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The National Transportation Safety Board is an independent Federal agency dedicated to
promoting aviation, railroad, highway, marine, pipeline, and hazardous maternials safety.
Established in 1967, the agency is mandated by Congress through the Independent Safety Board
Act of 1974 to investigate transpoitation accidents, determine the probable cause of accidents,
issue safety recommendations, study transportstion safety issues, and evaluate the safety
effectiveness of governnent agencies involved in transportation. The Safety Board makes public

its actions and decisions through accident reports, safety studies, special investigation reports,
safety recommandations, and statistical reviews.

Information about available publications may be obtained by contacting:

National Transportation Safety Board
Public Inquiries Section, RE-51

490 L'Enfant Plaza East, S W.
Washington, D.C. 20594
(202)382-6735

Safety Board publications may be purchased, by individual copy or by subsciiption, from:

National Technica) Information Service
$285 Port Royal Road

Springfield, Virginia 22161
(703)487-4600
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This study focuses on brake system issues and makes recommendations that address the
systemnic problems associated with heavy vehicle brake-related accidents.

The accident and inspection data highlighted three safety issues: the difficulty of keeping
commercial vehicle brake systems adjusted; the problem of maintenance deficiencies; and the role
of brake system components in vehicle instability accidents.

As a result of this study, recommendations were issued to the National Highway Traffic
Stfety Administratic, the Federal Highway Administration, the 50 States and the District of
Columbis, the Interstate Towing Association, the Towing and Recovery Association of America,
the National Private Truck Council, the Owner-Operator Independent Drivers Association, the
American Trucking Associations, the Motor Vehicle Manufacturers Association, the Professional
Truck Driver Institute of America, the Society of Automotive Engineers, and airbrake component
manufacturers.
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EXECUTIVE SUMMARY

In accidents investigated by the National Transportation Safety Board (Safety Board),
numerous brake deficiencies are cited as causal factors. Although the Safety Board has
recommended changes to address these recurring problems, brake system deficiencies continue
to be factors in accidents. In 1989, the Safety Board began a study to determine the effectiveness
of airbrake systems on heavy trucks and buses. This study focuses on brake system issues,
highlights potential problems, and makes recommendations that address the systemic problems
associated with heavy vehicle brale-related accidents.

The Safety Board developed two data sources in support of this study. Over a 17-month
period, the Safety Board investigated selected brake-related accidents involving heavy trucks and
buses. In addition, an extensive program to inspect heavy trucks was conducted in five States.
This inspection program enabled the Safety Board to assess the mechanical condition of heavy
truck brake systems.

The Safety Board also used several national and State data sources in support of this
vtudy. Data sources on heavy vehicle accidents were analyzed to identify the scope of brake-
related accidents as well as the potential costs o society essociated with such accidents. The
analysis indicated that this type of accident may be substantially underrepresented in the available
data sources, primarily because of underreporting by investigating agencies.

The accident and inspection data highlighted three safety problems. First, it is difficult
to keep the brakes found on most commescial vehicles adjusted appropriately; these brakes have
only a small tolerance range before becoming out of adjustment. Second, most brakes on heavy
vehicles are not vwell maintained, often resulting in out-of-adjustment brakes. Third, the accident
investigations illustrated that brake system components wese factors in certain vehicle instability
accidents.

As a result of this study, recommendations were issued to the National Highway Traffic
Safety Administration, the Federal Highway Administration, the 50 States and the District of
Columbia, the Interstate Towing Association, the Towing and Recovery Association of America,
the National Private Truck Council, the Owner-Operator Independent Drivers Association, the
American Trucking Associations, the Motor Vehicle Manufacturers Association, the Professional
Truck Driver Institute of America, the Society of Automotive Engineers, and airbrake component
manufacturers.




NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20394

SAFETY STUDY

HEAVY VEHICLE AIRBRAKE PERFORMANCE

CHAPTER 1
PURPOSE OF STUDY
Background

Over the last 22 years, the Safety Board has investigated numerous major accidents
involving commercial vehicles over 10,000 pounds gross vehicle weight. Because these accidents
were catastrophic, the Safety Board conducted in-depth investigations to determine primary and
contributing causal factors. In certain accidents, mechanical issues such as brakes were

highlighted.

Historically, the Safety Board has investigated two types of commercial vehicle accidents
in which brakes have been cited as factors: downhill runaways and toss of control accidents.
From 1974 to 1985, the Safety Board investigated at least 12 major downhill runaway highway
accidents that resulted in a total of 67 fatalities and 169 injuries. Although the accidents involved
various human performance issues, one common factor cited in each accident was cither defective
or improperly adjusted brakes. In most of these accidents, the condition of the vehicle service
brakes before the accident significantly reduced the driver’s ability to stop or slow on steep
downgrades. (See table 1)

The Safety Board also has investigated loss of control accidents involving commercial
vehicles. Many of these accidents occurred on wet pavement and involved some form of vehicle
instability. Although these accidents also involved various human performance issues, a factor
cited in these accidents was the condition of the vehicle service brakes or brake components.

Two recent Safety Board studies--one in 1988 and another in 1990--have addressed brake
deficiencies in accidents. In 1988, the Safety Board issued a safety study after investigating 189
heavy truck accidents of which 32 involved braking probl.ems.l The most prevalent braking
problem cited in these accidents was out-of-adjustment brakes. The final report concluded that
the braking performance of heavy trucks is affected significontly by improper or inadequat:
maintenance, and made recommendations to the National Highway Traffic Safety Administration,

ISar sty Study--Braking Deficiencies on Heavy Trucks in 32 Selectsd A ccidents (NTSB/5S-88/03).
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the American Trucking Associations, and the National Private Truck Council to address brake
maintenance issues.’

Table 1.--Downhill runaway accidents in which brakes were a factor.

e - T e e S —————— p— ———

Number Injured Number Killed m

Location/Report Number

1. Bishop, CA 6129714
(NTSB/HAR-75/03)

2. Ashland, OR 5195
(NTSB/HAR-76/01)

3. Valley View, OH 820776
(NTSB/HAR-77/03)

4. Manon, NC snini
(NTSB/HAR-78/03;

5. Manion, NC 17257718
(NTSB/HAR-78/06)

. Jasper, AR 6/5/80
(NTSB/HAR-81/01)

7. Frostburg, M) 2/18/81
(NTSB/HAR-£1/03)

8. Birmingham, AL 4112784
(NTSB/HAR-85/03)

9. Wofford Heights, CA 771184
(NTSB/HAR-85/01)

10. Van Buren, AR 6/21/85
(NTSB/HAR-86/03)

11. Eureka Spnngs, AR 9/13/85
(N{SB/HAR-87/01-SUM)

12. Bramwell, WV 30 10/13/85
(NTSB/HAR-87/01-SUM)

TOTALS

169 67
@mﬂmﬂw = _

ISee sppendix A for a suinmary of prior Safety Board recommendations on heavy vehicle airbrakes.
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Although the 1988 safety study identified problems with the raaintenance of commercial
vehicle brakes, it did not determine the scope of brake system problems in heavy vehicle
accidents. Further, the investigations did not focus on reasons for poor maintenance, such as
improper carrier practices, inadequate tiaining of service staff, lack of procedures for inspecting
and adjusting vehicle brakss, and problems with brake system design.

A 1990 Safety Board study also identified problems with brake deficiencies. This study
focused on driver fatigue and drug/alcohol use in heavy truck accidents.’ All 182 accidents
involving a fatal injury to a driver of a heavy truck in California, Colorado, Georgia, Maryland,
New Jersey, North Carolina, Tennessee, and Wisconsin were investigated over a l-year period
from October 1, 1987, through September 30, 1988. Although the Safety Board did not
specifically address brakes, braking system deficiencies were noted in eight of the accidents.
Because this sample of heavy truck accidents included only those accideats in which the driver
of the heavy truck was a fatality, the findings on the vehicle condition in these accidents could
not be extrapolated. In fact, the Safety Board cautioned "readers to avoid generalizing the results
of the study to either all fatal truck or all truck accidents.”

The purpose of the current study is to determine how brake system maintenance and
components influence heavy vehicle accidents and to formulate potential solutions for reducing
braking problems related to maintenance and design.' In support of the study, various data
sources were reviewed to determine the scope of brake-related accidents involving commercial
vehicles over 10,000 pounds gross vehicle weight

Scope of Problem

Data Sources.--The Safety Board reviewed several national and State data sources to
identify how frequently vehicles equipped with airbrakes are involved in brake-related accidents.
In the past, studies that indicated that heavy trucks were disproportionately involved in crashes
were challenged because they did not include proper exposure data (vehicle miles of travel for
trucks). Other studies used a stratification of data that produced contradictory results.}¢

YSafety Study--Yartigue, Alcohol, Other Drugs, and Medical Faclor; in Fatal-to-Driver Heavy Truck
Crashes (NTSB/SS-9¢/01).

‘Seo appendix B for a list of references aad appendixes C and D for lists of terms and acronyms psad
in this study.

SCrabtree, Joseph D, and Agent, Kenneth R., Accident Rates by Vebicle Type, May 1982 (UKTRP-82-
12).

‘Meyers, Warren S., A Comparison of Truck and Passenger Car Accident Rates on 34 Limited Access
Facilities, Avtomobile Club of New Yok, Janvary 1981.




VEHICLES INVOLVED IN 1988 ACCIDENTS
Combination Trucks vs. Pagsenger Cars
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Figure 1.--Analysis of 1988 vehicle accidents,

During the last decade, increased eftorts have been made to collect data on vehicle
exposure through the collection of transportation census data, canier data, and other established
national data. Data from the Nationa! Highway Traffic Safety Administration (NHTSA) for
1988-1990 indicate that combination trucks’ accounted for about 1 percent of the registered
vehicles, but for almost § percent of the vehicle miles traveled.*

Combined 1988 figures from both the Fatal Accident Reporting System (FARS)® and the
General Estimates System (GES)'® show that combination trucks represented 6.7 percent of all
vehicles involved in fatal accidents, compared to 59 percent for passenger cars (See figure 1.)
However, these percentages can be misleading. When the accident data are normalized based on

A combination truck is a truck/tractor with one or more trailing units.

"Selecied Highway Statistics and Charis for 1988, 1989, and 1990, Federal Highway Administration,
October 1989, 1990, and 1991.

"Fatal Accident Reporting System dats are collected by the NHTSA. This systera includes data
beyond the normal police report, such as information on the accident, the vehicles, and the persons
involved.

'*GES data are obtained from a nationally representative probability sample selected frorm all police
investigated crashes that occur annually. The system provides date about all types of crashes involving
all types of vehicles.
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exposure, a different picture emerges. Data from FARS and GES permit accurate sssessment of
long-te.n trends in accident rates. (See figures 2 and 3.) Although combination vehicles are
involved in on'y half as many total accidents per 100 million miles as passenger cars (figure 2),
figure 3 suggests that in fatal accidents she statistics are reversed, with comb:nation vehicles
being involved in about twice as many fatal accidents per 100 millicn miles as passenger cars.

INVOLVEMENT IN ALL ACCIDENTS

Combination Trucks vs. Passenger Cars

b

-8BEBEEE8ES

SOURCE: FAMS &Y GES duts

Figure 2.--Combination truck involvement in all accidents.

A study" by the Pederal Highway Administration (FHWA) indicated that the reduced
number of truck crashes may have resulted in part from increased vehicle inspections sponsored
by the Motor Carrier Safety Assistance Program (MCSAP). The study, which analyzed data from
13 States over a 4-year period (1934-1988), revealed that the number of truck crashes involving
mechanical deficiencies decreased by 12 percent. Reported brake defects' decreased more than
15 percent. Also, a review of the 1988 to 1990 FARS data indicates that the nwnber of fatal
crashes involving combination trucks decreased by 15.6 percent. (See table 2) Despite this
favorable trend, the Safety Board believes that further improvements to truck brake systems ary
necessary for continued reduction in the number of severe truck accidents.

Y Evaluation of Vehicla Out-of-Service Criteria~Final Repor:, Jack Faucets Associates, FHWA-OMCS,
May 1991 (DTFJGI-89-C-00062).

[he term defect is used in many police reports and FARS data to denote maintenance deficiencies
rather than grots component failures.




INVOLVEMENT IN FATAL ACCIDENTS
Combination Trucks vs. Passenger Cars
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Figure 3.--Comb!nation truck involvement in fatal accidents.

Table 2.--Fatal truck accldents involving deficient brakes.

Fatal acci Jents involving
medium/heavy single-unit
trucks

} Deficient biakes cited
(single-unit trucks)

Fatal accidents involving
combination trucks

34
(3.4%

3,798

44
(4.2%)

3,467

(5.1%)

3,207

128
(4.2%)

10,472

| Deficient brakes cited
(combination cks)

111 (2.9%)

102 (2.9%)

88 (2.7%)

301 (2.9%) |

S P [S————, T
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g The Safety Board also reviewed the 1988 to 1990 FARS data to determine the number
of fatal accidents involving trucks over 10,000 pounds where a “defective brake system™ was
coded based on police reports.  Accident statistics were compiled for both single-unit and

o e+ PR

""""ﬁ ' combination trucks by number of trailer units. The data (see table 2) indicated that from 138
b to 146 fatal accidenis ne: year involving heavy trucks with defective brakes accurr-v over the
E | 3-year period.

Defective brake systems were reporied in the FARS data in 4.2 percent of the fatal

accidents involving single-unit trucks. The data indicated that from 34 to 50 fatal accidents per
year involving single-unit trucks with defective brakes were reported over the 3-year period.

A defeciive brake system was reported in the FARS dsta in 2.9 percent of the fatal
! accidents involving combination trucks, 93.4 percent of which were tractors with single trailer
: units. The dats: indicated that from 88 to 111 fatal accidents per year involving combination
trucks with defuctive brakes occurred over the 3.year period. According to this FARS data,
combination trucks with defective brakes had a lower percentage of fatal accidents than single-
unit trucks, but vere involved in aimost two to three times as many fatal accidents as single-unit

trucks.

This repot will focus primarily on combination vehicles equipped with airbrake systems.
However, £.any problems highlighted for combination vehicles also spply to single-unit vehicles
(straight trucks and school buses) over 10,000 pounds because they are equipped with similar
airbrake systems. Therefore, single-unit vehicles will aiso be discursed in the report.

The NHTSA combined the 1989 FARS and GES data in a study of truck crashes.”” The

data from the study indicated that for ait types of trucks with gross vehicle ratings (GVRs) over

10,000 pounds, nationwide, about 150 fatal and 2,000 injury crashes involved brake system

! deficiencies as reported by the police. The GES data indicated that about 60 percent of all truck
’ ctashes involvied combination trucks or tractors.'*  Bxtrapofating from this data, it can be
estimated that in 1989, about 60 percent of the 2,000 injury crashes (1,200) involved combination

trucks with brake deficiencies.

The Safety Board attempted to estimate the costs of brake-related fatal, injury, and
property damage accidents from the limited national data available. These estimates were
calculat:d from PARS, GES, and FHWA data and indicated that the minimum cost 1o society of
accidents involving combination trucks with braking deficiencies was about $360 million for

1989. See appendix B for details.

YSummary of Medium & Heavy Truck Crashes in 1989, U.S. Department of Transportation, National
Highway Traffic Sefety Administration, DOT HS 807 739, July 1991.

MClarke, R M., Radlinski, R.W., and Kniplirg, R.R., Improved Brake Systems for Commer. 'al Motor X P
Vehicles, National Highway TralYic Safety Administration, DOT HS 807 706, April 1991. B
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Underreporting --The Safety Board found that brake deficiencies are not commonly
reported as factors in heavy vehicle accidents. Thus, a further sn:dysis was conducted of the
FARS and GES data for information about accidents that may have ecn brake related, but were
not coded as brake related.

Jackknife accidents, particularly where the jackknife was the first event in the acsident
sequence, have a high probability of being brake related. Most jackknifes occur after hard
braking situations in which undesirable brake systern cheractenstics (for example, unbalanced
brake toique 3t different axles) and roadway characteristics (wet pavem:nt) combins to produce
the rapid sequence of events leading to wheel lock-up and loss of contre). Typically, jackknifes
can occur during hard brake applicstions under three conditions if ccrtain brakes are out of
adjustment, if a limiting valve rectricts braking at the front sxle, or, v a lesser extent, if tire
frictional properties vary on specific axles. [n the 3-year period (1988-1990), 248 fatal accidents
involved combination trucks in which jackknife was reported as the first event. Only 14 of these
accidents were reported to involve deficient brakes.

According to the 1989 GES data, 316 fatal, 2,000 injury, and 6,002 property damage only
(pdo) accidents involved jackknifes before and during the impact. However, FARS data for 1988
to 1990 indicated that about 30 percent of the jackknifes were reported 1o have occurred as the
first event The Safety Board was unable to determine the percertage of yackknife accidents that
result directly from brake deficiencies. However, it was assurned that about 50 to 90 percent of
those accidents in which jackknife was the first event were brake related.'® By projecting the
FARS data results for jackknifes as the first event to fatal sccidents, il can be estimated that
annually about 47 to 85 (as compared to the 14 reported above) fatal accidents occurred (1988-
1990).

In & technical review meeting with industry representatives on February 20, 1991, it was agreed that
the 50- to 90-percent range was a reasonsble estimate.
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CHAPTER 2

PPOJECT METHODOLOGY
Preparation

At the beginning of the project, & comprehensive literature review Wwas completed.
NHTSA reports from its Crash Avoidance Research division and its Heavy Duty Vehicle
Research office, University of Michigan ‘fransportation Research Institute (UMTRI) repotts,
Society of Automctive Engineers (SAE) papers, and information from brake manufacturers were
studied during the project planning. (See appendix P for accident case summaries, and appenaix
G for a matrix containing causal factors in these accidents.)

An attempt was made to solicit as much information and input as possible from 8 wide
variety of sources before the project was begun. Representatives of UMTRI, the NIHTSA, the
American Trucking Associations (ATA), and the Motor Vehicle Manufacturers Association

A) attended meetings and discussed accident selection criteria, accident sample size, (YT es
of data to gather, methods of analysis, and issues to examine. The Safety Board gained much
valuable information and assistence from suggestions made by representatives of thess groups.

The literature review and technical briefings shaped almost all phases of the planned
project. As 8 result of this input, the Safety Board established accident notification criteris,
developed investigative procedures, and selected the equipment necessary for a thorough and

objective evaluation of the data collected. The brake inspections ia five States were planned later
to relate the accident data findings to the larger context of operational heavy trucks. |

Accident Selection Criteria

To keep the notification critena as simple as possible, accidents were grouped into two
categories--stopping accidents and instability accidents. This included accidents in which the
responding police agency judge? hat the vehicle appeared to have taken longer than normal to
stop or in which a pre-impa-? iackknife or instability existed. To limit the number of
notifications, accidents were considercd only if they resulted in tow-awdy damage to the heavy
vehicle or serious injury to one of the involved vehicle occupants. Police agencies were asked
to contact the appropriate Safety Board office when the above criteria weré met.

Geveral types of accidents that met the criteria could not be thoroughly investigated.
Accidents taking place on busy interstates in metropolitan areas where the roadway could not be
closed to gather needed evidence were not investigated. Accidents in whi<h police already had
released the heavy vehicle or where someone had iradvtrtently altered the vehicle evidence also
were not investigated.
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The Safety Board investigated 189 heavy truck accidents from 1985 through 1987'¢ and
found that bruke-related evidence was often altered after an accident Investigatiors of 182 heavy
truck accidents duning 1987 and 1988 identified the same problem.!” Often, slack adjusters on
some or all springbrake-equipped axles were completely "backed off,” or altered, to moie easily
move wrecked venicles. In soma cases, investigators found that wrecker drivers were unfamiliar
with the practice of "caging®"* springbrakes and thus unintentionally destroying valuable evidence
when they altered the brake adjustment.

This situation could be remedied if all States would adopt regulations similar to those in
Washington State prohibiting the alteration of brake adjustment evidence. If a towing company
is found to have altered a brake adjustment, the corapany is eliminated from the list of compantes
called to accidents by the State. This would help to protect the evidence nceded to evaluate the
role of brake-related deficiencies in heavy vehicle accidents.

Problems with busy roadways and unpreserved vehicle evidence prevented the Safety
Board from investigating numerous accidents for this study. The Safety Board believes that both
sttuations affect the reliability of current databases for use in quantifying accident-related brake
deficiencies. Information in these databases is provided by police who respond to the accidents.
Although the police can respond more quickly to an accident than can the Safety Board, the
police are also under pressure to open busy roadways as quickly as possible. As a result, the
police may not have the time to identify brak s as a factor causing or contributing to an accident.
Police also face the problem, as did the Ssfety Board, of towing companies backing off the
springbrakes.

Safety Board investigators were notificd when an accident occurred that matched the study
criteria. Once notified, the Saf:ly Board investigator first verified with an on-scene source that
the braking system on the air-braked vehicle had not been disturbed during the rescue or vehicle
removal procedures. If all vehicle evidence had been preserved and the roadway could be
accessed, the investigator traveled to the scene. This would begin an investigation to determine
if the cause of the accident might be brake related.

'YNTSB Report--Case Summaries of 189 Heavy Truck Accident Investigations, Ocloder 12, 1988
(NTSB/SS-28/05).

'"NTSB Report--Fatigue, Alcohol, Other Drugs, and Medical Faztors in Fatal-to-Driver Heavy Truck
Crashes (Volume 2), February 3, 1990 (NTSB/SS-90/02).

"When air is lost in an asirbrake system, a safety feature resulis in the mechanica) application of
springbrakes installed on certain air chambers. The vehicle is immovablo until the brake is released by
recompression of the spring. This release can be accomplished either by reapplying air to the chamber
or by mechanically compressing the spring through use of a caging bolt. To release tho brake, the caging
bolt is inserted through the back of tho springbrake housing and tumned to recompress the spring. Either
of the methods will preserve brake adjustment evidence.
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Soon afar the study began, it became appareat that instability accidents were difficult to
identify. Often a police investigator did not determine that a jackknife was pre-impac: until long
after the police accident investigation began. By this time, many other items of evidence could
have been lost or destroyed. Because the Safety Board investigations in this stud, required
independently collected evidence and because much of the on-scene data were not av ailable, these
cases were not investigated.

Toward the later stages of the study, the instability portion of the criteria was expanded
to seek accidents in which a tractor in combination with at least one trailer crossed the centerline
of a nondivided highway and struck an oncoming vehicle. In these cases, the Safety Board
investigator attempted to determine whether it was likely that the heavy vehicle's inability 1o stay
in its travel lane was brake related. Several of these accidents proved to be fatigue related where
the driver, after falling asleep, drified over the centerline and collided with an oncoming vehicle.

Press reports with suspicious sounding vehicle dynamics prompted several preliminary
investigations. When investigators checked into the circumstances of these accidents, a few were
determined to be brake-related accidents.

The Safety Board did not attempt to obtain a random or statistical sample of heavy
vehicle accidents. The Safety Board only sought to analyze heavy vehicle brake-related accidents
and determine how the braking system contributed to the cause or severity of the accident.

Investigative Procedures

The Safety Board decided 1o establish the probable cause of each accident, necessitating
comprehensive and thorough investigations. This was done so that the issue of brake
performance could be placed in proper context with other factors in the accident. As a result,
Safety Board investigators analyzed driver and environmental factors as thoroughly as vehicle
factors.

The driver's medical history, driving record, and driving experience and activities in the
72 hours preceding the accident provided insight in evaluating how human performance issues
fit into the cause of the accident. If possible, a toxicological analysis for the presence of alcohol
or other drugs was performed. Interviews of occupants and other witnesses also yielded useful
information that helped to evaluate driver and vehicle performance in the accidents.

Investigators gathered information relating to environmental factors such as weather,
roadway surface, sight distance, signing, highway geometry, and roadway evidence; in addition,
a scale diagram was drawn for reconstruction purposes. When appropnate, investigators
documented both the scene and the vehicles with photographs.
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To calculate stopping ability, a three-axis decelerometer"? mounted in a passenger vehicle
¢stablished the sliding coefficient of friction® for the tire/road interface. A decelerometer
1neasures the rate of deceleration as a percentage of gravity, which elates directly to the sliding
roefficient of friction when all wheels are locked and sliding. Based upon extensive Safety
Board testing during the planning stages of this study and for consistency in our analysis, the
tesulting coefficicnt of friction was reduced 20 percent® to account for the difference between
passenger car tires and heavy truck tires. In some of the investigations, a drag sled or skid trailer
oOperated by the State was used to obtain the tire/road sliding crefficient of friction.

Becsuse maintenance was suspected as an important and perhaps causal issue in brake-
related accidents, the Safety Board questioned both the carrier and the driver about maintenance
practices, especially as they relaied 1o the vehicle's braking systera. In some cases the carrier and
driver could not be questioned because of advice from the carrier’s or driver's attorney.

A complete description of the braking system was recorded, including the chamber si;e,
drum diameter, slack adjuster type and length, condition of linings, pushrod stroke, and tire
rolling radius. Timing of the application air to each set of axles was measured, as was the
threshold pressurc--the pressure at which each lining first touched the brake drum Investigators
also recorded the air pressure at cach set of axles as pressure was gradually increased at the
connection between the tractor and trailer.

Safety Board investigators gathered dimensional data and axle weights for each heavy
vehicle. Tire and suspension data were also collected so that computer models could be used
accurately to simulate the acciden: dynamics. (See appndix H for heavy truck investigation data
collection forms) The specific vehicle parameters were obtained ard used for input into the
computer simulation. Specific input variables are identified in the NHTSA publication, "A
Factbook of the Mechanical Properties of the Components For Single-Unit and Arti-ulated Heavy
Trucks” (DOT HS 807 125).

In several cases, the airbrake system was rebuilt due to extensive accident damage. Safety
Board investigators werked with hired mechanics to rebuild the system. The rebuilt System was
matched as closely as possible to that of the accident vehicle, including line lengths and
diameters.

"*This instrument measures sccelerstion along the yaw, pitch, and roll axes of the vehicle.

The sliding coefficient of friction is defined by J.S. Baker and L. B. Fricke in The Traffic-Accident
Investigation Manual as "a number representing the resistance to sliding of two surfaces in coniact; . . .
the force parallel to a surface vequired fo keep in motion an object sliding on that surface, divided by the
force of the object against thay surface; measured in pounds per pound.”

'The Safety Board realizes that there is varisbility in the sdhesive propenties between truck and car
tires, primarily due the differences in the rubber compounds. The truck tire friction values range from
70 10 90 percent of the sliding coefficient of friction for passenger car tires.




Analysis of Accident Data

The Safety Board developed methodology that ielated the braking system's condition to
the vehicle's ability to stop. This analytical method was used to evaluate those accidents where
stopping distance was a factor. Instability accidents requ red additional evaluation accomplished
by using a computer simulation model. Some of the riore complex accident reconstructions
required the use of both analytical mathods.

The accident summaries in appendix ¥ and in the rest of the document frequently use the
term “brake efficiency.” The Safety Board defines this as the vehicle's ability to use the available
tire/road stiding coefficient of friction. Thus, 8 vehicle with i 50-percent braking efficiency could
only decelzrate at a rate of 0.35 g's if the sliding coefficient of friction for the tire/road interface
were 0.70. To calculate the efficiency and actual b;aking for:es at each wheel, the torque output,
which depends on the mechanical components at each wheel and their states of adjustment, must
be determined for each brake. The procedures used by the Safcty Board for these calculations
are outlined in appendix 1.

Afier evaluating several computer programs that simulate heavy vehicle dynamics, the
Safety Board chose UMTRI's most recent work, Phase 4, for this study. This computer model,
titled, "A Computerized Mod2! For Simulating the Braking and Steering Dynamics of Trucks,
Tractor-seinitrailers, Doubles, and Triples Combinations,"*® was funded by the Motor Vehicle
Manulacturers Association. The model provides 1or the simulaton of up to three trailers as well
as a wide variety of roadway geonietry. The computer simulation predicted jackknifes, opposing
tane encroachments, and successful braking and steering maneuvers for the various component
and brake adjustment changes.*

Each instability accident was replicated using the phas: 4 model. This replication
provided a baseline for assessing brake system improvements. Brake components were then
hypothetically changed to evalunte the potential role of brake improvements in the crash. The
simulation then predicted vehicle position and speed on the roadway, vehicle heading, yaw
rotational speed, and articulation angle in relation to tme. This allowed the Safety Board to
evaluate how proper brake adjustinents or changes in components would affect a vehicle's
position, thus predicting the jackknifes and opposing lane encroachments.

A "path following modcl™ was used to simulate a driver attempting to keep the vehicle
on a spe:ific path, both with and without an antilock braking syitem. For each instability

2tfeavy Truck Deceleration Rates as a Function of Broke Adjustment (SAE 919126).

DSee appendix J for ¢ description of the Phase 4 program, spplications, input parameters, and
validation.

3*The Phase 4 model was run on & VAX 3500 computer at the mechanical enginecring department
of the University of Washington in Seattle. The computer time was donated! by the university.
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accident, a path which the dnver was most likely seeking to follow was put into the computer
model. The computed results reported how closely the driver was able to stay on the desired
path, given the braking and other conditions of the vehicle. Fgctored into the model were
operator response lag and the distance ahead the driver could see. 5

Each instability accident was evaluated with the same antilock model. The simple
antilock modet used in the simulation program was applied to the drive axles and sensed wheel
lock-up at each wheel. The antilock model provided modulation tor each axle independently.

The Safety Board evaluated each vehicle's stopping ability and stability characteristics in
conjunction with dnver performance issues and environmental factors. Factors such as driver
inattention, driver mpairment, sight distances, and roadway geomeltry were routinely considered
in evaluating the prcbable cause and contributing factors for these accidents. As a result, 6 of
the 18 accidents in which brake deficiencies affected the outcome were found to be primarily
caused by deficienciss in driver performance. (See case summaries 3, 6, 7, 8, 15, and 16 in
appendix F.) In Case 6 (Rochester, Washington), for example, a driver failed to perceive stopped
vehicles in his lane.

Safety Board Heavy Truck Inspection Project

Accidents investigated for this study were not randomly selected. Because of the biased
selection of the accidents, it was important to corapare the condition of the accident vehicles with
the condition of heavy trucks nationwide. The Safety Board developed an inspection project for
this purpose during which investigators documented a sample of heavy trucks' brake systems and
their conditions. The Safety Board then compared the deficiencies from this sample group with
those found in the accident investigations.

Two samples were taken from each of the five selected States. One sample was taken on
tho interstate system and another sample was taken off the interstate system to ensure that a
variety of trucking operations were represented. The States included in the inspection projects
were Florida, Pennsylvania, Oregon, Illinois, and Texas. These States were selected for their
geographical and operational representation, past inspection activity, and willingness to participate
in the projects. From late March through early December 1990, 910 five-axle vehicles were
inspected in the interstate sample, and 610 five-axle combination vehicles were inspected in the
off-interstate sample.

The inspections were conducted by 5 to 6 Safety Board investigators along with 7 to 21
State peisonnel. For consistency and quality control, the same data collection procedure was used
at each s'te. All inspections applied the Commercial Vehicle Safety Alliance (CYSA) North

25 Generic values for operator response lag and distance viewed ahesd wero used al the suggestion
of UMTRI engineers.
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American Standards * The project director was present at all 10 inspection sites; 3 days wers
spent at each location, with ths actual inspections taking place between the hours of 7 am. and
3 p.m. While all inspection locations had easily accessible by-pass routes, no sttempt was made
to deter vehicles from avoiding inspections or to inspect the traffic on by-pass routes. This
mirrors the commonly used procedures of State inspection teams.

The sampling procedure was designed to eliminate any systematic bias and is believed to
have achieved a representative samgple of five-axle combination trucks. To ensure that every five-
axle truck passing through the scales had the same opportunity to be inspected, every "n"th
vehicle was stopped. Depending on the traffic flow at each site, the value of “n® was adjusted
to avoid backed up traffic. At one inspection site, every Sth (n=5) five-axle combination was
inspected, while at another, every 12th (n=12) truck was examined. The value of "n" ranged
from 1 truck at one site to 20 at another.

Although some of the State agencies chose to conduct a full Level 1" inspection
independently, the Safety Board looked primarily at biaking systems. For the Safety Board
sample, about 100 items of data were gathered for each vehicle, and all dimensional items were
measured?® The entire braking system was documented, including the types of slack adjusters,
the manufacturer of any automatic adjusters, the lengths of the slack adjusters, the chamber sizes,
the measured pushrod strokes at a 90-psi brake application,” the drum diameters, ¢nd the tire
rolling radii. In addition, axle weights were recorded for each combination vehicle.

Much of the data gathered on the brake systems were used to generate braking
efficiencies. These values were calculated according to the procedures set forth in appendix 1.

¥Ths CVSA has developed uniform methods for inspecting commescial vehicles and uniform
standards for placing those vehicles out of service. The CVSA's suthority derives from the Federal
Highway Administration regulations in 49 CFR 350, establithed pursuaat to Section 402 of the Surface
Transpoitation Assistance Act of 1982 and reauthorized by the Commercial Motor Vehicle Safety Act of
1916.

TA fevel 1 inspection is defined as an inspection that includes each of the items specified by the
North Americsa Uniform Driver/Vehicle In_pection criteria. As 8 minimum, North American standard
inspections taust include an examination of the following: driver’s license, modical examiner's catificate
and waiver if applicable, driver's record of duty status as required, hours of service, seat belt, vehicle
inspection report, brake system, steering mechanism, wheels, tires, coupling davices, suspension, frame,
fuel system, exhaust system, windshield wipers, lighting devices, cargo securcment, and hazardous
material requirements as applicable.

HGeo appendix K.

¥ Application pressure commonly used by State commercial vehiclo inspoctors to measure pushrod
travel. This pressure was verified by monitoring cab instruments or a pressure gauge inserted at the
service gladhand connection.
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These efficiencies were calculated for a variety of brake temperatares: cold,*® 400 °F, 600 °F,
and 900 °F. Braking efficiencies were projected for the combination vehicles both at actual
weight and gross vehicle weight rating (GVWR).

After the first inspection sample on the interstate system, a pressure gauge was installed
at the trailer air line connections to monitor the pressure applied by the driver while the pushrod
strokes were measured. Data collected at the inspections included information about type and
size of the carrier, CVSA decal®' information, origin and destination of the trip, and the individual
responsible for brake adjustments. Vehicle description information and manufacturer's data were
recorded. A sample database form is included in appendix K.

Project Time Span

The preparation work and research phase was compleled during the first 6 months of
1989. No set time span was establishad for the investigative work. The first accident
investigation began in July 1989, and the last case investigation began in November 1990. Two
cases initiated before the investigative phase of the project were added to the study because they
met the criteria .nd because the necessary data had been gathered during the Safety Board
investigation

The last case file was completed in March 1991. The comparative analysis of all accident
data, including the computer simulation analyses of the instability accidents, was performed from
February through April 1991.

Two technical reviews were held in conjuncton with this study. The first technical
review was held in May 1991 in Washington, D.C., in which representatives from both
Government and industry were invited to comment on methodology and preliminary findings of
the data. Orpanizations represented were the American Trucking Associations, the Truck Trailer
Manufacturers Association, the Motor Vehicle Manufacturers Association, Roadway Express, Inc.,
Ryder Transportation Resources, Freightliner Corporation, Mack Trucks, Navistar International,
U.S. Department of Transportation Office of Motor Carriers, National Highway Traffic Safety
Administration, and University of Michigan Transportation Research Institute. The second
technical review was held in February 1992 to discuss relevant sections of the draft report and
potential areas of recommendation.

For the purposes of these calculstions, cold brakes wese delined as 70 °F.

)'The CVSA decal indicates that both the vehicle and driver have passed a Level | inspection and
gencrally exempts the vehicle from being selected for reinspection during the following 3-month period.

*These two accidents took place in Buna, Toxas, in Deccmber 1988, and in Lyons, Colorado, in June
1989, See appendix F.




Summary of Findings

In the 18 brake-related accidents investigated and analyzed, the brake system was found
to have been a causal or contributing factor in 15 of the accidents and to have influenced the
severity of the other 3 accidents. Thirteen of the 18 accidents involved maintenance defictencies,
the majority of which were out-of-adjustment brakes. Closely associated with the maintenance
deficiencies was a lack of awareness by drivers and carriers regarding when to have brakes
adjusted. Inadequate brake adjustments contributed to both an increase in stopping distance and
a stability-related loss of control. Both conditions resulted in serious accidents.

Other accident factors involved the braking components themselves. These included small
brakes on the steering axle and automatic limiting valves installed on the steering axle, both of
which contributed to the premature lock-up of the drive or trailer axle wheels. The accidents
included in this study demonstrate how certain brake components brought about increased
stopping distances and handling problems.

The inspections of 1,520 five-axle ogmbinations revealed that approximately 60 percent
of the inspected vehicles had brake defects 3 serious enough for the vehicles to be placed out
of service. 4 The out-of-service percentages for all identified defects varied from a low of 40
percent al the Peansylvania interstate inspection location to a high of 82 percent at the Texas off-
interstate inspection location. The percentage of vehicles placed out-of-service for brake system
deficiencies varied from a low of 37 percent at the Oregon interstate inspection location to a high
of 76 percent at the Texas ofi-interstate inspection location. Further discussion of the inspection-
related data can be found in chapter 4; the Safety Board also intends to examine this issue in a
subsequent report.

33Brake defects include deficiencies such as out-of-adjustment brakes, excessive air lcaks, and grease
contaminated linings. A single brake is considered defective due to adjustmeat when the pushrod stroke
reaches 1/4 inch past the manufacturer’s recommended adjustment limit. However, two brakes that are
slightly out-of-adjusiment (less than 1/4 inch past the adjustment limit) can also equal one defective brake.
A vehicle is placed out of service when 20 percent of its brakes are found defective.

Iyechicles placed out of service generally must be parked until repairs are made. In sorae situations,
the inspector may atlow the vehicle to be driven to the nearest available repair facility.
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CHAPTER 3
OPERATT N OF AIRBRAKE SYSTEMS

Most heavy road vehicles use an airbrake system to decelerate. The most common is an
S-cam system; a much less frequently used system is the wedge system. Both systems will be
discussed below. Although some tractors and trailers now have air disc brakes, no vehicles with
this system were involved in the accidents investigated for this study.

This chapter explains the design and function of airbrake systems by discussing
components of the three major subsystems: the supply, control, and foundation brake subsystems.
Figure 4 provides a diagram displaying the structure of an airbrake system. This chapter also
discusses requirements for and problems with inspecting airbrake systems.
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Figure 4.--Basic dual circuit airbrake system.

Supply System Components

Both the S-cam and the wedge brake systems use the same air supply components. The
air compressor, which provides the pressurized air to the system, is driven by the engine through
either a belt or gear. The compressor is normally equipped with a governor that unloads the
compressor at a predetermined pressure, usually around 120 psi, and signals the compressor to
begin pumping air again at 90 to 100 psi. When a low pressure switch senses a pressure below
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60 psi, the switch will send a signal to a '- w air waraing device, usuaily activating a buzzer,
light, or flaz.

The air compressor puinps air into one of several reservoir tanks, the first of which ic
referred to as the "wet tank.® These reservoirs are protected from being overpressurized by safety
valves that release air above a set pressure. As air is compressed, it heats up. Then, as it enters
a cooler tank, the moisture in the air condenses. This moisture collects in the tank closest to the
compressor, along with any oil that leaks past the piston rings of the compressor. For this reason,
the first tank (wet tank) has a drain valve installed, so these contaminates can be expelled. Check
valves are installed between the reservoirs 1o prevent air from passing back to the compressor
while it is in an unloaded condition. Many vehicles use an air dryer to extract as much moisture
or oil as possible before it enters the wet reservoir tank.

Control System Conmponents

This portion of the » brake system is composed mainly of valves and hoses that direct
and regulate the flow of compressed air to foundation brake comporents. When the foot valve
(or treadle valve) is pressed, air is directed from the air reservoirs to all brake chambers. This
foot valve supplies air at varying pressures, depending on how far the brake pedal is depressed.

The foot valve normally releases air directly to the steering axle air chambers. The foot
valve is also used to release aii through a relay valve to the drive axles of a tractor and the trailer
axlo brake chambers. This is accomplished by using the air that passes through the foot valve
as control air to trigge. the relay valve. The relay valve opens and allows air to flow from an
ait reservoir to the brake chambers. The reservoirs, normaliy located close to the air chambers
they serve, supply air to these chambers more quickly than if it had to flow from the wet tank
through the foot valve. The delay in time from when the foot valve is pressed to when the brake
is applied is referred to as lag time. The foot valve simply sends a signal of air (usually through
a smaller diameter lino for speed purposes) to the relay valve, directing it to releass air from its
treservoir to the brake chambers.

