post-121 
Trailer 

MPD C.I. 

-- - 

N 

Double Single 

MPD C.I. 
Model Year 

1975 Post 1 0.6 r 0 . 3  

MPD 

Bobtail 

MPD C.I. 

189.8 k55.8 

*CVD >.15 for all cells except 1977 model year, 
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TABLE 4 .18  

T r a c t o r s :  
A v e r a g e  ~ n t e r c i t y  ~ i l e s  P e r  Day ~ p p o r t i o n e d  by Cab S t y l e *  

1 9 7 4  1 0 0 . 6  

1 9 7 5  P r e  46 .54  

Model Year  

1 9 7 5  P o s t  1 1 3 4 . 6  2 6 5 . 8  

*CVD > . 1 5  f o r  a l l  c e l l s  except 1977  mode l  y e a r .  

C a b o v e r s  
- 

MPD C . I .  

TABLE 4 .19  

T r a c t o r s :  
A v e r a g e  I n t e r c i t y  Miles P e r  Day A p p o r t i o n e d  by F l e e t  S i z e *  

C o n v e n t i o n a l s  

MPD C.I. 
N 

*CVD > .15  f o r  a l l  c e l l s  e x c e p t  1 9 7 7  model  y e a r .  

Model Yea r  

1 9 7 4  

1 9 7 5  P r e  

1 9 7 5  P o s t  

1 9 7 6  

1 9 7 7  

EXPOSURE PROJECTIONS - 1 4 7  

S m a l l  F l e e t s  (1-49) 

MPD C.I .  

67 .5  k 3 7 . 5  

5 5 . 8  231 .9  

1 1 5 . 9  455  . '7  

37 .0  k32 .9  

1 0 9 . 1  k 1 1 . 0  

L a r g e  F l e e t s  ( 5 0 + )  

MPD C . I .  

1 2 2 . 1  k 4 1 . 1  

94 .3  k 6 3 . 9  

8 2 . 5  277 .4  

1 3 1 . 2  k133 .2  

152 .7  k13 .0  

N 

938 

1 6 0  

5 2 1  

1 2 6  

1 9 5 6  



TABLE 4.20 

Tractors: 
Average Intercity Miles Per Day Apportioned by Carrier Type* 

1975 post 1 7 3 . 9  i71.8 1 88.0 232.4 

Model Year 

*CVD >.I5 for all cells except 1977 model year. 

computation of accident rates using BMCS-reported accidents 

is restricted to the Authorized carriers. The non- 
Authorized interstate carriers are sometimes referred to as 

"private" carriers. The exposure categories covered in this 

analysis are listed below. 

Authorized 

MPD C.I. 

Authorized Tractor: Total 
Authorized Tractor: Local Trips 
Authorized Tractor: Intercity Trips 
Authorized Tractor: Intercity, Bobtail 
Authorized Tractor: Intercity, Trailer 
Authorized Tractor: Intercity, Pre- Trailer 
Authorized Tractor: Intercity, Post- Trailer 
Authorized Tractor: Intercity, Single Trailer 
Authorized Tractor: Intercity, Double Trailer 
Non-Authorized Interstate Tractor: Intercity 

Again, the miles per day estimates for these exposure 
categories are shown in Tables 4.21 through 4.23. 

Non-Authorized 
Interstate 

MPD C.I. 

Up to this point, the discussion has been concerned 
with the two inputs to the vehicle miles calculation, the 

N 
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TABLE 4.21 

Tractors: 
Average Miles Per Day for Authorized Carriers 

Apportioned by Trip Distance* 

1975 Pre 1 4.2 f2.8 1 82.7 270.2 1 86.9 272.01 160 

Model Year 

*CVD >.15 for all cells except 1977 model year. 

Local Trips 

MPD C.I. 

1975 Post 

TABLE 4.22 

Tractors: 
Average Intercity Miles Per Day for Authorized Carriers 

Apportioned by Trailer Type* 

Intercity Trips 

3.2 f3.7 

TOTAL 

*CVD >.I5 for all cells except 1977 model year. 
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73.9 571.8 

MPD C.I. / MPD C.I. 

Model Year 

1974 

1975 Pre 

1975 Post 

1976 

1977 

N 

77.1 571.8 

Bobta i 1 

MPD C.I. 

0.0 - - 
0.0 -- 
0.3 i0.3 

0.4 20.6 

0.47 i0.9 

Pre-121 
Trailer 

MPD C.I. 

99.9 238.4 

67,5 f57.2 

56.2 f55.0 

76.5 i106.8 

50.0 k 7.2 

521 

Post-121 
Trailer 

MPD C.I. 

22.0 29.2 

15.2 i13.0 

17.4 i16.5 

24.0 231.8 

80.2 +9,2  

N 

938 

160 

521 

126 

1110 



TABLE 4.23 

Tractors: 
Average Intercity Miles Per Day for Authorized Carriers 

Apportioned by Number of Trailers* 

Model Year 

*CVD >.I5 for all cells except 1977 model year. 

1974 

1975 Pre 

1975 Post 

1976 

1977 

number of vehicles in use and the estimated miles per day 

for each exposure category. All that remains is to describe 

the total set of vehicle mileages which were generated from 

these inputs. The three month time lag is felt to provide 

the most reasonable estimates of the number of vehicles in 

use available at this time (Table 4.12). The starting point 

is the 17 estimates of straight trucks-in-use and 17 

estimates of tractors-in-use contained in Table 4.12. The 

first three exposure categories listed above for use with 

the FARS data are for straight trucks. Applying the miles 

per day estimates for each model year in these three 

exposure categories to the 17 estimates of straight trucks- 

in-use corresponding to the various model years and calendar 

years produces 51 estimates of total vehicle miles (and 51 

confidence intervals). Similarly, there are 15 tractor 
exposure categories listed for use with the FARS data. When 

these are applied to the 17 tractors-in-use numbers, an 

additional 255 vehicle mileage estimates result (and 255 

Bobta i 1 

MPD C.I. 
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0.0 - - 

0.0 -- 

0.3 i0.3 

0.4 20.6 

0.47 i0.9 

Single 

MPD C.I. 

120.2 547.5 

81.9 t69.6 

72.5 k71.5 

98.4 2139.0 

121.0 59.0 

Double 

MPD C.I. 
N 

1.6 20.8 

0.8 50.9 

1.1 20.9 

2.0 51.5 

9.2 k3.0 

938 

1 6 0  

5 2 1 

126 

1422 



confidence intervals), for a total of 306 estimated vehicle 

mileages corresponding to the various vehicle types, model 

years, calendar years, and exposure categories. For the 
BMCS-reported accidents, there are 10 exposure categories, 

all of 'them involving tractors, and 7 tractors-in-use 

estimates. The number of tractors-in-use estimates is 

reduced because the 1978 BMCS accidents are not included and 

the pre/post distinction cannot be made in the BMCS accident 

file. A total of 70 estimates of total vehicle mileage are 

produced for use with the BMCS accident data. 

All the vehicle mileage estimates and their confidence 

intervals are contained in the detailed printouts of 

accident rates presented in Appendices B through E. The 
final part of this section looks at the sensitivity of the 

vehicle mileage estimates to the assumed time lag and the 

mpd results. 

Sensitivity 

The weakest link in the overall exposure estimation 
described in the last three sections is clearly the 

estimation of the number of vehicles in use. This sub- 
section seeks to examine the sensitivity of the exposure 

estimates to the critical assumption made in estimating the 
vehicle populations, namely the time lag assumed between 

production and registration. Figures 4.2 and 4.3 show the 

number of straight trucks and tractors respectively in use 

as a function of the time lag assumed. The straight truck 

curves are quite flat with a maximum of 8% variation shown 

for the 1975 model year in going from a two month lag to a 

four month lag. There is a corresponding decrease in the 
1976 and 1977 model years. Of course, the pre/post split in 

the 1975 model year is quite sensitive to the time lag 

assumed. Tractors are somewhat more sensitive to the 
assumed time lag with the 1975 model year showing a 17% 
change in going from from a two to a four month lag. This 
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P o s t  1975 

P r e  1975 

2 3 4 

Time Lag, months 

FIGURE 4 . 2  NUMBER OF STRAIGHT TRUCKS VERSUS TIME LAG 
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1975 Post *-- 

1975 Pre 

Time Lag, months 

FIGURE 4 . 3  NUfsiBER OF TRACTORS VEZSUS T I L U  LAG 
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result arises from the fact that the number of tractors 

produced was affected more severely by the introduction oi 

the standard than was the number of straight trucks, Again, 

the pre/post split of the 1975 model year is sensitive to 

the time lag assumed. 

The vehicle mileage figures are also shown for straight 

trucks and tractors as a function of the time lag assumed in 

Figures 4.4 and 4.5. The differences between these figures 

and the previous two showing numbers of vehicles in use is, 
of course, due to the differing estimates of daily mileage 

for each model year. Because the daily mileage estimates 

for the 1975 and 1977 model year straight trucks are 

somewhat higher than that for the 1974 model year straight 

trucks, the differences between these two model years 

diminishes in Figure 4.4, showing vehicle miles, as compared 

to Figure 4.2, showing number of vehicles. (The daily 

mileage figures for straight trucks are shown in the "total" 

column of Table 4.14, tractors in Table 4.15,) The model 

year 1976 straight trucks have a surprisingly low vehicle 
mileage as shown on Figure 4.4. This arises directly from 

the low daily mileage estimate which was pointed out in 

Section 2 (and is repeated in Table 4.14). It seems 
reasonable to assume that this result is not representative 

since it is so far removed from the range of the estimates 

for the other model years. Apparently the exceedingly small 

sample of 1976 straight trucks is biased toward low mileages 

for some reason. 

The influence of the daily mileage estimate for 

tractors can be seen by comparing Figure 4.5 with Figure 

4.3. Here the only real change is a substantial shift 
upward of the vehicle miles for the 1977 model year. Again, 

this is seen to be due to a daily mileage 30% higher than 

that for the 1974 model year (as shown in Table 4.15). 

However, this result cannot be attributed to small sample 
size. Indeed, this mileage estimate should be about the 
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2re 

Post  

2 3 4 
Time Lag, months 

FIGURE 4 . 4  STRAIGHT TRUCK VEHICLE MILES VERSUS TILW LAG 
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1975 Pre 

1 9 7 5  Post 

Time Lag, months 

FIGURE 4 . 5  TRACTOR VEHICLE MILES VERSUS TIPX LAG 
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best we have. In fact, trip survey mileages in the fleet 

program were biased toward low mileages for tractors when 

compared to odometer readings, as pointed out in Section 2, 

so that this figure may be an underestimate. 

In order to pursue the sensitivity of the results to 

the exposure data, a second set of total vehicle mileages 

were computed after averaging the daily mileages across the 

model years for each exposure category. In other words, the 
same average daily mileage was used for each model year. 
The resulting vehicle miles are shown in Figures 4.6 and 

4.7. Of course, the shape and relationship of these curves 
are exactly the same as Figures 4.2 and 4.3 since the same 

daily mileage is multiplying the number of vehicles for each 
model year. This information will be used in Sections 5 and 

6 to show the sensitivity of the resulting accident rates to 

both the time lag assumption used in estimating the number 
of vehicles in service and to the variations observed in 

daily mileage for the various model years. 
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MPD Averaged Across  Model Year 

0 Year 

2 3 4 

Time Lag, months 

FIGURE 4 . 6  STFSIIGHT TRUCK VEHICLE MILES (AVERAGED MPD) 
VERSUS TIME LAG 
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MPD Averaged Across  Model Year 

Model 
1974 

Year  

P r e  

Post 

3 4 

Time Lag, m o n t h  

FIGURE 4 . 7  TRACTOR VEHICLE MILES (AVERAGED MPD) 
VERSUS TIIW LAG 
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SECTION 5 

FATAL ACCIDENT RATES 

Uniform data on all fatal accidents are collected 

through the NHTSA Fatal Accident Reporting System (FARS), 

However, the information contained in the FARS files is not 

sufficient to carry out the analysis for this project. In 

particular, the type of brakes on tractor and trailer is not 

recorded, nor is the exposure category. To get this 
information, HSRI conducted a telephone follow-up on all 
1974 model year or newer heavy trucks involved in fatal 
accidents during calendar years 1976-1978. 

Notification on these accidents was provided to HSRI 

through the FARS. In order to initiate the follow-up, hard 
copy police reports were needed as these provide identifying 
information (name and address) on the owner or driver of the 

heavy truck. Arrangements were initially completed with all 
but eight states for forwarding of the police reports to 
HSRI. In most of the remaining states, privacy laws 
prevented release of the information. In some of the 

states, data storage systems were such that retrieval was 
exceedingly difficult. The cooperating states included 
slightly over 90% of all the heavy truck fatalities, 

Information on some of the missing cases was found in the 

Bureau of Motor Carrier Safety files. As the program wore 
on, a few additional states dropped out because of privacy 

law restrictions. 

Telephone interviews were initiated for all cases 

received. Respondents were initially informed that we were 
not interested in who was at fault, nor in the cause of the 
accident, but only in the type of truck involved and its 
usage on the accident trip. When contact could not be made 
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by phone, or when respondents asked for a written request, a 

mail version of the data form was sent out. I f  no return 

came within a few weeks, a second mailing was sent. Table 

5.1 provides an overview of the response for the FARS 

follow-up effort. Initially, states were asked to identify 

the late-model heavy truck cases and forward them. Few did. 

Preliminary FARS files were used to send lists of FARS cases 

(by FARS case number) to each state. Response to this was 

quite good as can be seen in Table 5.1. Overall, police 

reports were received for 87% of the cases requested. For 

this tabulation, a completed interview was one in which the 
model year was verified and the brake status determined (air 

versus non-air). Interviews were completed on 92% of the 

cases received from the states and on 81% of all the cases 
in the preliminary listings. However, receipt of the final 

versions of the FARS files with 1,678 more cases for 
1976-1978 produced final interview response rates that are 

not as good as the figures in Table 5.1 indicate. 

TABLE 5.1 

Number of FARS Cases Received from States 
and Completed Interviews 

A major problem is that the FARS file does not identify 

air-braked trucks. The selection of cases for follow-up was 
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Percent 

87% 

78% 

7 9% 

81% 

Completed 
Interviews 

1,166 

1,560 

1,799 

4,525 

Calendar 
Year 

1976 

1977 

1978 

TOTAL 

Cases 
Received 

1,258 

1,778 

1,874 

4,910 

Cases on 
Preliminary 
Listing 

1,345 

2,009 

2,266 

5,620 

Percent 

94% 

89% 

83% 

87% 



intended to be broad enough to include most trucks so 

equipped. Many interviews were initiated only to find the 

vehicle did not have air brakes. These cases are included 
in the "completed" category. Before accident rates can be 

computed, the counts of accidents obtained from the 

interviews must be adjusted for non-response in order to get 
the correct population totals. However, because the air- 

braked population cannot be iaentified in the FARS file, 

adjustments must be made to the FARS file totals, to produce 

estimates of the total accident counts for air-braked 
vehicles. The adjustments are based on interview data. 
This adjustment procedure is the topic of the first part of 

this section. The final response rates which are based on 

the adjusted totals, are about 30% lower than those shown in 

Table 5.1. Apparently the difference is cases which were 
not included in the preliminary files used to request cases 

from the states. 

5.1 Estimating Accidents Involvinq 
Late Model Air-Braked Trucks 

This sub-section discusses the various steps taken in 
proceeding from the original FARS data to the estimates of 
fatal accidents involving 1974 through 1978 model air-braked 
trucks. The initial problem here was that the FARS reports 

do not indicate whether or not a truck is equipped with air 

brakes. They are also somewhat deficient in distinguishing 
the configuration of the truck involved: tractors pulling 

trailers are not clearly distinguished from straight trucks 

pulling trailers. Computer files in which the FARS data 
sets were merged with the survey data collected by 

telephone interview were used to compute estimates of the 
proportion of air-braked vehicles and the distribution by 
vehicle configuration. A few incidental adjustments were 
also made to improve the estimates. 

For the 1976 and 1977 FARS years an identical four-step 
procedure was used. The starting point, a two-way table of 
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model year by body type, was run for each accident year 

using the latest FARS files. These tables include all 
medium and heavy trucks for model years from 1974 on. They 

are presented in Tables 5.2. and 5.3. 

TABLE 5.2 

1976 FARS 

Model Year by Body Type (FARS values): 
Case Vehicles, Trucks Only 

The first adjustment involved estimating what 

proportion of each FARS truck configuration (the columns in 

Tables 5.2 and 5.3) was air braked. For each column a 

constant proportion was used. This proportion was obtained 

separately for each accident year from the merge between the 

accident report file and the telephone survey file. The 

proportion used was the proportion of each configuration 
found to be air-braked on the telephone survey. The 
estimated total of case vehicles was reduced from 1,556 to 

1,339 in the 1976 accident year, and from 2,431 to 2,115 in 
the 1977 accident year. The remainder were estimated to be 
non-air-braked. 

TOTAL Model Year 

TOTAL 
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- - -  

Single Two Multiple 
Unit Unit Unit Unknown 
53 57 5 8 59 

302 1087 48 119 1556 



TABLE 5.3 

1977 FARS 

Model Year by Body Type (FARS Values): 
Case Vehicles, Trucks Only 

- - 

The second step involved taking the model year totals 

1978 

TOTAL 

thus calculated and dividing these among various vehicle 

TOTAL Model Year 

types: bobtail tractor, straight truck, tractor with semi- 

trailer, and tractor with two trailers. The distributions 

Single Two Multiple 
Unit Unit Unit Bobtail Unknown 
53-56 5 7 58 59 60 

3 18 0 0 2 

548 1672 53 19 139 

used here were once again taken from the responses to the 

23 

2431 

telephone surveyband again different distributions were used 
for each accident year. 

The telephone survey indicated that a number of trucks 
in each model year did not have the "proper" brake type: a 

few 1974 model trucks did have anti-lock and some 1976 

through 1978 model trucks were not equipped with anti-lock, 

So in the third step a percentage of such anomalous vehicles 

was calculated for each model year and that percentage was 

deducted from every vehicle type in each model year. 

In the fourth and final step a number of cases which 
were missing model year in the original FARS data (and so 

not included in Tables 5.2 and 5.3), but which were included 
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in the telephone survey because the states sent us reports 

on them directly, were added to the estimates. The outcome 

is presented in Tables 5.4 and 5.5. 

TABLE 5.4 

1976 FARS 

Air-Braked Trucks by Model Year and Vehicle Type 
After Adjustments 

Model Year 

The procedure for the 1978 accident year was almost 

identical. However, because of the late arrival of the FARS 

data set, no merge was possible between the FARS accident 

report file and the telephone survey file. So in the first 

three steps it was decided to use the same proportions as 

used for the 1977 accident year, Because of the lack of a 

file merge the fourth step was not possible for the 1978 

accident year. The starting distribution and the final 

outcome for the 1978 accident year are presented in Tables 
5.6 and 5.7. 

