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EXECUTIVE SUMMARY

As a result of a fatal truck-bus accident in May 2001, the National Transportation Safety Board
(NTSB) issued several recommendations to the U.S. Department of Transportation’s (DOT’s)
Federal Motor Carrier Safety Administration (FMCSA) based on their findings that the probable
cause of the accident was the truck driver’s inability to stop the tractor semitrailer due to the
reduced braking efficiency of the truck’s brakes, which had been poorly maintained and
inadequately inspected.

Two of the NTSB’s recommendations to FMCSA concerned brake maintenance and inspection.
The recommendations were to require (1) minimum pre-trip inspection procedures for
determining brake adjustment and (2) certification after testing as a prerequisite for qualification
and specify, at a minimum, formal training in brake maintenance and inspection.

This project was designed to address NTSB’s concerns and to assist the FMCSA in:

1. Estimating the time and level of training required for commercial motor vehicle (CMV)
drivers to conduct pre-trip inspections of sufficient depth to discover defects or
deficiencies that were not corrected by a certified brake technician.

2. Estimating the potential benefits and costs of implementing the NTSB’s recommendation
to establish Federal testing and certification requirements for persons who inspect CMV
brakes.

Battelle assembled and led a project team that included the American Transportation Research
Institute (ATRI), the Commercial Vehicle Safety Alliance (CVSA), and the Technology and
Maintenance Council (TMC) of the American Trucking Associations. The work performed for
the study involved conducting a literature review, collecting data, and interviewing and
collecting information and data from stakeholders. All information obtained was examined and
fed into safety and economic models to determine the potential benefits and costs that could be
expected from implementation of the NTSB recommendations.

The benefits associated with the NTSB recommendations are those related to safety as measured
by the prevention of crashes involving CMVs, the avoidance of the monetary costs for these
CMV crashes, the reduced number of out-of-service (OOS) brake violations, and reduced levels
of fines associated with violations resulting from brakes being out of adjustment (OOA).

The NTSB recommendations would generate training costs, inspection costs, testing and
certification costs, and administrative costs associated with recordkeeping and retention.
Training would be required of bus and truck drivers responsible for performing pre-trip
inspections. Brake inspectors would train in preparation for the testing and certification process
called for in the NTSB recommendations. Training costs would include the costs associated with
preparing training materials, compensating trainers, and labor replacement costs. The driver
training and brake inspector certification requirements would also result in costs associated with
registration and testing fees. Finally, pre-trip inspections would take drivers away from revenue-
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generating activities and thus would result in additional labor costs. In each case, these costs
would be borne by the motor carrier industry.

The most significant costs are those incurred during pre-trip inspections, which total roughly
$4.9 to $9.9 billion over the 10-year time horizon (2005 to 2014). Though each inspection
would require only 2 minutes per axle, the costs of this requirement are significant because they
would require billions of inspections to be performed over the next 10 years. The cost range is
due to varying the assumption regarding the average distance per trip between 200 and

400 miles. Costs are higher if shorter trips are assumed because that would indicate a higher
number of inspections. Training, testing, and certification collectively represent the next highest
cost item, totaling $5.4 billion over the 10-year analysis timeframe. Administrative costs are
relatively low, estimated at $316.7 million over 10 years. The costs associated with NTSB
Recommendation 1 include driver training, pre-trip inspection costs and administrative/record-
keeping costs, and were estimated at $10.1 — $15.1 billion over the 10-year analysis time
horizon. NTSB Recommendation 2 costs include those tied to brake technician training, testing,
certification, and related administrative/record-keeping costs. Over the 2005-2014 time period,
these costs were projected to total $573.5 million. Thus, the costs associated with the first NTSB
recommendation were estimated to comprise between 94.6 and 96.3 percent of the total costs of
the two NTSB recommendations.

The benefits associated with the NTSB recommendations are those related to safety as measured
by the prevention of crashes involving CMVs, the avoidance of the monetary costs for these
CMYV crashes, the reduced number of OOS brake violations, and reduced levels of fines
associated with violations resulting from brakes being out of adjustment (OOA). Overall,
estimated benefits are higher than projected costs over the 10-year time horizon in the base case
analysis when low-end cost assumptions are used, with discounted benefits (using a