On most vehicles the foot valve is a dual-contro! foot valve. Dual circuit brake systems
split their air flow after the wet tank (the first tank after the air compressor), with air flowing into
a primary and a secondary reservoir. Spliiting the air system provides a safeguard that ensures
that if one circuit dovelops an air leak. the cther circuit will still be able to provide some braking.
Tt is common practice for the primary circuit to control the air to the dnve axles, while the
secondary circuit controls the brakes on ths steering axle. A two-way check valve senscs air
from both the primary and secondary brake circuits and allows the circuit with the greater
pressure to supply the air to the trailer. Vehicle manufacturers may vary this routing at times,
splitting up the drive axles if the vehicle is equipped with a tandem dnve axle.

When ‘oot valve is released, air is exhausted from the air chambers, releasing the brakes.
Most systems use a quick release valve, loceted near the brake chambers, that allows the air to
exhaust more quickly than it would if it had to travel ali the way back to the foot valve. The
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quick release valve may be combined with 2 relay valve or installed separately as it commonly
is on many steering axle brakes. Miv.imum relcase times are specified in Federal Motor Vehicle

Safety Standard 121 (appendix L).

A trailes har d valve is found on many tractors. This valve cnables a driver to apply only
the trailer brakes by ser<ling a signal of control air 1o a relay valve on the trailer. When the air
reaches the relay valve, it opeas a port and allows air from the trailer reservoir to flow to the

trailer air chambers.

The contro! system includes a number of other valves that control the flow of air. A
parking brake valve, mounted on the dash, controls the application of air to the spring or parking
Lrakes. This valve can either axhaust air from the springbrake, which allows a spring to apply
the brake, or direct air to the springbrake, which collapses the spring with air pressure, and thus
releases the mechanically applicd brake. The springbrake is discussed further in the section aoout
the foundation brake components. The trailer supply valve, generally mounted on the dask, is
used to direct air back to charge the trailer air reservoirs. A tractor protection valve is instalied
on vehicles puiling trailers to protect the towing vehicles' air supply in the event of a major loss
of air. Also, should a break occur in either line to the trailer, the relay emergency valve on the
trailer would exhaust the reservoir air to the brake chambers, applying the trailer brakes. If the
trailer were equipped with springbrakes, the emergency relay valve would exhaust the air from
the springbrake chamber, allowing the large spring to apply the brakes.

Foundation Bake Components

The purpose of the foundation braka components is to convert air pressure into mechanical
forces used to decelerate the vehicle. Once air has been directed through various lines and
valves, it ends up at a brake chamber (air chamber). (See figure 5.) Brake chambers are
available in various sizes and provide a wide range of output forces. Compressed air flows into
the brake chamber and acts on a pressure plate attached to a pushrod. The air forces the pressure
plate inside the brake chamber to move, extending the pushrod with a force proportional to the
air pressure applied to the brake chamber. (This movement is referred to as the pushrod stroke
or travel.) Under iceal circumstances, a pressure of 40 psi supplied to a brake chamber with a
pressure plate area of 30 square inches (a Type 30 brake chamber) would result in 1,200 pounds
of force on the pushrod. This ideal situation does not include any losses due to friction, loose
bearing surfaces, and component stretch and expansion. Such losses cause actual pushrod forces
to be somewhat less. Appendix I discusses the magnitude of these losses and includes charts
documenting actual pushrod forces at various application pressures and levels of adjustment for
specific sizes of brake chambers.

Springbrakes were discussed earlier in the section on control system components. The
application of the springbrake is accomplished in the same manner as a conventional brake
chamber, yet it has emergency and parking features. If no air is supplied to this chamber, a
hsavy coiled spring will act on the second pressure plate and apply the brake with force
equivalent 0 8 60-psi air application. To release the brake, air must be routed into the spnng
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portion of the chamber to collapse the spring. Most heavy vehicles use the springbrake on at
least one drive axle and one axle on the trailer.
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Figure 5.-Brake terminology.

In an S-cam airbrake system, the pushrod is attached to one end of a lever called a slack
adjuster. (Ses figure 6.) The slack adjuster multiplies and converts the force from the pushrod
into torque on the shaft running perpendicular to the brake drum. As the pushrod is extended
from the brake chamber, the slack adjuster rotates, and in tum rotates the shaft connected to it. ,_
The S-cam also rotates, spreading the braks shoes inside the brake drum. When the brake shoes 5
are spread apart, the brake linings (riveted to the shoes), come into contact with the inside of the ¥

brake drum. The friction created slows the rotation of the brake drum, and thus the wheel and -

the vehicle.

The slack adjuster is equipped with an adjusting mechanism that compensates for lining |
wear. Otherwise, as the lining wears down, the pushrod would be required to extend farther out E
until the pressure plate in the brake chamber came in contact with the bottom of the brake
chainber. This is known as "bottoming out* a brake chamber, and the resulting pushrod stroke
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Figure 6.--S-cam brake operation.

will be the maximum stroke listed in the manufacturer’s brake literacure. When this happens, no
braking results because there is not enough travel of the pushrod to rotate the S-cam sufficiently
to expand the brake shoes into contact with the drumi. Some slack adjusters must be adjusted
manually with a wrench, while others, called automatic slack adjusters, are designed to
compensate for the lining wear automatically.

Heated airbrakes can also cause "bottoming out," resulting in loss of brakes. When heavy
vehicle airbrakes heat up, several components can be severely affected. As the brake drums are
heated, they expand and therefore increase the distance the brake shoes must move for the lining
to contact the drum. This causes the S-cam to be rotated farther and results in a longer pushrod
stroke requiring an extra, or reserve, stroke. The reserve stroke is tho distance lefi at the time
of a brake ar ‘‘cation before the pressure plate in the brake chamber contacts the bottom of the
chamber. If . ) is very listle seserve stroke left on a cool brake, a hot brake could very easily
use up this smal' - mount of extra stroke. Should the brakes become too hot and not have
enough reserve stivke left, the pressure plate could "bottom out® in the chamber, and the shoes
would not contact the brake drum. This is how an air-breked vehicle loses its brakes when
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descending a grade. Usually this takes place when brakes that are near their limit of adjustment
are repeatedly applied during a tong descent.

Wedge brakes use an air chamber with a pressure plate similar to the S-cam system, but
the method for expanding the brake shoes differs. (See figure 7.) On an S-cam system, tho
pushrod is perpendicular to the axle and uses the rotating S-cam to spread the brake shoes. In
a wedge brake system, the pushrod is parallel to the axle and a wedge is pushed between two
rollers attached 1o the ends of the brake shoes, forcing the brake shoes against the brake drum.
The force from the pushrod is multiplied by the mechanical advantage of the wedge. Wedge
engles normally range from 10° to 18°.
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Figme 7.--Wedge brake operaticn (brakes applied).

Some trucks with wedge brakes have two brake chernbers installed on every drum, so both
ends of the brake shoes can be expanded. These systems are referred to as "twinplex” systems.




Some wedge brake systems also utilize the springbrake concept, only the heavy spring forces the
wedge between the brake shoes rather than rotating an S-cam Wedge brake systems have a
smaller air chamber becauss the mechanical advantage of the wedge multiplies the pushrod force
by a larger amount than the lever arm (slack adjuster) on the S-cam system.

Because of the way wedge brake systems are instelled, the pushrod stroke can not be seen
as it can on the S-cam, and thus it is difficult te know if the brake needs to be adjusted. Wedge
brake adjustments are usually determined by measuring the unapplied gap between the drum and
the lining. If the gap is less than 1/16 inch (0.0625 inch), the brake is considered to be in
adjustment and capable of providing braking force.

Alrbrake System Inspection Requirements

The only Federal regulations requining an inspection of airbrake systems are the Federal
Highway Administration (FHWA) annual inspection and the driver's daily inspection regulations
in Federal Motor Carrier Safety Regulation 49 CFR 392.7. The FHWA inspection requires that
a vehicle be certified in proper op~rating order once each year. This inspection can be performed
oy qualified carrier personnel or outside maintenance facilities. The burden of ensuring the daily
condition of the vehicle rests upon the driver. The dniver is required to satisfy himself that the
service brakes, parking brake, and trailer brake connections are in good working order.

It is difficult to check the working order of an airbrake system without a detailed and
systematic examination of the components. For example, pushrod stroke on an S-cam brake must
be measured to determine if adjustment is necessary. This generally cannot be accomplished

without assistance. A simple check for system air leaks also requires assistance; one person
applies service air at the treadle valve while an assistant locates the leaks. The Safety Board
believes that due to the complex nature of inspecting and maintaining an airbrake system, many
carriers and drivers neglect this responsibility. Yet the airbrake system's performance depends
heavily on the level of maintenance and inspection.




CHAPTER 4

INFLUENCE OF BRA'E SYSTEM MAINTENANCE
ON VEHICLE PERFORMANCE

Improper maintenance on a heavy vehicle's brakiag system can lead to problems in both
the ability of the vehicle to stop and its ability to be.controlled during emergency stopping
situations. Brake detiziencies usually become apparent when the brakes are heated or subjected
to panic or emergency applications. Airbrake systems found on heavy trucks today provide
limited tactile feedback during routine brake application to alert the driver about the brakes'
adjustment level.

In the accident investigations, the absence of proper maintenance was manifested primarily
by out-of-adjustment brakes. Brakes that were not kept within the manufacturer's recommended
adjustment limits decteased the braking efficiency of the vehicle, increased the demands on the
other properly adjusted brakes, and sometimes produced jackknifing dynsmics. Accidents
investigated by the Safety Board provided documentation of maintenance deficiencies, their
resulting effect on vehicle dynamics, and the catastrophic consequences of loss of life and
property damage. The roadways were not factors in the accident unless specifically discussed.

Maintenance Effects cn Stopping Capability

Fort Worth, Texas.--The lack of braking system maintenance on a tractor-trailer was the
major factor in reducing the combination's braking capability in an accident in Fort Worth, Texas,
on August 18, 1989. The 1981 Preightliner tractor pulling 2 loaded flatbed trailer had just
entered a work zone on Interstate 30 where vehicles were stopping because of congestion. As
the combination vehicle's driver approached within several hundred feet of the stopped vehicles,
witnesses reported that he was traveling about 50 mph and was sounding his hom. In an attempt
to avoid striking any of the passenger cars, the truckdriver steered his vehicle into the concrete
median barrier. After hitting the barrier, the tractor continued forward, colliding with seven
passenger cars and one motorcycle. The motorcycle was destroyed and its driver killed. Six of
the seven passenger cars were substantially damaged, and four of the occupants received minor
to moderate injuries.

A postcrash inspection of the tractor and semitrailer revealed that 9 out of the 10 brakes
were more than 1/4 inch past the manufacturer’s recoinmended limit of edjustment. (For
manufacturer's recommended limit of adjustment, see table 3.) Additionally, the linings on both
steering axle brakes were contaminated with grease, the trailer brake drums were badly grooved,
and the air reservoir on the tractor was leaking air.

The condition of the braking system and the loading on the axles resulted in a calculated
braking efficiency of 11 percent with cold brakes. This means that the tractor-trailer could use
only 11 percent of the available tire/road sliding coefficient of frictior . 'Thus, with propetly
adjusted brakes during a panic brake application from 50 mph, this vehicle should have been able
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Table 3.--Manufacturer’s recommended strokes (clamp-type brake chambers).

Maximum Stroke When Brake Max. Possible
Should Be Adjusted Stroke

to stop in about 137 feet on level pavement, while in i;s degraded condition it would have taken
about 1,190 feet--an increase of about 768 percent.3 The bar chart in_figure 8 displays these
values in comparnison 10 a passenger car's optimal slide-to-stop distance.

One full-time mechanic was employed wy the carriecr. When interviewed by the Safety
Board, the mechanic stated that he checked th: brakes on the carrier’s four tractors and four
trailers monthly, or on an as-necded basis. Hc thought he had serviced the accident tractors
brakes about 2 weeks before the accident and the trailer’s brakes about 3 weeks befors the
accident. There was so much layered mud and grease on the slack adjuster nut that the brakes

3 an stopping distance valucs were calculated using a common slide-to-stop formula: distance in feet

= (speed in mph)“ / [30 x (sliding cocflicient of friction)]. Distances indicated do not includo reaction
distance or distance traveled due to brake lag time.

361he primary difference in slide-to-stop values between a passenger car and a heavy vehicle is the
reduced tirc/road friction of heavy vehicle lires. Safety Board experiments have consistently shown that
the sliding coefficient of friction for a heavy vehicle tire is approximately 80 parcent of that for a
passenger car tire. Another factor that increases the slide-to-stop distances for heavy vehicles is that many
heavy vehicles are unable to lock up various wheels, even with all brakes in proper adjustment.
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FORT WORTH, TEXAS
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Figure 8.--Combination vehicle's braking capacity in the Fort Worth, Texas, accident.

probably had not been adjusted for months. The mechanic stated to Safety Board investigatoss
that on another one of his trailers, *Brake service has not been necded for over three end one-half
years® ‘The mechanic's statement and the condition of the braking system indicate that the
mechanic probsbly adjusted the brak:cs more on an as-needed basis than on a monthly basis.

Bven under degraded ronditions, the heavy vehicle brakes are capable of stopping the
vehicle in most normal stopping conditions and may not have been perceived by the driver or
mechanic to need any attention. The mechanic’s openness with the Safety Board investigators
suggests that he was not attempting fo hide details of the maintenance program. He was under
the impression that the periodic maintenance was not needed.

Kent, Washington --A case illustrating both the carrier's and driver’s failure to adhere to
preventative maintenance praciices was investigated in Kent, Washington, on February 8, 1990.
The fully loaded 1974 Intemational dump truck was in combination with a fully loaded, long-
tongus, horaebuilt dump trailer. The cotabination vehicle was traveling down a 1.25-mils, 6.5-
percent grade at an estimated speed of 45 mph, approaching an intersection where cars were
stopped waiting for the. traffic signal to change. As the dump truck and teailer passed through
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the intersection against the red signal, it struck 11 passenger vehicles before pinning a 1980
Dodge Ram pickup between the front of the dump truck and a building. The driver of the Dodge
pickup received fatal injuries, while the driver of the combinafion vehicle received disabling
injuries. Of the 15 other involved occupants, | had disabling injuries, 5 had minor injuries, 4 had
possible injuries, and S were not injured. Two of the passenger vehicles were dustroyed, and
three received substantial damage.

An inspaction of the combination vehicle's braking system revealed that three out of six
S-cam brakes on the dump truck were more than 1/4 inch past the manufacturer's recommended
adjustment limit. Al four of the trailer's wedge brakes were past the recommended adjustment
limit. In addition, a major air leak was found in the brake service line on the trailer. When 120
psi of air was supplied just before the connection, 40 psi was measured at the coupling itself, and
no pressure was measured at the left rear brake chamber. The Safety Board determined that the
hole in the air line was old and most likely resulted frem the air line having, been pinched
repeatedly between the pintle hook on the truck and the eye on the trailer tong.e (truck-trailer
connection) when the connection was being made.

Also, the Safety Board found the following evidence illustrating further lack of
maintenance on the dump truck and trailer:

1. One and one-half pints of oil and water were found in the first air reservoir
tank on the tractor.

2. One brake shoe on the trailer was installed impropesly, with the rotation
direction reversed.
Automatic adjustment components were either installed improperly or
mismatched on two of the trailer'’s wedge brake actuators.
Two of the trailer's brake drums and their linings were contaminated with
grease.
Two of the trailer’s brake drums wers wom past the manufacturer’s
recommendad limit.
As a result of after-market modifivction, the steering axle brakes were supplied
with air from the drive axle relay valve instead of from the treadle valve; this
slowed the steering axle brake application timing.

Because of the poorly maintained condition of the braking system, this vehicle was
capable of using only 27 percent of the available tire/road sliding coefficient of friction. The
distance rzquired to bring this vehicle to a stop from 45 mph with a panic or emergency brake
applicatioin was about 490 feet. Had the brakes been adequately maintained, the truck and trailer
should have been able to stop in about 130 feet on a level surface. The poor maintenance
resulted ir. an approximate 277 percent increase in stopping distr1ce. Figure 9 compares these




stopping distances with the requirements for a passenger vehicle at the same speed.”’ The
efficiency and stopping distances illustrated are all based on cold brake temperatures. When
brakes are heated, they may become less efficient even if they are within adjustment limits.
Moreovet, if some brakes are out of adjustment, the brakes that are within or at the adjustment
limit provide & disproportionate share of the braking, nd, as a result, heat more rapidly than they
would have if all the brakes had been adjusted properly. Thus, if some brakes are out of
adjustment, a hot brake condition can develop more quickly when the vehicle is subjected to
prolonged or heavy brake use.

KENT, WASHFINGTON
Stopping Distance From 45 mph
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Rigure 9.~Combination vehicle's braking capacity in the Kent, Washington, accident.

The carrier kep! no vehicle maintenance reports and performed no systematic inspections
on his three trucks and trailers. State records showed that this carrier had been audited at its
terminal and cited for defective equipment violations in addition to having been inspected at

Al stopping distance values were calculated using 8 common slide-to-stop formula.




roadside facilities. Two weeks after the accident, the State Utilities and Transportation
Commission audited the carrier's records and equipment. As a result of this aucit, the two
remaining trucks and one of the two trailers were placed out of service. Although the audit was
scheduled with the carrier several days in advance, one of the trucks was placed out of service
for defective brakes, raising questicns about whether the carrier knew how to inspect or maintain
brakes properly.

Maintenance Effects on Downgrade Speed Conirol

Big Pine, California --On State Route (68 near Big Pine, California, an sccident took
place in which problems with a pootly maintained braking system were compoun:ded by heat
resulting from applying the brakes on a gowngrade. On May 18, 1990, a 1987 TMC 102 AC
intercity coach bus was carrying 45 occupants from Las Vegas, Nevads, to Mamraoth Lukes,
California. The bus was descending Westgeard Pass, near Big Pine, California, where waming
signs posted at the beginning of the des:ent indicated that the maximum safe speed was 30 mph
and that steep downgrades and sharp curves were present for the next 9 miles. The average
downgrade for this section of road was 3 percent.

As the driver began the descent, he shified his five-speed manual transmission into third
gear. The driver stated that he had to still use his service brakes as he continued dovn the grade.
After he descended the grade for § or 6 miles, the bus was traveling around 40 to 45 mph. He
attempted to shift into a lower gear, but his high speed preventéd him from shifting the
transmission out of neutral. The speed of the bus increased to 60 mph, and the driver lost control
in a curve. The bus struck a dirt embankment on the left side of the road and came to rest across
the road in an upright position. Ten passengers were reportedly ejected from the bus; 2 received
fatal injuries. Of the other passengers, 3 sustained critical injuries, 3 had serious injuries, 19
reccived moderate injuries, and 18 had minor injuries.

Two of the bus' four primary service brakes were more than 1/4 inch past the
manufacturer’s recommended limit of adjustment, and the other two were at the limit. This
produced a calculated braking efficiency of 38 percent with the brakes cold.

A grade severity computer analysis® was run to determine th. effect heat vould have had
on the braking capability. The analysis showed that when the bus lost control, the brake
temperature was approximately 910 °F. At this temperature, the braking efficiency was further
ceduced to | percent, at which effective braking is not possible. The computer analysis also
showed that if all the brakes had been properly adjusted, they would have heatex! to only 289 °F
while negotiating the downgrade. At 289 °F, the driver should have been able to slow the bus
to a safe speed even from 60 mph and avoided the accident.

¥The "Grade Severity Rating System* (GSRS) is a computer program developed throvgh a project
funded by the Federal Highway Administration. 1t was developed to assist highway eagineers in signing
grades in order {0 redace the number of runawsy heavy trucks. In the process, the piogram predicts the
beake temperature as the vehicle travels down the grade.
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The charter company operating the bus had been audited by the Office of Motor Carriers
in 1986, 1987, and 1988. It was audited again in 1990, after the accident. The audits before the
accident showed that the carrier had committed 1,698 violations of the Federal Motor Carrier
Safety Regulations (FMCSR), resulting in civil penalties of $11,650. The Safety Board
interviewad a former operations manager for the carrier who left the company 3 days before the
accident. He stated that the carrier did not have a maintenance program for the 20-bus flect and
that the owners dispatched buses with mechanical deficiencies that had been discovered dunng
pre-trip inspections. He believed re *arted deficiencies were not repaired because of operational
demands for bus service. No spare buses were available.

In this case, the carrier’s inadequate maintenance program was not due to a lack of
knowledge about procedures or adjustment intervals. Regulations and the previous fines did not
alter the carrier’s maintenance practices.

Other Downhill Speed Control Accidents--The Safety Board investigated two other
accidents involving vehicles with out-of-adjustment brakes. (See case summaries 2 and 9 in
appendix F) In both these cases, the vehicles lost rost of their braking capability and were
involved in accidents that resulted in fatalities. When cold, the vehicles had calculated braking
efficiencies of 64 and 65 percent, respectively, which would produce a large increase in stopping
distance during a panic brake application. During normal driving, however, brake system
inadequacies might not be apparent. If the drivers had been controlling their speeds on the
downgrades with only brakes, the efficiencies would have dropped to zero as the brake
temperatures increas2d.

Maintenance Effects on Stability and Handling

All the stability-related accidents investigated for this study involved vehicles that were
lightly loaded on at least the drive or trailer axles. None of the vehicles had adequate steering
axle brakes, and all but one accident took place on a wet roadway with reduced frictional
properties.

Brownsville, Texas.--Five fatalities resulted from this March 1, 1990, accident in which
the entire braking systern except for the steering axle brakes was most likely in propet
adjustment. The 1981 Intenational conventional tractor in combination with a lightly loaded van
semitrailer was traveling esstbound on Texas State Highway 48 during a light rain. The Safety
Board determined through analysis that after the driver of the combination vehicle had applied
his brakes to reduce speed while negotiating a curve to the left, his tractor began jackknifing in
a counterclockwise rotation. The left tear of a 1979 Ford LTD was struck as the tractor first
crossed the centerline. As the tractor continued to rotate past a 90° angle, its right front bumper
and steering axle struck an oncoming 1989 Oldsmobile Cutlass. The Oldsmobile was destroyed,
and all four occupants were killed.

The jackknifing tractor continued across the westbound lane. As the tractor continued
to jackknife, 8 1990 Toyota Camry struck the rear of the tractor. The Toyota was pushed
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rearward and came to rest lodged under the rear of the tractor’s frame, against the rear drive axle.
One of the two occupants in the Toyota received fatal injuries.

When Safety Board personnel examined the tractor and trailer, they discovered that the
trailer brakes had been backed off by the towing corapany to facilitate removing the vehicle. The
rear drive axle of the tractor was damaged so badly that its braking system could not be
reconstructed and its adjustment could not be checked. Because the towing company had to back
off the locked trailer brakes to move the trailer, Safety Board investigators assumed that the
brakes were probably below or at least near the adjustment limit. The rear drive axle was also
assumed to have been in adjustment because the more difficult to adjust forward drive axle was
well within the limits of adjustment. Both brakes on the forward drive axle had pushrod travel
measuring 1 1/2 inches on their Type 30 air chambers. The steering axle brakes with Type 20
air chambers were both more than 1/4 inch past the manufacturer’s 1 3/4 inch recommended limit
of adjustment and would have been considered defective by CVSA criteria. (See table 3.)

Figure 10 illustrates various vehicle dynamics with different axles locked. While the
Safety Board does not belicve that the lock-up of all axles is a desirable solution to jackknife
instabilities, the Brownsville accident illustrates the stability problems that can occur when the
drive axle wheels lock prematurely. When a wheel is locked, the tire cannot generate significant
lateral forces, only longitudinal braking forces in the direction of travel. Research indicates that

Jackknife Tratler Swing
. Drive exies locked Trailer axies locked

Figure 10.—Vehicle dynamics of different axle lock-ups.
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lateral force approaches zero whep wheel locks occur (100-percent longitudinal sl ip).”? Therefore,
when the drive axle wheels on a tractor ere locked and the steering axle wheels aré not locked,
s vehicle becomes unstable and will begin to rotate. The combination vehicle usually will
. ofate in the direction the tractor is turning. Also, trailer swing can occur if the trailer axles lock
and the tractor steering and drive axles do rot.

The left diagram in figure 10 illustrates the Brownsville accident, where the drive axles
locked. As the driver of the tractor trailer was traversing the curve to the left, his tractor was
already rotated a few degrees to the l2ft due to the curve. When the brakes were applied, the
drive axles locked and lost their Isteral resisting force. In this situation, the tractor would
continue to rotate rapidly in a counterclockw.se direction.

The Safety Board used the Phase 4 computer model to project how brake adjustment may
have influenced vehicle dynamics. Figure 11 illustrates the Brownsville accident with and
without brakes adjusted as projected by the Phase 4 progrss.  The Phase 4 moedel indicates that
if the stevting axle brakes had been adjuited properly, they could have generated sufficient
braking force to prevent the jackknife. 7°.c combination vehicle with propeily adjusted steering

{Unadjusted Front Brakes
- Acclident Condition)

=
- opping Position With
— - Tz Steering Axie Brakes Adjusted

Figure 11.--Phase 4 computer simulation of Brownsville, Texas, accident with and without
brake adjustment.

¥R adlinski, Richard W., The Anatomy of a Tractor Trotler Jackknife, NHTSA Vehicle Research and
Test Center, no date.
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axle brakes would not have crossed ths centerline but would have slid ahead and partially out
of the left-hand curve.

Although the accident truck had other brake maintenance deficiencies, the unadjusted
steering axle brakes were the greatest contributor to the instability accident. Given the common
misconception among drivers and carriers that operational steering axle brakes are a hindrance
on slippery surfaces,* it appears that either the carrier or the driver may not have wanted
operational steering axle brakes because the two drive axle brakes that could be checked were
found in proper adjustment. The Safety Board was unable to interview the driver due to advice
from his attomey, so this matter was not resolved.

Buna, Texas.--Another accident, which illustrates maintenance deficiencies, took the lives
of six people in Buna, Texas, on December 28, 1988. A 1979 White straight truck with a light
load of steel was approaching the rear of a passenger car that was stopped to make a left tum off
the two-lane highway. As the driver of the truck applied his brakes, the vehicle began to rotate
counterclockwise into the oncoming lane of traffic. A 1977 Oldsmobile was approaching from
the opposite direction. The truck continued rotating across the oncoming lane of traffic, and the
Oldsmobile struck the truck frame between the cab and the dnive axles. The roof and all four
doors were torn from the Oldsmobile and all six occupants were fatally injured. The truck
overturned, slid 43 feet, and came to rest on its top. A diagram of the accident is reproduced in
figure 12.

When the Safety Board investigators inspected the White truck, it was found that all the
brakes were within the manufacturer's recommended limit of adjustment except the steering axle
wedne brakes. Both of these brakes were past the limits for clearance between the lining and the
drum, and the lining on the top shoe on the right side of the steering axle was saturated with
grease. In addition, the truck’s owner had lengthened the truck's wheelbase by 94 inches, but had
not checked to see if any of the brake component sizes should have been increased. Calculations
indicated that the existing components--Type 9 air chambers on the steering axle with 18°
wedges--viere not capable of providing adequate brake torque even if adjusted properly.
Volvo/GM*" engiaeers stated that the steering axle brakes should have been equipped with Type
12 chembers after the truck's wheelbase was lengthened.

The axle placement was examined with a laser alignment instrument. This revealed that
the forward drive axle on the lefi side was positioned 13/16 of an inch too far forwesd, and the
rear drive axle on the left was positioned 1/4 inch too far forward. However, because the drive
axle wheels were locked and sliding, the misaligned axles did not contribute to the rotational
dyns~:ics.

*“Radlmsk., RW., and Flick, M.A, A Demonstration of the Safeiy Benefits of Front Brakes on Heavy
Trucks, US. DOT, National Traffic Safety Administration, 1986 (Report DOT HS 807 061).

"Volvo/GM Heavy Truck Corporstion bought the assets of White Motor Corporation on September
1, 1981.
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Figure 12.--Diagram of Buna, Texas, accident--Final resting positions and evidence,

Bven though both drive axles were equipped with Type 24 air chambers instead of the
more comraon Type 30 chambers, tire marks at the scene indicate that the drive wheels locked
up before the truck rotated across the centerline of the highway. This accident illustrates how
the locking rear axlo wheels will cause the vehicle to rotate out of its trave! lane.

The dynamics of this accident were analyzed using the Phase 4 computer simulation. The
simulation showed that with the proper adjustment of the steering axle brakes and proper frame
alignment, the truck's rotation would have been reduced from 102° to 74° and its lateral
movement would have been reduced from 10 feet to 7 feet. Further simulations indicate that had
the steering axle brakes been properly maintained and upgraded to accommodate the lengthened
wheelbase with Type 12 chambers and 12° wedges on the steering axle, and had the frame been
propetly aligned, the rotation would have been only 0.5° and the lateral movement would have
been 4 feet to the right instead of the left.

The simulations also indicated that if an antilock system had been installed on the tonck
in its accident configuration, the truck would have rotated only 0.7° and would have moved 0.0]
feet 10 the left. Thus, either a properly maintained high torque steering axie brake system or an
antilock system would have prevented this accident. Antilock systems are discussed in detail in

chapter 6.
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Other Maintenance-Affected Stability Accidents --During this study, the Safety Board

investigated two other accidents in which maintenance was a factor in the instability-related
collision. (See case summaries 7 and 18 in appendix F) These accidents were influenced by
steering axle brakes that were not properly adjusted. Steering axle brakes that are out of
adjustment or intentionally backed off contribute to the same type of instabilities as steering axles
without front brakes. This type of brike deficiency does not always indicate a deficient
maintenance program for the carrier, but often reflects the misconception that aggressive steering
axlo brakes can lead to a loss of steering.

In an attempt to dispel these popular misconceptions, the NHTSA conducted extensive
research and published several reports for the trucking community evaluating the need for
steering axle brakes. 'n DOT HS 807 061 "A Demonstration of the Safety Bencfits of Front
Rrakes on Heavy Trucks,” NHTSA engineers in East Liberty, Ohio, ran a series of stopping tests
in a straight line and in a curve, and concluded:

With the exception of one driver in one series of tests, drivers were clearly
able to achieve better performance with full front brakes than without
under all circumstances. They stopped in shorter distances under full
contro! with full front brakes. Without front brakes, best stopping
distances were S to 130 percent longer and drivers were more likely to lose
control.

The same authors stated in SAE paper 870493, "Benefits of Frout {Steering Axle] Brakss on
Heavy Trucks":

With the exception of tests that were run almost 40 years ago (on vehicles
that are not representative of today's vehicles), all work that has been done
to evaluate the performance of heavy vehicles with and without front
wheel brokes indicates that performance of vehicles is degraded when front
brakes are removed. Not only is stopping distance increased significantly,
but vehicle stability and control is compromised.

The NHTSA tests support the Safety Board's accident investigation findings; it is difficult
at times to separate instability problems from increased stopping distancss. As NHTSA's tests
concluded, a driver will sense the beginning of the instability, let up on the brakes, and thus
increase the stopping distance by attempting to control the vehicle.

Accident Brake Deficiencies Compared to Inspection Data

Four of the accidents described in this chapter could have been prevented through a
maintenance program that at least kept the brake systems in proper condition. As the accidents
demonstrated, the problem of brake adjustment is one that not only affects the stopping capability
of the vehicle, but also its stability. Sixtzen of the 18 accident vehicles examined during this
special study had 1 or more of their brakes past the manufacturer’s recommended limit of
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adjustment. In 14 of the investigated accidents, improperly adjusted brakes wrre cited as a factor.
(See appendix F.)

Because of the maintenance problems highlighted in the accident investigations, the Safety
Board conducted roadside inspectiois to determine if similar problems occurred in commercial
vehicles not involved in accidents. Five-axle truck inspections were performed in five States on
both the interstate and secondary highway system. Afier analyzing the project and the data, a
statistician from UMTRI concluded the following:

Based on the samyle design, comparisons with the 1987 Truck in
Use Survey date, and our own analysis of the NTSB brake
inspection data, it is my opinion that the sample reasonably
characterizes breke adjustment in the United States at the time of
the survey. The NTSB sample closely matches the national
statistics in somie important characteristics (model year and cargo
body style), ard the proportion of brakes out of adjustment does
not appear to be sensitive to the differences that were observed (in
cab style and carrier type).

In figure 13, the percentage of vehicles placed out of service from the Safety Board
inspections is shown for the entire five-State sample. Of the 1,520 vehicles inspected, 59.4
percent were placed out of service. Slightly more than 56 percent of all inspected five-axle
tractor-trailers were placed out of service for brake violations, including 46.1 percent placed out
of service because of ovt-of-adjustment brakes.

The Safety Board also compared 1990 MCSAP data for four of the five States (Florida
did not panicipate in MCSAP during 1990). The wide disparity between Safety Board out-of-
sarvice rates and MCSAP out-of-service rates is reflected in figure 14, and indicates that cusrent
MCSAP inspection and data collection procedures need to be examined. The Safety Board
recognizes a variety of reasons for the difference in rates, and intends to explore those issues in
a subsequent report.

On the intesstate systcm, five-axle combination vehicles averaged 2.32 brakes per vehicle
cither at or past the manufacturer’s recommended limit of adjustment. The off-interstate sample
showed 2.89 brakes per vehicle at or past this limit. (See figure 18.) Figure 16 shows that the
calculated average brake efficiencies for each five-axle combination sample displayed by State
and road system.

Figures 14 through 16 indicate that the problem of trucks with deficient or out-of-
adjustment brakes is widespread. Although current statistics (see chapter 1) indicate that very
fow accidents are actually caused by deficient or out-of-adjustment brakes, this can probably be
attributed in part to undereporting, as was discussed in chapter 1. Often the law enforcement
agencies investigating the accident do not investigate thoroughly enough to determine whether
brakes were a factor.
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NTSB HEAVY TRUCK INSPECTIONS
Vehicles Placed Out of Service

Figure 13.--Result of NTSB five-State sample for percentage of vehicles placed out of
service.

For example, Safety Board investigators determined in one accident that involved a heavy
truck that 1 of its 10 brakes was more than 1/4 inch past the manufacturer's recommended limit
of adjustment and 2 were at the limit. In ad lition, the right front bieke lining was saturated with
greass, and the brake on the left side of the forward trailer axle had a ruptured diaphragm that
was leaking excessive air. Yet, in its accident repori, the investigating law enforcement agency
listed an inopcrative low air waming as the only brake system deficiency, and improperly coded
the sizes of five of the vehicle's air chambers. This a:cident illustratas the problem with the way
data are collected, coded, and later analyzed.

Often if an obvious factor such as a drunk driver or a driver feiling to stop at a ctop sign
is involved in an accid =" the condition of the heavy truck’s brakes is not examined. As a result,
the accident is presume: to have been caused by the more apparent human factor and is coded
accordingly in the accident database

Although Safety Board investigators determined that 7 of the 18 accidents investigated
for this study ware influenved by a brake-relsted instability, State investigating agencies failed
to code deficient brakes as a factor in six of the seven accidents (86 percent). In 9 of 15 cases
(60 percent) in which the Safety Board cited brake deficiencies as 8 contributing factor to the
accident, investigating agencies did not code deficient brakes as a fastor. Thus, none of these
would show up in the databases as brake-related accidents.
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1990 NTSB vs. MCSAP TRUCK INSPECTIONS
Vehicles Placed Out of Servico--Brake Defects
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Figure 14.~Comparison of NTSB versus MCSAP inspections for vehicles placed out of
service because of brake defects.
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NTSB HEAVY TRUCK INSPECTIONS
Vehicie Braking Efficiencles at 80K 1bs./400 F Degrees
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Figure 16.--NTSB five-State sample of vehicle braking efficiencies.

Because the Safety Board's heavy truck inspections represent the condition of five-axle
combination vehicles, it can be concluded that 56 percent of these combination vehicles have
brakes in such a condition that they would be placed out of service if thoroughly inspected.
These trucks would be high risk candidates for an accident, should conditions deraand optimal
or near optimal brake performance. It is apparent that not all of these vehicles are geiting
involved in accidents: therefore, it appears that the high risk conditions do not occur very often.

Carriers vary substantially in how they address brake maintenance: some are vigilant in
performing proper maintenance procedures, while others do not appear to even understand whoat
constitutes proper maintenance procedures. ‘The large numbers of vehicles placed out of service,
in combination with accident findings, indicate inadequate carrier maintenance programs.
Howaever, for a few of the accidents involving carriers that were interviewed, the problem seems
to be more that the carriers were unaware that ths brakes were out of adjustment or were unaware
of when brakes needed to be adjusted.

Accident Carrier Policles for Brake Adjustment and Adjustment intervals

During the accident investigations, the carriers involved were interviewed and asked about
their procedures for adjusting S-cam brakes. Al related that they begin the process by tightening




the adjusting nut.”? Only one carrier stated that it instructs its mechanics to "ring the drum*® to
make sure the lining is contacting the drum; another said that its mechanics are told to watch the
lining to make sure there is contact with the brake drum. Both reported that this procedure was
uted to make sure the brake was indeed being tightened rather than backed off. All agreed that
the next step was to back off the adjusting nut by some amount although they disagread about
the emount. The shortest amount was one notch, which converts to less than 1/10 of a tum (most
slack adjusters have 12 clicks or ni . hes for 1 complete revolution of the adjusting nut). The
greatest distance any carrier backed off the adjusting nut was one complete tum.

Determining an appropriate brake adjustment interval can be a complex process for a
carrier because factors such as the type of terrain traveled and the type and weight of load carried
influence the weas on the brakes and thus the need for periodic brake adjustment. Moreover,
even if a canvier knows the proper brake adjustment interval for its operation, the adjustments will
not necessarily be made systematically and accurately.

Manufacturers' Policles and Industry Guidelines--Brake Adjustment

A review of various manufacturers’' recommended brake adjustment guidelines and policies
are discussed below.

Bendix Heavy Yehicle Systems Group.--In the Bendix Service Data literature, document
SD-05-1, adjustment procedures and suggested intervals are discussed.” The preferred method for
adjusting manual slack adjusters is stated:

Raise the vehicle wheel that is to be adjusted off the ground so that it
tums freely. Tum the slack adjuster adjusting mechanism until the brakes
begin to drag. Adjustment is then backed off until the wheel tums freely.
This adjustment method will result in the shortest possible actuator stroke
without the brakes dragging.

The altemate method for adjusting brakes is suggested following the prefc red method:

Regardless of the brake chamber size or the slack arm length, adjust the
sleck adjuster so that there is 3/8" travel of the pushrod when manually
extended to contact the brake shoes to the brake drum. After adjustment,
check for brake drag by gently striking the brake drum with & hammer.
When the brake shoes are away from the drum, a ringing sound will be

‘Tightening the adjusting nut decreases the lining to drum clearance, while backing off the .ut
increases this clearance.

Ringing the drum is s phrase used to describe the tapping on the brake drum in order to determine
whether the lining is touching the drum. If there is ro lining contact with the drum, a clear ringing sound
is heard, while a duller thud is heard if there is lining to drum contact.
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heard. A dull sound indicates brake drag and rejuires readjustment until the drag
is eliminated.

The Bendix literature also recommends that the pushrod travel for their manual slack
adjusters should be checked "every month, 8000 miles, or 300 operating hours.* For their ASA-S
nutomatic slack adjuster, Bendix recommends that the *. .. brake actuator pushrod stroke should
L+ measured while making an 80-90 psi service brake application,” every 25,000 miles, 3 months,
500 operating hours, or at the time of routine vehicle chassis lubrication.

Rockwell Intemational.--Rockwell outlines its suggested practice for sdjusting its manual
slack adjusters in "Field Maintenance Manual No. 4 Cara-Master Brakes™:

). For the first adjustment, turn the adjusting nut until the brake lining touches the
drum.

2. Turn the adjusting nut in the opposite direction for only one or two clicks so
that the brake lining just clears the drum. Rotate the drum to check the
clearance.

To adjust for lining wear, rotate the adjusting bolt 1/4 turn. Each 1/4 tum
moves the lining 0.0025 inch (0.06 mm) at the center of the shoe.

Rockwell recommends taking pushrod stroke measurements with 80- to 90-psi air pressure
in the brake chambers. Rockwell further recommends adjusting the brake whenever the stroke
exceeds the limits shown in table 3. For example, the stroke for a Type 30 chamber should not

exceed 2.0 inches.