1977 

TOTAL 

These adjusted totals provide the basis for computation 

of the final response rates for the FARS interview activity. 

The overall response rates are shown in Table 5.8. It is 
disappointing that these figures are appreciably lower (30%) 

Vehicle Type 

Bobtail Straight Tr.Semi Doubles 
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TOTAL 

0.1 0.5 4.0 0.3 

32,6 130.6 1092.9 82.6 

4.8 

1338.7 



TABLE 5.5 

1977 FARS 

Air-Braked Trucks by Model Year and Vehicle Type 
After Adjustments 

- -  - 

TOTAL 1 43 .0  214.2 1 7 6 7 . 3  90.3  12114.9 

Model Year 

TABLE 5.6 

1978 FARS 

Vehicle Type - 
Bobtail Straight Tr.Semi Doubles 

Model Year by Vehicle Type (FARS Values): 
Case Vehicles, Trucks Only 

TOTAL 

Model Year 
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1 9 7 8  

TOTAL 

Single Two Multiple 
Unit Unit Unit Bobtail Unknown 

53-56 5 7 5  8 5 9  6 0  
TOTAL 

1 2 8  420  9 8 47 

742  2 2 3 6  6  1 5 6  2 1 6  

6 1 2  

3 3 1 1  



TABLE 5.7 

1978 FARS 

Air-Braked Trucks by Model Year and Vehicle Type 
After Adjustments 

TOTAL 1 1 5 . 2  

than those in Table 5.1. The difference apparently is due 

to additional cases in the final versions of the FARS files 

that were not in the preliminary versions used to request 

cases from the states. NHTSA staff responsible for FARS 
have indicated that the heavy truck cases often are among 
the last to be submitted. 

TOTAL Model Year 

For the computation of accident rates, the response 

rate for each exposure category is indicated in Appendix B. 

For overall categories where figures from the "adjusted 

totalsn tables presented in this sub-section are 

appropriate, a 100% response rate is indicated. For the 
detailed exposure categories, the response rate and number 
of accidents comes from the telephone interview 
supplementary data. The remainder of this section describes 

the computation of accident rates and the associated 
confidence intervals, and presents the results of those 
computations. 

Vehicle Type 

Bobtail Straight Tr.Semi Doubles 
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TABLE 5.8 

Final FARS Overall Response Rates* 

Calendar 
Year 

TOTAL 1 5685 1 2981 I 5 2 % 

Adjusted 
Totals 

*1977 model year vehicles are excluded in calendar year 
1976, and 1978 model year vehicles are excluded in calendar 
years 1977 and 1978. 

5.2 Rate Co.mputations 

Completed 
Cases 

The starting point is the computation of accident rates 
(numbers of accidents per hundred million vehicle miles) for 

each of the 306 categories described in the previous section 
on exposure, corresponding to the various model years, 

calendar years, vehicle types, and usage categories. The 
rate computation is straight-forward, and is shown below: 

- 

Response 
Rate 

where: 

ACC is the number of accidents in the exposure 
category (obtained from the supplementary, 
or interview, file); 

RR is the response rate for the exposure cell, 
so that (ACC) / (RR) estimates the 
population total accident count; and 

VM is the total vehicle miles associated with 
the exposure category. 

For purposes of variance calculation, only the vehicle 
mileage is considered to be a random variable. The accident 
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counts, in the numerator, are derived from a census of 

accidents, not a sample. It is recognized that some 

uncertainty is introduced due to the non-response associated 

with the interview activity. .However, the accident data are 

very consistent from year to year, the number of accidents 
are generally quite large, and, in general, the accident 

data appear much better defined than the exposure data, 
Distributions on several variables in the FARS file were 

compared for responding and non-responding vehicles with 

little indication of bias. 

Consequently, for purposes of variance calculation, the 

accident rate is viewed as a constant, C2, divided by a 
raniom variable, vM, as shown below: 

RATE = (C2) / (VM), 

where C2 = (ACC) / (RR). 

From Kendall and Stuartr10 one can show that, if: 

then 

where 

combining one gets: 

~ a r  (c~/VM) = ( ~ 2 ) ~  ~ar(~M)/(m) 4 

These calculations were carried out for all 306 categories, 
and the results are contained in Appendix B. 

loMaurice G. Kendall and Alan Stuart, The Advanced 
Theory of Statistics, 3rd ed., Vol. 1 (New York, N.Y.: 
Hafner Publishing Co., 1969). 
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Each page in Appendix B corresponds to a particular 

exposure variable. Each exposure variable has two levels. 
The twelve columns on each page correspond to two 

repetitions of six variables, one repetition for each of the 

two levels associated with the exposure variable. The 

common group of six variables is, in order from left to 

right, shown in the following listing, 

Column 1: Total vehicle miles 
2: Confidence interval for total vehicle miles 
3: Number of accidents 
4: Response rate for the above number of accidents 
5: Accident rate, column 3/(column 4 x column 1) 
6: Confidence interval for the accident rate 

Each page also contains 17 rows which correspond to the 
various model years and accident years. The first five rows 
show the results by model year for calendar year 1976, with 

rows 1-5 corresponding to the model years 1974, 1975 pre, 

1975 post, 1975 total, and 1976. The next six rows show the 
results for calendar year 1977 for the same five model years 
plus the 1977 model year. The last six rows correspond to 
the same six model' years for calendar year 1978. A 

discussion of these results is presented in the last two 

sub-sections of this section. 

Results are also combined across calendar years and 
then across model years. These statistics are treated as a 
linear combination of the previous statistics. Vehicle 
miles are simply summed. Estimated population totals, 

numbers of accidents (column 3 )  divided by the response rate 

(column 4 1 ,  are also summed. The accident rate for the 
combined rows is then obtained by division as before, The 

confidence interval for the vehicle miles is squared, summed 
across the rows, and the square root taken. Computation of 

the confidence interval for the combined rate is also 

carried out as before. Results are first combined across 
calendar year, and shown by model year on the next nine 

pages. The column associated with the response rate for the 
accident count has dropped out since the estimated total 
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number of accidents must be used when combining across 

calendar years. The last row on each of these pages 

presents the results after combining across the model years 
as well. 

These results are first discussed in the next sub- 

section with regard to differences in accident rates 
associated with the various exposure cells. Differences 
between pre- and post-standard vehicles are presented in 
Section 5.4. The final part of this section addresses 
jackknife accidents, and some additional analysis of the 

accident data aimed at revealing pre- and post-differences. 

5.3 Exposure Cateqories Compared 

The major feature of this analysis is the inclusion of 
several control, or exposure, variables. The assumption 
made is that these variables represent factors which are 
likely to influence the overall accident rates above and 
beyond the introduction of the 121 Standard. These exposure 
variables describe characteristics of the vehicles, their 
owners, and their use. Changes in the exposure of the 

vehicles from year-to-year would confound, or hide, the 
effect of the standard. Inclusion of these variables allows 
comparisons to be made within common categories of vehicle 
use, or exposure. The first step in the analysis is to look 
at the accident rates for the various exposure categories to 
see if, in fact, the rates differ. Where no difference is 
observed, the data can be collapsed, increasing the 
effective sample size and reducing variance. 

This sub-section presents results on six different 
exposure variables which are listed below. 

1. Vehicle Type 
Straight Truck vs. Tractor 

2. Trip Distance 
Local vs. Intercity Trips 
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3. Trailer Type 
Bobtail vs. Trailer 
Single vs. Double 

4. Carrier Type 
Authorized vs.   on-Authorized Interstate 

5. Fleet Size 
Small (1-49) vs. Large (50+) 

6. Cab Style 
Conventional vs. Cabover 

The last four comparisons listed are restricted to tractors 

on intercity trips, since this is the only category among 

those listed under the first three variables which is iarge 

enough to allow further breakdowns. Rather large, and 

statistically significant, differences are found in all of 

the comparisons made with the exception of carrier type. 

Differences by exposure category are discussed one by one in 

the remainder of this sub-section. 

5.3.1 Vehicle Type. ~ccident involvement rates by 

model year and vehicle type are shown in Tables 5.9 and 

5.10, As is true throughout this report, the units for the 

rates are truck involvements per hundred million vehicle 

miles. This section deals with trucks involved in fatal 
accidents as reported to FARS. As described in the previous 

sub-sections of this section, three calendar years, 

1976-1978, were included in the analysis. The results in 

this sub-section are presented for the aggregate of the 

three years. These tabulations seemed most appropriate 

since accident counts were quite consistent from year-to- 

year for the larger exposure categories, while for the 

smaller categories aggregation is desirable to produce more 

stable results. The breakdown by model year has been 

included largely to show the stability of the observed 

exposure difference from model year to model year. The 
bottom, or "All," line on each table is the aggregate across 
the six model year categories (1974, 1975 Pre, 1975 Post, 

1975 Total, 1976, 1977). 
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TABLE 5.9 

Fatal Accident Involvement Rates by Vehicle Type 

1975 Pre 

1975 Post 1 lngg7 
~0.341 1 3*600 

i0.500 

Tractor 

Rate 95% C.I. 
Model Year 

1975 Total 1 2*754 
k0.466 k0.822 

Straight Truck 

Rate 95% C.I. 

1977 

ALL* 

*Difference significant at ,001 level. 

The first anomaly to be dealt with is the unusually 

high accident rate for the 1976 model year straight trucks 
shown in Table 5.9. This arises from an estimated average 

daily mileage for this model year which was less than half 
of that for the other model years. This result is presumed 

to be due to some bias in the very small number of 1996 
model year vehicles in the fleet monitoring program. 

Consequently, this particular rate is believed to be a poor 

estimate. One method of dealing with such a problem is to 

replace the individual mpd estimates for each model year 
with a single average figure for all four model years, 
effectively removing the mpd differences observed. This 
would be appropriate if the observed differences were not 
significantly different. Such is the case for the straight 

trucks. In fact, this computation has been generally made 
for all of the results in the context of the sensitivity 
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TABLE 5.10 

Fatal Accident Involvement Rates by Vehicle Type 
(Miles Per Day Averaged) 

1975 Pre 

Model Year 

1975 Post 1 2.131 20.496 1 3.758 k 0 . 6 5 3  

1975 Total 

Straight Truck 

Rate 95% C.I. 

ALL* 1 3.702 20.473 1 7.338 50. 698 

Tractor 

Rate 95% C.I. 

*Difference significant at .001 level. 

analysis which was discussed in Section 4.3. For this 

particular sub-section, Table 5.10, which presents results 

from the computation using an average mpd figure, is 

believed to provide a more accurate estimate of the 

differences in accident rates by model year for straight 

trucks and tractors, having "smoothed out" the anomalous 

rate for the 1976 model year straight trucks. Notice that 

the overall comparison given in the "All" row on each table 

is not appreciably changed, which, of course, will always be 
the case. 

The obvious conclusion is that the rate of fatal 

accident involvement on a per mile basis is nearly double 
for tractors as compared to straight trucks. This 
conclusion must be tempered somewhat by the small amount of 

data for the straight trucks. While approximately 40% of 
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the air-braked vehicles are found to be straight trucks, 

they only account for 18% of the total vehicle mileage (see 

the tables in Appendix B). Similarly, the total number of 

fatal accident involvements from the FARS file for this 

analysis is only 565 (10%) for the straight trucks as 
compared to over 5000 involvements in fatal accidents for 

the tractors. Identification of the air-braked straight 
trucks in the FARS file is more difficult than the 
identification of tractors. However, we feel that we may 

have overestimated their number, rather than underestimated 

it. Nonetheless, there is more uncertainty associated with 
the straight truck figures. These factors may influence the 

magnitude of the difference observed. It spite of these 

considerations, it seems safe to conclude that the fatal 
accident involvement rate is higher for tractors than for 
straight trucks. The next logical question is the influence 
of trip distance, since tractors operate primarily intercity 
while straight trucks operate primarily locaily. This is 

addressed in the next sub-section. 

5 . 3 . 2  Trip Distance. The influence of trip distance 

on accident rates is viewed separately for straight trucks 
and tractors in this sub-section. Again for straight trucks 
only, the averaged mpd figures are used. This result is 
presented in Table 5.11. The comparable results for 
tractors are shown in Table 5.12. 

The differences shown in these two tables are striking. 

Not only are rates of fatal accident involvement higher for 

local trips, as might be expected, but the rates for 

tractors are higher in each category. Controlling for trip 

distance does not diminish the differences between straight 
trucks and tractors seen in the previous sub-section. For 
local trips, the rate for tractors is nearly triple that for 
straight trucks, while for intercity trips, the rate for 
tractors is double that for straight trucks. One possible 

mitigating factor was discussed in Section 2 and arose from 
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TABLE 5.11 

Fatal Accident Involvement Rates by Trip Distance: 
Straight Trucks Only 

( ~ i l e s  Per Day Averaged) 

1974 

1975 Pre 

1975 Post 

1975 Total 

Model Year 

ALL* 

significant at 

Local 

Rate 95% C.I. 

level. 

Intercity 

Rate 95% C.I. 

a comparison of mpd from the trip survey with odometer 
readings. For tractors there seemed to be an under 
reporting of mileage in the trip survey. If this under 
reporting involved primarily local trips, then the exposure 

for this category may be under-estimated. Indeed, on the 
trip survey, respondents usually put all of the day's 

mileage under a single trip distance category. Local trips 
may only have been indicated for vehicles which put on the 
majority of their mileage locally on the survey date, Local 
mileage which was only a small part of the day's mileage may 

have been missed. If so, local miles may be under- 
estimated for tractors, Again, these considerations may be 
sufficient to alter the magnitude of the difference, but it 
seems sound to conclude that the differences are real. 
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TABLE 5.12 

Fatal Accident Involvement Rates by Trip Distance: 
Tractors Only 

(Miles Per Day Averaged) 

1974 

1975 Pre 

1975 Post 

1975 Total 

1976 

1977 

Model Year 

ALL* 

*Difference significant at .001 level. 

Local 

Rate 95% C.I. 

5.3.3 Trailer Type. Two comparisons are made in this 

sub-section. The first involves accident rates for bobtail 
tractors (no trailer) as compared to tractors pulling 

trailers, while the second addresses the use of single 

versus double trailers. Local tractor mileage has been 
omitted for these comparisons. Results for bobtails are 

shown in Table 5.13. Averaged mpd figures were used because 
the estimates of mileage for bobtails are very small and 
varied considerably from year to year. In general, the trip 
surveys indicated that tractors operated bobtail for only 
0.5% of their total mileage. However, bobtail usage was 
only recorded when the majority of the day's mileage was 
accumulated with no trailers. The computed accident 
involvement rate for bobtails is 13 times that for tractors 
pulling trailers. Even assuming a large under-reporting of 

Intercity 

Rate 95% C.I. 
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bobtail mileage on intercity trips, it seems clear that they 

are over-involved in accidents as compared to the 

combination vehicles. Data are not sufficient to look at 

bobtail experience on local trips. 

TABLE 5.13 

Fatal Accident Involvement Rates by Trailer Use: 
Intercity Tractors Only 
(Miles Per Day Averaged) 

1975 Pre 

Model Year 

1975 Post 

1975 Total 

Bobtail 

Rate 95% C.1, 

Trailer 

Rate 95% C . 1 ,  

*Difference significant at ,001 level. 

ALL* 

A comparison of fatal accident involvements of tractors 

pulling single versus double trailers is shown in Table 

5.14. Again, local mileage and accidents are excluded. 

The result is not as clear-cut in this table. There is an 

overall difference in favor of the single trailer. 

Estimates of double trailer mileage range from 1%-6% with 

the lowest for the 1974 model year and progressing in order 
to the 1977 model year tractor for which the 6% estimate was 

obtained. The rates for doubles are higher for each model 

year except 1977, the year for which the exposure data have 
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the best confidence intervals. While this conclusion is not 

as strongly supported as some of the previous ones, the data 

do show that tractors pulling double trailers have a 

somewhat higher fatal accident rate than those pulling 

single trailers. 

TABLE 5.14 

Fatal Accident Involvement Rates by Number of Trailers: 
Intercity Tractors Only 

Single 

1975 Pre 

Double 
Model Year 

1 9 7 5  Post 

I 

Rate 95% C.I. 1 Rate 95% C.I. 

1 9 7 5  Total 

ALL* 

*Difference significant at .001 level. 

5.3.4 Carrier Type. In this sub-section accident 

rates for tractors on intercity trips are compared for 
Authorized Carriers and non-Authorized carriers operating 
interstate. The non-Authorized carriers are limited to 
those operating interstate in an attempt to identify those 
vehicles whose accidents should be reported to BMCS, This 
subset will be the focus of the accident data presented in 
the next section. The non-Authorized interstate carriers 
are sometimes referred to as "private" carriers, since they 
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haul only their own goods and are not subject to Interstate 

Commerce Commission economic regulation. The differences in 

accident rates shown in Table 5.15 are generally small, and 

are not statistically significant at the .05 level. 

TABLE 5.15 

Fatal Accident Involvement Rates by Carrier Type: 
Intercity Tractors Operated by Interstate Carriers 

Model Year 

1974 

1975 Pre 

1975 Post 

1975 Total 

1976 

1977 

Authorized 

Rate 95% C.I. 

Non-Authorized 
Interstate 

Rate 95% C.I. 

*Difference - not significant at .05 level. 

ALL* 

5.3.5 Fleet Size. Again, this comparison is limited 

to intercity tractor miles. Fleet size is measured in terms 

of the number of air-braked power units, with "smalln chosen 

to be 1-49, and "large" being 50 or more air-braked power 

6.7 il. 2 

units. Accident rates by fleet size are shown in Table 

6.2 21.1 

5.16, Small fleets are found to have more than double the 
fatal accident involvement per mile of large fleets, This 

result is statistically significant. In the fleet 
monitoring program, a tendency was observed for small fleets 
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to be somewhat less likely to participate in the survey. 

This tendency seemed to be related to the large data 
requirements of that program and the sometimes less-than- 

adequate record-keeping of small fleet operators. However, 

the demands of the survey of 1 9 7 7  vehicles were minimal, and 

this problem was not observed. If small fleets have a 

higher non-response than large fleets, then the exposure of 

small fleets will be underestimated. This possible non- 
response bias would temper the observed difference somewhat. 

Overall, the resuits strongly indicate that small fleets 
have higher fatal accident rates than large fleets. 

TABLE 5 . 1 6  

Fatal Accident Involvement Rates by Fleet Size: 
Intercity Tractors Only 

1 9 7 4  

1 9 7 5  Pre 

1 9 7 5  Post 

1 9 7 5  Total 

1 9 7 6  

1 9 7 7  

Model Year 

*Difference significant at . 0 0 1  level. 