7 percent discount rate) totaling $14.5 billion (§19.6 billion in nominal benefits), compared to
$10.7 billion in costs. When the high-end assumption regarding the number of inspections is
used, estimated costs grow to $15.6 billion and exceed estimated benefits by $1.1 billion. Thus,
net benefits are estimated at ($1.1) to $3.8 billion. These numbers correspond with benefit-cost
ratios (BCRs) of 0.93 and 1.36. These results demonstrated nearly no sensitivity to variations in
discount rates. Ata 10 percent discount rate, the BCR ranges between 0.92 and 1.35 and varies
from 0.93 and 1.37 when a 4 percent discount rate is applied. The lack of discount rate
sensitivity occurs because benefits and costs are realized relatively evenly over the 10-year time
horizon, with the exception of relatively higher training costs in Year 1. These figures are
summarized in Table ES-1. A BCR is equal to the present value of benefits divided by the
present value of costs. Thus, a BCR in excess of 1.0 demonstrates positive economic returns to
society. When BCRs exceed 1.0, society experiences net benefits from the regulation (net
present value of benefits = present value of benefits — present value of costs). Under the high-
end estimate concerning the costs associated with pre-trip inspections (200-mile average trip),
the NTSB recommendations produce net benefits with BCRs in excess of 1.0. Under the low-
end estimate (400-mile average trip), the recommendations fail to produce net benefits when the
program effectiveness drops below 76 percent (i.e., the BCR is below 1.0).

Benefits are allocated between the two NTSB recommendations, with a range of 70 to 90 percent
of the benefits attributed to the brake inspector certification recommendation and only 10 to 30
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percent attributed to the driver pre-trip inspection recommendation, based on input obtained
during this study. In addition, a base assumption of program effectiveness of 70 percent was
varied from 50 to 90 percent. Higher percentages of program effectiveness indicate that the
NTSB recommendations would have a greater effect on either avoiding or mitigating brake-
related CMV crashes.

The driver training and pre-trip inspection recommendation fails to produce net benefits under
any of the scenarios considered in Table ES-1. The driver training and pre-trip inspection
recommendation produced BCRs ranging from 0.07 (50 percent ratio of effectiveness, 200-mile
average trip) to 0.55 (80 percent program effectiveness, 400-mile average trip).

The brake inspector and certification recommendation, on the other hand, produced large net
benefits, with BCRs exceeding 12.65 in all scenarios considered in this study. The BCRs
range from a low of 12.65 (50 percent program effectiveness, 200-mile average trip) to 29.27
(90 percent program effectiveness, 400-mile average trip).

Table ES-1. Benefit-cost Analysis Findings (Alternative Scenarios)

Benefit-cost Ratios

Program Driver Training/ Brake Inspector Both Driver and Brake
g Pre-trip Training and Inspector NTSB
Effectiveness . e 2O )
Inspections Certification Recommendations
50% 0.07-0.31 12.65-16.26 0.66-0.97
60% 0.08-0.37 15.18-19.51 0.80-1.17
70% 0.10-0.43 17.71-22.77 0.93-1.36
80% 0.11-0.49 20.24-26.02 1.06-1.56
90% 0.12-0.55 22.77-29.27 1.19-1.75

From this analysis, it appears that implementing the NTSB recommendation on certification of
brake inspectors would create net benefits (benefits exceeding costs) and should be pursued.
However, the NTSB recommendation on pre-trip brake inspections performed by drivers does
not appear to be worthy of implementation.
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1. INTRODUCTION

1.1  Project Description

As a result of a fatal truck-bus accident in May 2001, the National Transportation Safety Board
(NTSB) issued several recommendations to the U.S. Department of Transportation’s (DOT’s)
Federal Motor Carrier Safety Administration (FMCSA) based on their findings that the probable
cause of the accident was the truck driver’s inability to stop the tractor semitrailer due to the
reduced braking efficiency of the truck’s brakes, which had been poorly maintained and
inadequately inspected.

Two of the NTSB’s recommendations to FMCSA concerned brake maintenance and inspection.
They are:

Safety Recommendation H-02-15: Revise 49 Code of Federal Regulations 396.13,
Driver Inspection, to require minimum pre-trip inspection procedures for determining
brake adjustment.

Safety Recommendation H-02-18: Revise 49 Code of Federal Regulations 396.25,
Qualifications of Brake Inspectors, to require certification after testing as a prerequisite
for qualification and specify, at a minimum, formal training in brake maintenance and
inspection.

This project, Assessment of Potential Benefits and Costs of Revising Brake Inspection
Procedures and Certifying Brake Technicians, was designed to address NTSB’s concerns and to
assist FMCSA in:

1. Estimating the potential benefits and costs of implementing the NTSB’s recommendation
to establish Federal testing and certification requirements for persons who maintain or
repair commercial motor vehicle (CMV) brakes.