Information conceming Rockwell's automatic slack adjusters is found in their “Field
Maintenance Manual No. 4B - Paymaster Automatic Slack Adjuster,” revised in June 1987. A
minor inspection and lubrication is suggested a minimum of four times during the life of the
lining. This involves checking the pushrod stroke, adjusting if needed, inspecting the condition
of the rubber boot, and lubricating the slack adjuster through the grease fitting. A major
inspection is recommended at the time the brakes are relined At that time, the stroke should be
checked and the pawl should be removed and the grease checked. In both cases, if the stroke
is out of adjustment, Rockwell states that one should *. .. use the troubleshocling chart to find
and correct the cause of the problem before you adjust the siroke.”

Eaton Corporation.--Eaton's "Service Manual EB-32, June 1988 - Eaton Axles & Brakes®
also discusses adjustment procedures and intervals for its manual slack adjusters. Kenworth
Truck Company includes this section in its "Custom Shop Manual® when its truck is equipped
with Eaton brake components. Eaton's recommended method is to measure what it calls the *fres
ctroke,” which is the pushrod stroke applied by the use of a lever. The desired "free stroke"
should be between 3/8 inch and 5/8 inch without drag. If the stroke is outside this range, then
the following procedure should be used:




To adjust the free stroke, depress locking sleeve on slack adjuster
adjustment nut and tumn in direction required. Recheck free stroke to
verify it is within range. Make sure sleeve is "locked" when adjustment
is completed. Verify that brakes are not dragging by spinning wheels by
hand or tapping drum lightly with a hammer and listening for a sharp
ringing sound.

The manual recommends that to determine whether an adjustment is necessary, a
measurement of pushrod stroke be taken with 80 psi of air applied. This measurement is
compared to maximum epplied stroke for a particula size chamber. The manual states, "If
applied stroke equals or exceeds maximum applied stroa2 shown, adjust brekes. If less than the
maximum, no adjustment is required." The maximum applied stroke listed for a Type 30
chamber is 2.0 inches. A few pages later, the manual states, "Brake adjustment si:ould be
checked (and adjusted if necessary) WEEKLY or any time applied stroke exceeds the maximuras
...." Under "Brake Adjustment,” the Eaton manual states, "on automatic slack adjusters, refer
to the slack adjuster maaufacturer’s manual.”

Kenworth Truck Company.--In Kenworth's "Operation and Service Manual,” which is
given to owners of new trucks, the company addresses both the adjustment procedure and the
adjustment interval. In a manual dated January 1990, Kenworth suggested that pushrod travel
be checked and adjusted as required every 6,000 miles. "For the maximum, desirable brake
adjustment, tighten the brakes until there is a slight drag, then back off the brakes approximately
6 mm (1/4 tum of the slack adjusting nut) until there is no drag between the shoe and the drum.*
No mention is made of antomatic slack adjusters.

American Trucking Associations.--The Maintenance Council of the American Trucking
Associations has a specified method for adjusting S-cam brakes with manual slack ndjusters in
its recommended practice number RP-609. ATA suggests jacking up the wheel to be adjusted,
and then turning the adjusting nut on the slack adjuster until taere is sorne drag of the lining on
the brake drum. At that time, the adjusting nut is backed off until no brake drag is felt.

Motor Vehicte Manufacturers Association.--The MVMA has developed an emergency
procedure for adjusting airbrakes when it is not practical or possible to raise a wheel from the
ground. The MVMA recommends tightening the adjusting nut on the manual siack adjuster until
resistance is felt, indicating shoe-to-drum contact. To be certain of shoe-to-drum contact, MVYMA
suggests tapping the drum with the wrench used to make the adjustments. If the drum rings
rather than mauking 2 dull thudding sound, the shoe is not making contact with the drum, and the
brake needs to be tightened fusther. If the drum rings, the adjusting nut may have been tumed
in the wrong direction. Once shoe-to-drum contact is confirmed by ringing the drum, the
adjusting nut should be backed off 90° (or three notches with 12 notches per revolution). The
drum should be tapped again with the wrench to verify that the brake thoes are not dragging.
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Potential Solutions to Maintenance Problems

The Safety Board's investigations and inspections revealed a wide range of maintenance
deficiencies in the airbrake systems of heavy vehicles including grease-contaminated linings and
drums, contaminated air lines and tanks, leaking air lines and tanks, impropetly installed critical
components, broken components, and improperly adjusted brakes. Many of these deficiencies
could be corrected with systematic inspections by the driver and scheduled maintenance.
Roadside inspections funded through MCSAP helped to identify deficiencies that had not been
identified by either the driver or the carrier. However, the most glaring deficiency, out-of-
adjustment brakes, did not respond to the increased aticntion. The Safety Board believes that this
is because today's airfmechanical brake systems are too maintenance sensitive and because many
carriers do not establish maintenance policies that ensure proper braks adjustment under ordinary
operating conditions. This section offers several solutions that coutd help significantly lower the
number of out-of-adjustment brakes.

Define Adjustment Method.--A simple, clear, and standardized method is needed for
adjusting airbrakes on heavy vehicles. The Safety Board believes that at least part of the problem
of out-of-adjustment brakes resulte from a lack of knowledge concerning brake aijustment
procedures. Carriers yolicies for adjusting brakes vary as do manufacturers’ policies and industry
guidelines. In addition, Safety Board interviews with carriers, drivers, and mechanics revealed
that some do not understand how to adjust airbrakes.

In 1988, the Safety Board issu:d Recommendation H-88-31 to the ATA and National

Private Truck Council to adopt written policies regarding on-the-road brake adjustment and to
provide drivers responsible for performing such adjustments with the necessary training. The lack
of a standard procedure for adjusting airbrakes is being addressed by an effort coordinated by the
American Trucking Associations. Minutes from the February 1991 Commercial Vehicle Safety
Alliance meeting discuss this project:

Concem was raised that even though people have known for years that
brakes out of adjustment is a serious problem, the problem shows no sign
of abating. Several activities are currently underway to help address this
situation. Pirst, there is no universally accepted procedure for one-person
brake adjustment. Some suthorities recommend using a pry bar technique
to adjust brakes, while others recommend "ringing the drum,” and still
others say it must be done by two people and jacking each wheel. These
mixed signals confuse those trying to find out how to do the job. The
Office of Motor Carriers has been asked by ATA to (with the help of ATA
and others) develop a booklet on brake adjustment. Composition of this
brochure is proposed to be one page with an adjustment procedure all can
agree on, one page giving a procedure to determine how often readjustment
is required, one page addressing both automatic slack adjusters and marked
pushrods and a final page to be used for advertising or whatever other
message those printing the material want to use. The committee was asked
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if it would support the development of such a booklet and encourage its
ultimate distribution. The answer was a unanimous yes.

The Safety Board anticipates that the proposed publication will provide needed
clarification on brake adjustment procedures and should result in an increased understanding of
this crucial maintenance practice. Pending the completion of this publication, the
recommendation has been classified *Open--Acceptable Action.®

Define Adjustment Interval.--Results from Safety Board interviews with carriers, drivers,
and mechanics in the investigation of the 18 accidents revealed that some did not understand how
to adjust airbrakes, but a larger number did not know when to adjust the brakes. The Safety
Board believes that more guidance and help is needed in this area.

A recent unpublished study in Canada has proven this to be the case. The current test for
a commercial driver's license (CDL) in Canada requires that the driver be able to demonstrate to
the examiner that he knows how to adjust the airbrakes on his vehicle. To determine whether
this requirement has made any difference on the number of trucks placed out of service due to
defective brakes, Transport Canadna compared the out-of-service inspection numbers from before
the requirement to the number of trucks placed out of service after the requirement. Even though
these drivers knew how to adjust airbrakes, as evidenced by passing the CDL test, the inspections
found virtually no difference in out-of-service rates for those trucks inspected before and after
the requitement. The Canadian study did not determine who was responsible for adjusting the
vehicle brakes on trucks inspected.

The Transport Canada results are reinforced by the Safety Board heavy truck inspections
that also found little difference in the brake adjustment condition of those trucks with the driver
rosponsible for brake adjustment. Those trucks with the driver expressing responsibility for brake
adjustment averaged 2.53 brakes per combination at or past the manufacturer’s recommended
adjustment limit, while 2.66 brakes per combination were at or past the same limits for the
remainder of the sample. This is further evidence that it is not only how to adjust brakes that
the trucking community does not understand, but when. Several advances may provide some
solutions to this problem. A suggested ATA procedure (discussed earl’er), NHTSA Notice of
Proposed Rulemaking, and a NHTS A proposed adjustment indicator all address the issue of when
to adjust brakes.

In 1981, the Safety Board issued Recommendation H-81-1 to the NHTSA requiring
manufacturers of airbrake actuation devices to incorporate indicators that will wam users when
brakes must be adjusted. In 1988, the Safety Board issued Recommendation H-88-30 to the
NHTSA that automatic slack adjusters be required on all newly manufactured vehicles equipped
with air-mechanical brakes. As a result, the NHTSA published a Notice of Proposed
Rulemaking, Docket No. 91-21, Notice 1, dated May 3, 1991, proposing to amend the Federal
Motor Vehicle Safety Standards 49 CFR 571.121 §5.1.8 to read as follows:




48

Each vehicle shall be equipped with a service brake system acting on all
wheels. Wear of the service brakes shall bo compensated for by means of
a system of automatic adjustment, which maintains brake adjustment
within the manufacturer's recommended adjustment limits. The condition
of service brake adjustment shall be provided by a breke adjustment
indicator that is discemable when viewed with 20/40 vision using an
ordinary flashlight with two D-cell batteries from a position 8 feet away
on the adjacent pavement surface. The brake adjustment indicator shall be
capable of displaying the service brake adjustment conditions of under-
adjustment, over-adjustment, and fully adjusted within the manufacturer’s
specified limits.

If adopted, the amended standard will help carriers and drivers keep their vehicle brakes in proper
adjustment.

However, the Safety Board now believes that the requirement should be amended further
to require that the adjustment indicator be able to display the brake adjustment condition with
the brakes in an unapplied position. Figure 17 shows adjustment indicators. The indicator that
remains visible after release would allow one person to walk around a vehicle and visually check
the brake adjustment. Most current adjustment indicators (such as pushrod marking) gensrally
tequ * two people to perform this task: one to apply the brakes and the other to watch the
indicators.

Retun Spring
Diephragm
hdicator
(Remaims avan
Ar lniet hoicator Not Vieble after releass)
Pushrod Mesking
Pushrod Markdng Vieble
Not Vieble

STROKE BB.OW LMY STROKE BEYOND LMIT

Figure 17.--Examples of brake adjustment indicators (piuhrod marking/visible indicator).

Require Automatic Slack Adiusters.--Based on NTSB data and recent NHTSA studies, the
most notable gain in reducing out-of-adjustment brakes has been the installation of automatic

adjusters, a trend that is already underway. The majority of truck tractors and about balf the
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trailers currently being manufactured are equipped with automatic adjusters. Current generation
Fardware is durable and, for the most part, reliable.

In the 18 accidents investigated by the Safety Board, investigators found that 56 percent
of the manual slack adjusters were at or past the manufacturer’s recommended limit of
adjustment, and 4) percent were more than 1/4 inch past the manufacturer’s limit of adjuvstment.
Of the automatic slack adjusters installed on the accident vehicles, 40 percent were found at or
past the adjustment limit, and 39 percent were found more than 1/4 inch past the limit. These
values, graphed in figure 18, include some automatic adjusters on wedge brakes and are from
a small sample of 18 vehicles. The investigations revealed that the poor performance of tnese
adjusters resulted from either improper or nonexistent maintenance.

VEHICLES INVOLVED IN ACCIDENTS
Adjustment Data
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Figure 18.--Slack adjustment data for 18 accident vehicles.

The large percentage of automatic slack adjusters found out of adjustment in the accident
investigations demonstrates the need for a preventative maintenance program to monitor these
components (see figure 18). Some carriers and drivers believe the adjusters are not only
*automatic” but alse maintenance free.

Results from the Safety Board's five-State inspection project are more valuable in
evaluating the effectiveness of sutomatic slack adjusters in the fleet as a whole (see figure 19).
From the total inspection sample of Type 30 air chambers, 26 percent of the manual slack
adjusters were either at or past the recommended adjustment limit; only 15 percent of the




automatic slack adjusters were at or past the limit. These data further support the Safety Board's
position that the installation of automatic adjusters on ail axles of air-braked vehicles would
enhance truck safety.

NTSB HEAVY TRUCK INSPECTIONS
TYPE 30 Pushrod Stroke Data By Slack Adjuster Type
100

T <175 1.
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Figure 19.--NTSB five-State survey of automatic slack adjusters.

Encourage Long Stroke Chambers.--Automatic brake adjusters are not a panacea for
commercial vehicle airbrakes. Airbrakes still will need periodic adjustment checks, wid they still
will suffer from performance degradation at high operating temperatures when they approach the
upper limits of their in-adjustment range. Brake hardware that is less sensitive to adjustment or
wnore forgiving to an out-of-adjustment condition is also needed.

One solution to the problem associated with the large number of trucks with out-of-
adjustment brakes would be to supply vehicles equipped with airbrakes with long stroke air
chambers. The long stroke air chamber requires less frequent adjustment because it has a wider
band of acceptable pushrod stroke than a conventional stroke air chamber.
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For the most common size brake chamber now used, the Type 30, adjustment and reserve
limits are fairly small 2ad appear to be difficult to maintain. A typical within-Jimit adjustment
range for the Type 30 is 0.75 inch (pushrod travel is from 1.2 inches to 2.0 inches), and the
chamber has only 0.5 inch left before the piston bottoms out and braking force is lost. One-half
inch of pushrod stroke reserve is not enough to ensure stopping capability, especially when a
vehicle's brakes are misused in a long downhill descent and components expand due to heat.

A long stroke Type 30 chamber would have a maximum pushrod stroke of 3.0 inches.
(See figure 20.) This would increase the range of the in-adjustment stroke to 1.0 inch (from 1.25
inches to 2.25 inches) and would also increase the reserve travel before losing all effectiveness
to 0.75 inch (from 2.25 inches to 3.0 inches). Figure 21 shows a comparison of the pushrod
force for a normal stroke Type 30 air chamber and a long stroke Type 30 chamber.

TYPE 30 STROKE COMPARISONS
Regular vs. Long Stroke Chambers
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Figure 20.--Comparison of pushrod stroke: regular versus long stroke Type 30 chambers,

The Safety Board is aware that converting a vehicle to Type 30 long stroke chambers
would require resizing some air reservoirs to accommodate the increased volume demanded by
the larger chambers as they reach the limits of adjusiment. Long stroke chambers reaching that
limit consume more air when brakes are applied because of the greater swept volume of the
chamber diaphragm. The long strocke chambers can therefore have greater reservoir air storage
requirements. These larger components may also create some packaging difficulties for those
manufacturers who are attempting to lower the suspension heights of their vehicles. Yet the
Safety Board is convinced that the chunges required to install long stroke chambers would be a




small price (o pay for reducing the nurber of out-of-adjustment brakes. Government and
industry representatives familiar with heavy vehicle airbrake systems agree that the addition of
a long stroke air chambar would cause few compatibility problems.

PUSHROD FORCE COMPARISONS
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Figure 21..-Comparison of pushrod stroke force: normal stroke Type 30 versus long stroke
Type 30 chambers.

Benefits of Combining Long Stroke ith k_Adjusters.—-A
previous NHTSA study* illustrated that automatic adjusters will reduce the frequency of out-of-
adjustment brakes on heavy trucks. Data from the Safety Board's five-State inspections indicate
that automatic slack adjusters do keep brakes in better adjustment than manual adjusters. The
average pushrod stroke for automatic slack adjusiers with Type 30 chambers over the entire
interstate sample was abcut 1.60 inches, or 0.4 inch below the manufacturer’s recommended Limit

of adjustment of 2.0 inctes.

The off-interstaie sample produced an average pushrod stroke for the automatic slack
adjusters of 1.65 inches on the Type 30 chainbers. In both the interstate and the off-interstate
sample, the manual slack adjusters instalied on the trailers were found to have the longest average

“Improved Brake System for Commercisl Motor Vehicles, U.S. Department of Transportation,
NHTSA Report No. DOT-HS-807-706, 1991.
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pushrod stroke. (See figures 22 and 23.) These average pushrod strokes would have provided
even greater reserve capacity if long stroke Type 30 chambers had been used.

NTSB HEAVY TRUCK INSPECTIONS
Intorstate -- TYPE 30 Average Pushrod Stroke
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Figure 22.--Pushrod stroke analysis (interstate sample).

Measurements from the total sample showed that 26 percent of the brakes equipped with
manual slack adjusters were either at or past the manufacturer's recommended limit of adjustment.
An analysis of the effectiveness of the automatic slack adjusters from the total sample revealed
that 15 percent were allowing the stroke (0 reach or exceed the manufacturer's recommended limit
on regular stroke chambers.

The inspection data showed that only 4 percent of the brakes with automate slack
adjusters were at 1/4 inch or more past the manufacturer’s recommended limit of adjustment. (See
table 3.) Because the adjustment range of a properly installed and maintained automatic adjuster
should remain consistent regardless of the chamber’s reserve stroke, the tenefits of combining
automatic adjusters with long stroke Type 30 chambers can be demonstrated.

A regular stroke Type 30 chamber using an automatic adjuster 1/4 inch past the
adjustment limit would be equivalent to a long stroke Type 30 chamber with an automatic
adjuster at its adjustment limnit because the 1/4 inch of reserve stroke has been added to the
available adjustment range. Thus, combining s properly installed and maintained automatic slack
adjuster with a long stroke chamber could reduce the percentage of brakes at or past the limit of
adjustment from the 26-percent figure for the manual slack adjusters on a regular stroke chamber
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to the 4-percent figure for the automatic adjusters installed on a long stroke chamber. Not only
would the long stroke chambers greatly increase tha reserve stroke, but, used in ccmbination with
automatic slack adjusters, could also greatly decrease the number of heavy vehicles placed out
of service due to brake adjustment violations. The industry should consider installing and using
brake system actuators and components that are less sensitive to adjustment and more resistant
to brake system fade. Although the installation of improved components could bring about a
significant improvement in brake adjustment levels, these improvements would not be attainable

without consistent attention to brake system maintenance.

NTSB HEAVY TRUCK INSPECTIONS
Off-Interstate -- TYPE 30 Average Pushrod Stroke
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Figure 23.--Pushrod stroke analysis (off-interstate sample).




CHAPTER §

INFLUENCE (OF BRAKE SYSTEM COMPONENTS
ON VEHICLE PERFORMANCE

, i i vy truck brakes show that the presence
of these conditions is not a rare or isolated occurrence. Although the focus of this chapter is to
highlight accidents influenced by brake components, the Safety Board determined that each of
the cited accidents would have been prevented had the vehicle been equipped with an antilock
braking system. Antilock brakes are discussed in detall in chapter 6.

Limiting (Ratio) Valves

Issaquah, Washington.--This accident illustrates how both mechanical and human factors
can combine to cause an accident and how a component in the braking system can contribute to
the cause of an accident.

On November 20, 1989, a lightly loaded 65-passenger school bus was approaching two
passenger vehicles. The vehicles were stopped in the bus' lane and preparing to tumn lefi. As
the bus traveled through the rain-slick curve to the left with é-percent superelevation, the
busdriver gradually began to apply the brakes to slow for the stopped traffic. The rear wheels
of the bus locked and began sliding across the centerline. Afraid to have any part of the bus over
the centerline, the busdriver let up on the brakes. When the driver realized that the bus was not
going to stop in time, she reapplied the brakes and slid into the stopped pickup in front of her.

No injuries resulted from this accident. If, however, oncoming traffic had been in the
opposite lane as the back end of the bus swung across the centerline, another more serious
collision could have taken place.

Safety Board investigators found all the bus' brakes well within the manufacturer's
recommended limit of adjustment. Pressure balance testing revealed that the bus was equipped
with an automatic limiting valve (ALV) on the steering axle. This particular valve limits the
service air pressure to the steering axle brake chambers to 50 percent of the applied pressure
value from O psi to0 40 psi. When the applied air is between 40 psi and 60 psi, the service air
to the chambers will increase from $0 percent at 40 psi to 100 percent at 60 psi. See figure 24
for a graph of the pressure characteristics of this valve, When Safety Board investigators
measured the servicc air supplied to the steering axle chambers, they found it never fully reached
100 percent of what was applied, but remained cluse to 90 percent. Calculations revealed that
the lightly loaded bus on the low friction road surface would become unstable at an application




pressure of S0 psi. Actual road tests with the accident bus in similar weather conditions verified
that the rear axie would lock and begin sliding toward the ceaterline during a brake application.

AUTOMATIC LIMITING VALVE CHARACTERISTICS
Brake Chamber Pressures -- Steering vs. Rear Axle
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Figure 24.--Pressure characteristics ¢f automatic limiting valves.

The accident was not caused by the rotation of the bus or by the instability perceived by
the driver. However, these factors did contribute to the driver's indecisive action, which resulted
in a longer than necessary stopplng distance. Time/distance calculations also revealed that the
driver of the bus probably did not begin to apply the brakes soon enough for a normal slow-
deceleration stop on the wet pavement. Tests revealed that the bus could have been brought to
a sliding stop without a collision, but the driver became conccmed when the bus slid across the
centerline, let up on the brakes, and was unable to stop in time.

! Digtance.—-In a Special Investigation Report,
Eme:gmcy Fire Appmws (NI'SBISIR-M/OI). the Safety Board identified a limiting valve as
having contributed to & loss of stopping capability and a subsequent crash. Although the valve




discussed in the Special Investigation Report wa3 a manual "wet/dry switch.'45 which functions
differently from an ALV, it limited the vehicle's braking capability and contributed to a downhill
runaway. The Safety Board determined that the limiting valve in the "wet" position, coupled
with the poorly maintained brake system, reduced the vehicle's braking efficiency to about 36
percent,

As a result of the Special Investigation, the Safety Board made the following
recommendation:

--to the U.S. Fire Administration of the Federal Emergency Management Agency and to
the Intemnational Association of Fire Chiefs:

H-91-5 and -9
Notify fire depaitments of the hazards of using fire apparatus manual brake
limiting valves, and urge them to discontinue the use of these devices.

The Intemational Association of Fire Chiefs has not yet responded to this
recommendation. However, the 'J.S. Fire Administration of the Pederal Emergency Management
Agency responded on June S, 1991, that it had recommended fire apparatus users discontinue the
use of manual brake limiting valves. Based on that response, the Safety Board has classified the
recommendation fo the U.S. Fire Administration of the Federal Emergency Management Agency
as "Closed--Acceptable Action.®

Other Government agencies have also analyzed the inftuence of limiting valves on the
stopping capability of heavy vehicles. In the DOT document "A Demonstration of the Safety
Benefits of Yront Brakes on Heavy Trucks" (HS 807 061), the authors describe the results of their
testing. The document states that "when automatic limiting valves were operational on front
axles, the drivers always took longer to stop under full control than when the vehicles had full
front brakes.” Another research paper entitled "The Performance of Trucks Braking on Ice”
(FHWA-MC-88-045) reaches similar conclusions on the ALV. The authors note:

Most air-braked trucks in this country are so under-braked at the front axle
that limiting valves are of no value whatsoever, regardless of the surface
or loading conditions and, in fact, cause braking performance to be

: and Handling.--Stability and handling greatly affect
the stopp:ng dlstanco of a vehlcle When a vehicle becomes unstable, it is natural for the driver
to let up on the brakes, thus increasing the stopping distance. Therefore, the effects are very

43 Many older vehicles used & manual limiting valve (commonly called a dry roodhlippety road valve
or wet/dry switch) that was controlled by a switch in the cab. In the "dry rosd® position, the valve was
a 1:1 valve. In the "slippery road® position, it reduced front brake pressure to 50 percent of the service
line pressure at all spplication pressure levels.




much linked and difficult to separate. The Issaquah, Washington, accident mentioned previously
is a caso in point. It was the instability caused by the premature lock-up of the drive axles that
caused the driver to let up on her brakes, this resulted in increasing the distance in which the bus
could be safely stopped. The accidents and issues discussed in this section of the report relate
more to stability control problems caused by brake system components than to a lengthened
stopping distance caused by the instability.

In “Improved Brake Systems for Commercial Motor Vehicles* (DOT HS 807 706), the
performance of the automatic limiting valve is summed up:

ALVs can compromise the safety performance of vehicles in certain
situations. First, ALVs mask front brake maintenance problems. A
braking imbalance may be present but not discemible to the driver during
"normal® braking. In an emergency/limit-performance braking situation,
the braking imbalance could result in a significant steering wheel pull that
the driver is not prepared to handle due to the element of surprise.
Secondly, ALVs have a negative effect on limit performance stopping
capability when the vehicle is operating bobtail, empty, or on slippery
surfaces. The Agency has conducted numerous tests over the years to
evaluate the effect of ALVs with different types of vehicles in braking and
tuming maneuvers on surfaces ranging from dry pavement to ice. In every
case, the results have conclusively indicated that ALV< degrade braking
performance by lengthening stable stopping distances and increasing the
likelihood of drive and trailer wheel lock-up (resulting in jackknife, spin-
out, or trailer swing).

In the Issaquah accident, neither tho investigating police agency nor the school district
identified the presence of the ALV or its contribution to the cause of the accident. This accident
itlustrates that an ALV can contribute to an accident but go undetected and, thus, unreported.
The Safety Board believes that the ALV may be a contributing factor in other instability
accidents and normally is not detected.

The Safety Board's five-State inspection project revealed that 33 percent of the five-axle
combination vehicles inspected on the interstate system and 47 percent on the off-interstate
system had an automatic limiting valve installed on the steering axle brakes. These percentages
reflect only those tractors with brakes installed on the steering axles. (See figure 25.) Numerous
NHTSA studies and published reports agree that ALVs result in increased stopping distances and
in some instances, dynamic instability.

+-NHTSA engineers have conducted
tests involving ALVs, all with the same conclusion: they see limited practical use for ALVs on
steering axles. Brake systems are designed to match the maximum axle weight proportions on
a vehicle capable of carrying varying loads. When a limiting valve is added to the system, it
upsets the load proportions considered in the design of the vehicla's brake system.




NTSB HEAVY TRUCK INSPECTIONS
Tractors Equipped With ALVs
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Figure 25.--NTSB five-State sample of combination vehicles equipped with sutomatic limiting
valves.

After discussing how the steering axle brake limiting valve degrades braking performance,
the authors of “Improved Brake Systems for Commercial Motor Vehicles” (DOT HS 807 700)

wrote,

Given these concems about the performance ramifications of ALV use,
NHTSA's goal is to discourage ALV use. It is encouraging that most U.S.
truck manufacturars now install ALVs only if specifically asked to do so
by their customers. Unfortunately many truck purchasers continue to
believe that ALVs are desirable and include them in their purchase
specifications. The agency is considering proposing in 1991 a rule
reinstating stopping distance requirements for air-braked heavy trucks.
One of the objectives sought by NHTSA in this effort will be to establish
performance requirements that will be difficult to achieve with ALV-

equipped vehicles.

The Safety Board agrees with the NHTSA's objectives but believes that the use of the
ALY on buses should also be restricted. Most buses also carry a varying load, although the
proportions of weight on each axle do not typically change as much as those on a heavy truck
with a gross vehicle weight rating of 80,000 pounds. Nevertheless, an ALV on a bus can greatly
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upset the brake proportioning designed into its braking system and, therefore, create undesirable
lateral instability problems.

The carrier or owner needs to be careful when removirg an ALV from a heavy vehicle.
The vehicle’'s manufacturer should be consulted to make sure that no incompatibilities are
introduced into the system when the ALV is removed. For instance, the crack pressure--the
pressure at which the valve opens--on the quick release valve retrofitted onto the steering axle
brake system must be balanced with the pressures of the existing valving on the other axles to
properly balance the front and rear brake system.

Vehicle Manufacturers' Policies on Brake Component Sizing

The Safety Board became concemed with the sizing of airbrake components for heavy
vehicles when its investigators examined some of the brake maintenance literature. As they
searched for a way to calculate braking force at the tire/road surface, the investigators found the
AL-Factor formula in the Kenworth Manual and in the "Grey-Rock Diagnostic Engineering
Service Manual.” The Kenworth Manual states: *"AL-Factor is an index number used to select the
best combination of A - the Area of the brake chamber, and L - the Length of the cam lever of
slack adjuster.” The Grey-Rock literatuce asserts that as its engineers analyze a fleet’s operation,
they also check "the AL-Factor (effective area of brake chamber diaphragm X length of slack
adjuster) to determine whether a change in slack adjuster length or brake chamber size is
desirable or necessary.® Investigators compared calculated results of braking force using the AL-
Factor formula to results from NHTSA dynamometer work. They found that the AL-Factor
formula predicted braking force values that were consistently 40 percent higher than the measured
values from the NHTSA dynamometer. Details and some examples of this work are found in
SAE paper 910126, "Heavy Truck Dec:leration Rates as a Function of Brake Adjustment.” (See
appendix 1) As a result of questioas about the AL-Factor, the Safety Board interviewed
manufacturers to determine the extent to which truck brakes are sized based on the AL-Factor
formula. The results of a sample of these interviews are presented below.

Mack Trucks. Inc.--Engineers at Mack Trucks use the axle weight rating at the maximum
available tire static load rating to determine the wheel's brake power requirements as set forth in
49 CFR 571.121 S54.2 and S$6.2. (See chapter 6 for discussion of brake performance
requirements.) These values define the loading used on the dynamometer and eventually dictate
the sizing combinations for the air chamber size and the slack adjuster length, as well as the
lining grade to install.  PFor axles with a gross axle weight rating of 34,000 to 44,000 pounds,
Mack Trucks uses 8 16.5-inch by 7-inch s-cam foundation brake with a Type 24 long stroke air
chamber, a 6.0-inch slack adjuster, and NAB 9M friction lining. The smaller air chambers were
selected to allow packaging of the high mount chamber position on Mack suspensions for
vehicles with 34.5-inch frame widths. This certified combination (with the NAB-9M lining) was
first used in production in 1982.

Ford Motor Company.--Ford sizes its brake system components using a procedure similar
to that used by Mack Trucks. Once the tire, wheel, and axle rating are determined, the required
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braking power is calculated. A vasiety of combinations of linings, air chamber sizes, and slack
adjuster lengths are avsilable that can provide the required braking power. The brake power
criteria and any space constraints determine the final configuration of the vehicle's brakes.

Although none of the major tractor manufacturers interviewed said that they used the AL-
Factor formula in sizing brakes, this methodology is discussed often in the literature available to
the fleets. The literature suggests thai a 10-percent linkage loss or a safety factor of 1.1 should
be included; however, this formula still produces braking force values higher than those that
actually occur according to dynamometer tests. In one example of sizing brake components, the
Grey Rock literature uses an application pressure of 60 psi. The calculated values of braking
force using a 60-psi application pressure compare closely to dynamometer measured values with
an actual application pressure of 90 to 100 psi. The 90- to 100-psi pressure would be consistent
with 8 maximum pressure brake application during an emcigency stop. The Safety Board is
concerned that some maintenance facilities may be using this procedure to size replacement parts
and thus are undersizing brake components. The Safety Board also believes that suppliers of
brake components and companies that offer their services as brake consultants should discontinue
the use of the AL-Factor formula.

Steering Axle Brakes

Seattle, Washington. November 19, 1990.--The lightly loaded drive axles, the rain on the
roadway, and the condition and size of the braking system were all factors that, when combined,

created the potential for a jackknife accident. The fatal jackknife resulted when the driver,
operating on slick road conditions, initiated a quick, hard brake application.

A 41-foot lowboy trailer carrying three forklifts was loaded with the majority of the
weight on the trailer's axles and very little on the tractor’s drive axles. The driver, traveling on
a wet roadway, applied his brakes, and the tractor began to rotate rapidly clockwise. After the
tractor rotated past 90°, the left side of the tractor struck a guardrail at the edge of the shoulder
and crashed into a steel support pole. The unrestrained driver was ejected and pronounced dead

at the scene. The tractor was destroyed during the collision.

An examination of the combination vehicle's braking system revealed that $ of the 10
brakes were more than 174 inch past the manufacturer’s recommended limit of adjustment and the
steering axle brakes were at the limit. The three remaining brakes, which were within the
adjustment tolerances, were on the lightly loaded drive axles.

Studies have found that once a tractor rotates past 12-15° in a jackknife, it is very difficult
to recover, even for a well-trained and experienced driver. The UMTRI Phase 4 computer
simulation model* of the accident predicted that this tractor would have rotated over 12°in 1.3
seconds and past 90° in 3.1 seconds.

“See appundix J for a description and the program application, input parameters, and validation.




The simulation of this accident also added an antilock system. Bven with all the other
deficiencies, the vehicle with the added antilock system was able to make a lane change within
100 feet in a controlled manner. This simulates an accident in which the driver might perceivs
cars slowing in front of him, apply his brakes, and attempt to steer around the cars on the
shoulder.

Rochester, Washington, November 13, 1989.--Another jackknife investigated by the Safety

Board involved a tractor with no brakes on its steering axle. The combination vehicle was driven
by an inattentive driver forced to apply his brakes in a panic situation.

The 1974 Peterbilt tractor in combination with a lightly loaded van trailer was
approaching several cars stopped on the wet roadway, waiting for the first vehicle to make a left
turn. The tractor rotated into the oncoming lane of traffic and collided with an approaching
passenger car; the driver of the passenger car was killed. By the time the truckdriver realized
the cars ahead were stopped, a hard brake application was necessary.

When the tractor and trailer were examined by Safety Board investigators, they found
that there were no brakes on the tractor's steering axle and none were required. All but one of
the vehicle's eight brakes were within the manufaturer’s recommended limit of adjustment. The
one brake not in adjustment was near the limit and, in a non-heated condition, was still capable
of generating enough braking torque to lock its wheel. When the braking efficiency was
calculated, the braking system was found to be 76-percent efficient. The 24-percent efficiency
reduction resulted from the lack of brakes on the steering axle and from the light load.

Calculations indicated that all axles equipped with brakes would lock; the tire marks on
the roadway suppoited this conclusion. The distance required o stop was not a problem, as the
combination vehicle stopped without striking any of the passenger vehicles ahead. Figure 26 is
a diagram of the accident scene, showing the final resting positions of the vehicles.

Finol Resting Posltlons
Figure 26.--Rochester, Washington, accident dynamics.




A Phase 4 computer simulation was used to analyze the accident. The accident
pararieters were entered into the UMTRI simulation, and the accident dynamics were reproduced
with the 0.01 foot per foot crown in the roadway that influenced the vehicle's counterclockwise
rotation. When & simple antilock system was added to the Phase 4 analysis, the combination
vehicle stopped in its own lane of travel and rotated only 0.3° in the process.

Analysis of Steering Axle Brakes.--In all but one of the accidents investigated by the
Safety Board that were related to the vehicle's stopping capability, maintenance played a larger
role in causing the accident than did low brake torque components (low output components).
Yet, many combination vehicles involved in the collisions aiso had brake chambcr sizes smaller
than the typical Type 20 on the steering axle. The longer stopping distances were caused more
by improper maintenance than the size of the air chambers.

The Safety Board's five-State vehicle inspections found that 6.6 percent of the tractors had
no steering axle brakes, 0.4 percent were equipped with Type 9 air chambers on the steering axle,
4.1 percent with Type 12, 20.3 percent with Type 16, 65.9 percent with Type 20, and 0.5 percent
with Type 24 air chambers. Wedge brakes were found on the steering axles of 2.1 percent of the
inspected combination vehicles. Thesa figures are displayed in figure 27 and include all of the
inspected vehicles.

NTSB HEAVY TRUCK INSPECTION DATA

1l\;;rcmﬁas;a of Tractors with Various Steering Axle Chamber Sizes

ONE

Figure 27.--NTSB five-State sample of combination vebicles with steering axle brakes.




Bven though many vehicles have brake chamber sizes smaller than the typical Type 20,
and even though many vehicles involved in the investigated accideats also had the smaller brake
chambers, very few heavy truck accidents are attributed in accident data to small brake chambers
on the front axle. The Safety Board suspects that the small brake chamber size on the front axle
is another contributing factor that has often gone undetected. The reasons that prevent poor
maintenance and defective brakes from being identified as causes in accidents also apply to
steering axle brakes. Most police agencies do not have the time, and in some instances the
training or equipment, to analyze how the brake components contribute to the cause of an
accident.

Figure 28 displays the braking efficiency of vehicles equipped with steering axle air
chambers of varying sizes*” Configuring a tractor with cither Type 9 or Type 12 air chambers
on its steering axle brakes can reduce the empty weight braking efficiency by 1S and 12 percent
compared to a combination vehicle with Type 20 chambers on the steering axle. These figures
assume thet the brake lining coefficient of friction remains constant at 0.35.

TOTAL VEHICLE BRAKING EFFICIENCY
Varying the Steering Brake Alr Chamber Size
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Figure 28.--Effect of alr chamber size ané weight on vehicle braking efficiency.

©The values plotted in figure 28 are efficiencies calculated according to the procedures outlined and
explained in SAE Paper 910126. See sppendix I.




Figure 28 also compares the braking efficiency of loaded and empty vehicles. The graph
indicates that the brakes on the loaded combination vehicle are more efficient than brakes on the
empty vehicle. This is because the steering axle brakes on an empty vehicle normally contribute
a greater percentage of the total braking force than they do on a loaded vehicle. Wken a vehicle
is loaded, the load on the drive and trailer ax!es can increase almost three times, but the load on
the steering axle usually increases only about 1.2 times. Thus, an empty tractor-traiter depends
more on its stesring axle brakes. Deficient steering axle brakes or air chambers that are too small
cause larger reductions in braking efficiency.

Some older tractors are not equipped with steering axle brakes. This is another
component problem that affects the stopping capability of combination vehicles. In the course
of the Safety Board's accident investigations, three vehicles were exarnined that did not have
brakes installed on their steering axle. In two of the sccidents, the lack of front axle brakes
contributed to the vehicle's difficulty stopping though it was not the main factor.

Figure 28 also compares the braking efficiency of a vehicle with no brakes installed on
the steering axle to that of vehicles equipped with air chamburs of varying sizes. This
comparison shows that the lack of brakes can reduce the braking efficiency of an empty vehicle
to 70 percent of what it would be if the same vehicle had Type 20 air chambers on the steering
axle. Why? The percentage of weight distributed on unbraked axles is directly proportional to
the reduction in braking efficiency. For example, an empty combination vehicle weighing 31,800
pounds (100 percent of total) with 9,540 pounds (30 percent of total) of unbraked steering axle
weight would only be 70-percent efficient because the full weight of the vehicle is being braked
by wheels supporting only 70 percent of the combination vehicle weight.

In 1987, the Federal Highway Administration revised the Federal Motor Carrier Safety
Regulations to require that front axle brakes be keptin & functional condition on all heavy trucks
and on all tractors manufactured with steering axle brakes. Federal Motor Carrier Safety
Regulation 49 CFR 393.42(b)(1)(i) now states that three-axle tractors manufactured before July
25, 1980, are not required to have brakes installed on the steering axle but that any brakes or
brake components on these vehicles must be operational. Before this change, a tractor or truck
operator could remove the front axlo brakes if the truck or tractor had three or more axles. The
1987 regulation was not made retroactive past July 1980,

The Safety Board's five-State truck inspections on the interstate revealed that § percent
of the sample's five-axle tractor semitrailers had no brakes installed on their steering axles. The
off-interstate sample showed that 8.9 percent of the five-axle combinution units were without
brakes on the steering axles. In the total sample of 1,520 tractors, 6.6 percent (or 100 vehicles)
did not have brakes installed on their steering axles. All 100 vehicles had been manufactured
before July 1980. 2 graph showing the sample breakdovwm by State and road system is shown
in figure 29.

Evaluate Low Brake Force Steering Axles --While low brake force components on steering
axle brakes contribute to the cause of accidents, it does not appear that equipping all heavy trucks
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with large steering axle air chambers is the best solution. ‘The Phase 4 computer simulations
show that larger air chambers, such as the Type 24 on steering axle brakes, produce more
deceleration but also cause more weight shifi. In soras cases, the increased weight shift can
greatly unload the drive axles. When the drive axles become unltoaded, they are much more
susceptible to lock-up and a resulting jackknife. Because of the complex nature of heavy truck
braking dynamics, the Safety Board does nct believe it would be wise to mandate any stopping
performance requirements that would require larger than optimum brakes on the steering axle.

NTSB HEAVY TRUCK INSPECTION DATA
Tractors Without Steering Axle Brakes
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Figure 29.--NTSB five-State sample of combination vehicles without steering acle brakes.