5 . 3 . 6  Cab Style. The final exposure comparison made 
is for conventional cab tractors versus cabover style 

Sma 11 

Rate 95% C.I. 

tractors. Again, only intercity experience is used. These 

Large 

Rate 95% C.1, 

1 8 2  - FATAL RATES 



results are shown in Table 5.17. The involvement rate in 

fatal accidents is nearly 70% higher for the cabover style 

tractor. 

TABLE 5.17 

Fatal Accident Involvement Rates by Cab Style: 
Intercity Tractors Only 

1975 Pre 1 8.3 k2.6 

Model Year 

1975 Post 4.3 

1975 Total 6 . 9  

Conventional 
. 

Rate 95% C.I. 

*Difference significant at ,001 level. 

Cabover 

Rate 95% C.I. 

1977 

ALL* 

This comparison is taken a step further in Table 5.18. 

Here only truck driver fatalities have been included for the 

computation of accident rates. This tabulation could only 

be carried out in the merged files which were available for 

only the 1976 and 1977 calendar years. The rate for truck 

driver fatalities is more than double for the cabover style 
trucks. Although based on only two years data, the result 
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is highly significant. The effect of cab style is also 

pursued in a recent MVMA-sponsored report,'' 

TABLE 5.18 

Fatal Accident Involvement Rates for 
Drivers Only by Cabstyle: 
Intercity Tractors Only 

(Accident Years 1976-1977) 

Model Year 

*Difference significant at .001 level. 

ALL* 

5.4 Pre- and Post-Standard Differences 

Conventional 

Rate 95% C.I. 

This sub-section presents the results which pertain to 

an evaluation of the safety impact of FMVSS 121. In the 

first sub-section, overall accident rates for straight 
trucks and tractors are presented. The next sub-section 
presents the results of an attempt to determine accident 

rates as a function of the brake type of both tractor and 
trailer. The remaining sub-sections look at jackknife 
accidents and the distribution of accidents by collision 

Cabover 

Rate 95% C.I. 

0.652 20.151 

''Michael Kubacki and James O'Day, The Effect of 
Cabstyle on the Accident Experience of Heavy Trucks, Report 
No. UM-HSRI-81-03 (Ann Arbor: The University of Michigan, 

1.479 k0.256 

Highway Safety Research Institute, February 1981). 
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type. Overall the differences observed are not clear-cut. 

The sensitivity of che overall rates to the exposure data is 

examined in the first sub-section. In genera?, there is 

little evidence of any substantial reductions in accident 

rates for the 121-equipped vehicles. 

5.4.1 Overall Rates. Accident rates for straight 

trucks and tractors are examined here for differences 

between the ?re- and post-standard vehicles. Accident rates 

(shown in Tables 5.9 and 5.10) are plotted versus model year 

for straight trucks in Figure 5.1 and tractors in Figure 

5.2. The 1975 model year has been split into pre- and post- 

standard vehicles for this analysis, It does not appear 

that this split is useful. The rates for che pre- and post- 

standard vehicles in the 1975 model year vary wildly when 

compared to the rates for the other model years (see 

Appendix B). In particular, the 1975 pre-standard vehicles 
have a rate for tractors which is double that for the 1974 

tractors. This outcome seems unlikely. Furthermore, the 
very low rates for the 1975 post-standard vehicles is not 

continued by the 1976 and 1977 model year vehicles. The 

problem lies in the estimates of the number of vehicles in 

service. Whereas the model year totals are not too 

sensitive to the assumed time lag, the pre/post split for 

the 1975 model year is. None of the assumed time lags 

yields a reasonable result for this split. For these 

reasons, the pre/post split of the 1975 model year will be 

generally ignored from here on, 

Looking at Figure 5.1, we again see the anomalous rate 

for the 1976 model year. Also shown are the rates resulting 

from use of the averaged mpd figure, In general, there is 

an increasing trend with the 1977 model year having a rate 

40%-65% higher than the 1974 model year straight trucks, 

depending on whether the averaged mpd or the survey data are 
used. These differences are statistically significant at 

,001 level. 
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S t r a i g h t  Trucks 

rnpd Averaged 

s u r v e y  rnpd 

- 
74 7 5 7 6 7 7 

Model Year  

FIGURG 5 . 1  STFLAIGHT TRUCK FATAL INVOLVELVLENT RATES 
BY !4ODEL YEAR 

The results are more mixed for the tractors as shown in 
Figure 5.2, Here the rates are generally higher for the 

1975 and 1976 model years when either the survey rnpd or the 
averaged rnpd are used. However, the survey rnpd produced a 

slightly reduced rate (-6%) for the 1977 model year when 

compared to the rate for the 1974 model year. Use of the 

averaged rnpd produces a rate 23% higher for the 1977 model 
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npd averaged 

survey rnpd 

Tractors 

Model Year 

FIGURE 5.2  TRACTOR FATAL INVOLVEMENT WTES 
BY MODEL YEAR 

year .  Moreover i t  should be borne in mind t h a t  the  WMA- 

supplied da ta  on the  percentage of t r a c t o r s  i n  each 

production year showed a higher  percentage of t r a c t o r s  fo r  

production year 1 9 7 7  ( 6 7 % )  tnan fo r  any of the  previous 

t h r e e  yea r s .  I f  t h i s  f i g u r e  were s l i g h t l y  h igh ,  the  
s t r a i g h t  t ruck r a t e  would decrease a n d , t h e  t r a c t o r  r a t e  

would increase .  However, t he  survey of 1977  model year 
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vehicles indicated that 77% were tractors! In general, 

Figure 5.2 shows dispersion in the accident rates and 
sensitivity to the exposure data. 

S t r a i g h t  T ruck  
(mpd averaged)  

Time Lag 

2 mo. 
3 mo. 
4 mo. 

4 mo. 
3 no. 
2 mo. 

7 4 7 5 7 6  77 
Model Year 

F I G U R E  5 . 3  STRAIGHT T R U C K  FATAL INVOLVEPENT RATES 
V E R S U S  TIME LAG 

Figures 5.3 and 5.4 illustrate the sensitivity of the 

overall accident rates to the time lag assumed in estimating 
the number of vehicles in service. The influence of this 
assumption on the estimated number of vehicles and the 
computed vehicle miles was discussed in Section 4.3. These 
figures simply show the effect on the computed rate. The 
averaged mpd figures were used to isolate the time lag 

188 - FATAL RATES 



2 mo, 

T r a c t o r s  
(mpd a v e r a g e d )  

7 5 76 
:4odel Year  

FIGURE 5 . 4  TRACTOR FATAL INVOLVEMENT RATES 
VERSUS TIME LAG 

effect. Figures 5.3 and 5.4 clearly show that the overall 
trends by model year are not particularly sensitive to the 
assumption on time lag. In general, tkere does not seen to 
be any evidence of substantial reductions in the accident 
rates for post-standare vehicles at this point. 

5.4.2 Trailer Brake T v ~ e .  A specific objective of  

this study from the outset was to discern acci2en: races as 
a function of the brake type (pre versus post) on both 
tractor and trailer. In particular we wanted to isolate t h e  

experience of the combination vehicle ccncletely equipped 
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with brakes manufactured in conformance with FMVSS 121. It 

was generally recognized that the use of the 121-equipped 

trailers would be expected to increase by calendar year as 

more were introduced into the total population, The trip 

survey was intended to produce the necessary exposure 

information. This survey was carried out for the 1974 and 

1975 model year vehicles (fleet monitoring program) over the 
12 month period from July 1977 through June 1978. For the 

1977 model year vehicles, the survey was conducted from 

September through December 1978. Differences in the use of 
the new trailers were not expected to vary much with the 

model year of the power unit in any given calendar year. 
Hence, for the Interim Report of October 1978, exposure data 

on the usage in 1977 of the 121 trailers for the post- 
standard 1975 model year power units was also applied to the 
1976 power units. This computation indicated substantial 
over-involvement for the post-standard power units pulling 
post-standard trailers. Subsequent completion of the survey 

of 1977 model year power units produced exposure estimates 

for the use of the post-standard trailers which were 

substantially higher than those from the previous survey 
(58% versus 21%). Mixed results were obtained when accident 

rates were again computed for the various combinations of 
power unit model year and trailer brake type (see Appendix 

B). 

The expanded accident data base used in this analysis 

offers an explanation for these mixed results. Figure 5.5 

presents a plot of the percentage of accidents which involve 

post-standard trailers as a function of tractor model year 
and calendar year of accident. The relationships are 
striking. The number of accidents involving post-standard 
trailers changes more in going from one power unit model 
year to another in the same calendar year, than it does from 
one calendar year to the next for the same power unit model 
year. If one is willing to infer exposure from the accident 

experience, the implication is that the new tractors tend to 
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g Exposure  9178-1 2 / 7 6  

Exposure 
' 1 7 7 - 6 / 7 8  

7  5 7 6 7 7  
Model Year 

F I G U R E  5 . 5  PROPORTION O F  FATAL ACCIDENTS 
INVOLVING POST-STANDARD T R A I L E R S  
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be coupled to new trailers very frequently. This heavy use 

of the new trailers is put into perspective somewhat when 

one deduces from production and registration statistics12 

that, even in 1978, the post-standard trailers were only 15% 

of all trailers. 

Figure 5.5 implies that the trailer use data are only 

appropriate for the particular calendar year - and model year 
for which it was collected. The exposure survey points are 

also indicated on Figure 5.5. Results for the appropriate 

model years and calendar years are repeated in Table 5.19. 
For the 1974 power units, the exposure percentage matches 

the accident percentage almost exactly for the two calendar 

years covered by the trip survey. For 1975 model year power 
units there is no evidence of over-involvement in the 1977 

calendar year, but a 2:l over-involvement is indicated in 
the 1978 calendar year. Averaging the two years, a 50% 

increase is shown for 1975 power units pulling a post- 
standard trailer. Looking at 1977 model year power units in 

calendar year 1978, the rate for the post-standard trailer 
is reduced by 30%. However, the plot by model year for the 
1978 calendar year shown in Figure 5.5 is less smooth than 
the other calendar year curves. Some "visual smoothing" 

might suggest that the exposure point and the accident point 
may, in fact, lie quite close to one another. In general, 

there is' not strong evidence to suggest that trailer brake 

type appreciably influences accident rates one way or the 
other. 

lfMVMA Motor Vehicles Facts and Figures (~etroit, Mi.: 
Motor Vehicle Manufacturers Association, pub1 i shed 
annually). 

192 - FATAL RATES 



TABLE 5.19 

Fatal Accident Involvement Rates 
by Tractor and Trailer Brake Type: 

Intercity Tractors Only 

Trailer Brake 

5.4.3 Jackknifes. Jackknife accidents were also a 

focal point for this study. This particular collision type 
was expected to be influenced more than any other by FMVSS 
121. Indeed it was hoped that a major portion of the 

benefits might be derived from a substantial reduction in 
this collision type. While it had been initially planned to 
study jackknifes as a function of both tractor and trailer 
brake type, the problems of exposure described in the 
previous sub-section prevent this. They also indicate that 

this distinction may not be important. As a result, Table 

5.20 presents both the accident frequency and rates by power 
unit model year for jackknife accidents only. For this 
tabulation, only pre-impact jackknifes are included on the 

presumption that post-impact jackknifes are not amenable to 
vehicle handling countermeasures. The data shown in Table 
5.20 are the aggregate of the three calendar years. 

Calendar Power Unit 
Year Model Year 
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TABLE 5.20 

Pre-Impact Fatal Jackknifes 
(~ntercity Tractors Only) 

Powe 
Unit 
Mode 
Year 

r 

1 

The most striking observation is that pre-impact 

jackknifing occurs in only 4%-5% of the intercity tractor 
involvements in fatal accidents. Pre-impact jackknifes are 

seen to increase as a percent of all involvements for the 

1975 and 1976 model years, and then decrease for the 1977 

model year to the level of the 1974 model year. On a per 
mile basis, the rate of pre-impact jackknifes for the 1977 
model year is 9% lower than the rate for the 1974 model 

Rate 

0.225 

0.371 

0.393 

0.204 

year. As in previous comparisons, this result is sensitive 

to the survey rnpd data, and would reverse if the averaged 

lo8 
Vehicle 
Miles 

C. I .  

k0.032 

20.045 

f0.153 

k0.007 

mpd figure were used. The difference in these two rates is 

not statistically significant. 

Another attempt to discern differences related to the 

brake type of both tractor and trailer is shown in Table 

5.21. This table is based solely on the accident data. 
Shown is the distribution of collision type by tractor model 
year and trailer brake type. Only intercity trips are 
included. The aggregate of the calendar years is shown. 
There are no discernible differences on this table. 

C.I. 
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In order to gain more insight into the role of braking 

in these accidents, a case-by-case review of approximately 

450 cases was made by engineers with training and experience 

in vehicle dynamics research. Cases selected were divided 

equally between pre-standard combination vehicles and 
combination vehicles with post-standard brakes on both 

tractor and trailer. Out of this review came the general 

finding that there was evidence of braking in only about 24% 

of these cases. In most cases which were judged to involve 

braking, avoiding the accident by brake system improvement 

seemed to be impossible. Cases where a brake defect was 
indicated were also examined (about 1% of all cases). The 

121 brakes did not appear as a causal factor in any greater 
proportion of accidents than the pre-standard brakes. 

It should be pointed out that the emphasis in the 
overall study was on national statistics, rather than a 

determination of accident cause on a case-by-case basis. No 
accident investigations were conducted. The case-by-case 

review was based on police reports which provide limited 
information for assessment of accident causes or the role of 

braking. 

Accident rates derived from BMCS-reported accidents are 
presented in the next section (Section 6). 
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SECTION 6 

RATES FOR BMCS-REPORTED ACCIDENTS 

Computerized data files for 1976 and 1977 were obtained 

from the Bureau of Motor Carrier Safety to provide a 

national data source for predominately injury-level 

accidents to complement the data on fatal accidents 
described in the previous section. All motor carriers 

engaged in interstate (or foreign) commerce are required to 
report to BMCS any accidents involving their vehicles that 

result in death, injury, or $2000 or more property damage. 

Excluded are occurrences that involve only boarding and 

exiting a stationary vehicle, the loading or unloading of 

cargo, or farm-to-market agricultural transportation. The 
accident information is reported to BMCS by the carriers 

themselves on a standardized form 150-TI. 

The BMCS data tapes received contained large amounts of 

alphanumeric information that is not compatible with most 

data analysis packages. HSRI performed an extensive 

reformatting of the data to produce numeric information for 

most variables. Some additional variables were created for 

convenience. 

Many of the required analysis variables are included in 

the BMCS file. However, a mail follow-up was initiated for 

the 1976 cases to get additional information on the brake 

type of tractor and trailer and additional exposure 

variables. The response rate for this survey was only 39%. 

At this time, the American Trucking Association voiced 
concern over the HSRI study design. In a letter to the 
project Director, Mr. Larry W. Strawhorn of the ATA 

~ngineering Department states: "Frankly, we are reluctant 
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to advise participation [of carriers] at this time." 

Indeed, a few carriers stated that they had been advised not 

to participate in the survey. Due to the poor response 

rate, the supplementary data were not usable. The planned 

follow-up on 1977 cases was dropped. Consequently, the 

analysis of the BMCS data is somewhat limited, 

The 1975 model year is not split into pre- and post- 

standard power units. However, this split was not 
successful when estimating vehicles in service for the 

exposure computation either. Brake type (pre- or post- 
standard) for trailers was inferred from the trailer model 
year, taking 1975 or newer model years to be 121-equipped. 

(FMVSS 121 went into effect January 1, 1975 for trailers, as 

compared to the March 1, 1975 effective date for power 
units.) The small numbers of straight trucks (12%) were 
omitted since the air-braked vehicles could not be 
identified. Finally, the fleet size and cab style exposure 
variables were not available. 

The remainder of this section presents accident rates 

computed using the BMCS-reported accident data for calendar 
years 1976 and 1977. In the first sub-section, the number 
of fatal accidents reported to FARS and BMCS is compared for 
the Authorized and non-Authorized carriers. Since many of 
the cases for non-Authorized carriers do not seem to be 
reported to BMCS, the remainder of this analysis is 

restricted to only the Authorized carriers. For the 
remaining sub-sections, the property-damage-only accidents 
are omitted (about 30% of the BMCS cases involve only 

property damage) in order to focus on injury-level 

accidents. Differences in the exposure categories are 
described in Section 6.2, while differences between pre- and 

post-standard are presented in Section 6.3. 
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6.1 Carrier Type 

It is generally presumed that the non-Authorized 

carriers do not report accidents to BMCS as reliably as the 
Authorized carriers do. There are several reasons for this. 

The reporting requirement was only extended to the non- 

Authorized carriers in 1974. Because these carriers are not 

subject to the economic regulation of the Interstate 
Commerce Commission, they are less "visible" to the BMCS. 
In order to gauge how serious this problem may be, the 

number of fatal accidents reported to FARS and BMCS was 

compared for the Authorized and non-Authorized carriers. 
The comparison is restricted to accidents involving tractors 
on intercity trips. Only interstate non-Authorized carriers 
were included. Results are shown by model year of the power 
unit in Table 6.1. Fewer cases were found for both carrier 
types in the BMCS file. For the Authorized carriers, the 
BMCS file contains 19% fewer cases, while for the non- 
Authorized interstate carriers, the BMCS file contains 48% 

fewer cases. 

Involvement rates for injury accidents are computed by 

carrier type using the BMCS data and shown in Table 6.2. 

The combined rate for the non-Authorized carriers is 61% 

lower than the rate for the Authorized carriers. This 
difference is also presumed to reflect the under-reporting 
of accidents to BMCS by the non-Authorized carriers. Recall 

from the previous section that no difference was found by 
carrier type in the fatal involvement rates. The remainder 
of the analysis of BMCS-reported accidents will be 

restricted to the Authorized carriers, because the severe 

under-reporting of the non-Authorized carriers is likely to 

introduce biases into this subset of the BMCS file. 
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TABLE 6.1 

Fatal Cases Reported to FARS and BMCS by Carrier Type: 
Intercity Tractors Only 

Carrier Type 
r 

Non-Authorized 
Interstate Model Year 

1 FARS 

Authorized 

I 
BMCS I FARS BMCS 

TABLE 6.2 

TOTAL 

Injury Accident Involvement Rates by Carrier Type: 
Intercity Tractors Only, Fatals Excluded 

1,407 1,140 
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884 456 

Model Year 

1974 

1975 

1976 

1977 

ALL 

Carrier Type 

Authorized 

Rate 95% C.I. 

40.9 211.3 

55.5 525.1 

48.8 549.6 

46.4 + 3.6 
45.9 211.1 

Non-Authorized 
Interstate 

Rate 95% C.I. 