2. Estimating the time and level of training required for CMV drivers to conduct pre-trip
inspections of sufficient depth to discover defects or deficiencies that were not corrected
by a certified brake technician.

1.2 Project Methodology

Battelle assembled and led a project team that included the American Transportation Research
Institute (ATRI), the Commercial Vehicle Safety Alliance (CVSA), and the Technology and
Maintenance Council (TMC) of the American Trucking Associations. The work performed for
the study involved conducting a literature review, collecting data, and interviewing and
collecting information and data from stakeholders. All information obtained was examined and
fed into safety and economic models to determine the benefits and costs that could be expected
from implementation of the NTSB recommendations.
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1.2.1 Literature Search and Data Gathering

The literature search for this project focused on gathering data and sources related to brake
condition, maintenance, training and certification of technicians and inspection of brake systems
by both technicians and drivers as contributing factors related to CMV brake problems including
crashes and out-of-service (OOS) conditions. The literature search was also designed to review
books, documents, and data on the need for brake training for drivers and technicians, specific
training programs, and techniques for economic analysis.

1.2.2 Stakeholder Interviews—Brake Condition and Maintenance as Crash Factors

In an attempt to corroborate and/or gather information not available in the literature quantifying
the extent to which brake condition and maintenance could be related to CMV crashes,
survey/interview questions were developed. It was expected that individuals responsible for
preventing losses, reducing or assessing the risks of motor carriers, or involved in determining
the cause of crashes might be in possession of such unpublished information, and willing to share
it with the project research team. A list of questions was e-mailed in advance to a previously
developed list of potential respondents, and the subsequent surveys were administered by phone
or by return of the e-mail questionnaire. Follow-up phone calls were required in some cases to
clarify any ambiguities. In addition, the TMC was able to compile data from its membership to
augment the external surveys. The results of the surveys were compiled and fed into the benefits
analysis portion of this study.

1.2.3 Stakeholder Interviews—Training, Testing, and Certification Programs

A similar activity sought to corroborate and/or gather additional information on current training,
testing, and certification programs as well as the recommended structure for future training,
should the NTSB recommendations be implemented. The targeted groups for this effort were
motor carriers, training schools, certification entities, association member companies, and
insurance companies. As with the first round of stakeholder interviews, these interviews were
conducted with the help of e-mailed questions to the respondents that facilitated their responses.
The collected information was augmented with data obtained internally from the project team
members that represented large groups of stakeholders.

1.2.4 Safety Analyses

The data and information obtained in the earlier stages of the project were used to develop the
safety and economic models needed to determine the potential benefit-cost ratio (BCR) for
implementing the NTSB recommendations. The primary benefits are the safety impacts of crash
prevention, avoidance of high crash costs, and avoidance of costs resulting from OOS brake
violations due to the improved manner in which brakes are tested and maintained on commercial
motor vehicles. The primary costs include the costs of driver and brake technician training, per
trip driver inspection costs, and the costs associated with brake inspector testing and
certification.
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2. LITERATURE SEARCH AND DATA GATHERING

2.1 Overview

The literature search for this project focused on gathering data and sources related to brake
condition, maintenance, training, and certification of technicians and inspection of brake systems
by both technicians and drivers, as contributing factors related to CMV brake problems including
crashes and OOS conditions. The literature search was also designed to review books,
documents, and data on the need for driver/technician brake training, specific training programs,
and techniques for economic analysis. The information provided in this report has been
organized into four sections, based on each information source’s primary focus. Topical areas
covered in the literature search included the following:

Data and studies on crashes and OOS violations that could be prevented or mitigated,
The need for better driver/brake technician training and inspection,

Existing brake training and certification programs, and

Economic analysis techniques.

Each topical area was examined to uncover those sources that were directly applicable to the
brake project. These references were then summarized and analyzed to evaluate their usefulness
in assessing the status of brake-related crashes; OOS violation rates; training programs for
drivers performing brake inspections, repair, and maintenance; and their suitability for use in the
benefit-cost analysis. Finally, the references were examined for those most applicable for
benefit-cost analysis of the brake project related cost data.

Two key uses of the material surveyed in the literature review were to:

1. Form the basis for estimating the number of crashes that could potentially be prevented
through improved brake maintenance and inspection practices reflecting the
implementation of the NTSB recommendations described in Section 1.1 of this report.

2. Estimate the number of OOS violations that could be prevented by implementation of the
enhanced maintenance and inspection practices

The most important references used in the preparation of the project analyses are described in
this section. Other sources of data and information are summarized and included in the
annotated bibliography found in Appendix B.