As the Safety Board understands the matter, the NHTSA agrees with the Board's position
not to require larger steering axle brakes on all heavy vehicles. NHTSA's 1991 paper, "Improved
Brake Systems for Commercial Motor Vehicles® (DOT HS 807 706), reiates this position:

The Agency's consideration of reinstating stopping distance. requirements
would have the practical effect of encouraging brake system designs that
fully utilize curcently sized front-waeel brakes. Stopping performance will




improve significantly as a result. It seems prudent, therefore, to wait and
assess the effects and benefits of this change, as well as the effects of
ABS, assuming its more widespread use, before deciding whether larger
front brakes are neaded. Accordingly, the sgency does not plan to propose
that heavy trucks be required to have higher capacity front brakes at this
time.

Encourage Steering Axle Brakes on All Heavy Vehicles --The lack of steering axle brakes

reduces a combination vehicle'’s stopping capability and increases its susceptibility to jackknifing.
Given the conditions of a light load, a road surface with reduced friction, and the need for a
panic brake application, a vehicle without front axle brakes may not be able to avoid a jackknife
situation.

The absence of brakes on the steering axle also greatly increases the likelihood of
overworking the other brakes on a loaded truck. This problem is especially critical when one or
more of the remaining brakes are inoperative. In this situation, the vehicle's braking efficiency
would drop and the other brakes, while attempting to slow the vehicle, would heat up more
quickly. For instance, if three brakes on a loaded five-axie combination with no steering axle
brakes are at the limit of adjustment (an acceptable condition), the efficiency would drop from
a value of 82 percent at a cold temperature to 64 percent at 400 °F and to 50 percent at 600 °F.
Consequently, if the vehicle's brakes were misused while traveling on a downgrade, the risk of
a runaway would be extremely high. (See figure 30.)

Because all tractors manufactured since July 25, 1980, are required to have brakes on their
steering axles, this safety problem is thought to be diminishing. However, because the Safety
Board's five-State five-axle truck inspection program found that 5 percent of the combination
vehicles on the interstate system and 8.9 percent on the off-interstate system wero without brakes
on their steering axles, the Safety Board maintains that this condition is still a problem. (See
figure 29.) Yet, the number of vehicles withiout steering axle brakes is small enough that
equipping the remaining vehicles with brakes on the steering axles would not impose a large
economic burden on the carriers.

The Safety Board believes that there are significant safety advantages in retrofitting the
pre-1980 teactors with steering axle brakes. Once a vehicle is equipped with steering axle brakes,
one more factor is eliminated that, when combined with other less controllable factors, could lead
to a jackknife. Thus, the Safety Board urges fleet owners and operators to voluntarily install
steeting axle brakes on their older ait-braked vehicles to improve stopping capability and help
reduce the number of vehicles susceptible to instability-relatad accidents.

Use of Aftermarket Brake Linings

Problems Associated With Aftermarket Linings.--One of several practices that can greatly upset
a heavy vehicle's brake system balance is the use of brake linings that do not meet the original
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equipment specifications. While these aftermarket linings can degrade the available brake torque
on all axles, this reduced torque manifests itself more on the steering axle, due to being equipped
with smaller brake chambers.

TEMPERATURB EFFECTS ON BRAKING EFFICIENCIES
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Figure 30.--Effect of temperature on braking efficiencies of combination vebicles without
steering axle brakes.

The Safety Board is aware that truck manufacturers that equip their vehicles with smaller
chambers on the front axle also use a higher friction coefficient brake lining to compensate for
the smaller chamber. However, interviews with some of the accident-involved carriers and
industry representatives indicated that vehicle owners are less careful than manufacturers to
compensate for the smaller chambers. These interviews suggested that owners may replace
linings with cheaper, lower coefficient linings. The interviews also indicated that most of the
carriers did not know the frictional ratings of their brake linings.

It is unclear how widespread this practice is in the trucking industry. However, the Safety
Board is concemned that the potential is great for aftermarket installation of linings with frictional
characteristics less than the manufacturer's recommendations, which would result in a reduced
brake torque output.




Develop a Consistent Lining Code and Effective Ma:iking Method.--SAE paper 910126,
*Heavy Truck Deceleration Rates as a Function of Brake Adjustment,” defines how to calculate
the performance of air chambers under varying conditions. These calculations were used to
evaluate how the Type 9 and 12 air chambers would perform under different loads using various
grades of brake lining material. Figure 31 shows the results, comparing the vehicle's deceleration
capability o the effect of varying air chamber sizes, lining types, axle ratings, and slack adjuster

lengths.

VEHICLE DECELERATION CAPABILITY
Effect of Steering Axle Brake Components and L.oads
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Figure 31.-Effect of brake components on a vebicle's deceleration capacity.

Only one combination of brake components using a common grade of brake lining, 0.35
drum-to-lining coefficient «f friction or EF, met the dynamometer requirements of the 20-mph
stopping test found in 49 CFR 571.121 §5.4.2, "Brake Power.® The Type 12 chamber used on
8 9,000-pound axle with a 6.0-inch slack adjuster was the only combination to meet the
requirements. Neither the Type 9 chambers with the lower grade lining nor the Type 9 or the
Type 12 installed on & 12,000-pound-rated axle met the requiremsnt.




When a more aggressive lining, such as 8 *GG* (0.45 - 0.55 drum-to-lining coefficient
of friction) was used, all combinations met the 0.435g deceleration requirement (See chapter 6)
oxcept Type 9 chambers used on a 12,000-pound axie. The only brake system with Type 9
chambers that meets the Federal dynamometer requirement for brake power is ons combined with
the higher coefficient lining and used on a 9,000-pound-rated axle. With the higher coefficient
lining, all the brake systems with Type 12 chambers met the brake power requirement.

This analysis assumes that the frictional characteristics of lining materials can be
manufactured, tested, coded, and marked in a consistent manner. Past testing by NHTSA
engineers indicates that the vanablhty in the brake linings manufactured today makes it extremely
difficult to evaluate the friction ratings of the linings by the commonly used two-letter designator
codes, "EF" and "GG." The difficulty occurs because linings are now tested using 1 square inch
of material on a specialized friction testing machine. According to the NHTSA, the results from
the friction testing machine have not correlated well to the results from tests using a full-scale
brake with an inertia dynamometer.

As aresult, an SAE committee has been working on two Recommended Practices. The
first, "Brake Block Effectiveness Rating® (J1802), will describe the testing procedures using the
dynamometer and the full size brake assembly. It also will propose that the frictional
characteristics of the lining be described “y the term "brake effectiveness,® which is a ratio of
the output torque to the input torque. The second, "Brake Effectiveness Marking For Brake
Blocks" (J1801), is a draft document that describes "a uniform method for marking numerical
values of Normal and Hot Effectiveness based on test data obtained from reference full size brake
assemblies on single station brake dynamometers." The Safety Board believes that once an
accurate rating method is agreed upon for describing the frictional characteristics of a brake
lining, the proposed analysis displayed in figure 31 for evaluating the combinaiions of brake
system components could be utilized.

Such decisions concerning brake system performance can be very significant. More.
information in the owner's and the truck maintenance manual alerting the owner or the shop of
the need to use linings that meet the original equipment specifications may help prevent
accidents. A more consistent coding scheme for the frictional ratings for linings as well as a
more permanent method for marking the linings, as proposed by the SAB committee, would help
ensure that replacement linings are in accordance with the vehicle manufacturer's specifications.

Although the Safety Bourd does not believe that the size of the front brakes on all heavy
vehicles should be increased, it does believe that atiention should be given to the grade of linings
installed with Type 9 and Type 12 air chambers. Further, certain minimum frictional ratings of
linings for specific brake component combinations should be specified along with some means
of determining what grade of lining is installed on a vehicle.

With such requirements, a commercial vehicle inspector could determine the size of the
brake chamber and the frictional rating of the lining and then could compare those to the axle's




weight rating and the slack adjuster length. This would allow the inspector to determine whether
the brake system meets the requirements.

A simple chart, ss shown in figure 32, could provide the inspector with all the information
to make the decision. For example, an inspector finding a heavy truck equipped with a 12,000-
pound gross axle weight rating (GAWR) steering axle, Type 9 air chambers, $.5-inch slack
adjusters, and linings with a code of EF could determine easily that the truck does not meet
requirements (the intersection of column one with line one). On the other hand, a vehicle with
a 9,000-pound GAWR steering axle, Type 12 air chambers, 6.0-inch slack adjusters, and linings
with a code of EF would meet the requirements (the intersection of column 2 with line 4).

Allowsble | 5.5 Slack 6.0 Slack 5.5 Slack 6.0 Stack
Component EF Lining EF Lining GG Lining GG Lining
Combinations |

Type 9
<= 12K GAWR

Type 9
<= 9K GAWR

| Type 12
<= 12K GAWR

Type 12
<= 9K GAWR

Figure 32..-Sample chart for inspectors.

Relationship of Brake System Maintenance to Components

The component issues discussed above can affect both the braking capability and the
stability of a heavy vehicle. Yet, attention to proper components will not solve many problems
without the consistent preventative maintenance programs discussed in chapter 4. For instance,
if & carrier always replaces a vehicle's linings to original equipment specifications but fails to
periodically adjust the brakes, the use of proper linings is negated Bven the venefits of an
antilock system would be reduced without a proper maintenance program. Consequently, the
Safety Board is convinced that proper maintenance is paramount.




CHAPTER 6

BRAKE PERFORMANCE REQUIREMENTS

Currently, sirbrake performance requirements for new vehicles require that components
bo tested using inertial dynamometers at the gross axle weight rating (GAWR). The previous "no
wheels locked® vehicle performance requirements specified under Federal Motor Vehicle Safety
Standard (FMVSS) No. 121 were repealed in 1978. The only perfoniaice requirement that
applies to in-service heavy vehicles is a 20-mph stopping test specified in the Federal Motor
Carrier Safety Regulations (FMCSR). Appendix M provides a history of airbrake performance
standards.

Review of Federal Regulations Applicable to New Vebicles

Current Standards.--Federal regulation defines testing and standards for brake componeats.
For exampls, 49 CFR $71 requires that bumished airbrake assemblies on trailers develop
deceleration forces at the given air chamber pressures when tested at GAWR on an inertial
dynamometer. (See table 4.) In addition, 49 CFR 571.121 §5.4.1.1 describes the following
procedure to test for these deceleration rates:

Table 4.—-Brake performance standards outlined in 49 CFR 571.

Brake Retardation Required Brake Chamber
(Br- ke Force/GAWR) Pressure (psl)




After bumnishing the brake pursuant to $6.2.6, retain the brake assembly on
the inerlia dynamometer. With an initial brake temperature between 125
OF and 200 °F, conduct a stop from 50 mph, maintaining brake chamber
air pressure at a constant 20 psi. Measure the average torque exerted by
the brake from the time the specified air pressure is reached until the brake
stops and divide by the static loaded tire radius specified by the tire
manufacturer to determine the retardation force. Repeat the procedure six
times, increasing the brake chamber pressure 10 psi each time. After each
stop, rotate the brake drum or disk until the temperature of the brake falls
to between 125 °F and 200 °F.

Section $5.4.2 of 49 CFR 571.121, Brake Power, applies to airbrake assemblies on trucks,
truck tractors, buses, and trailers. This section requires that brake assemblies be capable og
making 10 consecutive decelerations on an inertia dynamometer at an average of 9 fp.sp.s.
from 50 mph to 15 mph (0.28 g), at intervals of 72 seconds. This section also requires that the
airbrake assemblies be capable of deceleration to a stop from 20 mph at an average deceleration
rate of 14 fo.sps (0.435 g) | minute after the 10th deceleration. The brake power test is
conducted at an initial brake temperature of 150-200 °F with an airbrake chamber pressure that
does not exceed 100 psi.

Section $5.4.3, Brake Recovery, defines the testing procedure for brake recovery in trucks,
truck fractors, buses, and trailers. This test, which excludes the front axle brakes of a truck
tractor from the requirement, begins 2 minutes after *he brake power test has been cornpleted.
The brake recovery test requires that each assembly be able to make 20 consecutive stops from
30 mpls at an average deceleration rate of 12 f.p.sp.s. (0.37 g). The stops must occur at intervals
of 1 minute measured from th2 start of each brake application. The service line air pressure
needed to attain this deceleration rate must not exceed 85 psi. For a brake without an antilock
system, the pressure must not be less than 20 psi; for a brake with an antitock system, the
pressure must not be less than 12 psi.

The requirements cited above do not require full-scale vehicle testing. Only combinatioas
of components are certified by the dynamometer tests. Although the current standards address
deceleration requirements, they do not adequately address the stability of a heavy vehicle under
panic or emergency braking conditions.

f -Yebi i ~-As a result of its review of
current Federal regulations for new vehicles, the Safety Board believes that Federal regulations
should be upgraded to stipulate stopping distances for ait-braked vehicles, both in straight and
curved sections of roadway, and particularly under light load or variant friction conditions.

4§The teem fpsp.s. defines 8 deceleration rate in feet per second per second. It is also written as
ft/sec”.




However, the Safety Board believes that any new standards should require the use of an antilock
system,

During the course of its investigations, the Safety Board identified six accidents that
involved an unstable situation. In three accidents, the instability resulted from improperly
adjusted steering axle brakes that had been poorly maintained. In two other cases, component
incompatibility led to the instability. One of the component problems was an ALV, which
allowed the drive axles to lock prematurely {case summary 8). The other component-related
instability (case summary 18) was brought about by Type 9 steering axle brakes, which resulted
in the premature lock-up of the drive axles. In the sixth accident (case summary 14), air leaks
for which the air compressor could not compensate caused the trailer emergency brakes to apply.
When the trailer brakes were applied and the wheels locked, the condition initiated an
uncontrollable trailer swing.

In all six cases, the instability resulted from locked wheels losing their ability to resist
lateral movement. With some wheels locked and some rolling, the vehicle's dynamics changed,
causing either the tractor or trailer to rotate uncontroltably. Each case was analyzed using the
UMTRI Phase 4 computer simulation. PFirst, parameters were entered describing the accident
vehicle and road surface. After the simulation reproduced an accurate depiction of the accident
sequence, hypothetical parameters were added to the simulation.

In five cases, the tractor or truck drive axles locked prematurely. In every simulated case,
adding an antilock system to the drive axles of the vehicle eliminated the instability and allowed
the driver to avoid the accident. All the other adjustments and component sizes were left as they
were fonad on the accident vehicles.

If the antilock system were installed on all axles of the tractor or truck, the driver in all
of the above five accidents would have avoided the instability, and also would have been able
to steer the vehicle accurately and bring it to a safe stop. Figure 33 compares the rotation of
these five vehicles in their accident configuration with and without the antilock braking system
(ABS) installed.

The Safety Board realizes that an antilock system is no substitute for a preventative
maintenance program. In four of the six instability accidents, the antilock system would have
freed the drivers from emergency situations caused by a lack of maintenance. Because of
inadequate maintenance, an antilock system would not have prevented eight of the accidents
where high deceleration was required. Thus, an antilock system is not the sole answer to
preventing all combination-vehicle accidents. However, in many situations, the ABS can get a
driver out of trouble when he makes an error in judgment, when he hes a lapse in attention to
the roadway and traffic, or when there are minor maintenance problems.

NHTSA has spent much time evaluating the effectiveness of ABS. Before 1978, Standard
121 "no-wheels locked® regulation was in place. However, in 1978, th Ninth Circuit Court of
Appeals set aside this rule because the NHTSA had not demonstrateq tha. available ABSs were




ACCIDENT IN VOLVED TRACTOR JACKKNIFES
Rotation With and Without Antilock Brakes
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Figure 33.--Phase 4 computer simutation of adding antilock brakes to vehicles involved in
five instability accidents.

durable and reliable.

To address the problems that caused the overtum of the previous regulation, the NHTSA
began to implement its "ABS Fleet Evaluation Program® in the fall of 1988. The evcluation
focused on the reliability, maintainability, and durability of antilock braking systems. Seventeen
fleets made up of 200 tractors were chosen for the study. The preliminary NHTSA report
indicated that the 200-vehicle test fleet had accumulated approximately 19,800,00¢ miles as of
April 30, 1990. Although the evaluated fleets included vehicles that had been in operation for as
long as 18 months, all had participated for at least 1 winter season. While many of the ABSs
tested were prototype designs, only 52 of the 200 vehicles experienced minor start-up problems
requiring adjustments or repairs of ABS system components (a number that NHTSA attributed
to the "newness® of the tested systems). In addition, only 42 of the trucks required replacement
of ABS components during the 19.8 million mile period. Results of this study (as of April 1991)
are presented in "Improved Brake Systems for Commercial Motor Vehicles® (DOT HS 807 706),
which states in part:
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There can be no doubt that the problems that have occurred are real and
would render the ABSs inoperative if not addrecsed. This highlights the
need to provide service assistance to motor carriers to enable them to
quickly and easily diagnose minor problems and quickly fix them. If this
does not occur, carriers will likely form strongly adverse opinions about
these systems, as they did in the case of early "121" systems. On the other
hand, if quality controt is kept high, and if good service support is
available, the preliminary results of this field study indicate that, from a
reliability and maintenance perspective, ABS can be successfully installed
and maintained on U.S. heavy trucks.

The NHTSA fleet evaluation program has demonstrated that current antilock technology
can overcome the reliability and durabitity preblems noted in systems previously required. The
successful demonstration should dispel the criticisms that brought about overtum of 121 antilock
requirements. Analysis of Safety Board investigations clearly illustrates the benefits an antilock
system would provide. The Safety Board believes that antilock in combinsation with proper
system maintenance would result in a significant improvement in heavy vehicle safety, both in
terms of stability and stopping capability.

Revicw of Federal Regulations Applicable to In-Service Vehicles

Once the airbrake assembly passes the required tests, the vehicle manufacturer, in
accordance with 49 CFR Part 567, must certify to NHTSA that the vehicle was manufactured in

compliance with all Federal Motor Vehicle Safety Standards. Unless there is a manufacturing
defect, the NHTSA's role in stopping-performance requirements ends. Once a vehicle is in-
service, the Federal Highway Administration Office of Motor Carriers is responsible for enforcing
stopping performance.

In-service performance standards are found at 49 CFR 393.52. These standards apply to
heavy trucks under any condition of loading on a public highway. According to these standards,
when a heavy truck’s service brakes are applied, the truck must be capable nf:

1. developing a braking force at least equal to 0.435 times its gross vehicle weight,

2. decelerating to a stop from 20 mph at not less than 14 fpsp.s., and

3. stopping from 20 mph in not more than 40 feet, measured from the point at which
movement of the service brake pedal or control begins.

Testing for these standards must meet two conditions. First, vehicles must be tested on
a hard surface that is substantially level, dry, smooth, and free of loose material. Second,
vehicles must be in the center of a 12-foot-wide lane when the test begins and must not deviate
from that lane during the test.

These regulations are the only performance requirements that apply to in-service vehicles
No provisions exist for any higher speed tests of stopping ability or stability during the stop. In
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practice these tests are only performed routinely by police, fleet, or owner/operators in those
States that require annual safety inspoctions. The FHWA annual inspection does not require full-
scale brake stopping performance testing.

In-Service Brake Perform Requirements.--The Safety Board does not
believe that existing performance requirements can predict a vehicle's stopping performance or
stability when the vchicle is traveling 30 to 65 mph, speeds common to highway travel. In
addition, the facilities needed to conduct a stopping test of a heavy vehicle are not commonly
available at inspaction sites.

The brake system components of a heavy vehicle stopping at 20 mph do not experience
the same dynamic forces as those of a ehicle stopping at higher speeds such as 30 mph. These
higher speed forces result in significantly greater component deflection and higher temperatures
that expand brake drums and affect the frictional characteristics of the lining.

The testing requirement that a heavy vehicle maintain position within a 12-foot-wide lane
during a 20-mph stop also does not predict how stable that vehicle will be during a higher speed
stop or on wet road conditions. For example, based upon a Phase 4 simulation, a tractor that
might rotate 15° during a 20-mph emergency stop could easily rotate as much as 90 degrees
during a S0-mph stop. This increased rotation could place the vehicle out of the 12-foot-wide
lane and into an opposing lane.

The 12-foot lane, 20-mph stopping requirement has other problems. The 20-mph stopping
test cannot practically be applied during routine roadside inspections. Most existing inspection
facilities do not have enough space to conduct any type of stopping performance test. During
its heavy vehicle inspections, the Safety Board observed that many facilities had only limited
space to park a few out-of-service vehicles While most facilities could set aside the 40 feet
needed for the actual stop, few have the distance necessary for acceleration and tumn-around. In
addition, the Safety Board believes that most drivers would be hesitant to subject their vehicle
and load to the demands of an emergency stop from any speed.

Need for Practical In-Service Brake Performance Regulations.--The Safety Board believes
that the braking performance of in-service vehicles could be regulated bstter and more safely by

means other than a full-scale vehicle stop. For example,.the technology exists to develop
relatively inexpensive roller dynamometers to install at roadside inspection facilities. Another
method for evaluating stopping ability at higher speeds could be developed from calculations of
braking efficiencies, which will be discussed later in this chapter.

Mobile dynamoineters capable of measuring brake force output of assembled vehicles at
various speeds are commercially available and could be adapted for use at inspection facilities.
‘The Safety Board believes that a dynamometer capable of measuring brake force at each axle end
would enable an inspector to isolate deficiencies within the braking system that could lead to
unbalanced braking and vehicle instabilities.  Any brake force values measured by the
dynamometer could be converted to a braking efficiency value that inspectors could use in
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deciding if a vehicle should be placed out of service. The advantage of using a dynamometer
is that force and efficiency values are calculated for a vehicle's actual loading and maintenance
conditions. These devices could simplify an evaluation of brake system component performance
and reducoc the risk of full scale stops.

A method that could be used as an alternative to the dynamometer would be braking
efficiency calculations. The Safety Board believes that software could be written for smali,
handheld calculators that would enable an inspector to input measured values from the vehicle.
Using these values, the software would calculate brake force and efficiency. This output could
be used to determine if the vehicle should be placed out of service This method has th?
advantage of allowing the inspector to evaluate braking efficiencies at various brake adjustments,
temperatures, and loads.

Both melitods--dynamometer testing and brake efficiency calculations--have the single
advantage of not subjecting the vehicle and cargo to the nigors of stopping tests. Both would also
allow the prediction of unbalanced braking forces, thus previding some instability enalysis.
While the Safety Board acknowledges that either method will require additional research and
further development, the Board believes that after adequate development the appropriate method
should be implemented in the commercial vehicle inspection program. The Board believes that
either method is a reasonable solution to the inadequacies of the current brake performance
requirement for in-service vehicles.
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CHAPTER 7

FUTURE TRENDS

Commercial vehicle airbrake systems have changed comparatively little during recent
decades. This study and other research have concluded that airbrake improvements are necessary.
Fortunately, hardware is being developed that will refine current systems or provide a more
contemporary approach to brake performance. These hardware refinements are the result of
continued industry and Govemment research, motor carrier acceptance of proven technology, and
vehicle safety regulations. These improvements are diverse and often interrelated but basically
provide for more controlled stops at higher deceleration levels and reduced periodic maintenance.
Better procedures for inspecting commercial vehicle brakes also show promise. Brief discussions
of these expected future improvement areas are provided; improvements currently being
implemented (automatic slack adjusters) are discussed in chapter 3.

One change that will help to reduce the frequency and consequences of out-of-adjustment
brakes is the more frequent installation and use of air disc brakes. Air disc brakes have several
advantages over drum brakes. When subjected to intense braking demands, disc brakes do not
suffer from the same performance degradations as do drum brakes. Disc brakes also reduce
downhill runaways as well as brake imbalances caused by varied brake adjustments on the same
vehicle.

Two primary problems are caused by the increased use of disc brakes on tractos
semitrailer combinations: increased cost and the difficulty achieving proper brake balance when
disc brakes are mixed with drum brakes in the same vehicle combination. In private fleets where
tractor and semitrailer are mated with the same or identical unit for their effective service life,
this is not a problem. However, most private and common carriers cannot afford this [uxury,
given the logistics of their fleet operations and the difference in service life of each picce of
equipment. Air disc brakes are expected to make a slow transition into the general commercial
fleets relative to that of disc brakes into the hydraulically braked light vehicle market. It is not
anticipated that vehicle safety regulations will influence the demand for air disc brakes.

Current-generation antilock braking systems (ABSs) are proving very reliable with many
users testifying about their effectiveness through the Department of Transportation's current fleet
evaluation program. Along with automatic adjustment kardware, antilock brake systems appear
to offer the greatest potential for safety improvements in heavy truck brake performance. The
major improvement lies with improved slability. Installing ABS on the tractor drive axles
minimizes the likelihood of jackknife when these axles lock and lateral force capability drops.
Installing ABS on the steering axle of the tractor improves steering control as compared to
straight ahead skidding with locked front wheels. Installing ABS on the frailer axles reduces
teailer swing into adjacent travel lanes when lock-up occurs at the rear of the trailer. Positive
feedback from the DOT fleet evaluation program, positive user experience in Europe with air-
braked heavy vehicles, and positive worldwide experience with hydraulically braked light vehicles,
will hopefully promote a rapid increase in installing ABS on both tractors and trailess.
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Recently issued DOT regulations are expected to result in additional heavy truck brake
performance improvements through the fine tuning of air valves. These subtle changes will
provide for more precise timing of the application and release times for tractor and trailer brakes.
Many tractor brakes are actuating before those of the trailer. In certain situations this imbalance
can contribute to trailer push and to jackknife. Brake release times of many trailers are also
inordinately slow. Simple changes in valves and air system plumbing will help to alleviate these
problems.

Although not specifically part of the foundation brake system, vehicle engine and driveline
retardation devices are expected to gain in popularity. When installed, these retarders may result
in improved safety levels, reduced brake wear and maintenance, and perhaps improved drive
times resulting from the ability to maintain higher safe downhill speeds. These retarders will be
installed more commonly on vehicles used in mountainous terrain.

Increased vehicle safety is also possible through the use of improved procedures for
checking the status of heavy truck brake systems in road use. Simple, low cost, high torque
brake dynamometers for roadside inspection teams show the greatest promise. Prototype systems
are being used in other countries and the DOT .. attempting to obtain similar devices to test in
this country. Such devices could conceivably test truck brake performance in a more relevant
fashion and in less time than the current and traditional method of manually checking brake
pushrod adjustment.




CHAPTER 8

CONCLUSIONS

Combination trucks are involved in nearly twice as many fatal accidents per 100 million
miles as passenger cars.

Available dala do not allow the role of braking deficiencies in accidents to be readily
evaluated.

The Safety Board's investigations suggest that deficient brakes on heavy vehicles are a
factor in more accidents than statistics currently reveal.

In 9 of 15 brake-related accidents that the Safety Board investigated, State and local
investigating agencies failed to identify deficient brakes as a factor in their final reports.

Accident investigations conducted by the Safety Board for this study revealed a variety
of brake system deficiencies. The deficiency found to occur most frequently as a factor
was out-of-adjustment brakes, but other maintenance-related and component issues also
contributed to these accidents.

Current Federal regulations for in-service heavy vehicles do not adequately address
stability under variant load and road surface conditions.

Current Federal regulations for in-service heavy vehicles do not adequately address
stopping situations at speeds over 20 mph.

Current Federal regulations for newly manufactured heavy vehicles do not specify
stopping distance or withiis-lane stability requirements.

Maintenance deficiencies in the accident vehicles’ brake systems degraded stopping
capability and directional stability.

Many carriers do not have adequate policies for brake inspection and adjustment intervals.

The Safety Board was not able to establish a significant correlation between the
adjustment loevel of heavy vehicle brakes and the carrier's knowledge of how to adjust
brakes.

Because it is difficult for carriers or drivers to readily detect the adjustment levels of the
airbrakes on their vehicles in normal operation, many carriers and drivers of commercial
vehicles fail to understand the need for well maintained and properly balanced brake
systems.
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Brake maintenance literature presents various methods for proper adjustment of brakes,
and no universally accepted brake adjustment procedures exist.

Investigations of downhill runaway accidents revealed that vehicles with marginat cold-
brake efficiencies may lose all braking effectiveness once the brakes heated up.

Of 1,520 five-axle heavy trucks inspected through a joint Safety Board/State project, 56.3
percent were placed out of service due to brake system violations, including 46.1 percent
for brake adjustment deficiencies.

There was significant variance between MCSAP reported inspections and Safety Board
inspections in the percentage of heavy vehicles placed out of service for brake-related
defects.

Of the manual slack adjusters checked in the brake inspection project, 26 percent were
found at or past the manufacturer's recommended adjustment limit, while 15 percent of
the automatic adjusters were at or past the limit.

The use of long stroke air chambers in combination with automatic adjusters could
substantially reduce the number of heavy vehicles placed out of service due to brake
adjustment.

An automatic limiting valve on the steering axle of a schoo! bus was a contsibuting factor
in one of the accidents investigated for this study. Automatic limiting valves may also
adversely affect brake performance in heavy trucks.

Small brake chambers on steering axies of combination vehicles or the absence of steering
axle brakes can contnbute to jackknife accidents or increased stopping distances In the
total brake inspection sample, the Safety Board found 6.6 percent of the five-axle vehicles
with no brakes installed on the front axle, 0.4 percent with Type 9 air chambers installed,
and 4.1 percent with Type 12 air chambers installed.

Many component manufacturers used a higher friction lining when they installed brake
chambers smaller than Type 16 on the steering axle. However, many carriers may replace
original equipment linings with ones having lesser frictional charactenistics, which could
adversely influence stopping distances.

Full-scale brake block testing procedures and consistent brake block effectiveness ratings
are needed so that appropriate brake lining materials can be selected.

An antilock braking system could have prevented all six of the instability-related accidents
simulated for this study.
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24.  The use of the AL-Factor formula found in brake componeat supplier and brake
consultant literature produced values that ovetestimated available brake torque and may
have resulted in the installation of inadequate brake components.




CHAPTER 9

RECOMMENDATIONS

As a result of this safety study, the National Transportation Safety Board made the
following recommendations:

--to the National Highway Traffic Safety Administration:

Require that air-braked vehicles be equipped with visible
adjustment indicators that will allow one person to check the level
of adjustment. (Class I, Priority Action) (H-92-50)

Expedite the proposed rulemaking to require automatic adjusters on
vehicles equipped with airbrake systems. (Class I}, Priority Action)
(H-92-51)

Adopt braking performance regulations that restrict the general use
of automatic limiting valves on steering axle brakes of vehicles
equipped with airbrake systems. (Class II, Priority Action) (H-92-
52)

Adopt performance standards for vehicles equipped with airbrake
systcms that require stopping performance criteria on varying
friction surfaces, with varying loading conditions for both straight
and curved sections of roadways. (Class 11, Prionity Action) (H-
92.53)

Require through a performance standard the use of antilock braking
systems on all newly manufactured vehicles with airbrake systems.
(Class 11, Prionty Action) (H-92-54)

Promote, in conjunction with the Federal Highway Administration,

'the development and use of hardware, such as the reller
dynamometer, capable of measuring the braking capability of a
heavy vehicle at roadside inspection facilities. (Cless II, Priority
Action) (H-92.55)

--%0 the Federal Highway Administration:

Develop adequate performance criteria for allowable combinations
(brake size, lining fricion, and axle rating) of airbrake system

R R B N . ]




components on heavy vehicles, and prohibit the use of component
combinations that do not meet the criteria. (Class II, Priority
Action) (H-92-56)

Encourage the installation of visible brake adjustment indicators on
all vehicles equipped with airbrake systems for easy detection of
adjustment levels. (Class II, Prority Action) (H-92-57)

Promote, in conjunction with the National Highway Traffic Safety
Administration, the development and use of hardware, such as the
roller dynamometer, capable of measuring the braking capability of
a heavy vehicle at roadside inspection facilities. (Class I, Priority
Action) (H-92-58)

Review the national highway data system to ensure that sufficient
data can be obtained to readily evaluate the role of braking
deficiencies in commercia! vehicle accidents. (Class 11, Prionity
Action) (H-92-59)

--to the 50 States, the District of Columbia, the Commonwealth of Puerto Rico, the Virgin
Islands, and the Territories:

Encourage the commercial vehicle accident investigative agencies
to develop policies requiring the systematic inspection of and the
compilation of data from commercial vehicles that are involved in
injury or fatal accidents. The policies should include inspeciion of
brake systems and components. (Class LI, Priority Action) (H-92-
60)

Review the national highway data for your jurisdiction to ensure
that sufficient information can be obtained to readily evaluate the
role of braking deficiencies in commercial vehicle accidents.
(Class 1, Prionity Action) (H-92-61)

In order to preserve evidence from accident investigations, require
towing companies during wreckage removal to employ methods of
releasing locked airbrakes that do not alter brake adjustment.
(Class I, Priority Action) (}H-92-62)




.-to the Interstate Towing Association and to the Towing and Recovery Association of
America:

Encourage members to voluntarily discontinue the practice of
*backing off* the airbrakes on commercial vehicles during
wreckage removal operations. (Class II, Priority Action) (H-92-
63)

--to the National Private Truck Council:

Encourage members to use replacement parts that meet original
equipment specifications (particularly brake linings and valves)
when replacing brake components. (Class Ii, Priority Action) (H-
92-64)

Encourage members to voluntarily install steering axle brakes on
all heavy vehicles that currently do not have steering axle brakes.
(Class II, Priority Action) (H-92-65)

Advise members about the propensity of lightly loaded combination
vehicles to jackknife, especially when traveling on low-friction road
surfaces. (Class 11, Priority Action) (H-92-66)

Work with the American Trucking Associations to complete and
distribute to member carriers appropriate brake maintenance
materials that clearly establish standard inspection techniques
(including adjustment indicators), inspection and adjustment
interval guidelines, and an adjustment method (covering both
manual and automatic slack adjusters) for §-cam brakes on heavy
vehicles. Encourage members to provide a copy of the information
to each driver of a heavy vehicle and to each mechanic who
services heavy vehicles. (Class 11, Priority Action) (H-92-67)

Encourage members to discontinue the use of the AL-Factor
formula. (Class i, Priority Action) (H-92-68)

--to the Owner-Operator Independent Drivers Association:

Encourage members to use replacament parts that meet original
equipment specifications (particularly brake linings and valves)
when replacing brake components. (Class I, Priority Action) (H-
92-69)




Encourage members to voluntarily install steering axle brakes on
all heavy vehicles that currently do not have steering axle brakes.
(Class I, Priority Action) (H-92-70)

Advise members about the propensity of lightly loaded combination
vehicles to jackknife, especially when traveling on low friction road
surfaces. (Class II, Priority Action) (H-92-71)

Work with the American Trucking Associations to complete and
distribute to member carriers appropnate brake maintenance
materials that clearly establish standard inspection techniques
(including adjustment indicators), inspectton and adjustment
interval guidelines, and an adjustment method (covering both
manual and automatic slack adjusters) for S-cam brakes on heavy
vehicles. (Class 1, Priority Action) (H-92-72)

Encourage members to discontinue the use of the AL-Factor
formula. (Class I, Priority Action) (H-92-73)

--to the American Trucking Associations:

Complete and distribute to member carriers appropriate brake
maintenance materials that clearly establish standard inspection
techniques (including adjustment indicators), inspection and
adjustment interval guidelines, and an adjustment method (covering
both manual and automatic slack adjusters) for S-cam brakes on
heavy vehicles. Encourage members to provide a copy of the
materials to each driver of a heavy vehicle and to each mechanic
who services heavy vehicles. (Class II, Priority Action) (H-92-74)

Encourage members to use replacement parts that meet original
equipment specifications (particularly brake linings and valves)
when replacing brake components. (Class Il, Priority Action) (H-
92.75)

Encourage members to voluntarily install steering axle brakes on
all heavy vehicles that currently do not have steering axle brakes.
(Class 11, Priority Action) (H-92-76)

Advise members about the propensity of lightly loaded combination
vehicles to jackknife, especially when traveling on low friction road
surfaces. (Class II, Priority Action) (H-92-77)
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Encourage members to discontinue the use of the AL-Factor
formula. (Class II, Priority Action) (H-92-78)

--10 the Motor Vehicle Manufacturers Association:

Encourage member manufacturers of heavy air-braked vehicles to
develop, promote, and install brake systems that are less sensitive
to adjustment and more resistant to brake system fade (such as long
stroke chambers and air disc brakes). (Class 1, Priority Action)
(H-92-79)

Encourage members to discontinue the use of the AL-Factor
formula. (Class II, Priority Action) (H-92-80)

--t0 the Professional Truck Driver Institute of America:

Incorporate brake maintenance matenials developed by the
American Trucking Associations into a training curriculum that
cautions drivers about the instabilities of lightly loaded combination
vehicles when operated on low-friction road surfaces. (Class II,
Prionity Action) (H-92-81)

--to the Society of Automotive Engineers:

Expedite the completion of Surface Vehicle Recommended
Practices, SAB J1802, "Brake Block Effectiveness Rating,” and
SAE J1801, "Brake Effectiveness Marking For Brake Blocks."
(Class II, Priority Action) (H-92-82)

--to airbrake component manufacturers:

‘Develop, promote, and install brake systems that are less sensitive
to adjustment and more resistant to brake system fade (such as long
stroke chambers and air disc brakes). (Class II, Priority Action)
(H-92-83)

Discontinue the use of the AL-Factor formula. (Class II, Priority
Action) (H-92-84)




BY THE NATIONAL TRANSPORTATIOiNI SAFETY BOARD

/s/  Susan M. Coughlin
Acting Chairman

/s John K. Laubet
Member

/s/  Christopher A, Hart
Member

/s John A. Hammerschmidt
Member

James L. Kolstad
Member

April 29, 1992
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APPENDIXES

APPENDIX A

PRIOR SAFETY BOARD HEAVY VEHICLE AIRBRAKE RECOMMENDATIONS

1. The Highway Accident Report "Collision Between Mission Consolidated Independent
School District School Bus and Valley Coca-Cola Botiling Company, Inc,, Tractor-Semitrailer,
Intersection of Bryan Road and Texas Farm-to-Market Road 676, Alton, Texas, September 21,
1989 (NTSB/HAR-90/02) included the following recommendations:

--t0 the Coca-Cola Enterprises, Inc.:

Conduct a review and evaluate the number of mechanics and the
provided resources in each of its operations to ensure that proper
vehicle maintenance is performed in accordance with manufacturer
specifications. (Open--Await Reply) (H-90-87)

--to the Valley Coca-Cola Bottling Co., Inc.:

Establish procedures and provide adequate resources to ensure that
proper vehicle maintenance is performed in accordance with
manufacturer specifications. (Open--Await Reply) (H-90-89)

2. The Safety Study "Braking Deficiencies on Heavy Trucks in 32 Selected
Accidents® (NTSB/SS-88/06) made the following recommendations:

--to the National Highway Traffic Safety Administration:

Publish a final rule by June 1990 that will require automstic slack
adjuster on all new trucks equipped with air/mechanical brake
systems. (Open--Acceptable Response) (H-88-30)

*«-to the American Trucking Associations and the National Private
Truck Council:

Recommend that your member carriers adopt written policies
regarding on-the-road brake adjustment, if the drivers are
responsible for performing such adjustments, provide them with the
necessary training. (Open--Acceptable Response) (H-88-31)

Recommend that your member carriers, as they replace wom brake
chambers, install airbrake actuation devices that incorporate
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3.
Collision, and

indicators to warm users when brakes must be adjusted. (Open--
Acceptable Response) (H-88-32)

The Highway Accident Report "Tractor-Semitrailer/Station Wagon Runaway,
Fire, Van Buren, Arkansas, June 21, 1985° (NTSB/HAR-86/03) reiterated Safety

Recommendation H-23-48 issued June 23, 1978:

4
Trucking Co.,

--to the National Highway Traffic Administration:

Develop & Federal Motor Vehicle Safety Standard stating a
performance requirement for all newly manufactured cominercial
vehicles to have equipment that would ensute brakes betng in
proper adjustment at all times. (Closed--Superseded by H-88-30,
December 12, 1988)

The Highway Accident Report *DeQueen, Arkansas Police Patrol Car and Terrel
Tractor-Semi, Ashdown, Arkansas, July S, 1984" (NTSB/HAR-84/07) made the

following recommendations:

5

--to the Bureau of Motor Carrier Safety of the Federal Highway
Administration:

Issue an “on-guard® bulletin which discusses the circumstances of
the accident in Ashdown, Arkansas, on July S, 1984, with particular
reference (o tailgating by trucks, improper adjustment of truck
brakes, and the tendency to jackknife on wet pavement. (Closed--
Acceplable Action, June 3, 1985) (H-84-93)

The Highway Accident Report *Church Bus Loss of Contro! on Long Steep Grade,

State Route 155 Near Wofford Heights, California, July 7, 1984 (NT SB/HAR-85/01) made the
following recommendation:

6.
Pennsylvania,

--to the Califomnia Yearly Meeting of Friends Church:

Urge member churches to establish s systematic maintenance
program which requires frequent inspections of brakes and tires on
all activity vehicles. (Open--Acceptable Response) (H-85-3)