18.1 + 8.9 
18.4 + 4.6 
21.9 215.4 

13.3 2 1.3 

18.0 5 4.3 



Exposure Cateqories Compared 

Differences between local and intercity trips in the 

accident rates of tractors are shown in the first sub- 

section. Tractors operating without trailers (bobtail) and 

with double trailers are the subject of the second sub- 

section. Both of these comparisons are limited to intercity 

trips and Authorized carriers. Both injury and fatal 

accidents are included. 

6.2.1 Trip Distance. Injury accident rates for 

tractors operated by Authorized carriers are shown in Table 

6.3 by model year and trip distance. .The rate for local 

trips is slightly more than double that for intercity trips, 
as was also the case for fatal accident involvement. The 

difference shown on this table is also statistically 

significant. 

TABLE 6.3 

Injury Accident Involvement Rates by Trip Distance: 
Tractors, Authorized Carriers Only 

*Difference significant at .001 level. 

Model Year 

1974 

1975 

1976 

1977 

ALL* 
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Trip Distance 

Local 

Rate 95% C.I. 

86.1 230.1 

200.3 286.9 

92.4 283.9 

171.4 243.8 

112.6 230.0 

Intercity 

Rate 95% C,I. 

44.7 212.3 

62.0 228.0 

55.2 256.1 

52.4 + 4.1 
51.1 212.4 



6 . 2 . 2  Trailer Type. A comparison of injury accident 

involvement rates for tractors operating with and without 

trailers on intercity trips is shown in Table 6.4. Again, 

the rate is much higher for the bobtail use. However, the 

variance in the exposure data is such that the difference in 

this table is not statistically significant at the .05 

level. The comparison of single versus double trailers 

shown in Table 6.5 is statistically significant, however. 

As with the fatal involvement rates, the 1977 model year 

does not follow the general trend. 

TABLE 6.4 

Injury Accident Involvement Rates by Trailer Use: 
Intercity Tractors, Authorized Carriers Only 

( ~ i l e s  Per Day Averaged) 

Model Year 

*Difference - not statistically significant at .05 level. 

ALL* 

In general, the findings with regard to exposure 

category are the same for the injury and the fatal accident 
involvement rates. Of course, these similarities may be 
partly attributed to the common exposure data base. None- 
theless, general agreement of the accident distributions is 
also indicated. 

Bobtail 

Rate 95% C.I. 
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Trailer 

Rate 95% C.I. 

913,9 21032.3 53.5 218.3 



TABLE 6.5 

Injury Accident Involvement Rates 
by Number of Trailers: 

Intercity Tractors, Authorized Carriers Only 

ALL* 

Model Year 

*Difference significant at ,001 level, 

Cab style is not coded in the BMCS file. However, a 

Single 

Rate 95% C . 1 ,  

manual review of the make-model information, done as part of 

Double 

Rate 95% C.I. 

a MVMA sponsored study of truck accident experience as a 

function of cab style, generated the cab style information. 

These results are described report Michael Kubac k i 

entitled The Effect of Cab Style on the Accident Experience 

of Heavv Trucks. l 3  

6.3 Pre- and Post-Standard Comparisons 

Overall injury accident involvement rates are shown by 
model year in Table 6.6. In general there is a slight 

increasing trend. The major topic of this sub-section is to 

examine the sensitivity of these results to the exposure 

data. Accordingly, the rates are also shown in Table 6.6 

13Michael Kubacki and James O'Day, The Effect of Cab 
Style on the Accident Experience of Heavy Trucks, Report 
No, UM-HSRI-81-03 (Ann Arbor: The University of Michigan, 
Highway Safety Research Institute, February 1981). 
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for the computation of rates using a daily mileage estimate 

which is the average of the survey data across model year. 

Differences shown here arise solely from the estimated 

number of vehicles in use, The difference between the 1 9 7 4  

and the 1 9 7 7  model year rates using the survey rnpd is 
statistically significant at the . 0 9  level. The difference 
obtained using the averaged mpd for these two model years is 

not statistically significant. The magnitude of the 

increase is 1 9 %  using the survey mpd, and 24% using the 

averaged mpd, These results are plotted in Figure 6.1, 

TABLE 6 . 6  

Injury Accident Involvement Rates by Model Year: 
Tractors, Authorized Carriers Only 

The rates obtained by model year using the three 
different assumptions on time lag are shown in Figure 6 .2 .  

Again, the averaged miles per day have been used in order to 

isolate the sensitivity to the estimated number of vehicles. 

Little change in the overall trend is shown. Again, these 
results are in general agreement with those for fatal 
involvement rates. 

The same problems in examining accident rates as a 
function of the brake type of both tractor and trailer are 

present here as were found in the analysis of fatal 

Averaged MPD 

Rate 95% C.I. 

59.4 233 .8  

54.0  230.7  

58.4 k 3 4 . 6  

73 .6  k 5 9 . 3  

Model Year 

1 9 7 4  

1 9 7 5  

1 9 7 6  

1 9 7 7  
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Survey MPD 

Rate 95% C.1, 

47 .4  i 1 2 . 5  

68.3 k 2 9 . 9  

57.2  h 5 4 . 4  

56.6 !: 4.3 



7 5 7 6 
Model Year 

,P Averaged epd 

Tractors 
(Authorized carriers ) 

FIGURE 6.1 TRACTOR I N J U R Y  INVOLVEMENT RATES 
B Y  MODEL Y E A R  

INJURY RATES - 205 



Time Lag 
7 m o .  

Tractors 
(Authorized carriers ) 

7 5  7 6 
Model Year 

FIGURE 6 . 2  TRACTOR INJURY INVOLVEMENT RATES 
VERSUS TIME LAG 
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involvement rates. Figure 6.3 shows the proportion of 

accidents involving post-standard trailers as a function of 

both calendar year and power unit model year. Although the 

data are more limited here, the same general trends are 

seen. The appropriate model years and calendar years for 
comparison are shown in Table 6.7. As with the fatal 

involvement rates, there is some indication of over- 

involvement of the post-standard trailer when used with the 

1975 power unit. 

TABLE 6.7 

Injury Accident Involvement Rates 
by Brake Type of Tractor and Trailer: 

Intercity Tractors, Authorized Carriers Only 

Jackknife accident experience is also examined using 
the BMCS accident data. Here, property damage only 
accidents were also included in order to increase the sample 

size as much as possible, The results are presented in 
Table 6.8. In the BMCS file, jackknifing is only indicated 
for "non-collision" events. "Non-collision" events include 
such things as "ran off road, overturn, fire, and cargo 

shift or spill." Jackknife is recorded if it is the primary 
llnon-collision" event. The table shows that, as before, the 
overall frequency of jackknifes, as a percent of all 
accidents, is very low, 4%-7%. The general trend with model 

year is also about the same, increasing for the 1 9 7 5  and 

Calendar 
Year 
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Power Unit 
Model Year 

Trailer Brake Type 

Pre-Standard 

Rate 95%C,I. 

Post-Standard 

Rate 95%C.I. 



Exposure 
9/78- 12/78  

7 5 7 6 
Model Year 

FIGURE 6.3 PROPORTION OF INJURY ACCIDENTS 
INVOLVING POST-STANDARD TRAILERS 
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19?6 model years and decreasing in the 1977 model year, 

Jackknifing computed on a per mile basis snows a 15% 

reduction for the 1977 model year power unit as compared to 

the 1974 model year power unit. This difference is not 

statistically significant at the .05 level. 

TABLE 6.8 

Jackknifes: 
Intercity Tractors, Authorized Carriers Only 

(BMCS-~eported Accidents, 1976 and 1977) 

In summary, the results from the FARS and BMCS accident 

data sets are in general agreement, Considering the 

different reporting requirements and mechanisms, this 

general agreement is reassuring, FARS cases originate with 

police-reported fatal accidents and are coded by analysts in 
each state. This information was supplemented by the HSRI 

telephone survey. On the other hand, BMCS accident reports 

are filled out and submitted by the carriers themselves. 

Trailer model year was used to make the pre/post distinction 

for trailers in this data file. Finally, the BMCS analysis 

was limited to the Authorized carriers. 

Model 
Year 

1974 

1975 

1976 

1977 
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lo8 
Vehicle 
Miles 

106.88 

43.368 

38.407 

28.607 

9 5% 
C.I. 

29.474 

19.643 

39.180 

2.241 

Jackknifes 

N % 

356 5.5 

243 6.7 

150 5.4 

81 3.9 

Rate 

3.33 

5.60 

3.91 

2.83 

95% 
C.I. 

50.92 

52.54 

t3.98 

50.22 
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SECTION 7 

DISCUSSION 

The material in this section is presented in three 

topical areas. The first sub-section deals with the study 
design. This sub-section begins with a discussion of the 

constraints and assumptions which shaped the design. 

Additional problems which arose during the course of the 
study are described next, followed by discussion of the 
strengths and weaknesses of the resulting data base. The 

first sub-section concludes with recommendations to expand 
countermeasure evaluation efforts prior to implementation of 
the countermeasure. 

A major product of this study is the descriptive 

statistics on the vehicles and their owners. Little 

information was previously available on the population of 
air-braked trucks and their use. Of even more interest are 
the differences in accident rates found in comparing the 
various exposure categories. A summary of these results is 

presented in Section 7.2. 

The last part of this section assesses the safety 

impact of FMVSS 121. This sub-section begins with a summary 
of the relevant findings from this study and a statement of 

the conclusions which seem warranted. These conclusions are 
followed by a discussion of possible explanations for the 

results. The impact of maintenance and reliability problems 
is examined. A discussion of the expected safety benefits 
for improved heavy truck braking systems is also included. 
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The Study Design 

The objective of this sub-section is to relate the 
various strengths and weaknesses of the data base developed 

to the study design so that future evaluations may benefit 
from this experience. The discussion begins with a 

description of constraints and assumptions which shaped the 

study design. 

7.1.1 Initial Constraints. Two major difficulties 

facing the study design were lack of knowledge of the 
population to be studied and lack of knowledge of the effect 
to be measured. The study population was, of course, air- 
braked vehicles. This subset is not identified in published 
information. The ~uthorized carriers are a visible subset 
of the tractor population, but the non-~uthorized sector was 
relatively unknown. Information on the population of air- 

braked straight trucks was virtually non-existent. Although 

it was expected that these vehicles were used predominantly 

in local trips, no estimates on the size of this group were 

available. 

Similarly, there was no good information on the type 

and proportion of accidents which would be affected by the 
improved brakes. It was assumed that braking had a rather 
pervasive effect, and that the safety impact of FMVSS 121 
would be of substantial magnitude so as to be readily 

observable in the overall accident rates. This being the 
case, the very difficult task of identifying "brake-related" 
accidents was not necessary. However, the standard was 

expected to have its largest safety impact on loss of 
controllability accidents, including jackknifes. 

The identification of pre- and post-standard vehicles 
was also a complicated task. FMVSS 121 was implemented 
midway through the 1975 model year. There was no ready 
means to identify the 121-equipped vehicles. As will be 
discussed in the next sub-section, this problem was 
compounded by the various exemptions to the standard which 
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continued throughout its existence. Most manufacturers 

indicated that the Vehicle Identification Number (VIN) was 
not sufficient to identify pre- and post-standard vehicles. 

This situation effectively precluded use of existing data 

sources without conducting supplementary data collection. 

Even more troublesome, in the end, was the fact that 

model year is not well defined for trucks.  gain, the VIN 

is frequently not sufficient to determine the model year. 
Inability to distinguish one model year from another 

undermines any attempt to evaluate the heavy truck 

popula t ion. 

To a large degree, the issues described above shaped 
the initial study design. The primary objective was to 
provide statistically defensible national estimates of the 
safety impact of FMVSS 121. The identification of specific 

brake-related accidents was not incorporated. To do so 
would have required detailed investigations of each 
accident, which would have put the cost of this evaluation 
on a par with the National Accident Sampling System (NASS), 
This distinction was judged to be not critical by NHTSA 

since they expected a substantial safety impact. Also, this 
decision was consistent with a cost/benefit analysis which 

examines the overall, or net, benefit. 

A related issue is the determination of the operational 
status of the anti-lock system. Collection of this 
information was clearly desirable, since the system could 

hardly be expected to produce any benefits if it was not 
working. Again, the deciding factor was the difficulty and 

therefore the high cost of obtaining this information. 
While the "amber lightn status could be recorded 'for 

tractors, the operational status of many trailers cannot be 
determined without special test equipment or actually 

conducting a panic brake stop. As with the determination of 
"brake-related" accidents, omission of information on the 
operational status is consistent with an evaluation the 
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standard, rather than the potential benefit of the concept. 

Indeed, the determination of the potential benefits of the 

concept is more properly made in limited test programs 

rather than national impact studies. The objective of this 

study, then, was an evaluation of the safety effects of the 

standard, and not necessarily identification of factors 
responsible for those effects. 

The evaluation also assumed a "step change" in the 

vehicle population. That is, vehicles would be either pre- 

standard or post-standard. This distinction was expected to 

provide two well defined groups for comparison. The 

alternative which was considered was to quantify relevant 

performance characteristics of the vehicles in order to 

relate the actual vehicle characteristics to the observed 
accident experience. Again, the effort to acquire this 
information for all the various makes and models in all of 
the various configurations used was prohibitive. 

Timing of the evaluation was also a problem. Because 
all air-braked vehicles were required to meet the standard 

as of March 1, 1975, no control group of vehicles of the 

same age was available. ( A  phased introduction would have 
lent itself to the establishment of control groups.) 
Control group information would have to come from previous 
model years. Only the 1974 model year was selected in order 

to minimize the age difference in the vehicles. The choice 

of a time period for the study was also difficult. 
Immediately after the effective date of the standard, the 
new vehicles would be slowly introduced into the vehicle 

population. Any evaluation had to wait until some minimum 

number of vehicles were in use. On the other hand, the 
longer the evaluation took, the older the control population 
would become. A two-year program was originally settled on 
as a reasonable compromise. The primary analysis feature 
was an attempt to identify exposure variables for control 

purposes so that vehicles in similar usage would be 
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compared. As will be discussed in the following sub- 

sections, the first major finding was that the pre- and 

post-standard populations of vehicles were significantly 

different in their composition and use. 

7.1.2 Additional Problems. The implementation of 
FMVSS 121 was not without its problems. The intent of this 

sub-section is only to discuss factors which influenced the 

evaluation. In general, the change from pre- to post- 

standard was not as clean as one would like. Many vehicles 
were built under various exemptions which continued 

throughout the course of the standard. The largest group 
exempted was the buses. Because of serious reliability 

problems with the early systems on over-the-road and transit 
type buses, these vehicles were exempted from the stopping 
distance (hence anti-lock) requirements beginning in January 
of 1976. This particular amendment to the standard should 

not have affected the study. I t  did, however. The over- 
the-road and transit buses were excluded from the sampling 
frame. Unfortunately, school buses, which are built on 

truck chassis, were inadvertently included. In fact, about 
20% of the selected vehicles were school buses--almost three 
quarters of which were post-standard. 

The inadvertent inclusion of school buses did more than 

just waste precious sample size. As will be discussed 

later, they were not uniformly distributed among the primary 
sampling units, and as a result, increased the variance of 

all the estimates. 

The many modifications, exemptions, and amendments to 
the standard culminated in Notice 7 which took effect on 

March 1, 1976. This amendment increased the stopping 
distance requirement in order to allow de-powering of the 
front axle brakes. Manufacturers were able to meet the less 
stringent requirements without front axle anti-lock on many 
vehicles. A chronology of events in the history of FMVSS 

121 has been issued by the National Transportation Safety 
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Board. ' Ultimately, the Ninth Circuit Court of Appeals 

ruled in favor of a suit brought by Paccar seeking to 

invalidate major portions of the standard. The Supreme 
Court subsequently declined to hear the resulting NHTSA 

appeal in October 1978. 

The reader should not get the impression that all of 
the problems of the evaluation were outside the influence of 

the project. The problems of locating the selected vehicles 
and securing cooperation were discussed at length in the 

Interim Report of October 1977.15 Implementation problems 
for the fleet monitoring program arose principally from 
vehicles found to be located outside the selected fleets and 

areas. At the conclusion of this program, serious under- 
reporting problems remained in the areas of brake system 
maintenance and accidents. These problems were discussed at 

the end of Section 2, and resulted in heavy reliance on the 

FARS and BMCS accident files. The general climate for data 
collection was a difficult one. Everyone had strong 
opinions with regard to FMVSS 121. Even within the 
Department of Transportation, the Bureau of Motor Carrier 
Safety did not begin developing procedures to add the anti- 
lock system to their regulations requiring carriers to keep 
all "safety" equipment operable until March 1978. At the 
same time, the American Trucking Associations were informing 

HSRI that they were reluctant to advise carriers to 
participate in this evaluation program. 

15Kenneth L. Campbell and Arthur C. Wolfe, Fleet 
Accident Evaluation of FMVSS 121: Interim Report, Report 
No. UM-H-HSRI-77-35 (Ann Arbor: The University of Michigan, 
Highway Safety Research Institute, October 1977). 
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Finally, preliminary results indicated that the 

pre- and post-standard vehicles were substantially different 

in their composition and use. The combination of the 

introduction of FMVSS 121 and an economic downturn for the 

trucking industry created substantial short-term changes in 
the purchase and use of heavy tucks. 

7.1.3 Strengths and Weaknesses in the Data. The 

primary objective of this study was to develop national 

estimates of the safety impact of FMVSS 121. The impact is 

quantified in terms of the overall involvement rates for 

pre- and post-standard vehicles. To determine these overall 

statistics, it is not necessary to know the physical cause 

and effect mechanisms responsible for the observed changes. 

Identification of brake-related accidents or a determination 

of the role of braking in the causation of truck accidents 

is not required. Because the overall objective speaks to 

the impact of the standard, rather than to the potential of 
the improved performance characteristics called for by the 

standard, it is also not essential to know the operational 

status of the brake systems or even the actual in-use 

performance characteristics. All of these issues are 

rightfully the subject of causation research, countermeasure 
evaluation, and pre-testing carried out prior to the 

implementation of the standard. Once implemented, the 

appropriate primary objective is the determination of the 
net, or overall, safety impact of the standard itself. 

7.1.3.1 Strengths. Enough cannot be said in 

support of the sampling procedures used in this study. The 

NHTSA insisted from the outset on a study design which 

produced defensible national statistics despite the 

tremendous effort and innovation such an effort required. 

Sampling frames and sample designs had to be developed so 

that probability-based selection methods could be employed. 
In retrospect virtually all of the strengths of this study 
follow directly from this requirement. The resulting 
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descriptive statistics on the national population of late- 
model trucks and their use are likely to be of long-term 

value, aiding future heavy truck research efforts. 