The project’s methodology to identify the percentage of truck crashes that could be prevented or
mitigated by improved brake inspection practices was to examine each of the relevant sources
and select the most effective CMV crash and inspection data for determining which crashes
could be prevented or mitigated and which negative brake inspection results could be avoided
from (1) improved inspection practices and training for CMV drivers and (2) improved training
and a certification system for those maintaining CMV brake systems. Some of these data would
also feed into the calculation of the fraction of vehicles that experienced a certain type of brake-
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related crash that could be prevented or mitigated through the implementation of an enhanced
brake system. Not only were the type of brake problems associated with a crash valuable,
information concerning the likelihood that the crash was caused by the brake problem was vital.
That is, where the crash type involving a CMV could identify the crash as having been brake
related or not brake related. For example, if a CMV that was experiencing brake problems were
hit by another vehicle from behind, it is unlikely that the brake problems would have contributed
to the crash.

2.2  Estimating Prevention and Mitigation of Crashes and OOS Violations

During the literature review, several databases were examined in detail to estimate the number of
CMVs where crashes would potentially be caused by brake-related problems. These included
the Trucks Involved in Fatal Accidents (TIFA), Hazmat Accident, Fatal Accident Complaint
Team (FACT), and LTCC databases.

The TIFA data were received from UMTRI for 1993 through 2000 and covered more than
30,000 fatal truck crashes (University of Michigan, 2005). TIFA uses the Fatality Analysis
Reporting System (FARS) as the source for identifying the fatal crashes. TIFA reports data
included in FARS but then supplements FARS with their own data that are gathered from police
accident reports and telephone calls to carriers, police, and other involved parties such as tow
truck drivers. In most cases, these data provide additional detail for the user. For example,
FARS provides data on collision type and although “rear-end crash” is one type of collision,
there is no means to differentiate between a crash where the truck crashed into another vehicle or
another vehicle crashed into the truck. In the TIFA data, the inclusion of “crash type” variables
enables the identification of those trucks that struck the rear of another vehicle.

These data can be used to help determine the type of truck crashes that could have been avoided
if brakes were functioning properly. Clearly, these data must be used in conjunction with other
data such as FMCSA’s Motor Carrier Management Information System (MCMIS) inspection
data that show the percentage of trucks on the road with serious brake-malfunction problems.

TIFA data also include an identification of truck crashes known to be associated with various
mechanical defects. These include brakes but unfortunately due to sporadic and inconsistent
inspections at crash scenes, the data were not very thorough. For the purposes of this brake
project, the utility of the TIFA data demonstrated that brake problems as a contributor to fatal
truck crashes were strongly linked to accident type. That is, if the truck crashed into the rear of
another vehicle, identified brake problems were more likely to be a causative factor in the crash
than if another vehicle crashed into the back of the truck. However, the utility of these data for
the brake project was somewhat limited because the post-crash inspections lacked the
consistency required.

Another source of crash data is the FACT file. The FACT file was analyzed by UMTRI and
investigated by the project team as a possible source of data (Blower, 2002). The program
investigated every fatal accident in Michigan since 1996 that involved a commercial motor
vehicle and at least one death. The investigation includes analysis of the driver, motor carrier,
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accident scene, sequence of events, role of the truck, and an inspection to determine the
compliance of the driver and vehicle with motor vehicle regulations.

At the time of Blower’s analysis of the FACT data, 442 trucks were included in the analysis
representing crashes from 1996 to February 2001. Of these, data from a North American
Standard (NAS) Level 1 inspection were available for 354 of them. A violation was found for
either the truck or the driver in 65.8 percent of these inspections. Over 34 percent (121) of the
vehicles had at least one brake violation. Mechanical defects including those related to brakes
and other vehicle components were common. Fifty-five percent of the trucks had at least one
mechanical violation and 28.5 percent had at least one OOS condition.

This rate of violations and OOS for all causes is consistent with trucks routinely inspected
under Michigan’s Motor Carrier Safety Assistance Program (MCSAP) program. In the three-
year period ending in June 2001, 21,322 trucks were subject to a Level 1 inspection. Of these,
31.8 percent were placed out of service.