The Recommendation Letter "Ran off Road--1973 Kenworth, Pittsburgh,
April 28, 1980, in addition to urging that a higher priority be assigned to Safety
Recommendation H-78-48, made the following recommendation:




7

APPENDIX A

.-to the National Traffic Safety Administration:

Require manufacturers of airbrake actuation devices to incorporate
indicators which will wam users when brakes must be adjusted.
(Closed--Superseded by H-88-32, December 12, 1983) (H-81-1)

The Highway Accident Report "Central Texas Bus Lines, Inc., Charter Bus, State

Route 7 Near Jasper, Arkansas, June S, 11980" (NTSB/HAR-81/01) made the following
recommendations:

8

.-to the Federal Highway Administration:

Develop national standards for the signing of brake check areas.
(Closed--Unacceptable Action, March 11, 1988) (H-81-11)

Conduct research to develop guidelines for the location and
illumination of brake check areas. (Closed--Acceptable Alternate
Action, September 5, 1984) (H-81-12)

The Highway Accident Report "Head-on; Kohler Co. GMC 1977 Astro 95 and

Greene McKinney Cheviolet Cheyenne 10, Marion, North Carolina, January 25, 1978"
(NTSB/HAR-78/06) made the following recomnmendation:

9

--to the Ryder Truck Rental:

Amend its maintenance program relative to breke adjustment by
requiring an adjustment at least at each preventive maintenance
inspection. (Closed--Acceptable Action, December 7, 1978) (H-
78-70)

The Highway Accident Report "Fire/Explosion, Long Transportation Co. 1975

Pe:erbilt: Valley View, Ohio® (NTSB/HAR-77/03) made the following recommendation:

10

--10 the Bureau of Motor Carrier Safety:

Request added resources to give greater priority to increased
roadside inspections of commercial miotor vehicles and safety
compliance surveys of carrier operations to ensure greater
compliance of vehicle maintenance and records. (Closed--
Acceptable Action, October 10, 1978) (H-77-43)

. The Highway Accident Report "Fire/Explosion, Union Oil Co. 1975 Peterbilt,
Seatlle, Washington, December 4, 1975" (NTSB/HAR-76/07), made the following
recommendation:
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--to the National Highway Safety Administration:

Test and resolve the apparent problem of operating any vehicle
combination over the full-speed range and road and weather
conditions encountered in normal operations if one of the units is
equipped with a Federal Motor Vehicle Safety Standard No. 121
(FMVSS-121) antilock brake system and the other unit is not.
(Closed--No Longer Applicable, September 5, 1985) (H-76-28)

11.  The Highway Accident Report "Fire/Explosion, Heavy Haul Service, Inc, 1966
Freightliner and 1964 GMC Pickup, Bishop, California, June 29, 1974" (NTSB/HAR-75/05)
made the following recommendation:

--to the Federal Highway Administration:

Develop and disseminate throughout the motor carrier industry, an
*On-Guard™ bulletin alerting drivers of commercial vehicles
equipped with externally adjustable braking system of: A) The need
to be familiar with company policies and practices with respect to
on-toad adjustment of brakes; B) Methods and techniques for
detecting potential or existing problems in adjustment; C) The
scope of the problem in ensuring proper brake adjustment; D)
Methods and techniques for the proper on-road adjustment of
ranking, systems currently and generally in use. (Closed--
Accep‘able Action, October 20, 1977) (H-75-17)

12.  The Special Study "Commescial Motor Vehicle Braking® (NTSB/HSS-72/08) made
the following recommendations:

.-to the Bureau of Motor Safety (Federal Highway Administration)
and the National Highway Traffic Safety Administration of the
Depariment of Transportation, cooperatively:

‘Initiate a research and development program to reduce substantially
the incompatibility of braking performances of passenger cars and
commercial motor vehicles, and to e¢liminate other braking
inadequacies in commercial vehicles. (Closed--Unacceptable
Action, September 3, 1983) (H-72-60)

Make Federal funds available to design, construct, and test an
Experimental Safety Vehicle-Truck Brake (ESV-1B), which will
incorporate the best available braking technology in an integrated
system. The results of this work should be published pesiodically
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to guide voluntary changes as well as timely changes in existing
standards. (Closed--Reconsidered, September 3, 1985) (H-72-61)

Form a technical advisory committee for the ESV-TB program
which will include not only the technical viewpoint of the
commercial vehicle industry and its suppliers, but also the
viewpoint of brake suppliers for the aerospace industry end
passenger car suspension technologists, as well as a technically
qualified representative of the interests of passenger car oc >upants.
(Closed--Reconsidered, September 3, 1983) (H-72-62)

13.  The Highway Accident Repor: "Overtum, Greyhourd Bus Lines, Inc., Motor
Coach Industries 1970 MC-7 and 1966 Dodge Dart Station Wagon, Marshfield, Missoun,
October 10, 1971* (NTSB/HAR-73/01) made the following recommendation:

--to the Natioral Highway Administration:

Expedite rulemaking under Docket 70-16 (MNSS 121) to improve
the antilock braking capability of bus (and truck) braking systems.
(Closed--Acceptable Action, January 1, 1980) (H-73-2)

14.  The Highway Accident Report "Fire/Explosion, Ventura, California, August 18,
1971 (NTSB/HAR-72/04) made the foll.wing recommendation:

.10 the Nationa! Traffic Safety Administration:

Continue the commendable efforts exemplified in Federal Motor
Vehicle Safety Standard No. 121, effective September 1, 1974,
toward more effective braking performance requirements for trucks,
trailers, and certain vehicle combinations, not only toward closer
compatibility between the performance criteria for truck and
passenger-car braking, bui toward more extensive use of available
technology. Continuing effort toward such improved truck wraking
is essential in recognition of the basic fact that the potential to
‘inflict destruction and death is proportional to weight, 2! equal
speeds, and that the control of truck speed under all reasonably
foreseeable conditions, and especially when heavily laden, is vital
to the safety of all highway users. (Closed--Acceptable Action,
January 1, 1980) (H-72-195)

15. The Highway Accident Report “Fire/Explosion, Cherry Hill, New lersey,
November 29, 1969" (NTSB/HAR-71/03) made the following recommendations:
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--to the National Highway Traffic Safety Administration:

Set a high priority on establishing petrformance requirements for
new buses, trucks, trailers, and combination in regard to: (1)
Improved braking capabilities with balanced skid resistance,
reduced "fade,” and shorter stopping with maximum load; (2) The
use of energy-absorbing underride and override barriers to reduce
passenger-car impact decelerations through controlicd yielding; and
(3) Minimum limiis on stability factors for loaded vehicles.
(Stability factor is defined as one-half the track width between
centers of outside tire footpnnts, divided by the height of the center
of gravity of a loaded vehicle) (Closed--Acceptable Action,
January 1, 1980) (H-71-18)

--t0 the Bureau of Motor Carrier Safety, Pederal Highway
Administration:

Consider the promulgation of regulations to require improved
braking capabilities of regulated vehicles, and inclusion of
numencal statemen! of the stability factor (value) on the
tdentification plate of all tank tratlers which transport hazardous

materials, in implementing NTSB Safety Recommendation H-71-
18. (Closed--Acceptable Action, October 29, 1975) (H-71-19)
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GLOSSARY OF TERMS

The following definitions were taken and reprinted with permission from Chilton's 1988
edition of the Commercial Carrier Journal: The Air Brake Book. Although Chilton's publication
includes additional definitions, only the terms referred to in this report have been included here.

Antitock: Currently optional, a safety-oriented system that senses wheel rotation (at one or more
axles) during braking and cycles the brakes to prevent locking those wheels.

Application time: Time elapsed between depression of the brake treadle and engagement of the
linings with drums (or, per FMVSS 121, point at which all service chambers reach 60

psi).

Brake balance: Basically, balance is achieved when all brakes on all axles do their fair share
of the work.

Brake chamber: Device inside which a diaphragm converts air pressure to mechanical force
via 8 pushrod.

Brake chamber diaphragm: Bellows type device within brake chamber that converts air
pressure to mechanical force via pushrod.

Brake proportioning: Optional, safety-oriented system for limiting drive-axle brakes while a
tractor is operated without a trailer. Also, system that varies individual axle braking effort
in response to weight or cther variable.

Brake treadle: Functionally, the brake pedal;, a mechanical level attached to the foot brake
valve,

Edge codes: Developed by Friction Materials Standards Institute, a double-letter code (ex: EE,
FF, GG, FG) printed on the edge of a brake block to designate its range of
aggressiveness. Currently, this coding system is being revised.

Foot valve: A foot-operated valve controlling air pressure delivered to the brake chambers.

Gladhand: Mechanical connector used to attach a tractor's or converter dolly's service (i.e,,
control) and emergency (i.e., supply) air line to those on a trailer.

Jackknife: Uncontrollable articulation of a tractor-trailer, typically resulting frora lock-up of
tractor drive axle(s). The risk of jackknife is greatest on a slippery road with an empty
or lightly-laden trailer in tow.
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Pushrod: A rod, protruding from a brake chamber, which is connected to the arm of a slack
adjuster via a clevis pin.

Ratio limiting valve: Prevents locking of front brakes by automatically limiting application
pressure to steer axle during noymal braking. Progressively harder braking, however, will
progressively increase steer-axle braking until maximum torque is applied.

Relay valve: Used to speed the application of brakes, especially in multiple-trailer applications.

Release time: Time between release of brake treadle and total disengagement of brake linings
and brake drums. Or, per PMVSS-121, that time required to reduce pressure to 5 psi
from 95 psi within all service chambers.

Retarder: Auxiliary braking device: engine brake, exhaust brake, hydraulic retarder, or electric
retarder.

S-cam brake: Type of brake where mechanically-induced rotation of an S-shaped cam forces
brake linings against the drum.

Service brakes: As opposed to parking brakes, that portion of the brake system used for
normal brake applications.

Slack adjuster: A lever, connecting the brake chamber pushrod with the foundation brake
camshaft, which p-ovides torque to rotate the brake camshaft when the brake treadle 1s
depressed. Used only on a cam-actuated brake, it also provides a means of adjusting
clearanco between brake shoes and the drum to compensate for lining wear. Some models
are automatic; others require manual adjustment.

Springbrake: Generally refers to a tandem-chamber brake actuator that incorporates: an air-
applied service brake chamber; an air-released/spring-applied parking or emergency brake
chamber. Springbrakes apply upon sudden air loss (emergency mode) or activation of a
dash-mounted parking brake control. Springbrakes remain applied until that chamber is
recharged or the spring is manually compressed or caged. The spring portion often is
referred to as the piggyback. Some springbrake actuators do not incorporate a service air
chamber and are solely parking and emergency brakes. For example, some parking brakes
are applied by air pressure and subsequenily held mechanically by a pawl that drops into
a notch on the brake chamber pushrod.

Stroke: Refers to total distance traveled by a brake chamber pushrod or slack adjuster arm
during brake application.

Tire rolling radius: Distance, expressed in inches, from the center of a tire to the pavement,
measured when mounted on a vehicle and loaded to its maximum rated capacity.
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Trailer swing: Articulation of trailer caused by locking only the trailer brakes.

Treadle valve: A foot-operated, brake actuation valve.

Wedge brake: As opposed to a brake applied by an §-cam, this type of brake is applied by a

single or double wedge-type mechanism. This type of brake is self-adjusting and, as
such, does not utilize a slack adjuster.

Wet tank: Also known as the supply air tank, that reservoir nearest the air compressor where
water and oil are mostly likely to accumulate (assuming the lack of a functional air dryer).




ABS
ALV
ASA
E ATA
CpL
CFR
CVSA

DOT

. EDVTS
- FARS
FHWA

FMCSR

FMVSS

. GAWR

GMC
: GSRS

GVR

Antilock Braking System
Automatic Limiting Valve

Automatic Slack Adjuster

American Trucking Associations
Commercial Driver's License

Code of Federal Regulations

Commercial Vehicle Safety Alliance

U.S. Department of Transportation
Engineering Dynamics Vehicle Trailer Simulator (Computer Program)
Fatal Accident Reporting System

Federal Highway Administration

Federal Motor Carrier Safety Regulations
Federal Motor Vehicle Safcty Standard
Gross Axle Weight Rating

‘General Estimates System

General Motors Corporation

Grade Severity Ratiig System

Gross Vehicle Rating

Gross Vehicle Weight Rating

APPENDIX D

ACRONYMS
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L

1ICC Interstate Commerce Commission

s
[

MCSAP Motor Carrier Safety Assistance Program
MVMA Motor Vehicle Manufacturers Association
NHSB National Highway Safety Bureau

, NHTSA National Highway Traffic Safety Administration

NPRM Notice of Proposed Rulemaking
OMCS Office of Motor Carrier Safety
g_ pdo property damage only
| SAE Soctety of Automotive Engineers
TIDRS Truck and Tractor-Trailer Dynamic Response Simulation

University of Michigan Transporiation Research Institute
United States Code

Washington Ultilities and Transportation Commission
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COST ESTIMATES FOR HEAVY TRUCK
BRAKE ACCIDENTS

The Safety Board made some preliminary cost estimates for brake-related combinttion
truck accidents. A recent study' estimated that average costs associated with fatal accidents (all
type vehicles) were about $2.7 million and average costs associated with injury accidents were
about $70,000. Using the 1989 estimated number of accidents reported to involve brake
deficiencies, the cost to society (not including property damage accidents) is estimated as follows:

Seyerity Number Cost/ascident Total cost
Patal 102? $2,700,000 $275,400,000

Injury 1,200 70,000 84,000,000
Total 1,302 359,400,000

Thus, the estimated minimum cost to society of accidents involving combination trucks
with braking deficiencies, based on extrapolated data, was sbout $369 million for 1989.

The Safety Board also obtained and reviewed accident data from four States
(Pennsylvania, Oregon, Texas, and Florida) in which the Safety Board had conducted truck brake
inspections. The purpose of the review was to determine the magnitude of combination vehicle
brake-related accidents reported in 1989 by those States. The deta summarized below were used
to project accidents nationwide and to make an additional cost estimate for COMPpArison:

Number of Percentage of total
Accidents involving brake system accidents involving brake

Pennsylvania
Fatal 161 2.5%
Injury 2,859 1.4
Property damage 1,870 2.1

Cregon
Fatal 50 4.0
Injury 179 28
Property damage 980 0.8

Miller, Ted, Viner, J., Rosman, S., et.al., The Cost of Highway Crashes—Final Report to FHWA, June
1991, curreatly available from the Urban Institute.

Feom actual 1989 FARS data
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Texas
Fatal 258 04
Injury 4,496 22
Property damage 8,971 2.4

Florida (State routes only)
Fatal 186 6 3.2
Injury 2,306 54 23
Property damage 2,402 62 2.6

Four-State total
Fatal 655 i3 2.0
Injury 9,840 195 20
Property damage 14,223 323 23

Fatal Accident Reporting System (FARS) data showed that 19 percent of the nationwide
fatal accidents with combination vehicles occurred in those four States. While these four States
may not be representative of all States because of differences in reporting, they can provide a
some insight into the propcrtion of reported injury and property damage accidents involving brake
defects. Assuming that truck injury and property damage accidents occur in the same proportion
to fata! accidents nationwide as in these four States, an estimate of injury and property damage
accidents that involve combination vehicles with defective brakes is as follows:

Estimated (atal accidents with defective brakes (FARS) 100
Estimated injury accidents with defective brakes 1,000
Estimated property damage accidents with 1,700
defective brakes

Estimated total combinatien
vehicle accidents with
defective brakes 2,800

Therefore, an altemnative annual cost estimate for accidents involving combination trucks
with deficient brakes has been calculated as follows:

Severity Number Cost/accident Total cosi per year
Fatal 100 $2,729,737 $272,973,700

Injury 1,000 76,781 76,781,000
PDO 1,700 11,678 19,852,600
Total 2,800 369,607,300

This agrees quite closely with the previous cost estimate of $360 million for 1989.
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CASE INVESTIGATION SUMMARIES

No.

Location

Date

NTSB Report No.

Buna, Texas
Lyons, Colorado
Aurora, Colorado

Fort Worth, Texas

Mercer Island,
Washington

Rochester,
Washington

Phenix City,
Alabama

Issagquah,
Washington

Cumberiand,
Marsyland

Keat, Washington

Brownsville, Texas

Seattle, Washington

Big Pine,
California

Huntsville, Texas

Morrilton, Arkansas

Festus, Missouri

Maple Valley,
W:ghingtoney

12/28/88
6/2/89
8/4/89
8/18/89

9/5/89

11/13/89

11/15/89

11/20/89

1/5/90
2/8/90
3/1/90
4124190

5/18/90
5/18/90
7/24/90
9/6/90

11/11/90

Seattle, Washington 11/19/90

FTW-89-F HOO1
DEN-89-F-H003
SEA-89-H-TBO2
FTW-£9-H-TB06

SEA-89-H-TB04

SEA-90-H-TBOI

ATL-90-H-TBOS

SEA-90-H-TBO2

SEA-90-H-TB03
SBA-90-H-TBOS
FTW-90-H-TB03
SBA-90-H-TB06

FTW-90-F-H004
SEA-90-H-TB07
MKC-90-F-HO011
FTW-90-F-H00S

CRH-91-H-TBOS
NRH-91-H-TB03
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CASE SUMMARY 1

Investigation No.: FTW-89-F-H001
Accident Location: Texas State Highway 62, 7 miles south of Buna, TX
Lanes: Two lanes, undivided
Shoulders: Right - 2 feet asphalt and 6-8 feet gravel
Left - 2 feet asphalt and 6-8 feet gravel
Median: None
Features: Straight, level with a 0.35 crown
Date and Time:  December 28, 1988, 9:45 a.m.
Ambient Conditions: Cloudy, dry, 40 °F
Heavy Vehicle Involved: 1979 conventional White Road Boss Il steaight truck carrying
approximately 1,000 pounds of steel
Motor Carder: Southemn State Steel Company
Type of Openration: Interstate, private carrier
Size of Operation: 150 power units
Total Weight of Vehicle: 21,220 pound
Total Length of Vehicle: 32 feet
Other Vehicle: 1977 Oldsiiobile Royale Delta 88 sedan
Truck Fatalities: 0 Truck Injusies: 1
Other Fatalities: 6 Other Injuries: 0

Summary

The northbound truck had begun to decelerate for a passenger car in its !ane that had
decelerated to tum left onto Farm-1o-Market Road 2246. As it decelerated, the truck skidded out
of control for approximately 177 feet, rotated counterclockwise on the 0.35 crown, and was
perpendicular to the traffic lanes when the impact occurred across the centerline in the
southbound lane.

A driver reported that the truck was traveling 50 mph when it collided with the
southbound 1977 Oldsmobile. The Oldsmobile skidded approximatcly 62 feet before impact.
Al impact, the front of the Oldsmobile contacted the right side frame of the truck. The truck
overrode the Oldsmobile, displacing its hood, roof, and all four doors. The truck then overtumed
and slid on its roof for approximately 43 feet before coming to rest upside down. The
Oldsmobile was forced rearward approximately 5 feet from the impact area.

The Oldsmobile was destroyed and all six occupants were killed. The truck sustained
substantial damage, and the unrestrained driver received moderate injuries.

Several bottles of medicine, prescribed to the truckdriver, were found in the truck dunng
the postcrash inspection. The medications were Darvocet-N-100, Hydralazine, Methyldopa, and
Chlordiazepoxide. The truckdriver, who said he had been {aking suti-anxiety drugs and high
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blood pressure medicine for 15 years, stated he 1ook some Methyldopa and Hydralazine the night
before the accident and some Chlordiazepoxide before he left his residence the morning of the
accident. He indicated he took a 25mg dosage of the Chlordiazepoxide at least once a day and
more frequently if he felt an anxiety atteck coming on.

Pharmacy records showed that the truckdriver received prescription medications from nine
different doctors from July 1986 through February 1989. During this period, the truckdriver
purchased 8,296 pills and capsules containing 26 different types of medications.

The Center for Human Toxicology in Salt Lake City, Utah, performed a toxicological
analysis of the truckdrivers blood. The specimen was found to contain 3000 ng/ml of
Chlordiazepoxide, 1400 ng/ml of demoxepam, and 800 ng/ml of desmethylchlordiazepoxide. The
limited volume of blood precluded testing for the presence of propoxyphene and other drugs.
According to the Safety Board's toxicology specialist, the truckdriver had a blood concentration
of Chlordiazepoxide and its metabolites in the high end of the therapeutic range. The Safety
Board's chemist further stated that each of these drugs (Chlordiazepoxide and propoxyphene) can
cause drowsiness or impaired physical and mental abilities.

The truckdriver began his employment with the carrier on December 7, 1988. On
November 29, 1988, the driver was given a preemployment drug screen that retumed positive for
propoxyphene, the narcotic analgesic found in Darvocet-N-100. The driver's physical exam had
a note on it indicating the driver had checked positive for propoxyphene but that he had a
prescription for the medication. His examining physician signed the forr on November 29, 1988,
certifying the truckdriver as physically qualified to drive a commercial vehicle in interstate
commerce. He possessed a valid class A Texas driver’s license. His driving record showed no
violations or accidents in the 3 years before the accident.

The postcrash inspection of the White truck revealed that the steering axle was equipped
with Type 9 single air chambers and 18° wedge brakes that were both past the manufecturer’s
recommended limit of adjustment. The two drive axles had Type 24 air chambers instalted using
S-cams, and all were within the manufacturer’s recommended limits of adjustment. The braking
efficiency was calculated at 0.71.

The White truck originally was manufactured as a 140-inch wheelbase truck tractor by
the White Motor Corporation, with a gross vehicle weight rating of 38,000 pounds. In 1985, the
Commercial Matals Company, the parent company of Soutaem State Steel Company, purchased
the tractor and reconfigured it as a straight truck. Commercial metals stretched the frame by
approximately 16 feet, extending the wheelbase to 234 inches. The empty weight of the
reconfigured straight truck was 20,300 pounds. According to the motor carrier, the truck was
soraetimes used to transport loads up to 20,000 pounds, although its brake system was not
redesigned for this heavier weigh:. Engineers from the White Volvo General Motors Corporation
calculated that the reconfigured straight truck should have been equipped with Type 12 air
chambers and a single nonservo wedge breke on the front axle instead of tho original Type 9
chambers.




Probable Cause
Safety Board determines that the probable cause of this
braking on the steering axle that resulted from improper
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APPENDIX F
CASE SUMMARY 2

Investigation No.: DEN-89.-F-H003 .
Accident Locstion: Colorado Siate Highway 7, 5.5 miles west of Lyons, CO
Lanes: Two lanes, undivided
Shoulders: Right - Varying width gravel
Left - Varying width gravel
Median: None
Feetures: Curves, mountainous, 4.6-percent downgrade
Date and Time: June 2, 1989, 2:18 p.m.
Ambient Conditions: Clear, dry
Heavy Vehicle Involved: 1979 Thomas Built 72-passenger school bus transporting 41 passengers
Motor Carrier: Boulder Valley Scheol District
Type of Operation: Public school student transportation
Size of Operation: 178 power units
Total Weight of Vehicle: Approximately 33,000 pounds
Total Length of Vehicle: 34 feet
Other Vebicle Involved: None
Case Vehicle Fatalities: | Case Vehicle Injuries: 39
Other Fatalities: O Other Injuries: 0

Summary

The school bus was traveling eastbound on State Route 7, en route to Boulder, Colorado.
During the first 2 miles of the trip, the driver placed the bus' automatic transmission in first gear
before reaching a8 mountain summit. She stated that while going downhill on the way to the
summit, the bus accelerated to about 70 mph and that when she applied the brakes, the bus did
not slow. The driver also stated that she smelled the brakes heating up, saw che low air waming
light, and heard the buzzer activate for a few seconds. The wamings stopped on her final climb
to the summit, and the driver decided to begin the 13-mile descent without stopping to check her
brakes.

As the bus descendec the mountain, several passengers reported that the bus tipped up
onto two wheéls in some of the curves. At 8.7 miles into the 13-mile downgrade, the bus entered
a 493-foot radius curve to the left and began rotating counterclockwise about its vertical axis.
This rotation continued as the front of the bus dropped off the road and overtumed. The bus slid
on its roof, struck a large boulder with the left side of the roof, and came to rest on its right side.

A passenger seated in the first row in the right side aisle seat was ejected and received
fatal injuries. Another occupant, who was sitting in the seventh row next to the emergency exit
door, was ejected and received serious injuries. Of the other occupants, 2 were not injured, 32
received minor injuries, 5 had moderate injuries, and 1 other sustained serious injuries. Al
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occupants who were not ejected exited the bus through the rear push-out emergency window and
- front windshield opening.

The front windshield and the window on the emergency exit at row 7 on left side were
displaced. The glass was broken out of two passenger windows on the left side and seven
windows on the right side, but the metal framework remained in place.

The schooi bus was equipped with an air-mechanical S-cam brake system. The Safety
Board exarined the vehicle and found two of the four brakes past the manufacturer’s
recommended adjustment limit and one brake at the limit. These three brakes only had about 1/4
inch of reserve stroke remaining. The out-of-adjustment brakes combined to provide a calculated
cold braking efficiency of 0.64. The limited braking capability of the bus would have ! 1
further degraded by heat that developed during the 8.7-mile descent.

Postaccident testing revealed that the parking biske release valve could be operated only
with considerable difficulty. The driver also stated that other buses she had driven had the
parking brake valve on the right side. On these buses, she normally released the parking brakes
using her foot to push the valve in. Had the parking brakes been on, they probably would have
dragged and heated up even while the vehicle was ascending the initial grade. The bus was not
equipped with an engine retarder. As a result, the automatic transmission would upshift
sufficiently to damage the engine even when the operator selected a low gear, if the engine-
governed speed was exceeded.

The school district's policy was to check the brake adjustments on transit-type buses every
6,000 miles or when requested by the driver. The brakes on the accident bus had not been
checkad during the 6 months preceding the accident. Records revealed that the bus was
scheduled for a 6,000-mile brake inspection the week following the accident.

The school busdriver held a valid Colorado class C driver's license and a school bus
operator's permit. She had 4 years experience driving school buses and had received about 40
hours of school busdrivers training. In the school district's mountain driving training manual,
drivers were instructed to perform a brake inspection before beginning a return trip or at the top
of mountsin passes. Her State driving record showed that she had received one moving traffic
violstion and had been involved in no sccidents in the 3 years before this accident.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was the school busdriver's loss of speed control that resulted from a loss of braking
effectiveness. Braking effectiveness was lost because the brakes were adjusted inadequately and
the bus was operated with the parking brakes on. Contributing to the cause of the accident was
the driver's failure to properly evaluate the low air waming buzzer and the smell of hot brakes
and her choice to continue down the summit without inspecting or adjusting the brakes.
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CASE SUMMARY 3

Investigation No.: SEA-89-H-TBO2
Accident Location: Interstate 225, Aurors, CO
Lanes: Four lanes, divided
Shoulders: Right - 10 feet asphalt
Left - 29 feet asphalt
Median: 60 feet (approximate), with concrete barries
Featurea: Straight, slight downgrade
Date and Time: August 4, 1989, 10:20 am.
Ambient Conditions: Cleas, daylight, dry, warm
Heavy Vehicle Involved: 1987 Intemational cab-over-engine pulling three partially loaded
27-foot van trailers
Motor Carrier: Star Motor Freight, Inc.
Type of Operation: Interstate, common carrier
Size of Operation: 40 power units
Total Weight of Vehicle: 65,260 pounds
Total Length of Vehicle: 98.2 fect
Other Vehicle(s) Involved: 1989 Subaru, 1977 Suzuki MC, 1970
Dodge van, and 1962 Ford Bronco
Truck Fatalities: 0 Truck Injuries: 1
Other Fatalities: 0 Other Injuries: 6

Summary

The accident occurred as the triple trailer combination vehicle approached slowed traffic
while traveling north on Interstate 225, which was congested because of road construction. The
truckdriver noticed a car slowing or stopped in front of him, and he applied the brakes. The
combination went onto the shoulder, struck the guard rail, reentered the traffic lanes, and struck
a Subaru and & Dodge van. The van immediately caught fire. The Subaru then struck a
motorcycle, and the van was pushed into a boat trailer. The combination unit overtumed onto
its right side, and the front of the tractor stck and displaced a concrete barrier in the median.
The truck came to rest on its right side, extending from the median barrier to the W-beam guard
rail on the right shoulder. The combination left 355 feet of preimpact tiremarks, and the front
of the tractor came to rest sbout 730 feet north of these tire marks.

At the time of the accident, the driver was on the return trip of a round trip between
Denver, Coloiado, and Raton, New Mexico, and was about 10 miles from the Denver teriainal.
He had driven all night, traveling about S00 miles in 9 3/4 hours. A witness related that the
combination was traveling at least 60 mph before slowing down. The maximum attainable speed
of the tractor was calculated to be 63 mph.
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The lapbelied truckdriver sustained minor injuries. The Subaru driver received minor
injuries, and the right front passenger had serious injuriss, including a fractured skull. Both were
restrained by lap/shoulder belts. The driver of the Dodge van had minor injuries, and the right
front passenger was treated and released at a local hospital. It is unxnown if they were wearing
restraints. A passenger asleep on the floor of the van sustained first-degree bums, bruises, and
an undisclosed intemal injury. The motorcyclist received bruises and a broken ankle. The Ford
Bronco driver said that he was wearing a lap/shoulder belt; however, the extent of his injuries
is unknown.

The third trailer broke into two pieces and was destroyed. The Subaru and Dodge van
wete destroyed. The motorcycle received damage to the handle bars, gas tank, and fenders. The
Ford Bronco was lightly damaged in the left rear and the boat trailer had light to moderate
damage. The tractor received damage to the lefi front bumper, left leaf spring, and right side of
the cab. The first trailer received light damage to tho right side. The second trailer, damaged
from the rollover, was destroyed by fire.

The carrier began operating in 1956 and received a "satisfactory” rating from the Office
of Motor Carriers in 1988. Two of the carrier's 31 tractors, including the 1 involved in this
accident, were on long-term lease. The carrier was responsible for maintaining all vehicles,
including the leased equipment. The drivers were not required to adjust brakes.

The combination vehicle was equipped with an air-mechanical brake system. Of the 16
brakes on the tractor and trailers, all were S-cam brakes except the 4 on the second trailer and
its converter dolly, which had dual chamber Type 12 wedge brakes with automatic adjusters
installed at each wheel. Four brakes were past the recommended limit of adjustment, while three
more were at the limit of adjustment.

The total braking efficiency for the combination vehicle was calculated to be 0.71, a 0.29
reduction in total braking efficiency. Of the four brakes that were out-of-adjustment, two were
the wedge brakes on the second trailer, which carried the heaviest load. These defective wedge
brakes accounted for 0.26 of the total loss in braking efficiency. Nothing unusual was noted
during brake application timing or air pressure tests.

The driver had 3 years of experience driving tractor treilers and held a current medical
cerlificate. During the past 2 years, he spent about 50 percent of his time deiving "triples.” A
$0-State driver record check revealed that the driver has a cusrent Class A Colorado driver’s
license, which permitted him to operate combination vehicles. He also had an expired Indiana
license and, although he had never held a Calitomia license, was under suspension in California
for failing to pay a 1987 spesding citation. He was suspended in Colorado from February 1984
until August 1987 for driving under the influence of alcohol. The driver had no accidents
recorded in the previous 3 years. ‘.
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Probsble Cause

The National Transportation Safety Board determines that the probable cause of this
accident was the failure of the truckdriver to observe and react to the slowing traffic ahead of
him. Contributing to the severity of the accident was the decreased braking capability of the
second trailer.
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CASE SUMMARY 4

Investigation No.: FTW-89-H-TB06
Accident Location: Interstate Highway 30, Fort Worth, TX
Lanes: Six lanes, concrete divided highway
Shoulders: Right - 10 feet paved
Left - $ fest paved
Median: Concrete barrier
Features; 1,910-foot radius left curve, 2-percent downgrade
Date mid Time: August 18, 1989, 11:55 am.
Ambient Conditions: Clear with dry pavement, 90 °F
Heavy Vehicle Involved: 1981 Freightliner tractor pulling a loaded 45-foot Lufkin flatbed
semitrailer
Operater: Allied Construction Supplies Corporation
Type of Operation: Intrastate, motor carrier
Size of Operation: Four power units
Total Weight of Vehicle: Approximately 77,600 pounds
Total Length of Vehicle: Approximately 55 feet
Other Vehicle Involved: One motorcycle and seven passenger vehicles

Twck Famlities: O Twek Injusfes: 0
Other Fatalities: | Other Injuries: 4
Summary

On August 18, 1989, a 1981 Freightlines tractor departed Dallas, Texas, pulling a Lufkin
flatbed semitrailer loaded with construction supplies. About 11:55 am., the combination unit
entered a construction zone on Interstate Highway 30 near Forrest Park Boulevard in Fort Worth,
Texas, and collided with a motorcycle and seven passenger vehicles that were stopper! due to
congestion in the construction area.

Witnesses stated that the combination unit was traveling westbound at approximately %0
mph in the center lane when the unit moved lefi into the lane nearest the concrete median barrier.
At that point, about 150 to SO0 feet before the impact, the driver’s brake lights came on and he
began sounding his homn. Witnesses also stated that the driver steered into the median barner
before impact in an effort to avoid the collision. There were no preimpact skidmarks. Gouges
in the pavement showed that the combination unit traveled approximately 217 feet after the
impact. The truckdriver stated that he was traveling at 45 to 53 mph and was unable to slow

down in time for the stopped traffic.

The motoscycle was desiroyed and the motorcyclist killed. Six of ths seven passenger
vehicles were substantially damaged, and four of the occupants received minor to moderate
injuries. Damage on the Freightliner was rainor and confined to the front end. The unrestrained
driver of the combination vehicle was not injured. Toxicological testing of the truckdriver's
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blood specimen by the Tarrant County Medical Examiner’s Office was negative for the presence
of alcohol or other drugs.

A postcrash inspection of the combination 'mit's air-mechanical S-cam brake system
i revealed numerous deficiencies. Nine out of the vehicle's 10 brakes were past the manufacturer’s
recommended limit of adjustment. The left forward triiler brake drum was severely grooved, and
the air reservoir on the right side of the tractor was leaking air. Of the nine brakes found
improperly adjusted, four were inoperative and the remaining five Type 30 brake chambers were
incapable of providing braking torque because of excessive pushrod stroke. The adjusting nuts
on the slack adjusters were not visible as they were covered with a heavy coat of old mud and
grease. Title 49 CFR 393.52 requires that a combination unit develop a braking force equal to
43.5 percent of its gross weight; the accident combination unit could only develop a braking force
equal to 7 percent of its gross weight for a calculated braking efficiency of 0.11.

The mechanic for Allied Construction Supplies Corporation stated that he thought the
brakes had been adjusted on the accident tractor and semitrailer about 2 to 3 weeks before the
| accident. He further stated to Safety Board investigators that "one of the carrier's trailers has not
required brake adjustment or maintenance in over 3 1/2 years."

3 Texas statutes required that all vehicles have an annual safety inspection. The truck
/3 tractor and semitrailer were both inspected on July 29, 1989, 20 days before the accident. The
- inspection was performed by Mr. James Comell of J&J Automotive in Seagoville, Texas. On
3 August 22, 1989, another multiple vehicle i1 ury accident ocsurred on U.S. Highvsay 75 in
Richardson, Texas, when a truck tractor and semitrailer failed to stop, striking a line of stopped
traffic. All the truck tractor's brakes were inoperative according to mechanics hived by the police
to perform the postcrash inspection. It was later discovered that Mr. Cornell had also performed
: the annual safety inspection on the Richardson combination unit. Records from the Texas
Department of Public Safety Motor Vehicle Inspection Service showed that this inspector had
been convicted previously for issuing certificates of inspection wirisout perfonning the required

safety inspection.

Allied Construction Supplies Corporation was owned by the truckdrivers father. The
father stated that his son had 4 years of experience as a heavy wuckdriver. Driver record files
from the Texas Department of Public Safety showed that the truckdriver had been convicted of
three speeding violations in the preceding 4 years.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was the inadequate braking capacity of the Preightliner combination vnit that developed
as a result of the motor carrier’s failure to ensure that the truck brakes were properly maintained.
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CASE SUMMARY §

Investigation No.: SEA-89-H-TB04
Accldent Location: Femcroft Road in Mercer Island, WA

Lanes: One lane, private

Shoulders: Right - None

Left - None

Median: None

Features; Curving, 12- to 17-percent downgrade
Date and Time: Septecmber §, 1989, 3:44 p.m.
Ambient Conditions: Clear, daylight, and dry
Heavy Vehicle Involved: 1977 Intemational dump truck fully loaded with asphalt
Motor Carrler: Harms Paving Co,, Inc.
Type of Operation: Intrastate carrier
Size of Operation: Eight power units
Total Weight of Vehicle: 41,720 pounds
Total Length of Vehicle: 25 feet
Other Vehicle Involved: None
Truck Fatalities: O Case Vehicle Injuries: |
Other Fatalitiess 0 Other Injuries: 0

Summary

The truckdriver was “waiting to dump his fully loaded truck. When the crew was ready
for the asphalt load, the driver started his truck, let the air build up for 3 to 4 minutes, and thea
began backing down the 300-foot section of road. The driver stated that part-way down the hill,
he noticed his air pressure dropping and his speed increasing. He believed he was in high range
reverse or possibly in neutral because the transmission had slipped. The driver jumped from the
vehicle before it went off the road, knocked over a large tree, and struck a house. The vehicle
came 1o rest on its left side about 30 fect past the edge of a parking area in front of the house.
The driver raceived a few bruises and abrasions as a result of his jump. No one in the house was
injured.

The vehicle was damaged primarily on the rear and left side. The rear cross member was
severely dented inward as was the left side fuel tank. About 1/3 of the house was destroyed.

When the Safety Board examined the vehicle, investigators found:

The steer axle brakes were not operational.

Three of the remaining four brakes were past the manufacturer’s recommended limit of
adjustment.
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3. The fourth brake was at the limit.

4 Air could not be applied to the service brakes at a pressure greater than 60 psi.

The air reservoir tanks had about 1 1/2 quarts of studge.

The left side of the drive axles had a broken spring hanger.

The leading drive axle had mismatched slack adjuster lengths.

The pushrod was not connected to the slack adjuster on the left side of the leading drive
axle.

Two of the slack adjusters had the wrong size clevis pins.
10.  The dump box was held down by a broken bracket.
11.  The braking efficiency was calculated at 0.51.

The motos carrier had no records of vehicle maintenance except receipts for purchased
parts. When questioned about the brake system, a company representative stated that he believed
the brakes had been adjusted the Saturdsy before the accident. The accident took place on a
Tuesday; the previous Monday was a holiday.

The motor carrier was not keeping a driver's file on the accident driver, and the driver did
not have a medical certificate as required by the State of Washington. On August 4, 1987, the
Washington Utilities and Transportation Commission audited the carrier and found them to be
*in good standing.”

The driver of the dump truck possessed a valid Washington combination dnver's license.
His driving record showed only one violstion for an overweight load and showed no accidents
in the 3 years before the accident. He had been working for the paving company for 1 year and
7 months and had received no formal training in the operation of heavy trucks.

Probable Caase

The National Transportation Safety Board determines that the probable cause of this
accident was the loss of braking capability due to out-of-adjustment brakes and contaminants in
the air system. Contributing to the severity of the accident was the driver's improper gear
selection.
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CASE SUMMARY 6

Investigatieon No.: SEA-90-H-TBOI
Accident Location: State Route 12 outside Rochester, WA

Lanes: Two lanes, undivided

Shoulders: Right - 4.5 feet asphalt

Left - 4.1 feet asphalt

Median: None

Features: Straight, flat, and at grade
Date and Time: November 13, 1989, 12:45 p.m.
Ambient Conditions: Daylight, light mist, about 45 °F
Heavy Vehicle Involved: 1974 Peterbilt in combination with a lightly loaded van trailer
Motor Carrier: CMD Transpostation, Inc.
Type of Operation: Interstate, common carrier
Size of Gperation: 26 power units
Total Weight of Vehicle: 36,800 pounds
Total Length of Vebicle: 57 feet, 1 inch
Other Vebicle Involved: 1983 Lincoln Continental - four door
Truck Fatalities: 0 Case Vehicle Injuries: 0
Other Fatalities: 1 Other Injuries: 0

Summary

The driver of the combination was traveling westbound on the rain-dampened State Route
12 where sight distance was over 0.5 mile. He stated he was traveling around 50 mph when he
saw vehicles stopped in the lane ahead of him. Three passenger vehicles were stopped,; the first
was waiting to make a left turn. The truckdriver stated that as he began braking for the stopped
traffic, he noticed his brakes locking up. He said he let up on the brakes briefly and then
reapplied them, but noticed that his tractor was drifting to the left across the centerline. As his
tractor crossed the centerline, it struck the left side of an oncoming Lincoln, further rotating the
tractor, and pushing the Lincoln off the road into the ditch.