The use of probability-based selection methods provides 
a statistical basis for projection from the sample to the 
larger population from which the sample is drawn. This is 

the essential difference between anecdotal and survey data. 
If the elements for observation (vehicles) are not selected 
using probability-based methods, then the resulting 
information is anecdotal in nature. Results of an anecdotal 

nature provide no statistical basis for generalization 
(extrapolation) beyond the elements (vehicles) actually 
observed. 

In addition to providing a statistical basis for 
extrapolation, probability-based methods also provide 
estimates of the precision of the extrapolation. These are 
presented as donfidence intervals. It is perhaps even more 
important to know the precision of the estimates, than it is 
to know the estimates themselves when important decisions 

may depend on the information. The large confidence 
intervals on the preliminary results should have cautioned 
any users of this information. In fact, most of the topics 
discussed under the "Weaknesses" heading which follows could 
not even have been evaluated were the confidence intervals 
not known ! 

Table 7.1 summarizes the sample sizes, response rates, 
sampling frame totals, and frame coverage for the exposure 
surveys. The sampling frame is the list of vehicles from 

which the survey vehicles were randomly selected. The total 

number of vehicles in the sampling frame is given in the 
column labelled "Frame Total." The "Frame Coverage" is this 
total divided by the total population the sampling frame was 
intended to cover. While the response rates leave room for 
improvement, they are felt to be quite good considering the 
pioneering nature of this study. For the post-standard 
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model year 1975 vehicles, the response rate is nearly 70%. 

This table also shows the minimal coverage of the 1976 model 

year. The fleet monitoring program was initiated early in 

this model year. By.the time the program was expanded, the 

post-Notice 7 (model year 1977) vehicles were the focal 

point. Indeed, the sample size, response rate, and frame 

coverage for this last survey are very good. ?his is a 

reflection of the experience gained in the original fleet 

monitoring program. Again, it should be emphasized that 

it is the sampling procedures used which allow tabulations 

of this type to be made. Without the information on 

variance, response rates, and frame coverage, one would be 

hard pressed to evaluate the information collected. 

TABLE 7.1 

Exposure Survey Response Rates and 
Frame Coverage by Model Year 

-- - 

The second major strength is the incorporation of the 
control, or exposure variables. This design feature became 

critical when the preliminary findings revealed that the 

pre- and post-standard vehicles differed substantially in 

type and use. Comparison of the involvement rates for the 

Model 
Year 

1974 

1975 Pre 

1975 Post 

1975 Total 

1976 

1977 

DISCUSSION 

Participating Response 
Sample Rate 

1,191 63.1 

283 63.1 

1,065 69.8 

1,348 68.3 

253 69.8 

1,444 68.0 

Frame Frame 
Total Coverage 

144,813 67.1 

40,370 55.7 

36,083 50.5 

76,453 53.1 

6,218 5.0 

142,983 82.0 



various exposure categories has demonstrated that these 

factors strongly influence the accident experience of the 
vehicles. Although the number of factors included may seem 
minimal, the sample size simply will not accommodate further 

breakdowns. Comparisons of pre- and post-standard vehicles 

can now be made within common categories of vehicle type and 

use. 

Turning to the accident data, the information on fatal 

and injury accidents obtained through the FARS and BMCS 

files leaves little to be desired. Both of these sources 

are a census of the national experience, Of course, the 

utility of the FARS data was greatly enhanced by the 
supplemental telephone survey conducted. Although the use 
of the BMCS data was limited to the Authorized carriers, the 
development of appropriate exposure data allowed this subset 
to be evaluated in its proper perspective. The general 
agreement between these two sources which resulted when they 
were combined with their respective exposure information 

certainly amplifies the overall credibility of the results. 

The next sub-section on the weaknesses of the data will 
discuss the problems associated with estimating the number 
of vehicles in use. 

7.1.3.2 Weaknesses. The general weakness, or 

strength, of the mileage data is reflected by the computed 
variance, or the confidence interval. In general, the 

confidence intervals on the mileage data obtained from the 

fleet monitoring program are higher than one would like. 
For example, the confidence interval on the overall daily 
mileage for straight trucks in these data is on the order of 

59% of the mean. For tractors the confidence interval is 
appreciably better at 20%-25% of the mean. However, as one 
proceeds to smaller subsets of the data, the confidence 
intervals quickly increase as a percent of the mean, 
reaching 100% for the very small cells like local mileage or 
intercity bobtail mileage for tractors. These large 
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variances arise more from the sample design than from small 

sample sizes. In particular, it is the post-sample 

stratification for analysis that results in the large 
confidence intervals. The primary sampling units were 

geographic clusters. Post-sample stratification will not 
necessarily increase the variance unduly so long as the 
PSU's themselves are heterogeneous with respect to the post- 

sample stratification variables. The sample design presumed 

this to be the case. In fact, it was very much not the 

case, Straight trucks and buses, in particular, were not 

evenly represented in the PSU's, but were concentrated in 
on1y.a few. This situation is primarily responsible for the 
large variances in the fleet monitoring program. Such 
geographic clustering should be avoided in future designs 
involving the trucking industry, Unfortunately, geographic 

clusters are the most logical way to reduce and control data 
collection costs when on-site visits are required, 
Alternatively, one would have to develop sampling frames 
which included the analysis strata variables to avoid this 
problem. For the survey of 1977 model year vehicles, the 
,data collection demands were reduced so that on-site visits 
were not required. This obviated the need for a cluster 

design, and the confidence intervals from this survey are 
one of the major strengths of the data base, 

The confidence intervals estimate the magnitude of the 

random variations present in the data. Another possible 
source of error is systematic error, or bias. Systematic 
error can only be quantified by comparison of independent 
data sources. In some cases such comparisons were possible 
(FARS data and survey mileages). For example, model year 
distribution in the fatal accident survey data was forced to 

match the distribution in the parent FARS file. Because 

this study breaks much new ground in the analysis of the 
accident experience of heavy trucks, many assumptions and 
approximations are without verification. Every effort has 

been made to trace anomalous results to possible data 
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problems. However, the possibility remains that some of the 

results presented are influenced by unknown systematic 
errors, and consequently do not reflect the true situation. 

Questions of this nature can only be resolved by further 

research. 

The problem with the 1976 model-year vehicles, on the 

other hand, is simply one of inadequate sample size. This 
is shown by the 5% frame coverage for this model year in 
Table 7 . 1 .  As was mentioned earlier, the fleet monitoring 
program was initiated very early in the 1 9 7 6  model year; 
hence the low frame coverage. When the subsequent sample of 
1 9 7 7  vehicles was initiated the pre-Notice 7 vehicles were 

no longer of interest. Results derived from the small 
number of 1 9 7 6  model year vehicles in the fleet monitoring 

program seem reasonable for the most part. The exception is 
the straight truck mileage, which is so low compared to the 
other model years that some bias must be present. 

Mileage distributions by trip distance and trailer type 
were derived from the trip surveys, The primary difficulty 
here is in the estimation of the mileage distribution for 

pre-and post-standard trailers. These surveys covered the 
calendar years of interest reasonably well. However, all 
model years were not covered in each calendar year on the 
presumption that the post-standard 1 9 7 5  power units would 
represent the 1 9 7 6  power units fairly well with regard to 

the use of pre- and post-standard trailers. In fact, the 
original fleet questionnaires asked whether any special 
attempt would be made to couple post-standard equipment, and 

the response was a fairly unanimous "no." However, the 
proportions from the accident data discussed in Sections 5  

and 6 indicate a strong tendency for new model year 
equipment to be coupled together, if the proportions in the 
accident data are interpreted as exposure information. This 
being the case, the exposure data on trailer brake type are 
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applicable to only the specific calendar years and model 

years surveyed. The resulting data are of limited use. 

This brings the discussion to what is probably the 

major difficulty of the exposure estimation, the number of 

vehicles in service. This topic is discussed extensively in 

Section 4. The required information must come from 

registration files, and is not currently available in 

suitable detail. Consequently, a number of assumptions and 
adjustments must be made in working from factory sales or 
"new registrations." Some analysis of the sensitivity of 

the results to these assumptions is presented, but even this 

may not adequately quantify the uncertainty of this 
information. However, potentially better information has 
become available since the completion of this study. R.L. 

Polk has prepared more detailed heavy truck registration 
data which include both the model year from the state 
registration files and the weight class of the vehicle. 
Even better should be the data collected in the 1977 Truck 
Inventory and Use Survey conducted by the Census Bureau. 

Trucks with air brakes are identified in this survey 
together with the registration model year. A secondary 

effect of the difficulty in estimating the number of 
vehicles in use was the apparent inability to divide the 
1975 model year into pre- and post-standard groups. This is 
discussed in Section 5 ,  

With respect to accident data, the major failure was 
our inability to obtain fleet-reported accidents. This was 

intended to be the main source of property damage level 

accidents. Although the major benefits were expected to 
come from the injury and fatal accident experience, the 

jackknife accidents, in particular, were thought to be 
primarily property-damage-only accidents, However, the BMCS 

file does include accidents which result in $2,000 or more 
property damage. A second failure in the collection of 
accident data was the supplementary mail survey for the 
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BMCS-reported cases involving Authorized carriers. This is 

the only survey conducted where refusals were the primary 

reason for non-response. In the other efforts, the non- 

response was usually a result of not being able to locate 

the current owner of the vehicle, Failure to obtain the 

support of the American Trucking Associations is felt to be 

partly responsible for the failure of the supplementary 
survey of BMCS-reported cases. 

A last problem in the collection of accident data is the 
lower-than-expected response rate in the telephone survey to 

collect supplemental information on FARS cases. In  order to 

acquire hard-copy police reports, it was generally necessary 
to send states a list of the FARS case numbers requested. 
These lists naturally came from preliminary FARS files. 

Apparently many heavy truck cases were received too late to 
be in the preliminary files. Unfortunately, we did not 
become aware of this problem soon enough to react to it. 

7.1.4 Recommendations. The experience gained in this 
analysis of the safety impact of FMVSS 121 suggests several 

modifications which might benefit future countermeasure 
evaluation programs. In general, we recommend that future 
evaluation programs for accident causation countermeasures 

be expanded to include limited pilot, or demonstration, 
programs and planning of the national impact evaluation 

prior to implementation of the countermeasure. The 

remainder of this section develops these recommendations in 

more detail. 

This discussion is confined to the evaluation of 

accident causation countermeasures. Identification of 

accident causes and development of countermeasures is not 
included. Many countermeasures, especially those in the 
vehicle area, involve the development of new hardware 
(components) and associated engineering performance tests as 
was the case with FMVSS 121. This discussion presumes that 
such development has been completed. 
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Before proceeding, the authors wish to underscore the 

need for rigorous, independent evaluation of the national - 
impact of Federal Motor Vehicle Safety Standards. FMVSS 121 

was expected to produce substantial safety benefits in 
return for a substantial economic investment. This study 

concludes that such benefits were not realized. This fact 

alone demonstrates the continuing need to evaluate Federal 

Motor Vehicle Safety Standards. Although many difficult 

problems hampered this program to evaluate FMVSS 121, the 

reader should not be tempted to conclude that national 
impact evaluations in the highway safety area are not 
feasible. The knowledge gained in this program and, in 
particular, the recommendations presented in this section 

should greatly aid the planning of fuiure countermeasure 
evaluation programs. 

Although this study concludes that FMVSS 121 did not 
produce substantial safety benefits, very little information 

is available to answer the obvious question as to why this 

result occurred. (Nonetheless, further discussion of this 
question is presented in Section 7.3.3.) One would like to 
know whether the hardware did not meet expectations in 
actual use or whether the original concept was in error. It 

has already been argued in Section 7.1 that such information 
was not essential to a national impact evaluation. The 

authors suggest that an important phase of the evaluation is 

a determination that the proposed countermeasure can, in 
fact, influence the accident experience of equipped 

vehicles. Such a determination is the logical complement to 

the engineering performance tests and should be carried out 
prior to implementation. While this task may be very 

difficult and time consuming due to the numerous and complex 

factors contributing to any collision, FMVSS 121 has 
illustrated the tremendous economic consequences i f  this 
determination is omitted, This phase will be referred to as 
a pilot, or demonstration, program. 
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One approach is to design a carefully controlled field 

trial, The objective here is - not to determine the national 
impact, but rather, to demonstrate that in a specific, 

controlled real-world trial, the countermeasure does alter 
the accident experience of the vehicles. One would probably 

choose an operating environment where the countermeasure was 

expected to be most effective. A control group would also 

be established. Such a pilot program might be conducted 
cooperatively in a few large trucking companies over a 
two- or three-year period. All contributing factors, such 
as drivers, routes, cargo, maintenance, etc,, would be 
carefully monitored and controlled, The objective would be 
to demonstrate that the proposed countermeasure could, in 
fact, alter the accident experience of the vehicles in the 
specific environment of the pilot program. A gradual, or 

phased, introduction might serve this purpose, although the 
"experiment" would lack control and be far more difficult to 
analyze. 

Such a pilot program could also provide needed 
information on the type and proportion of all accidents 
influenced by the countermeasure. Assuming some benefit is 
demonstrated in the pilot program, such information would 
provide a basis to estimate the potential benefit in other 
operating environments. Such information would also 
materially aid the decision to implement the countermeasure 
on a national scope and the development of a national impact 
evaluation plan. Our experience also suggests that the 
design problems of a national impact evaluation would be 
reduced if the plan were developed prior to implementation. 

Development of an effective national impact evaluation 
plan is enhanced by knowledge of the real-world operating 
environment, knowledge of the expected changes, and some 
influence over the way in which the countermeasure is 
implemented. Prior to this evaluation of FMVSS 121, very 
little was known about the number, type, and use of air- 
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braked vehicles, particularly the straight trucks. As more 

information of this type is obtained, more effective 

evaluation. programs can be developed. Similarly, more 

speciiic information on the expected changes in the accident 
experience would help focus the evaluation plan more 

accurately. Pilot, or demonstration, programs conducted 

prior to implementation would provide some of this type of 

information. 

With more detailed knowledge of the composition and use 

of the vehicle population for which the countermeasure is 

intended, one would be better able to estimate an expected 

national impact, based on the experience gained in the 
demonstration program. Such an analysis would precede 
implementation and would not replace or remove the need for 
an actual national impact evaluation to be conducted after 
implementation. The pilot program would produce data 
demonstrating the effectiveness of the countermeasure in a 
specific controlled environment. The environment selected 
for the pilot program would most likely be one in which the 

countermeasure would be most effective. Once a benefit has 
been demonstrated in the pilot program, knowledge of the 
proportion of all vehicles which are used in a similar - 
environment would materially aid the decision on national 
implementation. 

Major problems in the design of a national impact 

evaluation are the identification of vehicles affected by 

the countermeasure and the establishment of suitable control 

groups, These problems are usually central considerations 
in constructing a sampling frame. Development of a plan for 
the national impact evaluation prior to implementation would 
provide more options in dealing with these problems. 

Convenient ways of "tagging1' vehicles with the 
countermeasure might be employed. Some influence over the 
implementation schedule for the countermeasure could enhance 
the definition of more suitable control groups. 
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Considerations such as these may even make phased 

introductions more attractive, 

In summary, we wish to underscore the need for 

rigorous, independent evaluation of the safety impact of 

Federal Motor Vehicle Safety Standards. Careful monitoring 
is important to ensure that limited resources are applied to 

achieve maximum benefits. In our view, the experience 

gained in this evaluation of FMVSS 121 suggests that future 
evaluation programs would be enhanced if they were initiated 

well before implementation of the countermeasure. During 
this period, limited pilot programs could be conducted to 

demonstrate that the proposed countermeasure can, in fact, 
influence the accident experience of equipped vehicles in a 
specific controlled environment. In addition to these piiot 

tests, a plan for the national impact evaluation should also 
be developed prior to implementation of the countermeasure. 
While these additions will be costly and time-consuming, 
they would appear to be necessary safeguards in the pursuit 
of improved highway safety. The authors hope that these 
recommendations will reduce the problems associated with 
implementation and evaluation of future countermeasures, 

The Exposure Categories 

The general information on heavy trucks, their use, and 

their accident experience developed in this study is likely 
to be of greater long-term value than the comparative 
statistics on the pre- and post-standard vehicles. 
Knowledge of the heavy truck population will aid future 
research and countermeasure development in this area. This 

sub-section summarizes the findings of this study with 
regard to the composition, use, and accident experience of 
heavy trucks . 

First a discussion of the differences in the use and 
accident experience of straight trucks and tractors is 
presented. While straight trucks comprise about 40% of all 
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air-braked vehicles, they account for only about 18% of the 

total vehicle miles and only about 10% of the fatal accident 

involvements for air-braked vehicles. Without knowing 

something of the causes of heavy truck accidents, and the 

role of braking in particular, the many differences between 

straight trucks and tractors described below would not lead 

one to expect the same countermeasures to be effective for 

both types of vehicles. The second sub-section focuses on 

the differences in the accident experience of the tractors 

in the various exposure categories. Most of the exposure 

variables used produce substantial differences in the 
observed accident rates. 

7.2.1 Straight Trucks Versus Tractors. In estimating 

the exposure of heavy trucks, the single most important 

factor is the vehicle type, straight truck or tractor. In 
general, straight trucks are operated in local trips by 
small, non-Authorized carriers. Frequently they are 

operated by units of the state, county, or city government. 

Straight trucks are predominantly of the conventional cab 
style. Tractors, on the other hand, are operated primarily 
by large Authorized and large private carriers on intercity 

trips. The cabover style vehicles are 40% of all tractors. 
These comparisons are summarized in Table 7.2. The figures 

shown are an average of the 1974 and 1977 model years. 

The other component of exposure is the average daily 
mileage estimates. In general, average daily mileage 
differs' substantially by vehicle type and trip distance. 
This result is summarized below in Table 7.3. The total 

mileage for straight trucks or tractors shown on the table 

is the sum of the local and intercity miles. The figures in 

this table underscore the differences in the exposure of the 

straight trucks and tractors. A review of the results of 

Sections 2 and 3 indicates that the average daily mileage 
does not vary appreciably with the other exposure variables 
such as fleet size, and carrier type. Cabover-style 
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tractors do seem to put on somewhat more mileage than 

conventional cab tractors, even when the comparison is 

restricted to intercity use. 

TABLE 7.2 

Summary of Differences in the Use 
of Straight Trucks and Tractors 

Percent of Vehicles 
Vehicle Type 

and Use Straight 
Truck Tractor 

Conventional Cab 

Local Trips 

TABLE 7.3 

Operated by Small, 
Non-Authorized Carriers 

Average Daily Mileage for Straight Trucks 
and Tractors Apportioned by Trip Distance 

68% 30% 

Table 7.4 summarizes the fatal accident involvement 
rates (involvements per hundred million vehicle miles) for 
straight trucks and tractors, Rates for local and intercity 

Trip 
Distance 

Local 

Intercity 

TOTAL 
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Straight Truck 

Mean 95% C.I. 