The FACT data show that accident type (i.e., crash type) combined with the presence of brake
problems can indicate the likelihood that a particular crash was caused by brake problems. For
example, in a rear-end accident in which a CMV crashes into the rear or side of another vehicle
and a brake problem already exists in the CMV, there is a good chance that the brake problem
contributed to the crash. On the other hand, when another vehicle crashes into the rear of a
CMYV, even if the truck’s brakes have an identified mechanical flaw, there is little likelihood that
the CMV brake problem contributed to the crash since even brakes in perfect condition would
not have helped to avoid the crash. Fifty-nine of the trucks were involved in rear-end collisions.
Of these, 22 (37.3 percent) had a brake-related violation. This analysis indicates that 5.0 percent
(22 0f 442) of trucks involved in fatal crashes had brake-related problems that may have
contributed to the crash. Note that this is close to the violation rate for brakes for all FACT
trucks. For those trucks that struck another vehicle, the overall brake violation rate was

50 percent. Only 27.3 percent of the trucks struck in the rear had a brake-related violation. As
expected, a far higher percentage of trucks that struck another vehicle from behind had brake
problems when compared with those trucks that were struck from behind. Those truck crashes
with demonstrated truck brake problems and where the truck struck another vehicle from behind
have a high likelihood that faulty brakes were a contributing factor. Attempts to obtain raw
FACT data from the Michigan State Police were unsuccessful. However, even if the data could
have been obtained, their applicability for this project was limited because of the small
population size, only involving fatal accidents within one State.

The project team also investigated utilizing Battelle’s Hazmat Accident Database that was
created by a Battelle team under a project for FMCSA (Battelle, 2005). The project’s purpose
was to obtain additional data and information on hazardous materials (hazmat) crashes that could
be used to provide added information for safety analyses. The database uses the MCMIS crash
file for 2002 and selects all trucks involved in hazmat crashes. From the approximately 2,000
crashes, half were selected to be enhanced through use of Police Accident Reports (PAR) and
contact with motor carriers. The data for each of the approximately 1,000 hazmat crashes for
which additional data were collected provide such information as accident type and cause. These
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data could be used to help identify those hazmat trucks that could have crashed because of a
brake malfunction. In-depth data analysis showed that the identification of brake-related
problems, although providing some valuable information, was insufficient for the brake project
because inspections were often not thorough enough. Furthermore, the population surveyed
included only hazardous material trucks and the project team believed that they would not be
representative of all CMVs.

The literature survey data also included two very important sources of data that produced
estimates used to feed into the benefit-cost analysis. These were the FMCSA’s Large Truck
Crash Causation Study (LTCCS) and the MCMIS OOS inspection data. The LTCCS is a
compilation of inspection data gathered through intensive field inspection and data collection at
post-accident scenes (FMCSA, 2005). There are currently data for 1,070 truck crashes (includes
some data collected for trucks during a pilot study). This study has produced a considerable
quantity of valuable data for people interested in large truck crashes. The LTCCS is a three-year
study conducted by the National Highway Traffic Safety Administration (NHTSA) and FMCSA.
The study was conducted within the National Automotive Sampling System (NASS), a
nationally representative sample involving the General Estimation System (GES). GES is an
annual representation of crashes from 60 sites — called Primary Sampling Units (PSUs) —
throughout the United States. NASS was chosen because it provides nationally representative
data chosen from police accident reports. The data were collected through response by NASS
truck researchers and CVSA Level 1-certified State truck inspectors. Inspections were
conducted on large trucks involved in the selected crashes.

The LTCCS data files include data for four types of truck brake problems related to a particular
crash. These four types are brake failure, brake inoperable, brakes OOA, and brakes deficient.
The LTCCS show that brake problems exist in about 30 percent (321 out of 1,070) of the
inspections conducted for the study. The brake problems are described in more detail in Section
5.2.

The LTCCS includes detailed descriptions of accident type. These data enabled the project team
to correlate those CM Vs with identified brake problems with the accident types that could
potentially be caused by brake problems. Therefore, the data facilitated the estimation of the
percentage of crashes that could have been avoided or mitigated if brake malfunctions were
prevented through more efficient inspection and preventive maintenance programs. The Battelle
Team concluded that the percentage of trucks with brake violations would best be determined
from LTCCS data. Similarly, the accident types that had associated brake problems and would
have been avoided or mitigated with an improved brake program were also derived from the
LTCCS data. Analysis of the data indicated that approximately seven percent of all CMV
crashes could either be avoided or mitigated if the enhanced brake program recommended by
NTSB (see Section 1.1) were in place. Section 5 of this report explains how the estimated
number of crashes that would be avoided or mitigated was calculated.

The FMCSA Inspection File contains data from State and Federal inspection actions involving
motor carriers, shippers of hazardous materials, and transporters of hazardous materials
operating in the United States. State personnel under the Motor Carrier Safety Assistance
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