The truckdriver believed that he slowed to about 2 mph at the time of impact and that the
driver of the Lincoln took no evasive action. Road evidence indicated that the combination
vehicle left tiremarks on the asphalt for about 128 feet and traveled only 10 to 15 feet after
impact. The Lincoln left ruts in the shoulder gravel leading into the ditch where it came to rest
about 30 to 35 feet from the area of impact. The driver of the Lincoln was fatally injured; the
truckdriver was uninjured. No toxicological testing was performed on either dnver.

Damage to the tractor was confined to the left front comer of the vehicle. The bumper
was pushed back into the tire, the left front headlight was broken, and an air valve for the stop
light switch was broken. The Lincoln received direct damege on the left side from the front
comer back to the rear axle. The top of the A-pillar was pushed into the passenger compartment
about 18 inches.
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The combination vehicle was equipped with an air-mechanical brake system using S-cams.
No brakes were installed on the steering axle, and none were required because the tractor was
a pre-1980 vehicle. All of the other eight brakes were within the manufacturer’'s recommended
level of adjustment. The time required for the tractor drive axle brakes to reach 60 psi and the
trailer axle brakes to reach 60 psi differed by less than 0.01 second. The threshold pressures for
each brake varied between 4.5 and 5.5 psi. Pressure balance testing revealed no abnormalities.
The braking efficiency was calculated at 0.76.

The driver's logs indicated that he had not worked the 2 days before the accident, that he
had begun work the day of the accident about 8:30 am., and that he had arrived at the terminal
about 7:00 am. The Washington State Patrol recorded the accident as taking place at 12:45 p.m.

The westbound lane of State Route 12 near the accident site appeared to have a coarses
layer of asphalt on the outside or right side wheel path. However, when the surface was tested
with a drag sled, it revesled friction numbers of 0.77g on the lefi and 0.78g on the right wheel
path. The westbound lane had no cross-slope.

The driver of the combination vehicle possessed a valid Class 1 Oregon dniver's license
and a current medical certificate. His driving record showed three traffic violations and two
accidents in the 3 years before the accident. He had been working for the carrier for about 4
years.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was the inattention of the combination driver to the stopped traffic ahead. Contributing
to the accident was the lack of brakes on the steering axle that resulted in the jackknife of the
tractor into the opposing lane of traffic.
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CASE SUMMARY 7

Investigation No.: ATL-90-H-TBOS
Accident Location: U.S. 431, 2 miles south of Phenix City, AL

Laoes: Two lanes, undivided asphalt

Shoulders: Right - 6 feet grass

Left - 6 feet grass

Median: None

Features: Straight, 4.3-percent downgrade northbound
Date and Time: Novembes 15, 1989, 7:52 am.
Ambient Conditions: Cloudy, daylight, and wet
Heavy Vehicle Involved: 1978 Intemational conventional tractor in combination with a loaded

40-foot flatbed trailer

Motor Cariers L & T Trucking Co.
Type of Operation: Interstate carrier
Size of Operation: One power unit
Total Weight of Vehicle: 44,500 pourids
Totad Length of Vehicle: 54 feet, 7 inches
Other Vehicle Involved: 1987 GMC Chassis/Bluebird body 84-passenger school bus
Truck Fatalities: 0 Case Vehicle Injurfes: 1
Other Fatalities: 0 Other Injuries: 3

Summary

The school bus was traveling south on US. Route 431 with 47 students. The driver of
the bus activated the yellow waming li ghts as he prepared to stop to pick up a passengcr at Red
Osk Drive, a private drive that extends west into a residential area. As the school bus stopped,
two northbound combination vehicles approached and the busdriver motioned with his hand for
the vehicles to continue past the bus. The first, a set of doubles, slowed to a driver-reported
speed of 20 mph and proceeded past the stopped school bus. The driver of the second
combination vehicle, the Intemational tractor with the loaded flatbed, stated he was traveling
about 50 mph when he crested the hill about 660 feet from the stopped bus. As the International
driver neared the school bus, the driver observed the red lights flashing on the bus only after the
set of doubles cleared the bus.

Witnesses reporied that the busdriver had not activated his flashing red lights of his stop
sign. When the driver of the International saw the red light, he began braking, and his tractor
began rotating to the left. The driver stated that after he unsuccessfully attempted to stop the
totation, his vehicle crossed the centerline and struck the bus. The tractor and trailer came to rest
in a full jackknifed position in the southbound lane of traffic. The school bus was pushed
rearward and rotated about 80 degrees in & counterclockwise direction.

The unrestrained driver of the International received serious injuries. The lapbelted driver
of the school bus and two passengers sustained minor injuries. A toxicological analysis of the
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Iatemational driver's blood was negative for either drugs or alcohol. Officials reported that the
bus evacuation was orderly and accomplished without any additional injury.

The left side of the Intemstional tractor's cab was damaged from the driver's door
rearward. The rear of the tractor frame was bent forwerd, and the right side of the rear drive axle
also was pushed forward about 6 inches. Yellow paint was found on the rear of the tractor
frame. The school bus was damaged substantially, primarily at the front end. In spite of the
damage, the front door remained operational as did the rear emergency exit.

The combination vehicle was equipped with an air-mechanical S-cara brake system. Of
the 10 brakes on the tractor and trailer, 2 were past the manufacturer’'s recommended limit of
adjustment, one was at the limit, and another was inoperative due to a hole in the diaphragm and
grease-saturated linings. The rear drive axle and both of the trailer axles were found to be in
proper adjustment. These adjustment levels produced a calculated braking efficiency of 0.79.
When interviewed by the Safety Board, the driver of the International tractor stated that he had
adjusted the brakes on the tractor drive axles and the trailer the day before the accident. He
reported that because of & negative experience with grabbing steering axle brakes, he never
checked or adjusted those brakes.

The carrier did not maintain a driver qualification file for the driver. Private garages
performed all maintenance on the carrier's vehicles. In October 1987, the motor carrier was
reviewed for safety compliance by the Office of Motor Carriers (OMC) and received a
*conditional”® rating on May 26, 198¢. The OMC had no record of any follow-up action.

The driver of the combination, who had worked for the carrier for about 6 months,
possessed a valid Alabama chauffeur's license and a current medical certificate. His driving
record showed two traffic violations and no accidents in the 3 years before the accident. He
reported 4 years of experience with combination vehicles but no formal training.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was inattention on the part of the truckdriver. Contributing to the cause of the accident
was the loss of lateral control due to inoperative brakes on the steering axle.
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CASE SUMMARY 8

Investigation No.: SEA-90-H.-TB02
Accident Location: State Route 901 outside Issaquah, WA
Lanes: Two lanes, undivided
Shoulders: Right - 2-10.3 feet asphalt
. Left - 2-5.6 feet asphalt
Median: Non?
Features: Curving, 3- to 6-percent downgrade
Date and Time: November 20, 1989, 6:02 p.m.
Ambient Conditions: Dark, street lights, raining, wet
Heavy Vehicle Involved: 1987 GMC Chassis with Carpenter school bus body
Moetor Carvier: Issaquah School District
Type of Operation: Public school transportation
Size of Operation: 8( buses
Total Weight of Vehicle: 16,660 pounds
Total Length of Vehicle: 35 feet, 2 inches
Other Vehicle Involved: 1985 Ford F250 4x4 pickup
Truck Fatalities: 0 Case Vehicle Injuries: 0
Other Fatalities: 0 Other Injuries: 0

Summary

The driver of the school bus was traveling down a slight grade that curved left. About
625 feet from impact, the driver passed the 30-mph speed limit sign st about 25 mph. A
passenger vehicle was stopped in the bus' lane waiting to make a left turn; & Ford pickup was
stopped behind the passenger vehicle. The busdriver had a view of the stopped vehicles from
about 610 feet. The busdriver stated she first applied her brakes about 100 feet before impact.

According to her statement, the driver continued to brake until the wheels Jocked up and
she felt the rear of the bus begin to rotate toward the centerline. At this point, she let up on the
brakes, realized sho could not stop, reapplied the brakes, and slid into the stopped pickup. No
merks were found on the wet concrete road. No one was injured in the accident, and no
toxicological testing was performed on either driver.

Damage to the school bus was confined to the feft side of the front bumper and the hood.
The right rear portions of the Ford pickup were struck and damaged. Both vehicles were driven
away from the scene.

The school bus was equipped with an air-mechanical brake system using S-cams. All four
brakes were within the manufacturer's secommended limits of adjustment. The difference in
timing for the brakes between the two axles to reach 60 psi was only 0.06 second. The threshold
pressures for each brake did not differ by more than 3.5 psi. Pressure balance testing revealed
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that the bus was also equipped with an automatic limiting valve on the steering axle brakes.
Braking efficiency was calculated at 100 percent.

The limiting valve was not requested by the school district when the bus was ordered.
However, the company that supplied the chassis installed the limiting valve because *it gives
better control in icy conditions.” General Motors Corporation does not install the limiting valve
at the factory unless it is requested by the customer.

The maintenance records for the school district indicated that its buses were in good
condition. At an annual school bus inspection on August 4, 1989, the Washington State Patrol
inspected 75 of the buses and placed 3 out of service. The Washington State Patrol noted in its
report, "Fleet is in excellent condition. Shop crew did a great job maintaining the buses.” The
school district not only regularly checked the adjustment on its brakes, it also conducted road
tests with a deceleromter after every brake repair job.

The driver of the school bus possessed a valid Washington intermcdiate operator’s license
and a current medical certificate. Her driving record showed no traffic violations or accidents
in the 3 years before the accident. She had been working for the school district for 1 year and
had driven over the route many times.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this

accident was the inattentiveness of the school busdriver. Contributing to this accident was the
presence of an automatic limiting valve installed on the bus’ steering axle brakes.
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CASE SUMMARY 9

Investigation No.: SEA-90-H-TBO3
Accldent Location' U.S. 40, 6 miles east of Cumberland, MD
Lanes: Four lanes, divided
Shoulders: Right - 11 feet asphalt
Left - 3 feet asphalt
Median: $ feet, dirt, double W-Beam guardrail
Features: 6.75-percent mountainous downgrade
Date and Time: January 5, 1990, 2:45 p.m.
Ambient Conditions: Mostly sunny, daylight, dry, 45 °F
Heavy Vehicle Involved: 1984 White cab-over-engine in combination with a loaded 53-foot van
trailer
Motor Canter Zerkle Trucking Company
Type of Operation: Interstate, common carrier
Size of Operation: 220 powes units
Total Weight of Vehicle: 77,180 pounds
Total Length of Vehicle: 65.4 feet
Other Vehicle(s) Involved: None
Truck Fatalities: 1 Truck Injuries: 0
Other Fatalities: 0 Other Injuries: 0

Summary

The accident occurred as the combination vehicle was descending a 3-mile mountainous
grade. As the vehicle neared the end of a },146-foot radius curve to the left, it ran off the right
side of the roadway, struck an embankment, and came to rest in a jackknifed position on the
shoulder. Althsugh signs were in place waming of the downgrade, no signs were in place
advising drivers to reduce the speed or gear of their trucks. When a trooper arrived at the scene
about 10 minutes after the accident, he found the tractor brakes to be cold and the trailer brakes
very hot.

The driver was found lying on the roadway near the trailer landing gear. He sustained
multiple head injuries and was pronounced dead at the scene. The driver’s door on the tractor
was found open by the responding state trooper. When examined by the Safety Board, the door
functioned properly with no dumage to the latch plate or door latch.

The tractor cab was damaged primarily around both front headlights, the front bumper,
the windshield, and fuel tanks. The left front brake assembly and the right wheel and brake
assembly were tom off. The trailer's right front comer was damaged.

The tractor and trailer were both equipped with air-mechanical S-cam brakes. The tractor
had manual slack adjusters and the trailer had automatic slack adjusters. The tractor steering axle
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was oquipped with Type 12 brake chambers and the remainder of the tractor and trailer brakes
with Type 30. The pushrod travel for the left front tractor brake could not be measured because
of damage. All the remaining brakes on the tractor were more than 1/4 inch past the
manufacturer's recommended limit of adjustment. All of the trailer brakes were in proper
adjustment.

The trailer wheel drums were examined and dark marks known as “hot spots® were
observed on the inner surfaces. Brake experts who examined photographs of thess marks
estimated the drum temperature at the time of the accident to be between 900°F and 1500 °F.
Without taking the excessive brake temperature into account, the braking system’s efficiency was
calculated to be no more than 64 percent.

The carrier was audited by the Office of Motor Carriers in January 1989 and given a
»conditional® rating. The involved tractor was on long-term lease to the carrier by a private
individual who owned eight tractors. The carrier performed all maintenance on company-owned
vehicles, but the tractor owner was responsible for all maintenance on its vehicles. According
to the truck owner, the driver was responsible for adjusting the brakes or having them adjusted.

The driver had about 21 years of experience driving heavy combinations and was hired
by the current tractor owner sbout 14 months before the accident. It was not determined how
the driver was initially trained when he started driving trucks. The driver held a valid West
Virginia chauffeur’s license and a current medical certificate at the time of the accident. A West
Virginia record check revealed he had one speeding ticket and no accidents in the past 7 years.

A 50-State record check revealed he held only a West Virginia license.

According to the driver's wife, he was aware of a brake deficiency before leaving on this
trip. Another driver for the carrier offered to loan the involved driver a 9/16-inch wrench in
Philadelphia after a comment about the bad brakes. During the driver's first 20 of his 2] years
of experience, his employers did not require their drivers to adjust brakes. Interviews with the
truck owner, the driver's wife, and four other drivers employed by the owner failed to confirm
that the driver actually knew how to adjust brakes. The driver was unfamiliar with this
mountainous section of U.S. 40.

The State of Maryland recorded 25 brake-related accidents on this grade during 1989. As
a result of discussions with the Safety Board, State officials placed three waming signs at the top
of the hill alerting trucks to the degree and length of grade and the need for gear reduction. Only
three brake-related accidents took place in the 8 months after the signs were placed.
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Probable Cause

The National Transportation Safety Board determines that the probable cause of this accidzant
was the lcss of braking capability resulting from out-of-adjustment brakes. Contributing to this
accident was the driver's decision to continue to drive with the full knowledge that he had
inadequate brakes, the failure of the truck owner to ensure tegular brake adjustments were
performed, the driver's unfamiliarity with this mountainous roadway, and insufficient waming
signs at the top of the mountain.
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CASE SUMMARY 10

Investigation No.: SBA-90-H-TBOS
Accident Location: East Smith Street inside Kent, WA

Lanes: Four lanes, undivided

Shoulders: Right - 2-16.3 feet asphalt

Left - 2-5.6 feet asphalt

Median: None

Features: Curving, 6.5-percent downgrade
 Date and Time: FPebruary 8, 1990, 2:05 p.m.
Ambient Conditions: Daylight, dry roadway, overcast, cool
Heavy Vehicle Involved: 1974 Intemational in combination with a loaded long tongue dump

trailer

Motor Carrier: Snowball Trucking, Inc.
Type of Operation: Intrastate, common carrier
Size of Operation: 3 power units
Total Weight of Vehicle: 82,800 pounds
Yotal Length of Vehicle: 65 feet, | inch
Other Vehicle Involved: 1980 Dodge Ram 150 pickup plus 10 other vehicles
Truck Fatalities: 0 Case Vehicle Injuries: 1
Other Ratalities: 1 Othaer Injuries: 7

Summary

The driver of the loaded dump truck and trailer combination was traveling westbound
down the 5- to 6-percent grade with a full load. Sight distance coming down the hill to the
traffic light measured 1,050 feet. East-west traffic was stopped waiting for the light to change
as the out-of-control combination approached the intersection and began striking vehictes. Dirt
and debris were located in the westbound lanes about 95 feet east of the crosswalk. Dual striated
tire marks began about 20 feet west of the debris and continued arcing through the intersection
for 165 feet up to the sidewalk. The combination traveled approximately 103 feet past the
sidewalk before it came (o rest. A 1980 Dodge Ram pickup was found pinned between the front
of the gravel truck and a building. Based on witness statements, the Dodge pickup had been
eastbound in the right lane waiting to make a right tum. Nine other vehicles were identified as
having been damaged during the collision.

The driver of the Dodge pickup received fatal injuries while the driver of the combination
vehicle received disabling injuries. Of the 15 other occupants involved, 1 was reported with &
disabling injury, S with non-disabling injuries, 4 with possible injuries, and $ with no apparent
injuries. No toxicological testing was performed on any of the drivers.

Damage to the dump truck was confined to the front bumper, both front fenders, and the
hood. No damage was noted on the trailer. The front section of the Dodge pickup was fairly
intact, but the passenger compartment was completely crushed. Of the other nine vehicles
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involved, two were destroyed, three received substantial damage, one received moderate damage,
and three received only minor damage.

The combination vehicle was equipped with an air-mechanical brake system. The tractor
had S-cam brakes installed and the trailer was equipped with wedge brakes. Three out of six
brakes on the truck were past the manufacturer's recommended adjustment limits and one was
at the limit; while all four brakes on the trailer were past the limits. One and one-half pints of
oil and water were found in the first air reservoir tank on the truck. Two of the trailer brake
drums and their respective linings were grease saturated. An air leak was found in the brake
service line on the trailer side of the air coupler. When 120-psi air was supplied just before the
coupler, 40 psi was measured at the coupling itself, and O psi was measured at the left rear brake
chamber on the trailer. These conditions combinad to produce a calculated braking efficiency
of 0.27.

The owner of the combination vehicle manufactured the trailer involved in the accident.
He stated that he had built between 8 and 10 trailers, including the 3 that he was using at the
time of the accident. According to the Washington Un'ities and Transportation Commission
(WUTC), which audited the carrier after the accident, the ca-rier had no vehicle condition reports
and was not performing systematic maintenance or inspeciions. The WUTC inspected other
vehicles owned by the carrier and placed the two remaining trucks and one of the two trailers out
of service. One truck was placed out of service due to cracks in frame members. The other
truck was placed out of service with out-of-adjustment brakes, an air leak, and a cracked spning
hanger. The trailer placed out of service had an air leak, a cracked front spring hanger, and
numerous other cracks in the frame members,

Time cards from the carrier indicated that the combination’s driver had worked 27 hours
in the last 8 days and had been on duty about 6 hours at the time of the accident. He possessed
a valid combination endorsed driver’s license and a current medical certificate. His driving record
showed 7 traffic violations in the 3 years before the accident, § of which were moving violations.
There were no accidents on his record. As a result of this accident, he was cited for speeding.
He had been working for the carrier for 7 months.

Probable Cause
The National Transportation Safety Board determines that the probable cause of this

accident was the lack of braking capability of the truck and trailer due to a chronically deficient
carrier maintenance program.
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CASE SUMMARY 11

Investigation No,: FTW-90-H-TB03
Accident Locaion Texas State Highway 48 near Brownsville, TX

Lanes: Two lanes, undivided asphalt highway

Shoulders: Right - 8 feet asphalt

Lefl - 8 feet asphalt

Median: None

Features: 1,423-foot-radius left curve, 6-percent superelevation
] Date snd Time: March 1, 1990, 1:20 pm.
Ambient Conditions: Light rain, wet, wind from 360 degrees, gusts to 25 mph
Heavy Vehicle Involved: 1981 International truck tractor pulling a lightly loaded Trailmobile van
semitrailer
Motor Caner. Industrial Lubricants Co:npany
Type of Operstion: Intrastate, private carrier
Size of Operaion: 38 power units

3 Total Weight of Vehicle: Approximately 32,269 pounds
Total Length of Vehicle: Approximately 55 feet

Other Vehicles Involved: 3 passenger vehicles

! Truck Fatalities: 0 Truck Injuries: 1
Other Fatalities: 5 Other Injurfes: 2
| Summary

About 1:20 p.m. on March 3, 1990, a 1981 Intemational truck tractor was eastbound on
Texas State Highway 48 pulling a lightly loaded Trailmobile van semitrailer. A light rain was
falling and the pavement was wet. Additionally, & crosswind from the north was gusting up to
25 mph. Approximately 4 miles east of Brownsville, Texas, the combination unit began
negotiating a 1,432-foot-radius curve to the lefi. About 200 feet into the curve, the tractor began
rotating counterclockwise into a jackknife. The tractor crossed the roadway centerline,
sideswiping a westbound 1979 Ford LTD. The counterclockwise rotation continued past 90°, and
the tractor’s right front bumper and axle shuck a westbound 1989 Oldsmobile Cutlass. The
Oldsmobile was forced rearward and came to rect on ths notth roadside approximately 50 feet

from the impact area.

The impact with the Oldsmobile displaced the tractor’s front steering axle and the hood ,
i of the tractor cab. From this collision, the jackknifed combination unit continued sliding |
1 eastbound in the westbound lane and struck a westbound 1990 Toyota Camry. At this point the | 4
tractor had rotated into the side of the semitrailer, and the Toyota collided into the rear of the !
tractor’s third axde. The Toyols was pushed rearward about 137 feet and came to rest with the

tractor on the north roadside.

————— e —— 1 -

A westbound witness on SH 48 stated that the passenger cars appeared to be traveling at
the speed limit He indicated that no other vehicles were in front of the combination unit and
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that it appeared to be moving fast when it jackknifed into the opposing traffic lane. The
truckdriver stated that he was driving at 45 to 50 mph in the wet curve when the unit jackknifed.
He added .hat he was neither braking nor accelerating when the tractor spun out. There were no
tire marks on the wet pavement where the initial instability and impact with the Ford occurred.

The Ford LTD received minor damage and neither occupant was injured. The Oldsmobile
was destroyed, and all four occupants were killed. The Toyota was also destroyed; the driver
was killed, and the right front passenger was seriously injured. The Intemational traci; was
destroyed and the truckdriver received minor injuries. Toxicological analyses of the truckeriver's
blood specimen at the Texas Department of Public Safety Laboratory and at the Center for
Human Toxicology were negative for alcohol or drugs.

A mechanical inspection of the combination unit's S-can: brake system revealed numerous
deficiencies. The right side forward semitrailer axle brake drum had been recently tumed up to
Its maximum allowable dismeter. The three air reservoirs on the tractor contained approximately
2 3/4 gallons of oil sludge and water contamination. Of the four brakes that could be checked,
the two on the steering axle wete past the manufacturer’s recommended limit of stroke. The rear
drive axle brakes were so damaged that investigators could not accurately measure the stroke.
All the brakes on the trailer had been backed off during the wreckage reroval. The hning on
the lefl front brake had approximately 3/16 of an inch lateral movement due to installation of an
ircorrect number of washers.

Pressure balance and timing tests revealed a 20- to 25-psi differential between the

reference pressure at the gladhand and the pressure at the semitrailer axles. This differential only
existed during a full, rapid application; during a gradual application, the pressure would equalize.
Several kinks and dents were found in the metal air lines on the semitrailer. Timing tests showed
that the tractor drive axle brake chambers could develop 60 psi in an average of 0.202 seconds;
the semitrailer bral.e chambers developed 60 psi in an average of 0.500 seconds. Calculations
that assumed a proper adjustment for the brakes produced braking efficiency of 0.71.

Maintenance records provided by the carrier showed that the brake linings on the truck
tractor had been replaced and the brakes adjusted } month before the accident. The unit had
accumuluted only 838 miles since the service had been performed.

At the request of Safety Board investigators, the Texas Department of Highway and Public
Transportation performed wet pavement skid testing using the ASTM skid trailer. The tests
showed that the zastbound lefi-wheel path had a wet skid number of 33 at a point approximately
0.2 miles in front of the accident curve. On the immedizte appioach to the curve, the left wheel
path had 2 skid number of 23, and the right whee! path had a skid number of 20. Approximately
150 to 200 feet into the accident curve, five wet skid tests were run: one near the centerline, one
in the wheel paths, one between the wheel paths, one in the area near the white shoulder stripe,
and one on the south road shoulder. The area near the centerline had a skid number of 49; the
left wheel path had a skid number of 27; the right wheel path had a skid number of 29; and the
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arca between the wheel paths had a skid number of 25. The srea next to the white shoulder
stripe had a skid number of 16, and the shouldes had a skid number of 48.

Safety Board investigators assessed the effect that the wet pavement's low and varying
frictional qualities had on the approach to the accident curve. Calculations showed that if the
combination unit was tracking in the extreme right area of the westbound lane wheie the
pavement was the most slippery, approximately 5,163 pounds of force was available to hold the
unit in the curve If the vehicle was traveling at 55 mph, an inertial force of only 4,549 pounds
would be acting on it. For the accident to occur, the unit would have had to become unstable
before the begirning of the curve'’s 6-percent superelevation and would have had to enter the
curve as the wind was gusting to 25 mph. The forces produced would tend to force the
combination unit to the outside of the curve; instead, the combination unit rotated to the inside
of the curve. The only conditions that would rotate the unit to the inside of the curve were the
superelevation on the curve and a braking maneuver.

The truckdriver had been employed at Industrial Lubricants Company since April 13,
1989. He had performed the duties of a truckdriver since June 26, 1989; before that, he had no
experience driving heavy trucks. Driver record files at the Texas Department of Public Safety
showed that the truckdriver had not been iavolved in any other accidents or been convicted of
any moving traffic violations in the preceding 5 years.

Probable Camuse

The National Transportation Safety Board determines that wne probable cause of this
accident was the loss of lateral stability by the Intemational truck tractor. This instability was
caused by two factors: front to rear brake imbalance due to unadjusted brakes on the steering
axle and the poor and varying frictional qualities of the pavement on the curved roadway.
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CASE SUMMARY 12

Investigation No.: SEA-90-H-TB06
Accident Location: West Marginal Way SW, Seattle, WA

Lanes: Four lanes, undivided - -

Shoulders: Right - None, concrgte curb” -

Lefi - None, concrete curb

Median: 11-foot 6-inch, turning lane

Features: Occasional curves and flat
Date and Time: April 24, 1990, 2:16 p.m.
Ambient Condifions: Daylight, dry roadway, clear, warm
Heavy Vehicle Involved: 1972 White Freightliner in combination with a container chassis hauling

an empty container

Motor Cander: Lockwood Trucking, Inc.
Type of Operation: Intrastate, common carrier
Size of Operation: 2 to 3 power units
Total Welght of Vehicle: 24,901 pounds
Total Length of Vehicle: 36 feet, 10 inches
Other Vehicle Involved: 1968 Ford F600 truck with loaded box
Truck Fatalities: 0 Case Vehicle Injuries: 1
Othser Fatalities: | Other Injuries: 0

Summary

The combination vehicle was traveling northbound on West Marginal Way SW in the
outside lane at a driver-reported speed of 35 to 40 mph. After the combination vehicle passed
SW Alaska Street, it struck a 4 1/2-inch-deep hole in the left wheel path of the roadway.
According to the driver’s statement, he lost consciousness and remembers nothing until his
vehicle came to rest. A witness across the street saw the tractor-trailer veer right, cross the curb,
and strike the parked Ford truck. This witness estimated the Freightliner's speed to be “at feast
60 mph.” As the tractor struck the Ford, the Ford's driver was ejected and run over by the trailer
wheels of the combination. The witness also stated that it looked like the driver of combination
was fighting with the steering wheel.

The distance from the center of the hole to the first tiremark on the concrete curb was 104
feet. the distance from the hole to the parked Ford truck measured 194 feet. The front of the
tractor came to rest off the roadway 372 feet from the center of the hole, 178 feet past where the
Ford was parked.

The driver of the combination vehicle received minor injuries while the driver of the Ford
was fatally injured. Toxicological testing on the Ford driver was negative for alcohol or drugs
and on the combination driver was less than 0.001 percent for blood alcohol.
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Damage to the tractor was confined to the front at bumper level and above. The steering
box was also knocked off its mount on the frame. The Ford truck’s front structure was shifted
to the right about 3 to 4 feet. Investigators noted little damage on the Ford truck behind the
firewall.

The combination vehicle was equipped with an air-mechanical S-cam brake system. The
Safety Board found that five out of eight brakes were past the manufacturer’s recommended
adjustment limit, and two others were at the limit. The vehicle had were no steering axle brakes.
Braking efficiency was calculated to be 0.45. The left side of the forvard drive axle was found
to be sliding on its springs about 1 to 1 1/2 inches; this was also the location of the only brake
that was within the manufacturer's recommended limits.

When investigators performed an air application timing for the brakes to reach 69 psi, they
found the trailer brakes were applied 0.43 seconds before the drive axle brakes. The drive axle
brakes applied at 0.82 second; Federal Regulations require that they reach 60 psi in 0.45 second.
The carrier kept no maintenance records and did not require that his driver perform any daily
vehicle inspections.

The Washington Utilities and Transportation Commission (WUTC) bad audited the carrier
many times. This agency reported that the carrier had been cancelled often for numerous safety
and economic violations. At the last attempted inspection (January 17, 1990), the carrier refused
to allow the WUTC access to his records and subsequently received a violation for failing to
comply with an order.

The driver of the Freightliner possessed a valid combination endorsed driver’s license and
an expired medical certificate. His driving record showed 11 violations including 9 separate
defective equipment violations in the 3 years before the accident. His record listed no accidents.
He had been working for the carrier about 4 years, had 3 years of expenience operating a heavy
truck, and had no formal training.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was a loose drive axle. Contributing to the cause of this accident was a hole in the
roadway surface and the reduced braking capability of the tractor and trailer.
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CASE SUMMARY 13

Investigation No.: FTW-90.F-H004
Accident Location: Califomia State Route 168, near Big Pine, CA
Lanes: Two lanes, undivided

Shoulders: Right - varying width gravel

Left - varying width gravel

Median: None

Features: Mountainous, 8-percent downgrade
Date and Time: May 18, 1990, 3:40 p.m.
Ambient Conditions: Clear, daylight, dry, and 76 °F
Heavy Vehicle Involved: 1987 TMC 102 A3 Intercity Coach Bus
Motor Carnvier: Southwest Charter Lines
Type of Opention: Interstate, common carnier
Size of Openstion' 20 intercity coach buses
Total Weight of Vehicle: Approximately 35,500 pounds
Total Length of Vehicle: Approximately 40 feet
Other Vehicle Involved: None
Bus Fatalities: 0 Bus Injuries: 43
Other Fatalities: O Other Injusfes: 0

Summary

About 9:00 am. on May 17, 1990, a 47-passenger intercity coach bus departed Los
Angeles, California, on a 7-day scenic tour of California and Nevada. There were 43 passengers,
a tour director, and a driver on board. The group traveled to Las Vegas, INevada, on the first day.
About 9:00 am., the group deparied Las Vegas on an approximate 325-mile trip to Mammoth
Lakes, Califomia. The tour schedule called for the group to travel through Death Valley but,
according to the busdriver, the tour director suggested they travel on Califomia Route 168
through the Inyo mountains, a more scenic route. The busdriver had never traveled this route
before and was unfamiliar with the mountainous terrain.

The bus traversed the first two mountain passes without incident. About 3:30 p.m., the
busdriver began to descend the 7,271-foot elevation Westgard Pass. Waming signs were posted
at the initial descent indicating that the maximum safe speed was 30 mph and that steep
downgrades and sharp curves were present for the next 9 miles. The downgrade averaged 8
percent in this area. The busdriver used the third gear of his five-speed manual transmission,
which allowed a speed of 34 mph at the engine's maximum govemed speed. He stated that he
had to use the service brakes to maintain speed control for the steep downgrade and sharp curves.

Approximately 5 to 6 miles into the descent, the bus brakes began to overheat and the
spead of the bus increased to about 40 to 45 mph. The driver attempted to downshift to a lower
gear, but his vehicle speed was too great for him to shift out of neutral. The speed of the bus
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increased to about 60 mph, and the bus went out of control in 8 300-foot-radius curve to the left.
The bus traveled across the road and, as the rosd curved back to the right, the bus went back to
the left and sideswiped the rock and dirt cut slope. From here, the bus moved to the right across
the road and came to rest on the north roadside.

At impact, the left front comer of the bus was crushed inward about 15 inches, displacing
the windshield. All of the seven passenger \si~dows on the bus' left side were broken out. Ten
passengers were reportedly ejected out the lefi side windows and windshield area. One ejected
passenger was found near the impact area beneath the rock and dirt cut slope; she died at the
scene. One other passenger also died. Of the 43 surviving occupants, 3 received critical injuries,
3 received serious injuriss, 19 received moderate injuries, and 18 had only minor injuries.

A postcrash examination of the bus interior showed that 10 passenger seat armrests wero
fractured. These appeared to have failed when the right-side passengers were thrown to the lefi.

The bus was equipped with an air-mechanical S-cam brake system. The Safety Board
found that two of the four primary service brakes were past the manufacturer's recommended
limit of adjustment and two were at the limit. One of the brakes at the adjustment limit had
grease contaminated linings. These adjustments produced a calculated braking efficiency of 0.38.
A computer analysis of the brake temperature profile revealed that adequate braking would have
been possible with properly adjusted brakes.

Southwest Charter Lines (SWCL) began interstate charter operations in 1986. They had

safety review audits conducted by the Office of Motor Carrier Safety (OMC) in 1986, 1987, and
1988. In these Safety audits, the SWCL was charged with 1,698 violations of the Federal Motor
Carrier Safety Regulations (FMSCR) and paid $11,650 in civil penalties. After the accident, in
1990, OMC audited SWCL again. OMC found an additional 493 violations of the the FMSCR
and assessed additional penalties. However, OMC gave SWCL a “conditional® safety rating and
allowed them to keep their operating suthority.

Probable Cause

‘The National Transportation Safety Board determines that the probable cause of this
accident was the loss of braking capability that resulted from poorly maintained brakes and the
driver's selection of an improper gear to descend the grade.
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Investigation No.: SEA-90-H-TBO?
Accident Location: 1-45, 4 miles south of Huntsville, TX
Lanes: 4 lanes, divided
Shoulders: Right - 10 feet asg. alt
Lefi - 5 feet asphalt
Median: Grass, 33 feet wide
Features: Straight, 1.3-percent downgrade
Date and Time: May 18, 1990, 5:55 p.m.
Amblent Cooditions: Daylight, rain, warm
tleavy Vehicle Involved: 1983 Mack cab-over-engine in combination with an empty 45-foot
flatoed traifer
Motor Canter. Red Eye Express, Incorporated
Type of Operation: Interstate, contract carrier
Size of Operstion: 7 power wits
Total Weight of Vehicle: 27,590 pounds
Total Length of Vehicle: 56 feet
Other Vehicle Involved: 1988 Ford pickup
Tvuck Fatalities: 0 Truck Injuries: 1
Other Fatalities: 1 Other Injuries: 0

Summary

The accident occurred as the empty tractor trailer combination was southbound on
Interstate 45 during a light to moderate rainfall. The truckdriver was returning to Houston from
Atlington, Texas, on a roundtrip that began at 4 am. He had driven about 420 miles, and had
70 miles remaining to the terminal. The truckdriver stated he was in the right lane when the low
air warning buzzer came on and the tractor started sliding (o the right. The driver tried to regain
control of the combination, but it slid left into the grass median and continued into the
northbound lanes where it struck a Ford pickup truck. Both vehicles came to rest off the east
side of the northbound lanes with the combination unit in s left-hand jackknife.

The unsestrained truckdriver was treated at a local hospital for minor injuries. A blood
sample revealed 0.1 milligram per liter (100 ng/ml) of benzoylecgonine, 8 cocaine metabolite,
in the specimen. The driver said he had taken 1 tablet of codeine about 8 hours before the
accident. The driver of the pickup truck, restrained by a lap and shoulder belt, was pronounced
dead at the scene.

The tractor was destroyed during the collision; the cab was tom off of the chassis. In
addition, the fuel tank on the right side was knocked loose, the steering axle was shified, an
S-cam on the right front brake was bent, and air lines between the cab and chassis were severed.
The flatbed trailer was undamaged. The Ford pickup was destroyed, with major intrusion into
the driver’s companment.
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The truckdriver stated that he had driven heavy trucks since he was 16 although he never
had any formal training. He did not have a current DOT Physical Examination Certificate.
According to a 3-year driving record history from the State of Texas, he possessed a valid Class
A license entitling him to drive combination vehicles. During this 3-year period, he was issued
a citation for speeding and had two commercial vehicle accidents.

The tractor was equipped with an air-mechanical brake system with Type 20 air chambers
on the steering axle, Type 30 springbrakes on the first drive axle, and Type 24 springbrakes on
the second drive axle. Type 30 air chambers with springbrakes were installed on both trailer
axles. Two brakes were past the manufacturer's recommended limit of adjustment, two were at
the limit, and one could not be checked because of damage. Four air leaks were discovered
during the testing. There was a small hole in the bottom of the primary reservoir, a cracked nut
at an inlet fitting to the secondary reservoir, a leak in the emergency line serving the right drive
axle springbrake, and a dry rot crack in the emergency line near the entrance to the right rear axle
spring brake on the trailer. Investigators conducted three air bleed-down tests, and the system
went from 85 psi to zero psi in about $ minutes. About 1.23 gallons of water and grease were
drained from the air system supply tank (wet tank). The braking efficiency was calculated at
0.82.

The driver was employed by Clark Transportation but was on temporary loan to Red Eye
Express. Red Eye did not have a maintenance facility, instead relying on several local garages
located next to Clark Transportation for repairs and servicing. Both carriers had equipment on

long-term lease to Ligon Nationwide. The 1983 Mack tractor was on long-term lease to Ligon
Nationwide and was to be used to haul only Ligon obtained shipments. The accident trip was
an unauthorized load for which Ligon was not notified by Red Eye Express. The driver was not
on the list of Ligon-approved drivers, all of whom were required to go to the Ligon headquarters
for training.

The owner of Clark Transportation told the Safety Boa.d investigator that there was a
driver file on the accident driver, but none was produced. He also stated that the driver had a
current DOT Physical Examination, although the driver stated he did not. The driver also related
that he was not keeping a Driver's Daily Log to record hours of service.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was the driver's loss of control of the combination vehicle. This loss of control was
caused by an emergency application of the springbrakes on the trailer wheels resulting from a
depletion of air in the brake system. Contributing were poor air system maintenance, poor carrier
oversight, and the driver's decision to continue to drive with a known deficiency in the airbrake
system.
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Investigation No.: MKC-90-F-HO11
Accident Location: 1-40 westbound exit ramp to State Highway 9, outside Morrilton, AR
Lanes: One lane, concrete
Shoulders: Right - § feet asphalt
Left - S feet asphalt
Median: None
Features: Straight, 2-percent downgrade for exit ramp,
straight, S-percent downgrade for northbound SH 9
Date and Time: July 24, 1990, 7:10 p.m.
Ambient Conditions: Clear, daylight, dry, and 79°F
Heavy Vehicle Involved: 1972 Motor Coach Industries
Notor Carrier: Big Eye Tour Lines, Inc.
‘fype of Operation: Interstate, charter bus
Size of Operation: Three buses
Total Weight of Vehicle: Approximately 36,500 pounds
Total Length of Vehicle: 40 feet
Other Vehicle Involved: 1979 Ford 9000 Conventional tractor in combination with a partially
loaded flatbed trailer
Truck Fatalities: 1 Case Vehicle Injuries: 12
Other Fatalities: 0 Other Injuries: 1

Summary

A Motor Coach Industries MC-7 43-passenger coach bus was traveling west on Interstate
40 when the driver took the exit for State Highway 9. Passengers stated that as the bus
proceeded down the exit ramp, it slowed some and then passed through the stop sign into the
northbound traffic lane of State Highway 9. Upon entering Highway 9, the bus struck the right
side of a northbound Ford tractor pulling a flatbed trailer. After the collision, the bus and the
tractor trailer traveled across the centerline of State Highway 9, and the combination jackknifed
around the front of the bus. The bus came to rest with the left front in the southbound traffic
lane of Highway 9 and the back across the northbound lane.

The urirestrained busdriver was fatally injured. Of the 40 passengers, | was admitted to
a hospital, 12 were treated and released, and 28 either refused treatment or were not injured. The
unrestrained truckdriver was treated at the hospital and released.

Damage to the bus was confined to the front end, with damage intruding into the driver’s
area no more than 2 feet. The top portion of the bus was shifted 1.5 feet to the right. All
damage to the tractor was on the right rear portions of the cab.

The bus was equipped with an air-mechanical S-cam brake system. Four of the five
brakes that could be checked were found to be past the manufacturer's recommended adjustment
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limit; the fifth was at the limit. These adjustments contributed to the reduced braking efficiency
of 0.65. The trailing tag axle on the bus was equipped with a valve limiting the application air
to 35 psi. The bus owner, who also shared driving responsibilities, relsted that he was unaware
the brakes needed periodic ajustment.