3 6 . 1  511.1 

2 8 . 1  k18 .0  

64.3 224.8 

Tractor 

Mean 95% C.I. 

18.1 517.1 

1 9 3 . 6  C63.9 

211.7 560.3 



use are shown separately. These results are an average of 

results obtained for the four model years. All the 

differences shown in this table are statistically 

significant at the . 0 6  level or less. Tractors are found to 

have substantially higher rates than straight trucks in both 

local and intercity usage. 

TABLE 7.4 

Summary of Fatal Involvement Rates 
by Vehicle Type and Trip Distance* 

*All differences significant at . 0 6  level or less, 

Trip Distance 

Local 

Intercity 

ALL 

These results are presented to emphasize the 
differences in the use and accident experience of straight 

trucks and tractors. These differences make vehicle type 

the most important control variable in the comparison of 

pre- and post-standard vehicles, As the next table shows, 

the composition of the pre- and post-standard model years 

varied appreciably by vehicle type. 

The proportion of air-braked vehicles which were 

tractors as compared to straight trucks varied considerably 
over the model years studied. Figures based on factory 

sales and supplied by the MVMA are repeated in Table 7.5. 

This information is presented in Section 4. The percentage 

of air-braked vehicles which are tractors ranges from a low 

Straight Truck 

Rate 95% C.I. 

4.0 10.4 

3.3 10.7 

3 .7  2 0 . 5  
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Tractor 

Rate 95%C.I. 

11.1 12.1 

6.8 k 0 . 6  

7.2 10.5 



of 50% in 1 9 7 5  to a high of 67% in 1 9 7 7 .  As will be 

discussed next, these variations are a reflection of unusual 

trends in the purchase of heavy trucks resulting from the 
introduction of the standard and the economic conditions in 

the trucking industry in 1975. 

TABLE 7.5 

MVMA-Supplied Data on the Percentage of Tractors 
in Air-Braked Factory Sales by Year 

7 . 2 . 2  Exposure Differences for Tractors. The straight 
truck data are too small to allow further disaggregation, 
However, for the tractors there is sufficient data to 
examine the effect on accident experience of several 

exposure variables. The comparisons made highlight 
substantial differences in the accident experience of 
tractors related to the various exposure categories. The 

exposure variables include trip distance, trailer type 
(bobtail, single, double), carrier type, fleet size, and cab 
style. All comparisons except the first are limited to 

intercity use. Involvement rates are summarized by exposure 
category for tractors in Table 7 . 6 .  Both the fatal 
involvement rate and the injury involvement rate are shown 
when available. 

Calendar Year 

All the differences shown in this table are 

statistically significant at the ,05 level or less except 

Percent Tractors 
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TABLE 7 . 6  

Summary of Involvement Rates 
for Tractors by Exposure Category 

Exposure 
Variable 
and Levels 

Fatal 

Trip Distance 
Local 
Intercity 
Difference 

Intercity Use Only 

Trailer Type 
Bobtail 
Trailer 
Difference 

Single 
Double 
Difference 

Carrier Type 
Authorized 
Non-Auth Interstate 
Difference 

Fleet Size 
Small 
Large 
Difference 

*Differences significant at ,05 level except when 
marked with asterisk. 

those marked with an asterisk. The fatal involvement rates 

by trip distance for tractors were shown in a previous 

table. Here, the comparable results are shown for the 
injury accident involvement rate. In general, the 
consistency shown in the fatal and injury involvement rates 

is reassuring. Of course, the same data base provides the 
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exposure information for both computations. Nonetheless, it 
is still necessary to subset the exposure data to Authorized 

carriers for estimation of the injury rates. One would not 

expect the results to be so consistent if this subset were 
incorrectly estimated. 

With regard to trailer type, the bobtail and double 
trailer configurations are found to have higher involvement 

rates than the single trailer. The confidence intervals are 
generally large for these two subsets because they represent 
very small proportions of the overall tractor vehicle miles. 

In fact, the discussion of the bobtail result presented in 

Section 5 suggests that the bobtail mileage may be 
underestimated. Even assuming the bobtail use to be 2 or 3 

times that estimated, it would still appear that this 
configuration is overrepresented in both fatal and injury 
accidents. The increase in the involvement rate for doubles 
is not nearly so large. In fact, the results for the 1977 
model year tractors did not show doubles to be overinvolved. 
However, the overall result shown here is statistically 

significant. 

No significant difference by carrier type is shown in 
the fatal involvement rate. On the surface, it would appear 
that the non-Authorized interstate carriers have an 
appreciably lower injury accident involvement rate. 
However, the comparison of fatal accidents reported to FARS 
and BMCS presented in Section 6 indicates a serious under- 
reporting of accidents to BMCS on the part of the non- 

Authorized interstate carriers. The injury accident 
involvement rate shown in this table is felt to be simply 
another reflection of this under-reporting problem. 

Partitioning of the data on fleet size produced one of 
the more substantial differences in exposure categories. 
Fleet size was measured in terms of the number of air-braked 
power units, with small fleets being those with less than 50 
air-braked power units and large being those with 50 or 
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more. Small fleets are found to have more than double the 

fatal involvement rate of large fleets. 

A final comparison by cab style of the tractor is shown 

in Table 7.7. The cabover-style tractors have a fatal 

involvement rate 67% higher than that for conventional-cab 

tractors. This comparison is also limited to intercity use. 

Even more striking is the result when only accidents which 
resulted in death to the truck driver are used. Now the 

cabover-style tractor has a fatality rate slightly more than 
double that of the conventional cab tractor. These results 
are also highly significant. 

TABLE 7.7 

Fatal Involvement Rates by Cab Style: 
Intercity Tractors Only 

*Differences significant at , 0 0 1  level. 

Cab Style 

Conventional 

Ca bove r 

Difference* 

The previous sub-section discussed differences in the 

exposure and accident experience of straight trucks and 

tractors. At the end of that sub-section it was pointed out 
that those differences were important to the comparison of 
pre- and post-standard vehicles because the percentage of 

tractors (and straight trucks) varied appreciably over the 
study period. Similarly, the differences in the accident 
rates associated with the various exposure categories for 

tractors also bears on the pre/post comparison. Differences 
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Fatal 

Rate 95% C.I. 

5 . 1  k 0 . 9  

8 . 5  21.0  

-3 .4  21.3 

Driver Fatal 

Rate 95% C.I. 

0.65 k 0 . 1 5  

1 . 4 8  k 0 . 2 6  

-0 .83  20 .30  



were also observed in the purchase of tractors before and 

after the standard. In general, there was a decrease in 

purchases by large Authorized carriers in 1975. There was a 

corresponding increase in the percentaae of vehicles 

purchased by small non-Authorized carriers. This trend is 

also likely to be primarily responsible for the decrease in 

the proportion of tractors in 1975, since the large 

Authorized carriers purchase mostly tractors. These 

differences in fleet size and carrier type are summarized 

below in Table 7.8. 

TABLE 7.8 

Percentage of Tractors in Large Fleets 
and Authorized Fleets by Model Year 

This discussion has focused on exposure differences and 

their effect on the accident experience of heavy trucks. As 

such, it is necessary background for comparison of pre- and 
post-standard vehicles which is finally addressed in the 

last part of this section. 

Model 
Year 

1974 

1975 Pre 

1975 Post 

1976 

1977 

7.3 Safety Impact of FMVSS 121 

This sub-section begins with a summary.of the accident 

experience of the pre- and post-standard vehicles. The 

Large Fleets 

Percent 95% C.I. 

58.4 211.3 

45.4 225.9 

38.1 222.9 

56.7 235.5 

57.2 f 2.9 
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Authorized Fleets 

Percent 95% C.1. 

56.8 k13.9 

40.6 f31.1 

28.8 f17.5 

43.6 237.7 

49.1 f 2.9 



remainder of this section is a discussion of possible 

explanations for the results. Maintenance and reliability 

problems are examined and there is a discussion of the 

expected safety benefits of the standard. 

7.3.1 Summary Results. The accident experience of 

pre- and post-standard vehicles is summarized in this sub- 

section. Results are presented in four areas: straight 

trucks, tractors, trailer brake type, and jackknifes. 

Tractors and straight trucks are separated in light of the 

previous discussion of the differences in the use and 

accident experience of these two distinct vehicle types. 

Overall rates are presented here, rather than looking at 

local and intercity trips separately, This is appropriate 

because the exposure distributions by trip distance (see 

Section 4) do not change appreciably from model year to 
model year. 

Tabulations in this sub-section are presented by model 
year. All 1974 and the majority of the 1975 model year are 

pre-standard. Efforts to split the 1975 model year were not 
successful. Model year 1977 vehicles are post-Notice 7. 

7.3.1.1 Straight Trucks. Table 7.9 summarizes 
the fatal involvement rates (involvements in fatal accidents 

per hundred million vehicle miles) for straight trucks by 

model year. The data shown are an aggregate of the calendar 

years 1976-1978, Sufficient information was not available 

in the BMCS file to estimate injury involvement rates for 
straight trucks. Exposure data were particularly weak for 

the 1976 model year straight trucks. For this reason an 

average of daily mileage across model years was used in 

place of actual survey data for the 1976 model year. The 

1974 model year is taken as a baseline in the computation of 

the percent change in the involvement rate for each 

successive model year. The percent change in the 
involvement rates is somewhat mixed, but generally 
increasing. These results were found to be sensitive to 
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the exposure data. However, there is no evidence of 

substantial reductions in the involvement rates of straight 

trucks. 

TABLE ?.9 

Summary of Fatal Involvement Rates 
for Straight Trucks by Model Year 

Model Year I Rate 95% C.I. 
Percent 
Change* 

*Base model year is 1974. 

**Survey data replaced with an average of the daily 
mileages across model year. 

7.3.1.2 Tractors. A summary of involvement rates 

for tractors is shown in Table 7.10. Here, results for both 
fatal and injury involvements are available. The fatal 

involvement rates are an aggregate of data from calendar 
years 1976-1978, while the injury accident involvement rates 

are derived from an aggregate of data from calendar years 
1976-1977. Again, the percent change is computed using the 

1974 model year as a baseline. As with the straight trucks, 

the percent change in the involvement rates is somewhat 
mixed, but generally increasing for the newer model years. 
These results were also found to be somewhat sensitive to 
the exposure data. Worth noting is the result for model 
year 1977 tractors which indicates a slight reduction. Yet 
the 1977 model year showed the sharpest increase for the 

straight trucks. The MVMA-supplied data on the percentage 
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of tractors in each production year showed a higher 

percentage of tractors for production year 1 9 7 7  ( 6 7 % )  than 

for any of the previous three years. If this figure were 

slightly high, the straight truck rate would decrease and 

the tractor rate would increase. However, the survey of 
1 9 7 7  model year vehicles indicated that 77% were tractors! 
This kind of problem emphasizes the importance of the 

estimates of the total numbers of vehicles in use. In 
conclusion, there is no evidence of substantial reductions 
in the involvement rates of tractors for the new model year 

vehicles. 

TABLE 7 . 1 0  

Summary of Involvement Rates 
for Tractors by Model Year 

*Base model year is 1 9 7 4 .  

Model 
Year 

1 9 7 4  

1 9 7 5  

1 9 7 6  

1 9 7 7  

7.3.1.3 Trailer Brake Type. A serious problem 
was encountered in our efforts to estimate involvement rates 
for the various combinations of brake type (pre/post) on 

tractor and trailer. Surveys of trailer use were conducted 
during most of the time period under study. However, not 
all model years were surveyed in each calendar year. 
Subsequent analysis of the accident data suggests that the 
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Fatal Involvements 

9  5% 
Rate C.I. 

6.6 20.7 

8 .2  20 .8  

8 . 5  23 .0  

6.2 k 0 . 2  

Injury Involvements 

Percent 
Change* 

0 

+ 2 4  

+29 

-6  

95% 
Rate C.I. 

47 .4  k 1 2 . 5  

68 .3  5 2 9 . 9  

57 .2  254 .4  

5 6 . 6  i 4 . 3  

Percent 
Change* 

0  

+44 

+ 2 1  

+19  



use of new trailers is strongly related to the tractor model 

year. Apparently fleets which buy new power units also buy 

new trailers, so the new equipment is very likely to be 

coupled together. k complete discussion of this problem is 

presented in section 5. The survey data are quite limited 

when restricted to the calendar year and model years - 
surveyed. These results are presented in Table 7.11 and 

they are very mixed. A strong over-involvement is shown for 

the 1975 power units with post-standard trailers. In each 

case in this table, the percent change shown is a comparison 

of the involvement rate for tractors pulling post-standard 

trailers as compared to the involvement rate of the same 

model year tractor pulling pre-standard trailers. A 
reduction (24%) is shown for the 1977 model year tractor 

(post-Notice 7 )  pulling post-standard trailers in calendar 

year 1978. In general, there is no strong evidence here to 

indicate that the involvement rates are influenced by 
trailer brake type. This conclusion is primarily a 

reflection of the limited exposure data describing the brake 

type on - both tractor and trailer, 

7.3.1.4 Jackknifes. Jackknife accidents were of 
particular interest, since it was felt that this type of 

accident might show the most dramatic improvements for the 

post-standard vehicles. For a complete analysis, brake type 

of both tractor and trailer is needed. As previously 

discussed, the attempt to determine exposure by trailer 
brake type was not particularly successful. Consequently, 

the tabulations in this sub-section are presented by model 

year of tractor only. Summary results are presented in 
Table 7.12. For the fatal involvements, only pre-impact 
jackknifes were included on the presumption that post-impact 
jackknifing is not amenable to vehicle handling 

countermeasures. The second computation of jackknife 
involvements used the BMCS file. For this tabulation, 

property damage accidents were included. In the BMCS file, 
jackknifing is only indicated for "non-collision" events, 
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TABLE 7.11 

Summary of Percent Change in Involvement Rates for 
Post-Standard Trailers by Model Year and Calendar Year: 

Intercity Tractors Only 

Calendar 
Year 

Tractor 
Model Year 

Percent Change* 

Fatal Injury 

"Baseline is the rate for the same calendar year and 
model year with a pre-standard trailer. 

"Non-collision" events include such things as ran off road, 
overturn, fire, and cargo shift or spill. Jackknife is 
recorded if it is the primary "non-collision" event. Two 
types of statistic are shown in the table. First, the 
jackknifes are shown as a percent of all accidents for the 
model year in question under the column "percent." No 
exposure data are involved in this computation. Next, the 
"rate" for jackknifes is computed as the number of jackknife 
accidents per hundred million vehicle miles. The confidence 

interval of the rate is also computed. 

Looking at Table 7.12, the trends in the fatal 
involvements and the BMCS-reported involvements are 
strikingly consistent. Perhaps, the most important result 
is that jackknifing as a pre-impact or primary non-collision 
event occurs in only 4%-7% of the fatal and BMCS-reported 
accidents! Jackknifes increase as a percent of all 
accidents and as a rate for the 1975 and 1976 model years, 
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TABLE 7.12 

Summary of Jackknife Accidents: 
Intercity Tractors Only 

Power I 
Fatal Involvements 

1976-1978 
BMCS-Reported Involvements 

1976-1977 

dropping for the 1977 model year. The percentage of BMCS- 
reported jackknifes shows a 29% reduction from 5.5% for the 
1974 model year to 3.9% for the 1977 model year. The rate 
of BMCS-reported jackknifes decreases 15% for the 1977 model 
year power unit. For the most part, the difference in 
jackknife involvement rates is not statistically 
significant. 

Unit 
Model 
Year 

7.3.2 Conclusion. Many approximations and assumptions 
were necessary to carry out this analysis with the available 

data. These qualifications must be taken into account when 
interpreting the results. The authors conclude that this 
study provides no evidence of a substantial safety benefit 
for post-standard vehicles. On the other hand, as a 
consequence of the large confidence intervals and 
fluctuations in the estimated involvement rates, we do - not 
believe the results support a conclusion that the 
involvement rates of post-standard vehicles have increased 
over those of pre-standard vehicles. In summary, the 
overall results do not support either the hypothesis that 
involvement rates are lower, or that they are higher. 
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Efforts to discern differences in involvement rates 

related to the use of pre- and post-standard trailers were 

largely unsuccessful due primarily to a lack of satisfactory 

exposure data. In general, there is not strong evidence 

that the use of pre- or post-standard trailers influences 
the involvement rate of the combination unit one way or the 

other. 

Jackknife accidents were found to increase for the 1975 

and 1976 model years and decrease modestly (15%-29%) for the 
1977 model year power unit. These reductions are not 

statistically significant. Most important is the finding 

that the jackknife accidents are only 4%-7% of the fatal and 

BMCS-reported involvements. A 29% reduction represents a 
change of only 1.6% in all accidents! 

7.3.3 Discussion. The objective of this sub-section 

is to consider possible explanations for the observed 

absence of any substantial safety benefits from FMVSS 121. 
First, a discussion of maintenance and reliability problems 
is explored. These problems resulted in inoperable anti- 

lock systems on large proportions of the 121-equipped 

tractors and trailers, Knowledge of truck maintenance 
practices suggests that less sophisticated countermeasures 
might not have required the drastic upgrading of truck 

maintenance capabilities. As an example of maintenance 

problems, difficulties with brake adjustment are cited. 
These problems do not seem sufficient to completely explain 

the lack of safety benefit. The second sub-section of this 

discussion considers the estimation of the expected 
benefits. Available information suggests that NHTSA over- 

estimated the role of braking as a causal factor in heavy 

truck accidents, It does not appear to be realistic to 
expect brake-related countermeasures to produce substantial 

reductions in the overall accident experience of air-braked 
trucks. 
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7.3.3.1 Maintenance Problems. The brake systems 

developed to comply with FMVSS 121 have many more components 
and are more complex than pre-standard brake systems. The 

most sophisticated component is the computerized anti-lock 
control. Serious maintenance and reliability problems were 

encountered when these systems were put into use, 
Maintenance and reliability problems offer a likely 

explanation for the missing safety benefits of the standard, 
since inoperable systems would not improve the braking 
performance of the vehicle. These problems were so severe 
for intercity and transit buses that NHTSA amended the 

standard by suspending the stopping distance requirement 
(hence anti-lock) for buses until January 1978. Despite 
reporting and consistency problems, the maintenance data 
collected in the fleet monitoring program indicate that the 
mileage between brake system maintenance entries decreased 
31% for post-standard tractors and 60% for post-standard 
straight trucks. In other words, the post-standard systems 
apparently required more frequent maintenance, Maintenance 
and reliability were frequently mentioned at a public 
meeting on FMVSS 121 held by NHTSA in Washington, D.C. in 
October 1975. Subsequent to this meeting, the Truck and Bus 

Safety Subcommittees of the National Highway Safety Advisory 
Committee and the National Motor Vehicle Safety Advisory 
Council initiated a series of public meetings on FMVSS 121. 