About 2 months before the accident, a private garage had installed brake shoes on both
the steering and drive axles with mismatched friction codes on the drive axle. The bus had been
driven 11,406 miles since the brake shoes had been installed.

In July 1990, the Office of Motor Carriers (OMC) conducted 8 Safety/Compliance Review
on the bus company. OMC determined that the motor carrier was unaware of any Federal Motor
Carrier Safety Regulations and believed that he only had to bo registered with the Interstate
Commerce Commission.

According to the owner of the bus, the busdriver had been picked up the day before the
accident at 7:30 p.m. in Melbourne, Florida. Two sets of logs found in the bus were used to
tecord the owner's driving with one showing the owner driving the night before the accident. No
logs were found for either the driver or the owner the day of the accident. The trip from Tampa,
Florida, to the accident (817 miles) took about 19 hours, and passengers reported that the owner
and the driver alternated driving responsibilities. A passenger reported that v hile the owner was
driving in Memphis, he steered the bus into a left tum lane to avoid hitting a vehicle that had
stopped in front of him for a traffic light.

The driver of the bus had worked part-time for the carrier for about 2 months. The driver
possessed a valid chauffeur's license but had no medical card. He had received formal
truckdriver training at Miami Lake Vocational School and his driving record showed no
violations or accidents in the 3 years before the accident

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was the busdriver's failure to stop at the stop sign for unknown reasons. Contributing
to the accident was the bus' lack of braking capability and the carrier's lack of a proper
preventative maintenance program.
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Investigation No.. FTW-90-F-H005
Accident Location: U.S. Highway 67 at Missouri Route CC, near Festus, MO
Lanes: Four lanes, divided highway
Shoulders: FRight - 10 feet asphalt
Lefy - 1O feet asphalt
Median: Earthen
Features: 4-percent upgrade
Date and Time: September 6, 1990, 7:25 am.
Ambient Conditions: Daylight, clear, dry, 75 °F
Heavy Vehicle Involved: 1982 Mack truck tractor pulling an empty 40-foot dump trailer
Motor Camder. Bross Trucking, Inc.
Type of Operation: Interstate, common carrier
Size of Operntion: 46 power units
Tots? Weight of Vehicle: 29,400 pounds
Total Length of Vehicle: 55 feet
Other Vehicle Involved: 1974 Chevrolet C60 school bus with a Thomas-built body
Twvuck Fatalities: 0 Truck Injuries: 1
Others Fatalities: | Others Injurfes: 12

Summary

About 7:25 am. on September 6, 1990, a 1974 Chevrolet C60, 66-passenger, Thomas-
body school bus, carrying 12 children ages 5-17, was stopped westbound at the red traffic signal
on Missouri Route CC at U.S. Highway 67 near Festus, Missouri. When the signal tuned green,
the school bus traveled approximately S5 feet into the intersection and was struck on the left rear
side by a Mack combination unit traveling north. Witnesses estimated that the truckdriver was
traveling spproximately 45 mph when he ran the red light and struck the school bus. The
truckdriver stated that he was traveling approximately 55 mph when a bee stung him on the right
leg and distracted him, causing him to run the red light. The Mack combination unit skidded
approximately 116 feet before hitting the bus and 36 feet after. The school bus left the impact
area at a 25-degree angle and rotated counterclockwise approximately 120 degrees around its
vertical axis. From the impact area, the school bus traveled another 62 feet to its final position.

A 7-year-old boy seated in the back lefi row was killed at impact. A 7-year-old boy
seated in the back right row received critical injuries, and a 10-year-old giil seated on the right
side of the bus three rows from the rear received serious injuries. The remaining nine students
and both drivers received minor injuries.

A postcrash inspection of the Mack combination unit showed that | of the 10 S-cam
brakes were past the manufacturer's recommended limit of adjustment and 2 were at the limit.
The right front brake lining was saturated with grease, and the left side forward axle brake on
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the semitrailer had a ruptured dizphragm with an excessive air leak. The braking efficiency was
calculated at 0.88.

According to 49 CFR Part 393, all these brake system deficiencies were out-of-service
violations. However, commercial vehicle inspectors listed an inoperative low air warning light
as the only out-of-service brake system deficiency. In addition, the inspectors misidentified five
of the six air chamber sizes on the Mack tractor.

Traffic signal timing sequences provided by the Missouri Highway and Transportation
Department and confirmed by the Safety Board showed that the yellow caution signal for through
traffic on U.S. Highway 67 was 4.5 seconds. As an added safety feature, the signal for traffic
on Missouri Route CC remained red for 2 seconds after the signal on U.S. 67 tumed red to allow
the traffic on U.S. 67 to clear the intersection. This provided a total of 6.5 seconds to avoid
conflict. However, evaluation of the 55 mph limit on the intersection approach indicated that the
yellow caution signal should have been $ seconds and the total time needed 10 avoid conflict was
6.79 seconds. Additionally, it was found that the green signal light for Missouri Route CC lasted
only 8 seconds. The busdriver complained that the green light did not last long enough to make
it acrot - the divided highway. She added that if the bus had been the second vehicle in line at
the signal, the light would have tuned red before she could have cleared the intersection.

Acceleration tests with a similar school bus showed that it took approximately 3.2 seconds
to reach the impact area from the stop line. A time-distance analysis showed that it took the
truckdriver 4.3 seconds to slow from his initial approach speed to the impact area. From this it

can be concluded that the truckdriver did not begin braking until the traffic signal light was red
for at least 1 second.

A postcrash inspection of the Thomas-body school bus showed that at a point 87.5 inches
before the rear of the bus and 64 inches in from the left side, the floor joints failed, leaving &
35-inch long split in the floor across the aisle between rows 8 and 9. The separation reached 3
inches at its widest point.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was the failure of the truckdriver to stop for the traffic light for unknown reasons.
Contributing to the severity of the accident were the misadjusted brakes.
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Investigation No.: CRH-91-H-TB0S
Accldent Location: S.R. 18 in Maple Valley, WA

Lanes: Two ianes, undivided

Shoulders: Right - 4.7 feet asphali

Lefl - 6 feet asphalt

Median: None

Features: Curving, 4-percent downgrade
Date and Time: November 11, 1990, 7.00 am.
Ambient Conditions: Daylight, dry roadway, overcast, 45 °F
Heavy Vehicle Involved: 1986 Freightliner COE in combination with two loaded flatbed trailers
Motor Canier: Strohs Ltd.
Type of Operation: Intrastate, private carrier
Size of Operation: 3 power units
Total Weight of Vehicle: 92,925 pounds
Total Length of Vehicle: 80 feet, 5 inches
Other Vehicle Involved: 1984 Toyota X-tra Cab pickup and Nissan pickup

Truck Fatalities: 0 Case Vehicle Injuries: 0
Otbher Fatalities; 1 Other Injurfes: 0
Summary

The driver of the combination vehicle was traveling westbound on State Route 18 at a
witness-estimated speed of between 55 and 60 mph. He was on a 4-percent downgrade and had
just entered a 1,910- foot-sadius curve to the left. The truckdriver reported that while he was in
the 1,570-foot-long curve, a small eastbound passenger vehicle crossed the centerline into his
lane. He stated that when he swerved to the right to miss the car, his rear trailer tumed over onto
its right side, spilling its load of hay. No witnesses reported seeing any vehicle cross into the
hay truck's lane of travel. Another witness, who saw the trailer before it tumed over, stated she
saw the trailer move toward the guardrail first and then saw the hay come off.

About 220 feet of tiremarks were found in tire westbound lane near the outside fogline.
Following these marks were a few other short tire marks, followed by some gouges in the
asphalt. The distance from the end of these gouges to the final resting place of the Toyota
pickup was about 200 feet. A witness reported that the Toyota was slowing down and pulling
over to the side of the road, attempting to get out of the way of the sliding trailer. The upside
down trailer separated from the first trailer and slid down the roadway, crossing into the
eastbound lane of travel. After striking the Toyota pickup, it continued another 215 feet before
it came 10 rest against the front of a Nissan pickup. Both the combination driver and the Nissan
pickup driver were uninjured; thz driver of the Toyota was fatally injured. A blood samgple from
the combination driver proved negative when tested for alcohol.
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Damage 1o the combination vehicle was confined to the rear of the second trailer. The |
trailer bed had numerous scratches, and the rearend protection bar was bent rearward as was the
right side mud flap bracket. Investigators found abrasions on the right rear tire and rim. The
Toyota was damaged from the left headlight rearward to about the steering column area and back
. to the left rear wheel. The right side of the rear bumper had a dent, and the sidewalls of the right

side tires had some scuff marks.

The combination vehicle was equipred with an air-mechanical S-cam brake system and
an automatic limiting valve. Three out of six brakes on the tractor were past the legal limit of
adjustment; two out of six brakes on the trailers were past the limit and three were at the limit.
A braking efficiency of 0.52 was calculated for the combination vehicle.

U e E U I -

The time difference between the steering and drive axle for the brakes to reach 60 psi was
0.05 sccond. A 0.258-second difference was measured between the drive axles and the first ,
trailer. Timing on the second trailer could not be measured. The threshold pressures for all of |
the brakes varied between 3.5 and 15 psi. The steer axle averaged 13.5 psi, the drive axles 8.5

psi, the first trailer 3.75 psi, and the last trailer 10.5 psi.

* The coupling between the first and second trailer had a manually activated hitch latch that
could be operated by hand and an air-activated locking latch that would engage when the air was
turned on to the second trailer. No scratches or gouges were found on the drawbar eye, and only
one safety chain was present. The bracket on the rear of the first trailer where the safety chain

had been attached was broken.

The Washington Utilities and Transportation Commission (WUTC) audited the carrier in
December 1989 and found several economic violations. WUTC records also indicated that the

carrier had been involved in seven accidents over the past 3 years.

! The driver of the combination vehicle possessed a valid combination-endorsed driver's

. license and a current medical certificate. In the 3 years before the accident, his driving record
showed six traffic violations, all of which were moving violations. His record showed no
accideats. He had been working for the carricr for 2 1/2 years.

Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was that the combination driver quickly swerved the vehicle to the right, causing the
initial instability of his rear trailer. Contributing to the severity of the accident was that the
combination driver failed to properly securs his air locking device on the pintle hook connection
and that out-of-adjustment brakes resulted in reduced braking capabdility.
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Investigation No.: NRH-91-H-TB03
Accident Location: 1-%, 10 miles south of Seattle, WA
Lanes: Eight lanes, divided
Shoulders: Right - 10 feet asphalt
Left - 8 feet asphalt
Median: 18 feet, asphalt, with a concrete median barrier
Features: Straight, 4-percent downgrade
Date and Time: November 19, 1990, 12:10 p.m.
Amblent Conditions: Daylight, light rain, 44 °F
Heavy Vehicle Involved: 1977 GMC conventional tractor in combination with a 41-foot, two-axie
lowboy trailer hauling three forklifis
Motor Canier. Hyster Sales Company
Type of Operation: Intrastate, private carrier
Size of Operation: Four power units
Totl Weight of Vehicle: 66,500 pounds
Total Length of Vehicle: 54 feet, 2 inches
Other Vehicle Involved: None
Truck Fatalities: 1 Truck Injuries: 0
Other Fatalities: 0 Other Injuries: 0

Summary

The combination unit, traveling south on Interstate S in the outside lane during a light
rain, was on a local trip that originated about 3 miles from the accident site. Witnesses reported
that the tractor jackknifed after rounding a sweeping curve to the right and struck the guardrail
on the right side of the roadway. They fusther stated that the front of the tractor went over the
guardrail, and the lefi side of the tractor struck a 18.5-inch-diameter ste¢l support post. The
vehicle continued south and came to rest in a right-hand jackknife position. Two witnesses
believed they saw a car cut in front of the tractor just before the jackknife. During the accident,
the front forklift broke loose and came to rest on the right shoulder, about 55 feet south of the
combination unit. The middle forklift also came loose and was found partially off the right side
of the trailer. The last forklift had shified forward several feet.

The unbelted truckdriver was ejected during the collision and was found across the
guardrail by the right side of the trailer. He sustained blunt trauma injuries to the head, trunk,
and extremities and was pronounced dead at the scene.

The tractor was destroyed during the collision. The tractor's left front was heavily
damaged about 1 foot into the driver's compartment near the "A” pillar.  All the damaged
portions on the left side of the cab were pushed forward. The front axle was displaced during
the collision. The right fuel tank had been dented at an angle of about 15° and had a large cut
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toward the bottom that was about 8 inches long. The hydraulic tilt trailer was undamaged during
the collision.

The carrier was primarily engaged in selling, renting, and servicing forklifts. The carrier
relied heavily upon the drivers to report mainteniance problems and perform preventative
maintenance, including brake adjustments.

The tractor was equipped with an air-mechanical S-cam brake system with Type 9 brake
chambers on the front axle and Type 30 springbrakes on both drive axles. The steering axle had
an automatic limiting valve. Type 24 air chambers were installed on both trailer axles.
Investigators measured brake pushrod travel on all 10 brake chambers and found $ to be past the
manufacturer’s limit of adjustment and 2 at the limit. The Type 9 chambers on the steering axle
were both within 1/4 inch of the adjustment limit. These adjustment levels produced a braking
efficiency of 0.62.

Brake timing tests revealed that the time necessary for the brakes to release from 95 psi
to S psi on the second drive axle averaged 1.54 seconds on the left side and 1.475 seconds on
the right side. The FMVSS 121 standard for release time is 0.55 seconds for a tractor. All other

timing tests fell within normal ranges.

The 50-year-old driver had been employed by the carrier for about 13 years. Most of this
time he worked as a preventative maintenance mechanic, but ke also drove heavy trucks. He had
only driven a conventional tractor and hydraulic tilt-bed trailer combination for the past 6 months.

He had a current Washingion operator’s license with a Class A endorsement permitting him to
operate large combination vehicles. A 50-State record search revealed that he had only a
Washington license. During the previous 3 years, he had one speeding citation and did not have
any accidents.

Probable Cause

The National Transporiation Safety Board determines that the probable cause of this
accident was the truckdriver’s loss of control of the truck. Contributing to the loss of control was
a braking induced jackknife, which resulted from an unbalanced brake system caused by small
front wheael brakes, trailer brakes out of adjustment, improper loading of the forklifts, and slow
brake release timing of the second tractor drive axle.
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PROBABLE CAUSE MATRIX

P = Primary Causal Factor
C = Contributing Causal Factor
§ = Contributing to Severity

Buns, TX
Lyons, CO

' Xurora, CO
Fort Worth, TX
Mercer Is., WA
Rochester, WA
Phenix City, AL
Issaquah, WA
Cumberland, MD
Kent, WA
Brownsville, TX
Seattle(1), WA
Big Pine, CA
Huntswille, TX
Morrilton, AR
Festus, MO
Maple Valley, WA
Seattle(2), WA
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APPENDIX H
HEAVY TRUCK INVESTIGATION DATA COLLECTION FORM
FIVE-AXLE TRUCK BRAKE INSPECTION

Location: Route: Date: Inspec No:
Carrier:
Inter/Intra: Type: Size:
ICC/MC: US DOT: CVSA Date:
Origin: Destination: Distance:
Driver Resp for Adj: Phone: Haz Mat:

Jake: FHWA:
Tretr Y Trctr Make: Cab Type. State Reg:
Steering: Limit Valve: Owned by: Leased:
Tretr VIN: Tractor Tag:

TRACTOR BRAKE COMPONENTS  (2DR = 2nd axle, driver, right side)

Man/Auto Slack Length  Manuf Chamber Size Stroke Inop:
1SL ST: 1SL SL: 1SL SM: 1SL.CS: ISL S: 1L 10:
ISRST; 1SR SL: 1SR SM: ISR CS: ISR S: IR10:
2DL ST: 2DL SL: 2DL SM: 2DL CS: 2DL S: 2L 10:
2DR ST: 2DR SL: 2DR SM: 2DR CS: 2DR S: 2R 10:
3DL ST: 3DL SL: 3IDL SM: 3DLCS: 3DL S: 3L 10:
IDR ST: 3DR SL: 3DR SM: 3DRCS: 3DRS: 3R 10:
Ex Leak: Mod Leak: Minor Leak:

Trir Yr: Trir Make: Trir Type: State Reg:

Tag No: VIN:
FHWA:

Trir2 Yr: Trir2 Make: Trir2 Type: State Reg:

Tag No: VIN: Owned by: Feased:
FHWA:

Owned by: Leased:

TRAILER BRAKE COMPONENTS  (STL = 5th axle, trailer axle, left side)

Man/Auto Slack Length Manuf Chamber Size  Stroke Inop:
4TL ST 4TL. SL: 4TL SM: 4TLCS: 4TL S: 4L 10:
4TR ST: 4TR SL: 4TR SM: 4TR CS: 4TR S: 4R 10:
STL ST: STL SL: STL SM: STL CS: STL S: SL 10:
STR ST: STR SL: STR SM: STRCS: STR §: SR 10:
Ex Leak: Mod Leak: Minor Leak: Brakes At/Past Limit:
Brake OOS Violations: Other out of service:  Truck Out of Service:
Actual Drag:. Actual EfT: 80K Drag:. 80K EfT:

400F Drag: 400F EfT: 400F Drag: 400F EfT:

60OF Drag 600F EfY 600F Drag: 600K Eff:

900F Drag: 900F EfT 900F Drag: 900F EfY:
TTL WGT: STEER: DRIVE: TRAILER:
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910126 (Revised)

Heavy Truck Deceleration Rates as a Function

ABSTRACT

When reconstructing a highway accident
involving 8 heavy truck, an sccurate deceleration
rele is often an elusive plece of the puzzle. This
paper presenls a method for celculaling the
deceleration rale of a heavy truck equipped with en
al-mechanical brake system. Traditionally a
deceleration rate had been more an estmate of
the percent of whee! lock-up based on the brake
adjustment, snd then to the loading
on the axies. Engineers at the National Highway
Traffic Safety Administraion's (NHTSA) Vehide
Research and Test Cenler (VRTC) wrote equations
for two configurations of brake chamber size snd
slack adjuster iangth to describe braking lorquse as
it varies with pushrod stroke. These equations
were developed by means of a regression
analysis, to fit a curve to dynamometer dala
produs<d at the VRTC in East Liberty, Ohlo. Once
this braking torque Is converied to a braking force,
it can be compared to the braking force avaliable
at the Ure/road Interface. This comparison allows
the reconstructionist {o evaluste which wheels will
lock and to calculate an accurate decelerstion rete.

A commonly used brake sizing formuls
provides an sltemative method to calculate braking
force. Comparing the dynamometer data to results
from the brake slzing equation, aflowed the brake
sizing equation to be modified to account for el
verlations of brake component configurations.
Another set of equations slso wiitten st VRTC
enabled the examination of Increased pushrod
stroke due o brake heatling and drum expansion.
When this lempetature effecl ia combined with 8
mathematical model 10 predict brake temperature

ISSN 0148-7191
Copyright 1991 Society of Automotive Engineers

of Brake Adjustment

Ronaid B. Heusser

Nationa! Transportation Safety Board
Seattie, WA

on downgrades, 88 developed through projecis
funded by the Federal Highway Administration
(FHWA), a relisble deceleration rate cen be
calculated for @ heavy truck descending a grade of
variable length and slope.

Computed deceleration rates are compared
to actua! measured rates from stopping tesis of
trector somi-trallers.  These road lests provide
validation for the discussed methods and
demonstrate the expected range of accuracy.

PAST METHODS FOR DETERMINING
DECELERATION RATES

in the field of accident reconstruction, the
deceleration rate of the vehicles Invoilved In the
accident Is many times critical information, needed
in order to perform an accurate analysls. This rate
Is nomally @ percentage of the actual Ure/road
siiding coefficient of friction. With the edvent of
poriable electrical decelerometers, the sliding
coefficient of friction for the tirefroad surface of a
passenger vehicle can be delermined with 8 falrly
high degree of accuracy. Prior to tho avallabiiity of
the decelerometer, the reconstructionist resorted to
using test stops, measuring the distance with 8
bumper gun end the speed with radar, or a drag
sled, In ordér lo determine the tire/road siiding
coefficient of friction. Yel this coefficient of friction
can only be used for reconstruction purposes If it
has been determined tha\ all of the wheels were
locked during the phase of dynamics of Interest. If
none of the wheels were locked, and there was no
braking, then another deceleration rate Is routinely
used to represent the braking of the engine and
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the rolling resislance. It has proven difficult to
place & value on any level of braking In between
the two extremes of tots! lock-up snd no braking.

This problem Is greatly compounded when
a tractor semi-traller Is involved. A typical tractor
semi-tralier has five axies with a total of ten brakes.
Each of these brakes could either be locking s
respeciive wheel, providing no breking at efl, or
slowing is wheel at any level between those
exiremes. Most reconstructionists atiempt to make
en educsated guess st the percent of wheel lockup,
or the level of deceleration based on the tire marks
on the roadway and the adjustment of the brake in
question. Even if the braking torque curves for the
vardous size of brake chambers ere studied, the
aclual emount of braking force or the percent of
wheel lock-up is usually 8 best guass situstion.

Once the percentages of lock-up ere
determined, they are propoitioned based upon the
percent of weight on each of the wheeis. The
resulting figures can then be combined to provide
a fina! deceleration value for the vehicle In
guestion. This Is not 8 precise method, but Is all
that has been available, untili some dyramometer
tests were performed by the National Highway
Traffic Safety Administration's (NHTSA) engineers
at thelr Vehicle Research and Test Center (VRTC)
in East Liberty, Ohio. Two regression equations
were developed which describe the braking torque
for @ 20 square-inch air chamber (type 20) with 8
5.5 Inch slack adjuster, and for 8 30 square-inch alr
chamber (type 30) with 8 6.0 inch slack adjuster,
both st various levels of adjustment. AN of thess
tests were run st 60 mph using @ fully loaded
brake, well bumished lnings, end components

meeting original equipment opedﬂcotions._

The braking torque from these equations s
easily converted o brakin force st the tire/road
interface, which leads directly to the deceleration
rate for the vehicle. This deceleration rete Is
essentisl In the process of any time distance
calculations. Often a reconstrucionist would ke to
caiculate how long R would tske 8 specific
tractor-tralier o stop once the oriver perceives &
certain danger, given the wehicle’s brake
components and adjustments. There sre various
other scenarios which may require analysis. How
much quicker could the vehicie have stopped had
the brakes all been in proper adjustment? Would
the loading on the traller of lack of loading sffect
the stopping distance? Would changing the size of

the bra components Improve the braking
cepability of the vehicle?

Compuler programs are avaligble which
model tractor-treller dynemics and require braking
forces (0 be input for each brake, or st least for
each exie. Without tome proven method for
detemmining these forcey, the computer simulstion
is hmiled to the accuracy of the method used to
determine the braking forces needed.

REGRESSION EQUATIONS

DEVELOPED BY THE VEHICLE
RESEARCH AND TEST CENTER - A
dynamometer was set up at the Vehicie Resesrch
and Test Center In East Liberty, Ohlo lo messure
the braking torque ptovided by two configurations
of an alr-mechanical s-cam braking system. One
was o type 20 chamber with a 6.6 inch slack
adjuster attached to the pushrod, and the other
was @ type 30 chamber using a 6.0 inch slack
adjuster. The breking torque was measured for
various lavels of adjustment on each of the braking
cor:hpsrations. This dats was then examined by
means of regression analysls o find the best curve
fit for the data produced. The curve for the type 20
chamber with a8 5.6 inch slack adjusier was
described by the following equation:

T= 972.268 +308,494.062 - 444,318,844 52
+253,803.031 §% - 50,824.195 5* (1)

where T equsls the braking lorgue in inch-pounds
and S represents the measured pushrod stroke In
inches.

The type 30 chamber with @ 6.0 inch slack
adjuster provided data for the following curve:

T=3,051.859+439,201.5 S~ $39,363.75 52
+263,331.812 53 -45,535.129 8¢ (2

These equations were used es the basis for

the method outined In this paper for
calculating the deceleration rales of heavy vehicles
with an air brake system. The engineers st VRTC
slso measured the incresse In the pushrod stroks
as 8 function of time. These lests were performed
al 60 mph. They found that the longer the brake




rolating, end the pushrod stroke
during ® brake application, this Is referred lo 88 &
dynamic stroke.

TORQUE FACTORS FOR DIFFERING
SLACK ADJUSTERS LENGTHS - The two
regression equations provide & means to calculate
braking forque in @ more exact manner, bul are

adjuster on 8 15 inch dismeter drum and the type
30 chamber with a8 8.0 Inch slack adjuster on @
16.5 inch drum. It appeared thal the torque values
which these equations produced couid be adjusted
to reflect the vadous svallable lengths of slack
edjusiers. Aimost all slack adjusters are
with attachment holes, typicelly spaced
inch apart, where the pushrod I8
Therefore,  seemed reasonsable that
produced from other slack sdjuster

be edjusted from the values calculated from
base length for esch of the two
in the dynamometer work. For
5.5 Inch siack adjuster on the

i
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Table A - Torque Adjustment factors for verious
lengths of slack adjusters.

MODIFIED BRAKE 81ZING EQUATION
CHAMBER S8IZES NOT COVERED IN

sttempt to meet this need.

rearranged traditional "AL Factor” formula, which
was used (o caiculste the braking forces In pounds
(BForce) produced by the s-cam brake:

a&ax?ﬁ‘mx.ﬂg@x%ﬁ‘xl)ﬂd
CamRad x TireRad

Numbers in parenthesis indicate references listed at end of psper




drum, ot {0 Increase this

was oversized. The
(CemRad) is 0.5 Inch, thou

cam with & redius of 0.578

60's and early 70's. Measu

to obisin the roliing redius of the tires

these values can Dbe
tire-manufacturers book, based on

Inflation pressure. Al lengths ere

inches and the forces calculated are in pounds.

The last vakie needed In the above
equation s the pushrod force (PRForce). This was
nommally the product of the chamber area tmes the
appied akr pressure. Thus, for a type 30 al
chamber with 100 psi applied, the pushrod force
would be 3,000 pounds. This Is very idealistio and
does not take into account the brake adjustment or
other losses. Attempts to refine this epproach
utiized what was called the "effective area” of the
chember, which actually reduced the chamber size
by some factor, but still did not include any factor
for the breke adjustment. Graphs for looking up
the pushrod forces were developed by the
Automotive Operations section of Rockwell
Intemational. Values were taken from these
graphs and piaced in the chast formal found in the
appendix. The chart for the type 24 long stroke alr
chamber is 8 result of the author rombining the
vakies from the type 24 and the type 30 chaerts.

chart reflects the smaller chamber
longer stroke of the

chart for the chamber

pushrod force for

t and spplication

In order to check the accuracy of the
revised brake sizing formuls, Eq (4), it was
decided to check the values i produced with those
of the regression equations. When the values from
the brake sizing formula were compared to the
dynsmometer date, i was noted that Eq (4) was
producing values near twice what was measured
on the dynamometer. As a resull, comparison
calculations were made for both of the

tions which the regression equations
chamber with the

Braking Torque, in-lbs. vs, Pushrod Stroke, in.
120,004 s Yk

-
100,000-
-

-
00,000
.
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Pigure | - Type 20 valuss from regression end brake sixing
equations.

methods would be comparing the braking torque.
The graphs comparing the two formulas are shown
in Figures 1 and 2.

Braking Torque, In-bs. vs. Pushrod Stroke, in.
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Figure 2- Yype 30 dvamber values from regression ;nd brake sahg
squations.

As a result of the above gnalysis, it was
decided (o use the single adjustment factor of 0.6
to reduce the values produced by the brake sizing
formuta. A more sccurate representation would be
to use a 0.645 factor for the type 24 and smaller
chambers and a factor of 0.543 for the type 30 and
larger chambers. These faclors ware obtained by
comparing the averages of the results from each

. H the results from the brake slzing
equation ere multipied by the eppropriate factor,
the result will agree with the values produced by
the regression equations. Yet using the 0.6 factor
allows one equation to be used for all chamber
sizes. The 0.8 factor is also plotted on the chart to
show how R agrees with the data. This modified
brake sizing equation I8 shown as Eq (8).




Vatlidation lests with an actusl traclor semi-traller
will be discussed latér in the paper.

2% PRForce % A X LiaF x DRed
- mmﬂ%»u x0.6
(5)

BRAKING FORCE FOR VY/EDGE
BRAKES - An attempl was made o apply the
brake sizing equation, Eq (4), to 8 wedge brake
system. The only changes which needed lo be
made to the brake sizing formula were to replace
the siack adjuster length with the mechanical
advantage of the wedge, and to eliminate the term
for the radius of the cam. The mechanical
advantage of the wedge is described by the
following equation, where "W" equals the angle of
the wedge In degrees:

BForce

i~ iy )

In order to evaluate the brake sizing equation for
its eccuracy at cakculating braking forces on wedge
brake systems, some measured data was needed
for comperison purposes. A NHTSA report
(3)dated Apiil of 1985, recorded the braking forces
produced on a 1977 Intemational conventional
three-axle tractor in five deceleration (lesis at
varying application pressures. These forces were
derdved from a controlled speed change over a
measured Ume. Enough data was found In the
report and from conlacting some of the parlies
involved lo be able to use the brake skzing
equation, and to calculate the braking forces.
When the measured NHTSA data was compared
to the cakulated values, it was noted that the
calculated values were significanlly lower than
what was measured. An adjustment faclor was
applied 1o the brake sizing equation in order o
make the dala agree, as shown in Eq (7). Once
the application pressure wes past the 40 psl level,
the two methods eppeared to begin to converge,
80 it was decided to focus on the upper level of alr
applications. As @ resull of this, a factor of 1.1 was
used for the type 12 chamber and 1.3 was used for
the type 8 chamber.

- zxfﬁmxwﬂxUJxDM

BForce CamRad x TweRad

x Factor

)
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A greph displaying the calculated breking
values with thelr appropriate faclors eppiled,
compared to the measured NHTSA values
included In Figure 3.

Braking Force per Wheel, ibs.
) vs. Application Pressure, psi
4, !

33:’ jfz’""
TSA Data °

k X >
siculated

2
2
i
'

x L1 for TI

$00

10 20 L é0
Application Pressure,psl

Figure 3 - YWedge b rake force comparisons between NHTSA
messurements and ca-ualtions.

In order t0 use the pushrod force charls for
a wedge brake, the pushrod slroke would be
needed. In most cases, this Is nol easy to
determira. If there Is a plug at the back center of
the brake chamber, & rod sealed through o
bushing can be instalied into the back port, and the
travel of the piston can be measured. If this port Is
not available, then the travel must be estimated by
noting the unapplied gap between the kning and
the drum. If the gap Is less than 0.065 inch, then
the brake is in adjusiment and the pushtod travel Is
within the limits of adjustment for the appropriate
glze chamber. if the gap is greater than 0.085
inch, then the stroke Is past the adjusiment Emit.
When the stroke is selecled In order to read the
pushrod force from the charls, an eslimale wil
neod to be made to determine how much the
brake Is beyond adjustment, or how close it is to

ideal adjustment.

TEMPERATURE CONSIDERATIONS

HEAT EFFECTS ON PUSHROD
STROKE - The 8t NHTSA's Vehicle
Research and Test Center aiso developed two
other equations which describe the Increase of
pushvrod stroke in inches, due to the dmum
expansion as & function of heatl and adjustment.
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NHTSA stated that the data used to develop these
equations "was somewhat iimited and the equation
should be used with caution.’(1) These equations
were also written for the seme ftwo brake
configurations as the regression equations. When
the results from these equations were analyzed, it
was found that the stroke began decreasing rather
than continuing 0 increase as the siroke neared is
maximum. The curves did not appear (o
accurately describe the stroke as it approached its
maximum, so they were modified by the author to
reflact 8 more realistic behavior. {t should also be
noted thal the stroke input into the modified heatl
equations Is the dynamic stroke calculated from Eq
(3). Shown below are the original equations which
the NHTSA englneers developed:

For the Type 20 chamber:

S = ColdS + (043 + 0.0007 x (I'-300)) - [ zﬂ.s ]‘
(8)
For the Type 30 chamber:

S = ColdS + [0.64 + 0.0006 % (T-300)) ~ [ za.s ]4
(9)

The deala below show how these equations
produced values which did not accurately reflect
the actual situation of an Increasing stroke until it
reaches the maximum allowed by the chamber and
the piston bottoms out.

Teble B - Type 30 chamber, 16.5 lnch drum,

400°F, snd initlal equation results.

The modified equation for the type 30 chamber
and 16.6 Inch drum, Is shown below followed by Its
resulting dala:

S = ColdS +(0.64 + 0.0006 x (T-300)} -~ [%.%]2-0

(10)

Stroke Increase Increased Stroke
1.76 0.607 2.28
2.00 0.420 242
2.25 0.310 2.56
2.50 0.17¢ 2.68
2.16 0.051 2.76

Table C - Type 30 chamber, 18.5 Inch drum,
400°F, and modified equation resulls.

Increased Stroke
1.89
2.04
2.15
2.19
2.18
2.15

Toblo D Type 20 chamber 15 inch drum, 400°F
and initial equation resuits.

The modified cquation for the type 20 chamber
and 15 inch drum is shown below:

18

(11)

Increased Stroke
1.60 . 1.87

2.08
2.22
2.38
2.42
248

S = ColdS +{0.43 + 0.0007 % (T'-300)] - [ e

Table E - Type 20 chamber, 15 inch drum, 400°F,
and modified equation results.
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The modified equations above provided @
means {0 calculate the effect of heat on both 15
lnch drums and 6.5 Inch drums for type 30 and
type 20 chembers. Since 8 type 16 chamber has
the same maximum stroke as a type 20, and is
usually also mounted on a 15 Inch drum, the
equation for the type 20 configuration should be
used to calculate the expanded stroke for the type
168 chamber. The type 12 and type 8 chambers
were grouped together, since each has the same
maximum stroke and is normally used with the 16
Inch diameter drum. When the author changed
one term In the equation it appearad to account for
the shorer maximum stroke of these two
chambers. The adjusted equation Is shovm below
with some resulis calculated using two different
lemperatures:

Col 28
S = ColdS +(0.30 + 0.0007 x (T'-300)) - [ ;,.‘f]

(12)
increased Stroke
1.38 0.271 1.65
1.50 0.245 1.74
1.63 0.212 1.84
1.75 0.178 1.93
1.88 0.134 2.01
2.00 0.091 209

Table F - Type 9 and 12 chamber data at 400°F

Increased Stroke
1.38 0.411 1.78
1.50 0.385 1.88
1.63 0.352 1.98
1.75 0.317 2.07
1.88 0.274 2.15
2.00 0.230 2.23

Table G - Type 8 and 12 chamber dala at 600°F

The only chamber siza not covered so far is the
type 24. This chamber has both 8 long slroke
model with a maximum stroke of 2.6 inches, and a
regular stroke mode! whose maximum stroke of
2.25 Is the same ss the type 20. The folowing
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shows which equation {0 use when each of the
type 24 chambers is confired with either

commonly used drum slze:

Type 24 fong stroke 15 inch drum - not common -
no equation.

Type 24 long stroke 16.6 Inch drum - use type 30
equation - Eq (10).

Type 24 regular stroke 16 inch drum - use type 20
equation - Eq (11).

(‘g;))e 24 regular stroke 16.5 Inch drum - use Eq

S = ColdS +{0.43 + 0.0006 x (T-300}) - [%%E]n
(13)

The equation above is simply a8 combination

of the type 30 and type 20 modified equations. Il

tes terms for the maximum stroke for the

type 20 chamber and the 16.5 inch drum used in

the type 30 equation. Calculated values from Eq

(13) are shown In Table H. No validation tests

have been run on aclual vehicles at controlled

temperatures to check these equations. Therefore

Eq (10) through (13) should be used with caution
until such tests can be performed.

1.77

inch drum data at 400°F

DETERMINING BRAKE
TEMPERATURES - In order to fully utilize the
equations for predicting the Increased stroke of the
pushrod due lo brake temperatures, a method for
estimating these lemperalures was needed. A
project funded by the Federal Highways
Administration (FHWA), developed the “"Grade
Severity Rating System®, {GSRS) which was
designed to sssist highway engineers in signing
grades In order to reduce the number of heavy
truck runaways on steep downgrades.(d) The
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mathematicel model utifizes the weight and speed
of the truck, slong with the percent of the
downgrade and tha length of the grade that the
vehicie is braking, lo determine the tempersiure of
the brakes. The FHWA published thelr results in
the form of an IBM PC or compatible computer
program and 8 users manual. One of the oulputs
from the program is @ prntout of the temperature of
the brakes on the vehicle et every one-half mile
interval. The original purpose for this work was {0
use the brake temperature estimates to Jetermine
a maximum safe speed for a truck of a spedcific
welght grouping to traverse the downgrade. This
information could be used by highway engineers {0
provide a recommended speed lo Uaffic sbout 1
descend a sleep grade. The signs could then
display information for specific welghts of trucks
and the eppropriate safe descent speed.

Though the intent of the ordginal FHWA
work was not orlented toward heavy truck accident
reconstruction, il cerlainly has application for that
discipline. The program does nol aliow the user lo
Input the condition of the brekes, but assumes that
all of the brakes are doing a proportional smount
(by welght) of the deceleration. If only one-half of
the brekes are operational, then those brakes
working will heat up much faster on a specific
grade when compared to 8 truck with all of the
brakes In proper adjustment. The half that are in
adjusiment and are providing the retarding force
would be doirg something near twice &S much
work as they would if all of the brakes were
operational. (This assumes that the brakes were
capable of doing this much work) In order o
factor this Inlo the GSRS program, the aclual
welght of the truck was adjusled to represent the
increased work demanded of the brakes due (o
some being nonoperational. For instance, if half of
the brakes, as proportioned by the loading on the
axles, were not functioning, then the load could be
doubled I order to represent the Increased
demand for the braking torque needed.

The University of Michigan Transporiation
Research Insthute (UMTRI) in Ann Arsbor has
developed an IBM PC or compatible computer
program which will also predict the lemperature of
brakes, based on a vadety of input. This program
Is more versatle than the FHWA program since il
does take Into account the condition of the brakes
and thelr adjusiment.

if elther of the above programs was used, @
reconstructionist could accurately predict the brake
temperature of a traclor-lraller on a specific
downgrade. The resulting temperatures could be
used {0 calculate the Increased stroke of each
pushrod. This would aliow a8 examination of the
vehicle's braking capability as it progressed down
the hill.

VALIDATION TESTS

TEXAS A & M TESTS - In June of 1890,
the Washington Assoclation of Technical Accident
Investigators (W.A.T.A.l.), the Society of Accident
Reconstructionists (S.0.AR.), and the Texas
Assoclation of Accldent Reconstruction Spedalists
(T.A.AR.S.) gathered at the Texas A & M campus
In College Station for seminars on various accident
reconstruction lop'cs and some testing. One of the
tests consisted of slopping a tractor end
soml-lrailer with s-cam gir brakes and monitoring
the deceoleration rate through various means sl
differing levels of braeke adjustment.  These
measured deceleration rates were compared to
calcuiated rates utilizing the methods presented in
this paper.

A 1990 Cadillac was braked to a slop with
all wheels locked on three different occaslons from
48 and 49 mph to establish a sliding coefficient of
fiction between a passenger car lire and the
paved surface used in the tests. Radar to record
speed and 8 bumper gun to measure Slopping
distance were used which provided an average
coefficlent of fricion of 0.68. A "G-Analyst® (a
three-axis decelerometer) was mounted in the
vehicle and was 8lso used (0 measure the
decelaration rate as all four wheels were locked.
Taking the maximum reading from the G-Analyst,
as previous W.A T.AL tesling (5) has indicated is
accurate to normally 0.02 when compared lo 8
radar and bumper gun tests, provided an average
fiiction factor of 0.72. Another method for
interpreting the G-Analyst data was (o average all
the values above the lowest value between the
peaks on the plotted readout, as pracliced by the
Califomia Highway Palrol Multidisciptinary Accldent
investigation Teams. This method provided an
average coefficlent of fricion for the three stops of
0.63. A Vericom VC-200, another decelerometler,
was also mounied In the Cadillac, and the average
of the three stops of this Instument's average
velues was 0.68. When the average values from




ol four methods are averaged, @ sliding coefficient
of friction for the Cadillac Ure/road surface of 0.68
results. As this portion of the tesling
demonstrates, determining the tire/road siiding
coefficent of fricion for 8 passenger vehicle wilh
all wheels locked Is still a difficult task. Converting
this value to sn accurate sliding coefficient of
friction for a truck tire is even more difficult.