In a letter from the Chairman of this subcommittee to the 
Secretary of Transportation dated May 3, 1977, the following 
conclusions are stated: 

"Second, it is concluded that driver training programs 
have not been adequate to properly instruct drivers in 
large and small fleets, as well as those operating 
independent and agriculture trucks." 

"Third it is concluded that a shortage of qualified - I  mechanics for all motor vehicle equipment is - - 
developing, since fewer and fewer are being trained." 

"Fourth, although suppliers are offering adequate and 
effective programs for journeyman mechanics, the 
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programs are being only partially used. A 
representative of the International Association of 
Machinists stated that there are approximately 300,000 
journeyman mechanics involved with FMVSS 121, and that 
only about 25,000 have been trained on 121 equipment to 
date. " 

Results from the fleet monitoring program indicated 
that 18 months after the standard went into effect, only 20% 

of the fleets with 121-equipped vehicles were equipped to 

diagnose problems with the 121 brake system, and that only 

15% reported that their mechanics had received special 

training in servicing the 121 brake system. The primary 

sources of such special training were supplier and 
manufacturer training courses. 

There is also evidence that the anti-lock was 

inoperable on substantial numbers of vehicles. In a joint 
NHTSA-BMCS effort, total combination vehicles 

which at least one unit was 121-equipped were inspected. 

One hundred units were chosen at random from the traffic 
stream at state weighing stations in five locations across 

the country. The results from this survey were stated as 

follows: 

"The overall operational rate for the 407 antilock- 
equipped power units in the sample was 64 percent 
definitely operative, 6 percent definitely inoperative, 
and the other 30 percent unknown. Of the 249 anti-lock 
equipped trailers, 35 percent were definitely 
operative, 45 percent definitely inoperative, and 20 
percent unknown." 

"The "unknown" category resulted from vehicles for 
which there was no failure indicator light or where the 
light would not go on for the bulb check, and the 
trailer function tester could not be used, but still 
there was no visible evidence of a problem with the 

lb~echnical Assessment of FMVSS 121--Air Brake Systems 
(washington, D.C.: National Highway Traffic Safety 
Administration, February 1978). 
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The same reference cites similar results from a survey 

conducted by the California Highway Patrol," This study 

also includes some important findings on the incidence of 
improper brake adjustment. 

"Table I clearly reveals a surprisingly high percentage 
of 121-equipped intermixed combinations in need of 
brake adjustment. Twenty-two percent or more than one 
out of every five of intermixed 121-equipped vehicle 
combinations, were found so dangerously out of 
adjustment that they are unfit, by California 
standards, for highway operation, while only 9 percent 
of the pre-121 combinations were found to be within 
this category," 

"Table I also reflects another significant figure--17 
percent of all the totally 121-equipped vehicle 
combinations also fall within the 40 percent or more of 
the brakes out of adjustment danger zone." 

The overall incidence of improper brake adjustment 
(including the combination vehicles with less than 40% of 

their brakes improperly adjusted so that they were not in 
the danger zone) was 48% for pre-standard combinations, 60% 

for intermixed combinations, and 51% for combinations fully 
equipped with 121. 

It would seem that brake adjustment was a serious 
maintenance problem before FMVSS 121. If pre-standard brake 

systems were not properly maintained, then one might expect 

increased problems when a more complex system requiring more 
maintenance was introduced. In fact, the introduction of 

FMVSS 121 aggravated an existing problem, especially on the 

combination vehicles with a mixture of pre- and post- 

standard units. Brakes made in conformance with F W S S  121 
exert a higher brake torque for a given line pressure. On a 

mixed vehicle, the unit with 121 brakes will always do more 
than its share of the braking. This accelerates the wear of 
the 121 brakes since their use is increased. The 

17Study of 121-Equipped Vehicles (Calif.: California 
Highway Patrol, October 1 9 7 7 ) .  
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accelerated wear is likely to increase the incidence of 

improperly adjusted brakes. 

This discussion of maintenance and reliability problems 

was initiated as a possible explanation for the failure of 
FMVSS 121 to produce the expected safety benefits. In fact, 

the available evidence indicates significant maintenance 
problems and appreciable proportions of vehicles in service 

with inoperable anti-lock systems, especially on trailers. 

There is another important aspect of the problem revealed 

here. Improper brake adjustment is found to have been a 
prevailing maintenance problem before FMVSS 121 was 

introduced. Many of the difficulties associated with the 

design of this evaluation study reflected a lack of 
knowledge of the population for study. Here also, the 

knowledge available now of pre-existing maintenance problems 
and practices in the trucking industry would suggest that 

the introduction of a more complex brake system would 

aggravate such problems as improper brake adjustment. The 
next sub-section reviews present information on the accident 

experience of heavy trucks in relation to the estimation of 
the expected safety benefits for improved braking. 

7.3.3.2 Estimating Potential Benefits. In 
October 1975, NHTSA placed in the public docket a "working 

draft" economic analysis. a This document presents 

estimated annual costs associated with FMVSS 121 ranging 

from a low estimate of $396 million to a high estimate of 

$889 million. Total safety benefits were estimated at $790 

million. These safety benefits were the result of an 

estimated 31% reduction in fatalities, 41% reduction in 
personal injuries, and 21% reduction in property damage, 

These estimates were derived from a review of 305 in-depth 
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field investigations performed by the staff of the Bureau of 

Motor Carrier Safety during calendar year 1972, 

FMVSS 121 is an accident avoidance countermeasure. It 

seeks to prevent, or lessen the severity of, collisions. 
The development of such countermeasures presumes knowledge 

of the causes of accidents. It is also necessary to know 

the proportion of all accidents influenced by the particular 
causes identified. Having this information, one then 

estimates the effectiveness of the countermeasure and 
multiplies by the proportion of accidents to estimate the 
expected reduction. For example, i f  50% of all accidents 

are caused by brake failures, and i f  some countermeasure 
will eliminate 30% of the brake failures, then one would 

expect to eliminate 15% (0.30 times 50%) of all accidents, 

NHTSA has stated that two major classes of accidents 
appear to be relevant: 

1. Accidents involving skidding or other loss of 
control, including jackknifing of tractor-trailer 
combinations; 

2. Accidents where stopping distance is a factor, such 
as those in which a truck rear-ends another 
vehicle." 

This reference also cites percentages for some of these 
classes of accidents obtained from a current NHTSA study. 

"Brake-caused swerving, weaving, and leaving the 
traveled lane were reported for 8 percent of the 
involved commercial vehicles. Wheel lockups were 
reported by the investigating officer to be factors 
contributing to the accident in about 2 percent of the 
accidents. While jackknifing of combination trucks 
occurred in close to 8 percent of the accidents, 
roughly 4 percent jackknifed prior to the collision." 

The percentage of accidents where stopping distance is a 
factor was not estimated. 

"Technical Assessment of FMVSS 121--Air Brake Systems 
(Washington, D.C.: National Highway Traffic Safety 
~dministration, February 1978). 

- 
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The frequency of pre-impact jackknifing found in this 

study (4%-7%) agrees well with these estimates. The maximum 

reduction observed for post-standard vehicles was 29% of the 

jackknifes for a total benefit of 1.6%. Our review of 450 
police reports on fatal accident involvements (see Section 

5) indicated that braking was involved in only 24% of the 
cases, with virtually none amenable to stopping distance 

countermeasures. 

NHTSA has included "loss of control" as an accident 

type which is expected to be favorably influenced by the 

requirements of FMVSS 121. It is not clear that this 

assumption is justified. Compromises between braking and 
stability are among the issues discussed in a recent 
submission by the HSRI Physical Factors Division in response 
to NHTSA's Advanced Notice of Proposed Rule ~ a k i n g  for a new 
Air Brake Standard No, 130. The relevant sub-section of the 
response begins with the statement: 

"A braking performance standard, which specifies a 
deceleration level or stopping distance requiring high 
braking efficiencies to be attained on a specified 
surface, must recognize that vehicle braking 
performance up to the limits of tire traction is not 
free for the asking but is bought with reductions in 
vehicle stability." 

The section ends: 

"We conclude that the warnings of the manufacturers, 
with regard to directional stability being overly 
compromised if heavy trucks are designed to achieve 
high deceleration levels, are real and well founded." 

"Further, it is not clear that such increases (in 
maximum deceleratio~will improve the traffic safety 
record. We would suggest that, to the degree that 
normal braking and downhill-descent performance are 
compromised by designing to achieve shorter wheels- 
unlocked stopping distances (for obstacle-avoidance 
braking), the traffic safety record may also be 
compromised. HSRI suggests that NHTSA may have adopted 
certain premises which are unfounded and, if this 
proves to be the case, the question of whether the 60 
mph stopping distance requirement should be reinstated 
should be held in abeyance until it becomes clear that 
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the stopping-distance performance of heavy trucks 
should be biased in favor of a limit-performance 
requirement. l t 2  O 

The foregoing discussion suggests that it was not 
realistic to expect substantial reductions in the overall 
accident rate as a result of implementation of FMVSS 121. 
The problems run much deeper than simply maintenance and 

reliability. The available information suggests that only a 

small proportion of all accidents are amenable to stopping- 
distance related countermeasures, and then possibly at the 
expense of other collision types, Before further brake- 
related countermeasures can be justified, comprehensive 
information is needed on the relationship of various braking 

performance measures and the causes of heavy truck 
accidents. 

7.3.4 Recommendations. The cost of nearly four years 
of FMVSS 121 is well over $1 billion even when NHTSA's lower 
estimate is used.21 Everyone would like to bring about 

improvements in highway safety as quickly as possible, 
especially where heavy trucks are concerned. The mixture of 
cars and heavy trucks on the same roads is perhaps our most 
serious highway safety problem. When vehicles of such 
disparate size collide, the consequences are most grim for 
the occupants of the smaller vehicle. The trucking industry 
has prospered on the interstate highway system. Yet, the 

cost in human lives of moving goods by truck is far greater 
than the cost using other transportation mode. a a 

20Response to Advanced Notice of Proposed Rulemaking, 
Air Brake Systems, Report No. UM-HSRI-79-32 (Ann Arbor: The 
University of Michigan, Highway Safety Research Institute, 
1979). 

21Economic Im~act of FMVSS No. 121. Air Brake Svstems: 

"See James O'Day in response to Item IIID--Impacts on 
Highway and Motor Carrier Safety, of the Department of 
Transportation "Notice 79-10: Truck Size and Weight Study," 
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However, limited economic resources should be carefully 

allocated to maximize the benefits realized. In an 
understatement, the Council on Wage and Price Stability 

concludes: 

"The overall public interest will not be well served if 
the proposed safety standards are unduly expensive or 
are written to preclude gains in safety by less 
expensive means."" 

The problems of accident causation are so complex that it is 

extremely difficult to assure that any change will have its 

intended effect. Consequentiy, it seems imperative to 

pursue countermeasure development in a cautious and 
deliberate manner. 

Federal Register 44:lO (June 5, 1 9 7 9 1 ,  pp. 32344-32346, 
prepared for the Motor Vehicle Manufacturers Association. 
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h20Ti7R VEHICLE IVIANUFACTL'RERS ASSOCIATION 
of rhe UnlrlJ %arc>, 1 1 1 ~ .  

3(k) SE\V CE>T.R RCILDISO DmOIT.  MICHIGAN A R U  313.872 4:II I 

February 1 4 ,  1979 

Mr. Harry Close 
U.S.  Department of Transportation 
Room 5221, 2100 Second S t . ,  S.  W .  
Washington, D. C. 20590 

Dear Mr. Close: 

A s  per your November 2 9 ,  1978 request  t o  M r .  Griskivich,  
please f ind enclosed the airbraked t ruck / t r ac to r  industry data  
f o r  G.V.W. groups. 6 ,  7  and 8 for  the  years 1974 through 1978. 

I t  ;as pointed out t o  me by most suppl iers  of these data  
t h a t  no actual  f igures  could be made avai lable  on truck versus 
t r ac to r s .  A s  you r e a l i z e ,  i n  many instances modifications 
could have been made by the dea le r s  which would change the  
t ruck/ t rac tor  c l a ss i f i ca t ion .  Therefore, the  summary r e f l e c t s  
est imates based upon i n s t a l l a t i o n  r a t e s  of production options 
such a s  t r a c t o r  hook-up a i r  hoses, o r  e l e c t r i c a l  connections, 
o r  f i f t h  wheels, o r  brake components, e t c .  Even then, a s  some 
companies pointed out ,  this r a t e  does not represent  t o t a l  
t r a c t o r  usage, because of aftermarket and f l e e t  i n s t a l l a t i o n  
of such components on the  companies' chass i s  truck cabs. 

The data  were supplied by Chrysler Corporation, Ford 
Motor Company, Fre ight l iner  Corporation, General Motors Corpo- 
r a t i o n ,  In ternat ional  Harve.ster Company, Mack Trucks, Inc . ,  
PACCAR, Inc. and White Motor Corporation. Please note t h a t  
the data  aggregates for most companies are  U.S. domestic 
factory sa les  p lus  Canadian fac tory  sales exports  t o  the  U.S. 
One company, however, could only supply the  requested data  
on a r e t a i l  s a l e s  basis .  I t  a lso  should be mentioned t h a t  
fo r  1978, two coinpanies reported 9 months da ta  and one company 
reported 10 months data. On the b a s i s  of the  information 
avai lable  t o  me, the repor ted 'data  were extended t o  a 1978 
calendar year period. 

TWX NO. r i o ~ z 2 - s z r s  AUTOMAKERS wsn. 
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I should also like to add that I was in no position to 
perform audit procedures on the data submitted to us. Therefore, 
MVMA assumes no responsibility other than the responsibility for 
the compilation of the data. 

I hope, Mr. Close, that this infornation will be helpful 
to you. 

Sincerely, 

Jacques J. Evers, Manager 
Statistics Department 

cc: Messrs. aridenstine, Jr. 
Griskivich 
Boron 
Good 
Rossow 
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APPENDIX B 

FATAL RATES: SURVEY MILES PER DAY 

This appendix presents fatal accident involvement rates 
computed using FARS accident data and survey mileage data by 
calendar year and power unit model year. These data are 
presented in a series of 9 tables as listed below. 

Subset Variable Levels 

1. None Vehicle Type Straight Truck, 
Tractor 

2. Straight Truck Trip Distance Local, Intercity 

3. Tractor Trip Distance Local, Intercity 

4. Intercity Tractor Trailer Type Bobtail, Trailer 

5. Intercity Tractor Trailer Type Single, Double 
(with Trailer) 

6. Intercity Tractor Trailer Type Pre-Standard, 
(with Trailer) Post-Standard 

7. Intercity Tractor Cab Style Conventional, Cabover 

8. Intercity Tractor Fleet Size Small, Large 

9. Intercity Tractor Carrier Type Authorized, Non-Auth. 
Interstate 

Each page also contains 17 rows which correspond to the 
various model years and accident years. The first five rows 
show the results by model year for calendar year 1976, with 
rows 1-5 corresponding to the model years 1974, 1975 Pre, 
1975 Post, 1975 Total, and 1976. The next six rows show the 
results for calendar year 1977 for the same five model years 
plus the 1977 model year. The last six rows correspond to 
the same six model years for calendar year 1978. The 
calendar year and power unit model year corresponding to 
each row are listed in columns 1 and 2 of the table, 
respectively. 
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The remaining twelve columns on each page correspond to 
two repetitions of six variables, one repetition for each of 
the two levels associated with the exposure variable, The 
common group of six variables is, in order from left to 
right, shown in the following listing. 

Column 1: Total vehicle miles 
2: Confidence interval for total vehicle miles 
3: Number of accidents 
4: Response rate for the above number of accidents 
5: Accident rate, column 3/(column 4 x column 1) 
6: Confidence interval for the accident rate 

Data are also combined across calendar years and then 
across model years. This information is presented in the 
second set of 9 tables in this appendix. The column format 
is the same as for the first 9 tables, except that the 
response rate for the accident counts is omitted since the 
estimated totals must be used in combining the data. The 
first 6 rows of each table present results for each of the 6 
model year divisions shown above after combining across 
calendar year. The final row presents the data after 
combining across calendar year and model year. 
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Survey D a t a  

Fatal  Involvement Rates fo r  Tractors 
Trip Distance by Calendar Year and Model Year 

TRTP D I S T A N C E  - TRACTORS 
- - - - -- - -- - - - - -- - ---- ----- 

LOCAL I N T D R C I T F  
P ---I- - - -- -- --- - - - - - - -- 
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Survey D a t a  

Fatal I n v o l v e m e n t  R a t e s  
V e h i c l e  T y p e  by M o d e l  Y e a r  

( A g g r e g a t e  of C a l e n d a r  Y e a r s  1976-1978) 
......................................................................................... ----------- ---- 

V P H I C L E  TYP!? 
-------- ------------ -- - -- 

STRATGMT T9WCK TRACTOR 
M ode1 ---------- - 

- - .  ---- ---------- Y e a r  No. Acc. V-M. No- Acc. Acc. R o t e  
Miles C.I. Arc. Rate C.I. Miles C.I. Acc. R o t e  C.I. 

1975 Pre 1 27.696 7,9254 36.000 3.4663 - 9 9 1 9 1  1 78.510 11.276 1035.0 13,183 1.8935 

1975 P o s t  26.040 I 4.4417 52.000 1.9970 - 3 4 0 6 3  83 .901  11.663 302.00 3.5995 - 5 0 0 3 8  I 
1975 T o t a l  1 53.735 9.0852 148-00 2.7542 - 1 6 5 6 7  1 162.41 16.223 1337.0 A .  2322 - 8 2 2 3 1  





Survey Data 

Fatal Involvement Rates for Tractors 
Trip ~ i s t a n c e  by Model Year 

(Aggregate of Calendar Years 1976-1978) 
----------------------------------------------------------------------------------- ------- ------- 
I 

__ ________l_____l--- -I_----- ----- 
T R I P  nISTANCF - TRACTORS 

1 
-- 

Model LOCAL INTERCITY 
- ------ --- ------ -- 

year F. V.M. 
No. Acc. ACC. Rate' veh. V.M. No- Acc. Acc. Rote 

Miles C. I. Acc. Rate C.I.  Miles C.I. Acc. Rate C.I. 

1975 T o t a l  20.240 I 9 .1347  , 206.47 10.201 4.6039 142.17 17.198 1129.5 7 .9451 I - 9 6  108 

1917 

TOTAL 

7.3686 -91186 117.16 15.900 1.9677 

59.579 11.078 659.04 11.075 2.0592 

5.7357 . 1R713 162.11 5.2888 929.82 

656  - 0 5  57.724 4460.5 6.7990 - 5 9 8 2 2  
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Survey Data 

Fatal Involvement Rates for  Interc i ty  Tractors Only 
Carrier Type by Model Year 

(Aggregate o f  Calendar Years 1976-1978) 

---- - --A -- --- -- -- - ------- ---------- -- 
C A R R I E R  TYPE 

--- - - ----- -- ------- - --- ------- 

I 
- - 

ArrTlloaI ZED N O M - A ~ T I I ~ R I  z e n  
M ode1 -7 ------- -- ----- ----- --------- 

V.M. No. Acc. Acc. Rate veh. V.M. No. Acc. Acc. Rate I Miles year lveh. c.1. Acc. Rate C.I. Miles C.I. Ace. Rate C.I. 

1975 P r e  I 35.971 17.630 456.03 12.678 6.2137 

1975 Post 28.652 16.073 127-98  4.4667 2.5058 

15.180 7.0571 281.28 18.530 8.6145 

34. 119 7.2531 90.699 2,6584 - 5 6 5 1 3  

1975 Total 

1976 

1977 

64.623 23.857 584.65 9.0471 3.3400 

63.197 51,074 4811. 39 7.6648 6.2915 

f11.241 4.6505 536. R2 6.6077 . 37825 

49.298 10,120 371.65 7.5388 1.5475 

37.931 21.555 268.62 7.081A 4.0241) 

4.3313 291 - 8 3  9.6710 ,32381 62.478 



APPENDIX C 

FATAL RATES: AVERAGED MILES PER DAY 

This appendix presents data. in the same format as 
Appendix B. The only difference is in the way the survey 
data on mileage is treated, For Appendix B, separate 
estimates were computed for each model year and exposure 
category. For the computations presented in this appendix, 
the survey data were averaged across model year in each 
exposure category, thus removing the survey differences by 
model year. This computation was carried out to isolate the 
influence of the estimated number of vehicles in service. 
This influence can be evaluated by comparing the results in 
Appendices B and C. 
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Survey D a t a  on D a i l y  M i l e s  A v e r a g e d  A c r o s s  M o d e l  Y e a r  

Fatal  I n v o l v e m e n t  R a t e s  for St ra igh t  Trucks 
T r i p  D i s t a n c e  by M o d e l  Y e a r  

( A g g r e g a t e  of C a l e n d a r  Y e a r s  1 9 7 6 - 1 9 7 8 )  

TRIP I l lSTANCE - STRATGflT TRIJCKS 

I O C A L  i I MTERCITY 
M o d e l  ----- - - ------- 

V.M. No. Acc. Acc. Rate Veh. V.M. No. Acc. Acc. Rate I Miles year I veh- C.I. Arc. Rate C.I. Miles C.1. Acc. Rate C.I. 

1975 Post 11.682 I 2.5204 38.799 2 .8358 - 5 2 2 3 9  1 10.693 4.1212 1 .2823 , 4 9 4 2 4  13.712 

1975 T o t  a1 I 26.043 U. 7974 99.234 3.8104 -70193  7 ,  8445  48,592 2 , 3 8 7 5  - 920 18 1 2 0 - 3 5 3  





Survey D a t a  on D a i l y  M i l e s  A v e r a g e d  A c r o s s  M o d e l  Y e a r  

Fatal Involvement R a t e s  for I n t e r c i t y  Tractors O n l y  
Trai ler  U s e  by M o d e l  Y e a r  

( A g g r e g a t e  of C a l e n d a r  Y e a r s  1 9 7 6 - 1 9 7 8 )  

Trailer U s e  

BOBTAIL TRAKLER ---- 

Miles 
Year l yeha 

V.M. NO. 
C.1. Acc. 

Acc. Acc. Rote veh. 
Rate C.I. I Miles 

V.M. 
C.I. 

No. 
Acc. 

Acc. Acc. Rote 
Rate C . I .  

1975 P r e  I .I7008 ,15430 25.370 148.51 134. 11  81,927 16.316 837.2P 10.220 2.0353 I 
1975 Post 1 . 15231 

-13754 3.81162 25.251 22.803 1 73.028 14.544 252.30 3. 4630 .60967 

1975 Total 1 -32319 -291  85 29.625 91.663 82.774 1 15Q.96 30,060 1096.ri 7.0759 1.4092 

-24326 .28013 21.912 90.076 103.73 

TOTAL 1.3229 -65452 =---I----- 119.10 90.0 31 44,545 

116.63 901.39 7.72R5 1.9627 29.620 

634.26 69.201) U316.6 6.8058 .74262 
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Survey D a t a  on D a i l y  M i l e s  A v e r a g e d  A c r o s s  Model Y e a r  

F a t a l  I n v o l v e m e n t  R a t e s  for Intercity T r a c t o r s  O n l y  
F l e e t  S ize  by M o d e l  Y e a r  

( A g g r e g a t e  of C a l e n d a r  Y e a r s  1 9 7 6 - 1 9 7 8 )  

IY ode1 
Y e a r  

-- -- -- - - -------------------- 
FLEET SIZE 

------------- -- ---- ----- ---- 
SH4LT. (1-49) L A R C E ( 5 0 + )  -------- ----- 

Veh. V.M. No. Acc. V.M. No. Acc. Acc. Rate 
Miles C.I. Acc. Rate C.I.  Miles C.I. Acc. Rate C.I.  

1975 Pre 1 12.522 9.  SOU5 549.36 16. 892 1). 9386 49.576 20.008 321.73 6. 4896 2.6191 I 
1975 Post 28.990 I 8.4756 152.70 5.2675 17,834 103.68 2.3462 - 9 4 f i f I R  1 44-191 
1975 Total  61.512 I 17.984 703.53 11.437 3.3U39 1 93.767 37.842 420.97 l l .4895 l .A l1A  
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APPENDIX D 

INJURY RATES: SURVEY MILES PER DAY 

This appendix presents injury accident involvement 
rates computed using BMCS accident data and survey mileage 
data by calendar year and power unit model year. These data 
are presented in a series of 7 tables as listed below, 

Subset variable Levels 

1. Tractor, ---- Tractor Only 
Auth. Carrier 

2. Tractor, 
Auth. Carrier 

Trip Distance Local, Intercity 

3. ~ntercity Tractor, Trailer Type Bobtail, Trailer 
Auth. Carrier 

4. Intercity Tractor, Trailer Type Single, Double 
Auth. Carrier 
(with Trailer) 

5. Intercity Tractor, Trailer Type Pre-Standard, 
Auth. Carrier 
(with Trailer) Post-Standard 

6. Intercity Tractor Carrier Type Authorized, Non-Auth. 
(Fatals Excluded) Interstate 

7. Intercity Tractor Carrier Type Authorized, Non-Auth. 
(BMCS Fatals) ' Interstate 

Each page also contains 11 rows which correspond to the 
various model years and accident years. BMCS accident data 
were not available for the 1978 calendar year. The first 
five rows show the results by model year for calendar year 
1976, with rows 1-5 corresponding to the model years 1974, 
1975 Pre, 1975 Post, 1975 Total, and 1976. The next six 
rows show the results for calendar year 1977 for the same 
five model years plus the 1977 model year, The rows 
corresponding to the pre/post split of the 1975 model year 
Dower units do not contain accident counts because this 
histinction could not be made in the BMCS file. The 
calendar year and power unit model year corresponding to 
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each row are listed in columns 1 and 2 of the table, 
respectively. 

The remaining twelve columns on each page correspond to 
two repetitions of six variables, one repetition for each of 
the two levels associated with the exposure variable. The 
common group of six variables is, in order from left to 
right, shown in the following listing. 

Column 1: Total vehicle miles 
2: Confidence interval for total vehicle miles 
3: Number of accidents 
4: Response rate for the above number of accidents 
5: Accident rate, column 3/(column 4 x column 1) 
6: Confidence interval for the accident rate 

Data are also combined across calendar years and then 
across model years. This information is presented in the 
second set of 7 tables in this appendix. The column format 
is the same as for the first 7 tables, except that the 
response rate for the accident counts is omitted since the 
estimated totals must be used in combining the data. The 
first 6 rows of each table present results for each of the 6 
model year divisions shown above after combining across 
calendar year. The final row presents the data after 
combining across'calendar year and model year. 
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Survey Data 

Injury Involvement Rates for Intercity Tractors (Fatals Excluded) 
Carrier Type by Calendar Year and Model Year 

t C A R R I E R  TYPE 

I 
--- 

A I J T I I O R Z Z F ~  N O N - r o r a o ~ r z r n  
-- -- -- - - --- 

ChL I D L  No. R.sponso A c t .  A .  a vmh. V . M -  No. Rosponsa Acc. Acc. Ro le  
Y B  IS ~ l l e 8  Ace.  R a l o  R a t e  C .  1. M I I o s  C. I. Acc. Rat. R o l o  C . I .  

75 T o t a l  21.R32 I 13.959  1184.0  1. 0 0 0 0  54 .232  34 .675  1 1 6 . 6 5 5  5 . 9 2 1 2  313 .00  1 .0000 18 .7q3 6.cR14 

7 5  T o t a l  21.614 I 1 3 . 0 1 9  1 2 2 6 . 0  1.0000 56 .724  3 6 . 2 6 8  1 1 6 . 4 8 8  5 .86  19  7 9 7 . 0 0  1. 9 0 0 0  1 8 . 0 1 3  f .  4 0 1 9  





Survey D a t a  

Injury I n v o l v e m e n t  R a t e s  for T r a c t o r s ,  A u t h o r i z e d  C a r r i e r s  O n l y  
O v e r a l l  Rates by M o d e l  Y e a r  

( A g g r e g a t e  of C a l e n d a r  Y e a r s  1 9 7 6 - 1 9 7 7 )  

O v e r a l l  R a t e s  for T r a c t o r s  1 ---------------- -- - 
M o d e l  Veh. V.M. No. Acc. Acc. Rate 

Miles C.I. Acc. Rate C.I. 

1975 P r e  1 2 5 - 4 1 1  
1U.888 -0, - 0 .  -0. 

1975 Post  1 20-097 
13,234 - 0 ,  -0. -0. 

1977 

TOTAL 

29.750 2.24 1 1 16A3.0 56 .572  4. 261 7 

210.30 52.930 12540. 54. 4 5 1  12.515 





Survey D a t a  

Injury I n v o l v e m e n t  R a t e s  for Intercity T r a c t o r s ,  A u t h o r i z e d  C a r r i e r s  O n l y  
T r a i l e r  U s e  by M o d e l  Y e a r  

( A g g r e g a t e  of C a l e n d a r  Y e a r s  1 9 7 6 - 1 9 7 7 )  

M ode1 
Y e a r  

-- 

T r a i l e r  U s e  
-----A-p------------ ---- ----- ------- - - - P A - -  

BOHTfiII .  T R A I L E R  
_I_______-_____-A__----~------------ 

Veh. V.M. No. Acc. V.M. No- ACC. Acc. Rote 
Miles C.I. Acc. Rate C.I.  Milo C.I. Acc. Rate C.I. 

1975 P r e  I 0 .  -0 .  -0. -0, -0. 14.516  -0 .  -0. -0. 
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APPENDIX E 

INJURY RATES : AVERAGED MILES PER DAY 

This appendix presents data in the same format as 
Appendix D. The only difference is in the way the survey 
data on mileage is treated. For Appendix D, separate 
estimates where computed for each model year and exposure 
category. For the computations presented in this appendix, 
the survey data were averaged across model year in each 
exposure category, thus removing the survey differences by 
model year. This computation was carried out to isolate the 
influence of the estimated number of vehicles in service. 
This influence can be evaluated by comparing the results in 
Appendices D and E. 
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Survey D a t a  on D a i l y  M i l e s  A v e r a g e d  A c r o s s  M o d e l  Y e a r  

Injury I n v o l v e m e n t  R a t e s  for  T r a c t o r s ,  A u t h o r i z e d  C a r r i e r s  O n l y  
O v e r a l l  R a t e s  by C a l e n d a r  Y e a r  and M o d e l  Y e a r  

7 7 7U 

7 5  PCP 

7 5  post 

7 5  Total 

76 

91 

--- -- -- -- 

C a l  . 
Y e a r  Y e a r  

O v e r a l l  R a t e s  for T r a c t o r s  -- - ---- - - - - ----- -. --- -- -- -- - - - 
Veh. V. M -  No. Responu Acc. Acc. Rat. 
MIIes c. I. ACC.  Rate Rate C.  I. 
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Survey D a t a  on D a i l y  M i l e s  A v e r a g e d  A c r o s s  M o d e l  Y e a r  

Fatal I n v o l v e m e n t  R a t e s  ( B M C S - R e p o r t e d  A c c i d e n t s )  for  I n t e r c i t y  T r a c t o r s  
C a r r i e r  T y p e  by C a l e n d a r  Y e a r  and M o d e l  Y e a r  

_.___ _ _  __ _ - - _  
C A R P  

- - - - - - - - - - --A - -- -- 
AIJTIIOR 17F9 

- - - - - - - - - - - -- - - - - - 
N w .  Remponso Ac c. Acc. Rat. 

Y R  YB M I l e r  C. I. Acc. R o l e  l o t .  C.I. 
Vah. V.M. No, R o r p o n u  Acc. Acc. Rat. 
M i l e #  C. I. A*& R a t e  Rat.  C . I .  

75  P r e  1 1U.525 12.341 -0. -0. -0. -0. I 9.4R12 5.702A - 7 .  -0. -0.  -0.  

75 POSL 1 12-917 i i . o n i  -0. -0. -0. -n. 1 8.1511 5 . 0 ~ 3 4  -0. -0. -n. -0. 

7 5  T o t a l  I 27.472 23.342 139.00 I. 0000  5- q 5 9 7  1 - 7 9 4 1  1 17.931 10.7U6 71.000 1.9000 3.9592 2 .3014 

76 1 11.417 11.400 75.000 1.0000 5.5099 '4.7495 1 R.75R2 F.. 76 8 0  36.000 1. n o 0 0  4 - 1 1 0 U  7.4724 

75  P o s t  I 12.818 10.891 -0. -0. -0. -0. I tl.1f6R 5-07''G -0. -0. -0. -0. 

1R.451 176.00 1.0000 0.1019 6.8856 14.177 8. 5 ? 7 1  6'4- 0 0 0  4.Rh71 2 .9775  I. n o o o  
--- 
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Survey D a t a  on D a i l y  M i l e s  A v e r a g e d  A c r o s s  ~ o d e l  Y e a r  

I n ju ry  I n v o l v e m e n t  R a t e s  for I n t e r c i t y  Tractors, A u t h o r i z e d  C a r r i e r s  O n l y  - - 

N u m b e r  of Trailers by M o d e l  Y e a r  
( A g g r e g a t e  of C a l e n d a r  Y e a r s  1 9 7 6 - 1 9 7 7 )  

--------------------------------------------------------------------------------------------- 
-____I---- _- __-___-I-____ ___-___-_---------- - 

N u m b e r  of Trailers --------- 7 S I N G L E  - DOUnLE 
------- 

T-- 
----- ------ ------------- 

M ode 1 
Y e a r  

-~ - 

-- I -- 
V.M. No- Acc. Acc. Rote Veh. V.M. NO. Acc. Acc. Rate 

Miles C.I. Acc. Rate C.I. Miles C. I. Acc. Rate C.I. 

1975  Total 57.280 I 3 2 . 7 6 0  2434.0 45.601 28.069 1.24 14 ,557r l0 172.00 1 7 Q . 5 6  I h l . 7 h q  

1977 2 l . 1 6 6  18.U05 13'15.0 65,907 57.398 ,493 15 , 31090  lhh.?R 104.93 A?. no0 

I 





Survey Data on Daily M i l e s  Averaged Across Model Y e a r  

In jury  Involvement Rates f o r  I n t e r c i t y  Trac tors  ( F a t a l s  Excluded) 
Carrier Type by Model Year 

(Aggregate of  Calendar Years 1976-1977) 
------------------------------------------------------------------------------------ 

I CARRIER T Y P E  

Model I B ~ J T I I O P I Z P ?  1 ION-AOTUORI Z E D  
-- ------ - ----- - 

year lveh. V.M. No. Acc. ACC. Rote Veh. V.M . No. Arc. Acc. Rate I Miles C.I. Acc. Rate C.I. Miles C.I. Acc. Rate C.I. 

1975 T o t a l  54-669  I 32.846 24  10.0 4 4 . O R 4  2 6 - 4 8 6  I 35.686 15.17A h 10.00 17. 094 7. ?707 

10,453 1338.0 61.609 57.146 14.177 A.5271 795.00 7 0 . f l ~ 9  17.Clf3 -- -- - - -- - - -- - - - - 

TOTAL  217.71 52. R 6 5  9996.0 45.914 1 l . lU ' I  128.09 3 0 . 6 0 3  1R.011 4. 3049 2306.0 
-- 
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APPENDIX F 

SAMPLING ERRORS 

Sampling errors were computed using the PSALMS command 
in the OSIRIS IVa4 programs. As described in section 2, a 
multi-stage, stratified, clustered, controlled probability 
design was employed for the Fleet Monitoring Program vehicle 
sample. The three sampling stages were: the selection of 
Primary Sampling Units (PSU's), counties or groups of 
counties; selection of fleets within the selected PSU1s; and 
selection of vehicles within the selected fleets. 
Stratification variables were introduced for PSU geographic 
size, geographic regions, PSU urbanicity, fleet size, and 
fleets with both pre- and post-standard vehicles. Even 
numbers of PSU1s were selected in each region and paired for 
calculation of sampling errors. Variables in the data file 
associate each vehicle with one of 36 PSU1s and one of 18 
pairs. Also included for each vehicle is the strata number 
and the inverse of the selection probability, or sample 
weight. 

PSALMS computes estimates and sampling errors for ratio 
means and totals for stratified clustered sample designs. 
The paired selection model was used in this case. Further 
documentation for PSALMS will be available in the futureaa5 
PSALMS formulae have previously been documented by Kish." 
In addition, various programs for computing sampling errors 
were recently evaluated by Francis and Sedransky." This 
evaluation provides independent confirmation of the accuracy 
of the PSALMS algorithm. 

"OSIRIS IV User's Manual, 6th ed. (Ann Arbor: The 
University of Michigan, Institute for Social Research, 
19801, pp. 125-132. 

""PSALMS Sampling Error Monograph," The University of 
Michigan, Institute for Social Research, Ann Arbor (to be 
released). 

"Leslie Kish, llMultipurpose Programs for Sampling 
Errors," Proceeding of the International Institute 
(washington, D.C., August, 1971). 

"Ivor Francis and J. Sedransky, "Comparing Software 
for Processing and Analyzing Survey Data," Bulletin of the 
International Statistical Institute, 48, 1979. 
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