A 1989 Intemalional cab-over-engine
tractor In combination with a loaded 45 foul flatbed
seml-tralier, with a total combined weight of 52,080
pounds, was used in the testing. The tractor
seml-lraller was stopped with all of Its brakes
adjusted properdy. Three tests were performed to
evaluate its actual deceleration rate. Test 1 was
done from 42 mph, test 2 from 50 mph, end test 3
from 49 mph. The varous methods of measuring
the deceleralion and the values produced by each
are Ksted In Table | with the average for each of
the three methods.

Table | - Deceleration values for tractor-trallers
with properly adjusted brakes.

The figures shown In Table | do nol
represent the actual sliding coefficlent of friction for
the truck lirefroad Interface, but the average
deceleration rate for that particular combination
vehicle with ils brakes all adjusted. The tractor
was configured with type 18 alr chambers on the
steering axle, which were not capable of locking
the wheels. Thus the vehicle's braking syslem was
not 100% efficient, and the tire/road coefficent of
friction would be somewhat greater than the values
measured on the G-Analyst or those cakulated
using the Radar/Bumper gun figures.

Other tesls which W.A.T.A.l, has psrformed
(6), -have Indicaled that a heavy Uuck tire
coefficient of fricion on a road surface can be
estimated by taking 85 o 90 percent of the sliding
coefficient of friction of a passenger car tocking all
of its wheels on the same surface. When the
average sliding coefficient of friction for the
Cadillac stopping on the lest surface (0.68) was
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reduced to 85 percent, the value for the truck lire
computed to 0.58. This would be the eclusl
dece’eration rate of the combination vehicle If a¥ of
the wheels were locked. This also s the value
which Is needed to calculate the deceleralion rate
based on the level of brake adjustments.

Figure 4 compares calculated values, 8s
generated by this paper's methodology, to three
methods of empirical testing. The three methods
wero using the radar and bumper gun, the
maximum G values from the G-Analyst, and the
CHP technique of reading the G-Analysi. All of the
methods evalualed the vehicle stopping with 1) all
of the brakes in adjustment, 2) the brakes on the
rear drive-axie of the traclor backed off, and 3) the
brakes on the rear drve-axle and the rear
traller-axie backed off. The modifled brake sizing
equation, Eq (6), was used to calculate the braking
forces for all of the brakes on the tractor and Urailer.

Deceleration Rate, G's vs. Method
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Pigure 4- Comparison of decalarston rates by messursmant

™

The decelaration rates calculaled from the
radar and bumper gun data wore the lowest
values, possibly because of the time Involved In
brake lag. When the treadle valve Is firsl
depressed, the bumper gun is tiggered and ‘he
road surface Is marked. Il appears tha! the brake
lag time would have to be taken inlo account in the
distance traveled to stop. By figuring this as the
slopping distance, it would provide a longer
distance than the actual braking distancs, and thus
would lower the decelerstion rate. The highest
velues were those which resulted from using the
maximum value from the G-Analyst oulpul. Even
though W.AT.ALL tesls indicated that this was
accurate to 0.02g, it eppears thal it might be
somewhat high. The method used by the
Califomia Highway Palrol falls in between the
previous values and seems (o be a reasonable
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aspprosch. The values of deceleration calculated
from Eq (5) fit nicely with the measured data, very
close to right In the middie. No tests were done
with the brakes healed, s0 no conclusions can be
drawn conceming the validity of the heat adjusted
stroke equations. Such tests could be the subject
of fulure research.

NHTSA DATA - Braking distribution tests
on a searies of tractor and semi-traller combinations
were perfcrmed ol the NHTSA's VRTC facility in
East Liberty, Ohlo end were documented In @
reporl dated April 1685 (3). These tesls were a
part of a much lsrger project analyzing the
slopping capablility of alr-braked vehicles. The
braking forces on each axie of the vehicle were
rocorded as the epplication pressures were
changed. A digital comparatoriimer instrument
was used with a fith-wheel measuring system to
measure the time increment for a five mph speed
change during deceleration. Each axe was
evaluated independently at an average speed of
40 mph. Parasitic drag was accounted for and
subtracted from the resulling deceleration values.
The lining temperatures were kept at a constant of
200°F, and five tesls were performed on each axie,
wilth the results averaged. The braking forces were
calculaled from the measured time of the
deceleration and the tolal weight of the
comblination vehicle. This datla provided another
opportunity to check the validity of the methods
presenled in this paper. The NHTSA repor
included enough dats to perform the calculalions
for determining the s-cam braking force at the
varying applicelion pressures using the modified
brake slzing equation, Eq (5). Figure §is a plot of
the NHTSA measured values of braking force
compared to the calculated values from the
modified brake sizing equation. These particular

,3.3"'"3 Force, bs. vs. Application Pressure, psi
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Figure $ - Comparison of $-cam brakieg forces using aalautstions
and NHTSA msssuemants.

values are from a 1975 Intemational tractor In
comblnetion with a 40 fool Tralimoblie flatbed
seml-traller, with a combined welght of 81,000 Ibs.

SUMMARY OF CALCULATION METHOD

1. DETERMINE THE TRUCK
TIRE/ROAD COEFFICIENT OF FRICTION -
This can be done by a varlety of approaches. One
method, and perhaps the most common, would be
to stop & passenger vehicle with gl ils wheels
locked and determine Hs sliding ooefficient of
fiction. This value should then be reduced o 85
percent of s value for the truck tire. The
passenger car value could best be oblained by
using one of the small decelerometers.

2. OBTAIN THE WEIGHT AT EACH OF
THE WHEEL ENDS - Towing the accident vehicle
over a sel of scales provides the most accurate
maethod for finding these values. A set of portable
scales also works well. Another method is o
locate a weight ticket from the accidant trip, if one
Is avallable. The last and least accurate proceriure
Is to reconstruct the welght on each axle based on
weights of the components and the placement of
the load. Ofien, this method Involves estimating
the location of the cenlers of gravity, and may not
be precise enough.

3. MULTIPLY THE TRUCK TIRE/ROAD
SLIDING COEFFICIENT OF FRICTION TIMES
THE STATIC WEIGHT ON EACH WHEEL TO
OBTAIN THE AVAILABLE BRAKING FORCE -
These values would be the maximum braking
forces available at each wheel if it were focked and
skidding. These stlopping tests were briefly
snalyzed for the effect of dynamic welght shift,
using UMTRI's Phase 4 compulerized model for a
combination vehicie simulation. This analysis
showed only 0.01g to 0.04g varation in the
deceleration rate of the test vehicle due to dynamic
welght shift. Therefore it was concluded thal the
welght shift should be consldered only for traclors
with short wheelbases or for loads with high
centers of gravity.

4. DETERMINE AIR CHAMBER SIZE,
SLACK ADJUSTER LENGTH, DRUM
DIAMETER, AND ROLLING RADIUS -~ Al of
these paramelers are needed in order (o calculale
the braking forces for each of the wheels.




5. MEASURE THE PUSHROD STROKE
AT 00 P8I - Usually measuring the stroke (o the
nearast 1/8 of an inch will be accurate enough.
Releasing the springbrakes with elr, rether than
using the caging bolts will provide & more accurate
stroke. Applying the hrakes by hand or using a pry
bar will nol provide acceplable precision. A
portable alr compressor can normally be used.

6. CONVERT THE MEASURED
PUSHROD STROKE TO A DYNAMIC STROKE
- In order to calculate the dynamic stroke, the time
which the breke was applied In the saccident
scenario must be known. This can be detemmined
by estimating the speed which the accident vehicle
was (raveling, and then computing the tme
necessary to skid to 8 slop from that speed. A
deceleration rate is needed In order to calculate
this Ume, and using from 70 to 90 percent of the
aclus! siiding coefficient of fricion between the
truck tire and the roadway is recommended. Once
the time is known, it can be substituted into Eq (3)
to find the Increase In stroke from slalic to
dynamic. For example, the difference in dynamic
stoke between 70 end 90 percent of the
coefficient of friction for a 60 mph stop on a 0.68
tre/road surface would be only 0.041 inch. When
the actual deceleration rate for the vehicle is
calculated, a new time to slop can be computed,
and the Increase In the dynamic siroke can be
figured exaclly i an adjustment Is needed.

7. ADJUST THE DYNAMIC STROKE
FOR HEAT EXPANSION iF THE
TEMPERATURE OF THE BRAKES 1S KNOWN
— Before the modified brake sizing equation I8
used, the pushrod stroke can be adjusted fo
acocunt for any expansion due to hot brakes. This
would be done using the appropriate equations, Eq
(10) through (13), for the size of chamber under
consideration. This must be done with caulion, 8s
there have been no validation tesls run on actusl
vehicles.

8. CALCULATE THE ATTEMPTED
BRAKING FORCE FOR THE APPROPRIATE
CHAMBER SIZES USING THE MODIFIED
BRAKE SIZING EQUATION -~ The modified
brake slzing equation, Eq (6), provides the
attempled braking force at each wheel. This force
is whal the mechanical componenls are capable of
producing. Once this step Is completed, afl of the
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axes should have 8 value of stiempled and
svaliable braking force.

8. COMPARE THE AVAILABLE BRAKE
FORCE TO THE ATTEMPTED BRAKE FORCE
AT EACH WHEEL AND SUM THE SMALLER
VALUE FROM EACH WHEEL - If the avellable
brake force s smalier then the attempled brake
force for @ particular wheel, then the mechanical
components are capable of locking that wheel. If
the attempted brake force Is less than the available
brake force, then that wheel cannol be locked.
The sum of the smaller values from each wheel
represents the actual horizontal braking force
acting on the entire vehicle.

10. DETERMINE THE DECELERATION
RATE FOR THE VEHICLE BY DIVIDING THE
TOTAL BRAKING FORCE BY THE VEHICLE
WEIGHT — When the sum of the smalier braking
forces atl each wheel is divided by the lotal vehicle
welght, the result Is the drag faclor or the
deceleration rate for the vehicie expraessed in units
of g's. The value produced by this caiculation can
be used in time/distance studies, and accident
gnalysis. The whole process can be repesaled
using brakes within the legal adjustment limits to
see what difference there would have been In the
slopping dislance. Also other configurations of
brake components can be analyzed, such as larger
brakes on the steering axle, or longer slack
adjusters.

The above sleps were {ollowed In
daveloping the decelerations rales and the braking
forces labeted as calculated values and graphed in
Figures 4 and 5.

SUMMARY AND CONCLUSIONS

A method for determining the deceleration
rate for a heavy truck, Involving the brake
adjustments and size of components Is now
aveliuble lo the accident reconstructionist. This
procedure allows the analyst o evaluate a variety
of parameters which may be contiibuting factors o
the cause of an accident. The method presented
in this paper provides for @ more analylical process
than has typicelly beon utilized In the past. The
vafidation tests which have been performed
indicatle that the methodology presented Is
representative of actual deceleration rates.
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In order for the procedure to be used under
other circumstances, more testing necds to be
done. Very litde data is avallable on wedge brakes
and thelr assoclated forces. More work needs to
be done to refine the equation as it relates to the
wedge brake system. As these and other tesls are
performed and compearisons are made (o
calculated values, other areas also need
exploration. Actual deceleration tests need to be
made with heated brakes to evaluate the heat
expansion equations. A coefficlent of friction for
the drum-todining surfaces for a grease
contaminated lining, based on a quantifiable
amount of grease, would provide some helpful
figures. More dynamometer work for other sizes
and configurations of air chambers and slack
adjusters, so the remaining regression equations
could be developed, would serve a need.
Hopefully, the community of accident
reconstructionists and researchers will use and
enlarge upon the methods presented in this paper.
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APPENDIX - Pushrod Force Charts - in Pounds
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APPENDIX - Pushrod Force Charts - in Pounds
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APPENDIX - Pushrod Force Charts -in Pounds

Type 16 - Application Pressure, psi
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APPENDIX - Pushrod Force Charts - 1n Pounds

Jication Pressure
1810 2350

1720 2292
1730 2300

1740 2310
1745 2325
1750 2340
1745 2325
1740 2310
1715 2285
1690 2260
1680 | 1965 | 2235
B HT870 1940 281:2210 538104903
1645 2185
1620 2160
1590 2130
1560 2100
0 0
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PHASE 4 COMPUTER SIMULATION DESCRIPTION

The following material is an excerpt from MacAdam, C. C,, Fancher, P. S, Hu, G. T, and
Gillespis, T. D., "A Computerized Model for Simulating the Braking and Steering Dynamics of
Trucks, Tractor-Semitrailers, Doubles, Triples Combination--User's Manual," University of
Michigan Highway Safety Research Institute Report No. UM-HSRI-80-58, 1980.
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2.0 APPLICATION

2.1  Description of the Program

The PHASE 4 program is a time-domain mathematical simulation of a truck/tractor, a
semitrailer, and up to two full trailers. The vehicles are represented by differential equations
derived from Newtonian mechanics that are solved for successive time increments by digital
integration.

The program is written in a generalized fashion to allow simulation of a large number of
vehicle configurations. The first vehicle is the power unit and may be a truck or tractor, both
of which may carry payload. As a single unit with no payload, it is equivalent to an empty truck
or bobtail tractor. With payload, it is a truck, which, with a semitrailer as well, siriulates a car
hauler, dromedary tractor, etc. The second unit is always a semitrailer (i.e., current models do
not include a truck with full trailer). The third and fourth units are full trailers consisting of
semitrailers on either a fixed or converter dolly. Separate payload may be specified for each
trailer.

The truck/tractor unit is distinguished by the fact that it can have only a single front axle
with single tires, and can be arbitrarily steered. All other axles on the vehicle combination can
be represented as single or tandem axles with single or dual wheel sets.

The mathematical mode! (see Appendix B) incorporates up to 71 degrees of freedom. The
number of degrees of freedom are dependent on the vehicle configuration and derive from the
following:

- Six degrees of freedom (three translational and three rotational) for the
truck/tractor sprung mass

Three degrees of freedom for the semitrailer (the three other degrees of freedom
of the semitrailer are effectively eliminated by dynamic constraints at the hitch)

Five degrees of freedom for each of the two full trailers allowed

Two degrees of freedom (vertical and roll) for each of the 13 axles allowed
. A wheel rotational degree of freedom for each of the 26 wheels allowed

The motion of each of the sprung masses is determined from the summation of forces and
moments upon it arising from the tires (acting through the unsprung mass of the axle and
suspension), gravity, and the hitch point constraints. Small angle assumpticns are made in the
implementation of the mathematical equations so that the simulation can be validly applied only
up to 8 maneuver limit at which wheel lift-off occurs.
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22 Uses of the Program

Since PHASE 4 includes the basic features of T3DRS:V1, it can be used to simulate the
following vehicle configurations:

Straight truck, empty and loaded
Bobtail tractor
Tractor-semitrailer (3 to $ axles), empty and loaded
Tractor-semitrailer-full trailer (5 to 9 axles), empty and loaded
Tractor-semitrailer-full trailer-full trailer (7 to 13 axles), empty and loaded
For simulation of braking performance, the program incorporates state-of-the-art
representation of truck air brake systems, antilock wheel control systems, and tire-road friction
models. Typical examples of braking studies for which it can be or has been used are:
1. Stopping distance performance
2. Effects of brake timing
Dynamic behavior in braking
Comparisons of antilock wheel control logic
Influence of tire-road friction coupling

Split friction surfaces

7. Brake proportioning

8. Tandem-axle effects on braking limits

For simulation of comering performance behavior, the program incorporates state-of-the-
art representations of truck tire lateral force characteristics (with roll-off effects during combined
braking), and vehicle suspension properties of significance to comnering behavior. Typical
examples of studies involving comering are as follows:

1. Understeer/oversteer properties of commercial vehicles

2. Determining comering limiis
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3. Assessing tandem-axle effects on comering

4, Jackknife prediction
s. Effects of suspension properties on comering and comering limits
6. Accident simulation

In addition to the above, the program can be opersted open-loop (defined steer angle
inputs) or closed-loop (defined path input), and on roads of specified grade or cross-slope.

The PHASE 4 program is uniquely applicable in directional response studies in which the
influence of the following items are to be considered in detail:

]. Spring force/deflection characteristics (hysteresis and free-play)
2. Brake "fade" -- brake temperature

Brake hysteresis

Load-leveler action in tandem suspensions

Brake proportioning algorithms

Steering system compliance (inputs at the steering wheel)

Frame torsional stiffness

23 Operation

Operation of the PHASE 4 program is accomplished by :ubmission of the necessary job
control instructions followed by a list of input parameters. The specific job control instructions
required are dependent on the user's computer system and whether batch or remote job entry is
being used. However, the input parameter list is common to all and is described in Section 3.0
of this Manual.

The program commences by reading the input list containing parametric data describing
the vehicle configuration, initial conditions, steering and braking inputs, the output desired, and
the road conditions. As input data is read, the data is normally *echoed® as the first pages of
output. At the completion of the input read process, the program calculates necessary properties
of the total vehicle combination and prints a page of output containing a summary of those
vehicle properties. The program then "runs,” solving the differential equations of motion for the
vehicle until the vehicle reaches a full stop, a default stop (such as rollover), or until the
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designated maximum simulation time is reached. At various points during the run, stmulation
output is printed, which (at the option of the user) may include time-based values for the vehicle
jaovon variables, tire forces at each axle, braking conditions on each axle, tire comering
conditions, and the suspension motions and forces.

24 Yaldiy

The validity of PHASE 4, like any computer program, is dependent on the accuracy and
execution of program statements, the capabilities of the simulation models, and the quality of the
vehicle and maneuver descriptions defined by the input data.

Every eftort, of course, is made to ensure that the program statements are correct and
result in solution of the problem (o a reasonable level of precision. The time steps have been
selected so that round-off and truncation errors do not substantially influence the precision of the
calculated results. Nevertheless, if programming errors are discovered, the user should contact
the Physical Fa ‘ors Division, Highway Safety Research Institute, The University of Michigan,
Ann Arbor, Michigan.

The modeling used in the simulation is effectively state-of-the-art, reflecting the most
practical approaches to mathematical representation of commercial vehicles for braking and
handling studies. Over the years, modeling has grown more in sophistication than in detail. For
example, eatly models for truck brake systems extending the mechanical details within the
individual brakes have proven no more capable of predicting braking performance than the “black
box" representation as a pressure-input, torque-output device. Hence, the latter approach was
used in TIDRS: VI, with & substantial saving in the complexity associated with understanding and
using the simulation. With nearly every component model used in the simulation, there are
instances where imore modeling details would be sppropriate for the study at hand; yet, provision
for every instance would result in a simulation for which the input data requirements would be
untenable. To some extent, this dilemma is alieviated in PHASE 4 by including optional features
as means to describe component characteristics in more detail when desired.

Finally, the ultimate determinant of validity is the user supplied input data and the
interpretation applied to the results. Properly used, the program is capable of validly predicting
most aspects 6f braking performance and direct.onal response in maneuvers up to the limits of
wheel lift-off. In the special case where a direct comparison between a vehicle and simulation
(i.e., validation) is intended, an iterative process is often involved as the first comparisons of
simulation and test reveal unexpected differences, which, when examined, are traced to
inaccuracies or efrors in the experimental measurements or program input. Fortunately, the
usefulness of these simulation programs are not dependent on every user going through the same
process. In most applications, the user can assume, for example, a given tier characteristic and
investigate vehicle performance with that tire, knowing that it is typical, but yet, not precisely
equivalent to any specific tire on hand. Much of the utility of computer simulation programs
derives not from absolute prediction of a certain vehicle/test maneuver situation (as required for
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validation), but as a tool for studying generalized performance and sensitivity of performance to
the vehicle parameters. |

In this general sense, the PHASE 4 program can be expected to yield valid measures of
the braking and handling performance comparison when specific vehicle parameters are changed.
The PHASE 4 program has been tested against other simulations, including its predecessors,
which in tum have proven capable of reasonsbly duplicating actual vehicle performance. The
user is referred to the following references for examples of the use and validation of those
programs:

References
Straight Truck Braking 1,2, 25, 21,28, 19, 36, 22, 20

Straight Truck Comering and
Braking 2,29, 36

Straight Truck Cornering 23, 36

Tractor-Trailer Braking 1, 2, 36

Tractor-Trailer Comering and
Braking 2,29, 136

Tractor-Trailer Comenng 26, 36

Tractor-Trailer-Full Trailer
Comering 27, 36

2.5  Modeling Differences Between the TIDRS:V1 and PHASE 4 Simulation Programs

Aside from the additional model options which are available in PHASE 4, the two
principal differences between TIDRS:V1 and PHASE 4 lie in the manner in which (a) the
tractors fifth wheel is modeled in roll and (b) the inclusion of load-leveling action for tandem
suspensions in PHASE 4. In the V1 model, the fifth wheel compliance represented a torsional
coupling between the tractor and trailer sprung masses. No torsional frame compliance in the
tractor was included. In the PHASE 4 model, the fifth wheel is a rigid connection in roll (for
small articulation angles) between the trailer sprung mass and the top of the tractor rear
suspension. The torsional frame compliance included in the tractor links the tractor sprung mass
to the fifth wheel connection. This feature has been added to PHASE 4 to more accurately
represent the observed roll response with tractor-trailer vehicles, although its effect on handling
response is not always significant.
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The load-leveling action which takes place in tandem suspensions during braking and
handling is more accurately represented in the PHASE 4 version. The dynamic load equalization
is now calculated continvously during simulation to achieve a more accurate value for the

instantaneous suspension forces. Both four-spring and walking-beam type tandem suspensions
are available in the PHASE 4 model.
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HEAVY TRUCK INSPECTION PROJECT DATABASE FORM
FIVE-AXLE TRUCK BRAKE INSPECTION

Location: Texas Route: 1-10 Date: 09/20/90 Inspec No: 910

Carvier: Ajax Transportation

Inter/Intra: inter Type: for hire Size: 65

ICCMC: 1X79X4 US POT: CVSA Date; 08/01/89

Origin: TX Destination: TX Distance: 260

Driver Resp for Adj:no  Phone: XOO{-XXX-XXX Haz Mat: no
Jake: no FHWA:

Tretr Yr: 1988 Tretr Make: Mack Cab Type: conv State Reg: TX

Steering: pwr Limit Valve: yes Owaed by: carrier  Leased:

Tretr VIN: IM2AY04Y8JM000000 Tractor Tag: RXOOXXX

TRACTOR BRAKE COMPONENTS  (2DR = 2nd axle, driver, right side)

Man/Auto Slack Length Manuf Chamber Size Stroke Inop: 0
1SL ST: man ISLSL:55 ISLSM: ISLCS:20 1SLS:1.38 1LI0O: ok
ISRST: man  ISRSL:5.5 ISRSM: 1ISRCS:20 1SRS:1.38 1RIO: ok
2DL ST: man  2DL S1L:6.0 2DL SM: 2DL CS: 24LS 2DL S: 1.25 2L 10: ok
2DRST:man 2DRSL:6.0 2DR SM: 2DR CS: 24LS 2DR S: 1.50 2R IO: ok
DL ST: man 3DLSL:6.0 3DL SM: 3DL CS:24LS 3DL S: 1.25 3L 10: ok
JDRST: man 3DRSL:6.0 3IDRSM: 3DR CS: 24LS 3DR S: 1.25 3R10: ok
Ex Leak: 0 Mod Leak: 0 Minor Leak: 0

Trir Yr: 1988 Trir Make: Aztec  Trir Type: flat State Reg: TX

Tag No: 36R985 VIN: 1AZBM2A34 Owned by: carrier Leased:
FHWA: 6-90

Trir2 Yr: Trir2 Make: Trir2 Type: State Reg:

Tag No: VIN: Owned by: Leased:
FHWA:

TRAILER BRAKE COMPONENTS (5TL = 5th axle, trailer axle, left side)

Man/Auto Slack Length Manuf Chamber Size  Stroke Inop: O
4TL ST: man, 4TL SL:6.0 4TL SM: 4TLCS:30 4TLS:225 4LI10: ok
4TRST: man 4TRSL:6.0 4TRSM: 4TRCS:30 4TRS: 200 4R10: ok
STLST: man STL SL:6.0 STL SM: STLL.CS:30 STLS:1.75 SLIO: ok
STRST: man STRSL:6.0 STRSM: STRCS:30 STRS: 1.50 SRIO: ok
Ex Leak: 0 Mod Leak: 0 Minor Leak: 0 Brakes At/Past Limit: 2.00
Brake OOS Violations: 0.00  Other out of service:0.00 Truck Out of Service: no
Actual Drag: 0.56 Actual Eff: 1.00 80K Drag: 0.48 80K EfT: 0.86

400F Drag: 0.56 400F EfY: 1.00 400F Drag: 0.40 400F EfY: 0.72

600F Drag: 0.52 600F EfY: 0.92 600F Drag: 0.33 600F Eff: 0.59

900F Drag: 0.41 900F EfY: 0.72 900F Drag: 0.22 900F EfY: 0.40
TTL WGT: 32280 STEER: 9920 DRIVE: 13760 TRAILER: 8500
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FEDERAL MOTOR CARRIER AIRBRAKE REGULATIONS

$393.52 Brake performance.

(a) Upon application of its service
brakes, a motor vehicle or comblnation
of motor vehicles must under any con-

i,

§ 393.52

ditlon of loading In which It Is found
on a public highway, be capable of —

(1) Developing a braking force at
least equal to Lhe percentage of its
gross weight specified in the table in
paragraph (d) of this section;

(2) Decelersting to a stop from 20
miles per hour at not less than the
rate specified In the table in pan-
graph (d) of this section; and

(3) Stopping from 20 miles per hour
in & diztance, measured from the point
at which movement of the service
brake pedal or control begins, that s
not greater than the distance specified
in the table In paragraph (d) of Lhls
seclion.

(b) Upon application of its emergen-
cy brake system and with no other
brake system applied, s motor vehicle
or combination of motcr vehicles
must, under any condition of loading
in which It is found on a public high-
way, be capable of stopping from 20
miles per hour (n a distance, measured
from the point at which movement of
the emergency brake contro! begins,
that ts not greater than the distance
specified In the table in paragraph (d)
of this section.

(¢) Conformily to the stopping-dls-
tance requirements of paragraphs (a)
and <b) of this section shall be deter-
mined under the following conditions

(1) Any test muat be made with the
vehicle on a hard surface that is sub-
stantislly level, dry, smooth, and free
of loose material,

(2) The vehicle must be In the center
of a 12-foot-wide lane when the test
begins and must not deviate from that
lane during the test.

(d) Vehicle brake performance table:

Sawvice broks systome

Braking
kroe o4 & Oecalery-
o n
o
combingion
weight
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§511.121 Standazd No. 12); Alr brake sys-
temas.

81. Scope. This standard estab-
lishes performance and equipment re-
quirements for braking systems on ve-
hicles equipped with air brake sys-
t2ms.

83. Purpose. The purpose of this
standard is to {nsure safe braking per-
formance under normal and emergen-
¢y conditions.

8). Application. This siandard ap-
plles to trucks, buses, and trallers
equipped with air brake systems. How-
ever, it does not apply to:

(a8} Any traller that has a width of
more than 102.36 inches with extenda.
ble equipment in the fully retracted
position and s equipped with (wo
short track axles In a line across the
width of the traller.

{d Any vehicle equipped with an
axle that has a QAWR of 290,000
pounds or more;

(¢) Any truck or bus that has a speed
attainable in 2 miles of not more than
33 mph;

(d) Any truck that has a speed at-
tainable In 2 miles of not more than 48
mph, an unloaded vehlele welght that
Is not less than 96 vpercent of Its
OVWR, and no capacity to carry occu-
pants other than the driver and oper-
ating crew;

{¢) Any traller that has a QVWR of
more than 120,000 pounds and whose
body conforms to that described in the
definition of Heavy hauler irailer set
forth in 84;

(f) Any traller that has an unloaded
vehicle weight which Is nol less than
#8 percent of its GVWR,; and

(g) Any load divider dolly.
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Notwithstanding any languag
contrary, seclions 83.3.1,

8533 85311, 85113 A.
85.7.3(a) and 83.7.3(b) of this standard
are not applicable to trucks and trall-
ers, and section 85.3.1 of this standard
is not applicable to buses.

84. DeNnilions.

Agricullural  commodily  (railer
meant & traller that lIs designed to
transport bulk agricultural commod-
ities in of(-road harvesting sites and to
a processing plant or storage location,
as evidenced by skeletal construction
that accommodates harvest contain-
ers, & maximum length of 38 feet, and
an arrangement of alr control lines
and regervoirs that minimizes damage
in field operatlons,

Alr brake sy3fem means & system
that uses alr as 8 medium for trans-
mitting pressure or force from the
driver control to the service brake, but
does not include a syztem that uses
compressed alr or vacuum only to
assist the driver In applylng muscular
force Lo hydraulic or mechanical com-
ponentas.

Antilock system means a portifon of a
service brake system that automatical-
ly controls the degree of rotational
whee) slip at one or more road wheels
of the vehicle during braking.

Aulo transporier means a truck and
s tratler designed for use in combdina.
tion to transport motor vehlcles, In
that the towing vehicle ls designed to

cargo at a locatlon other than
the fifth wheel and to load this cargo
only by means of the towed vehicle,

Container chossis {ratler means a se-
mitratler of skeleton construction lim-
ited to a bottom f{rame, one or more
axles, specially bullt and fitted with
locking devices for the transport of
intermodal shipping containers, 8o
that when the chassls and contalner
are assembled, the unils serve the
same function as an over the road
traller.

Heavy Rauler tratler means a traller
which has one or more of the follow-
ing charscteristics, but which is not a
container chassls traller:

(1) Its brake lines are designed o
adapt to separstion or extiension of
the vehicle frame; or

(2) Its body consists only of & plat-
form whose primary cargo-carrying

49 CFR Ch. V (10-1-91 Edition)

surface Is not more than 40 Inches
sbove the ground In an unlosded con-
ditlon, except that it may inciude sides
that are designed to be easily remov-
able and a permanent ‘“front end
structure” as that term is used in
§ 393.108 of this title.

Initial dbrake lemperalure means the
average temperature of the service
brakes on the hottest axle of the vehl-
c}e 0.2 mile before any brake applica.
tion.

Intermodal shipping  conlainer
means a reusable, transportabdle enclo-
sure that is especially designed with
integral locking devices for securing
the container to the traller to faclli-
tate the efficient and bulk shipping
and transfer of goods by, or between
various modes of transport, such as
highway, rail, sea and alr.

Load divider dolly means a traller
composed of a traller chassls and one
or more axles, with no solid bed, body,
or contalner attached, and which is de-
signed exclusively to support a portion
of the load on a traller or truck ex-
cluded from al) the requirements of
this standard.

Pulpwood (railer means a traller
that ts designed exclusively for har-
vesting logs or pulpwood and con-
structed with a skeletal frame with no
means for attachmen! of s solid bed,
body. or contalner, and with an ar-
rangement of air control lines and res.
ervolrs designed to minimize damage
in ofil.road operations.

Skid number means the frictional re-
sistance of a pavement measured in ac-
cordance with American Soclety for
Testing and Materials Method E-274-
70 (as revised July 1974), at 40 m.p.h,
omitting water delivery as specified In
parsgzaphs 871 and 7.2 of that
msthod.

Straddle trafler means a traller that
is designed to Lransport bulk agricul-
tural commodities from the harvesting
location as evidenced by s framework
that is driven over the cargo and lift-
ing arms that suspend the cargo for
trana't.

85. Requirements. Each vehlcle
shall meet the following requirements
under the conditions specified in 88.

851 Required eguipment—irucks
and duses. Each truck and bus shall
have the following equipment:
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85.1.1 Afr compresor. An alr com-
pressor of sufficlent capacity to in-
crease sair pressure in the supply and
service reservolrs {rom 85 pounds per
square Inch (ps.i) Lo 100 psit. when
the engine s operating at the vehicle
manufacturer's maximum recommend-
ed r.p.m. within a time, in seconds, de-
terrined by the quotient

(Actual reservolr capaclly x 23Y/Required
reservolr capacity.

£85.1.2 Reszrvofrs. One OF more serv-
fce reservolr systems, from which alr is
delivered to the brake chambers, and
either an automatic condensate drain
valve for each service reservolr or &
supply reservelr beiween the service
reservolr system and the source of alr
pressure.

£5.1.21 The combined volume of
all service reservoirs and supply reser-
volrs shall be at least 12 ilmes the
combined volume of all service brake
chambers at maximum travel of the
plstons or diaphragms. However, the
reservolrs on the truck portion of an
auto transporter need not meet this
requirement.

85.1.2.2 Each reservoir shall be ca-
padble of withstanding an internal hy-
drostatic pressure of five times the
compressor cutout pressure or 500
p.s.i.. whichever is greater, for 10 min-
utes.

85.1.23 Each service reservoir
system shall be protected against Joss
of alr pressure due to fallure or leak.
age In the system between the cervice
reservoir and Lhe source of alr pres-
sure, by check valves or equivalent de-
vices whose proper functioning can ¢
checked without disconne~ting any air
lne or fitting.

85.1.2.4 Each reservolr shall haves
condensate drain valve that can be
manually operated.

85.1.3 Towing vehicle proleciion
system. 1f the vehicle is intended to
tow another vehicle equipped with air
brakes, & system to protoect the alr
pressure in the towing vehicle from
the effects of a loss of air pressare in
the towed vehlcle.

85.1.4 Prejsure gauge. A pressure
gauge In each service brake system,
readily visible to a person sexled In
the normal driving position, that Indl-
cates the service reservolr system alr
pressure. The socuracy of the gauge
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shall be within plus or minus 7 percent
of the compressor cul-out pressure,

85.1.5 Waming signal A slgnal,
other than s pressure gage, that gives
a continuous warning to a person in
the normal driving position when the
ignition is In the “on’ or “run” posi-
tion and the alr pressure (n the service
reservolr system is below 80 psf. The
signs) shall be elther visible within the
driver’s forward field of view, or both
audible and visible.

55.1.8 Antilock warning signal A
signal on each vehicle equipped with
an antilock system that gives a contin-
usous warning to & person In the
normal driving position when the igoi-
tion is In the “on” or “‘run” position In
the event of a total electrical fatlure of
the antllock system. The signal shall
be elther visible within the driver’s
forward field of view or both audible,
for a duration of at least 10 seconds,
and continuously visible. The signal
shall operate in the specified manner
each time the Ignition is relumed to
the "on’ or “‘run” position.

85.1.7 Service Urake slop lamp
switch. A switch that lights the stop
lamps when the service brake control
{s statically depreased to & point that
produces a pressure of 8 ps.l. orlessin
the service brake chambers.

85.1.8 Brake disirtdulion. Each ve-
hicle shall be equipped with a service
brake system acting on all wheels,

83.2 Regquired eguipment—trailers.
Each trajler shall have the following
equipment:

85.2.1 Reservoirs. One or more res-
ervoirs to which the alr ls dellvered
from the towing vehicle.

85.2.1.1 A reservoir shall be provid-
ed that is capable, when pressurized to
90 pal., of releaslng the vehicle's
parking brakes at least once and that
i{s unaffected by a loas of alr pressure
in the service brake system.

£5.2.1.2 Total service reservolr
volume shall be at least eight times
the combined volume of all service
brake chambers at maximum travel of
the »istons or diaphragms. However,
the reservoirs on & heavy hauler trail-
er and or the tnailer portion of an
auto trans,. . ter need not meet this
requirement.

85.2.1.3 Each reservolr shall be ca-
pable of withatanding ar internal hy-
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drostatic pressure of $00 pasl for 10
minutes.

83.2.1.4 Each reservolir shall have a
condensate drain valve thal can be
rmanuslly operated.

85.2.1.5 Each service reservolr shall
be protected agalnst loss of air pres-
sure due to fallure or leakage In the
system between the service reservolr
and its source of air pressure by check
valves or equivalent devices.

85.2.2 Brake disiridbution. Each
traller shall be equipped with a service
brake system acting on all wheels.

88.3 Service dbrakes—road lests. The
service brake aystem on each truck
and bus ghal), under the conditions of
£6.1, meet the requirements of 85.3.1,
55.3.3, and 85.3.4 when tested without
adjustments other than those specl-
fied in this standard. The service
brake system on each trailer shall,
under the conditions of 868.1, meet the
requirements of 853.2, 8533, and
85.3.4 when lested without adjust-
ments other than those specified In
this standard. However, a heavy
hauler traller and the truck and trall-
er portions of an auto lransporter
gsee;i not meet the requirements of

85.3.1 Slopping distance-—-trucks
and buses. When stopped six times for
each combination of welght, speed,
and road oondition specified in
85.3.1.1, In the sequence specified (n
Table I, the vehicle shall stop at least
once in not more than the distance
specified In Tuble I, measured {rom
the point at which movement of the
service brake control begins, without
any part of the vehicle leaving the
roadway and without lockup of any
rheel at speeds above 10 mph except

or-

(a)} Controlled lockup of wheels al-
lowed by an antliock system, or

(b) Lockup of wheels on nonsteers-
ble axles other than the two rearmost
nonliftable, nonsteerable axies on a

vehicle with more than two nonsteers-

ble axles.

TasLE ]-8STOPPING BEQUENCE

1. Burnish.

2. Contro) traller service brake stope at 80
mi/h (for truck-tractors tested with a oon-
trol trafler {n acoordance with 84.1.10.8).

49 CFR Ch. V (10-1-91 Editien)

3. Control traller emergency brake stops
at 80 mish (for Lruck-tractors tested with a
controt tratler In sccordance with 86.1.10.7).

4. Btops with vehkle at gross vehlicle
welght nating:

(s} 20 mi/h service drake stops on skid
number »f 81.

(b) 80 mi/h service brake stoos on skid
number of 81.

{¢) 20 mi/h service brake stops on skid
number range 30.

(d) 20 mi/h emergency brake stops on skid
number of 81.

(¢) 60 mi/h emergency brake stops on skid
number of 81.

8. Parking brake test with vehicle joaded
Lo gross vehicle welght rating.

6. S8tops with vehicle at unloaded weight
plus $00 1b:

(a) 20 ml/h service brake stops on skid
number of 81.

(b} 80 mi/h service brake stops on skid
number of 81.

¢¢) 20 mi/h service brake stops on skid
numbdber range 30.

(34) 20 mi/h emergency brake stopo on shid
number of 81.

(¢) 80 mi/h emergency brake stops on skid
number of 81.

7. Parking brake test with vehicle at un-
loaded welght plus 500 tb.

85.3.1.1 Stop the vehicie from 60
m.p.h. and 20 m.p.h. on a surface with
a skid number of 81, and from 20
m.p.h. on a wet surface with a skid
number of 30, with the vehicle (a)
loaded to its gross vehicie welght
rating, and (b) at its unloaded vehicle
welght plus 600 pounds (including
driver and instrumentation). I the
speed attainable In 2 miles {s less than
60 m.p.h., the vehicle shall stop from a
speed In Table 11 that is 4 to 8 m.p.h.
less than the speed attalnable {n 2
miles.

TABLE 1—-STOPPING DASTANCE N FEET

A No.
non
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85.3.2 Stopping capability—trail
ers. When tested at each combination
of weight. speed, and road condition
specified In 85.3.2.1, In the sequence
specified in Table I, with alr pressure
of 0 pad. in the control line and serv-
lce reservolr system and with no appli-
cation of the towing vehicle’s brakes, a
traiter shall stop without any part of
the traller leaving the roadway and
without lockup of any wheel at speeds
above 10 m.p.h., except for

(a) Controlled lockup of wheels al-
lowed by an antilock system, or

(b) Lockup of wheels on nonsteers-
ble axles other than the two rearmost
nonliftable, nonsteerable axles on &
traller with more than two nonsteera-
ble axles, or

(c) In the case of an axie systein
having more than four wheels, lockup
of any wheel other than the outer-
mest wheel at each end of the axle
system.

85.3.2.1 Stop the vehicle from 60
m.p.h. and 20 m.p.h. on a surface with
skid number of 81, and from 20 m.p.h.
on & wel surface with a skid number of
30 with the vehicle (a) toaded to its
gross vehicle weight rating, and (b) at
{ts unloaded vehicle welght plus 800
pounds (including $nstrumentation).

85322 When stopped In accord-
ance with 85.3.3, a pulpwood traller
need not meet the requirements relat-
ing to wheel lockup, but must never-
theless meet the requirements of stay-
ing within the 12-foot Jane.

£5.2.3 Brake aciuation time. Each
service brake system shall meet the re-
quireraents of 85.3.2.1, except that, at
the optlon of the manufacturer, vehl-
cles manufactured before May 3, 1991
may meet the requirements specified
in either §5.3.3.2 0r 853.3.3.

£5.3.3.1(a) With an initial service
reservolr system alr pressure of 100
pa.l.. the alr pressure in each brake
chamber shall, when measured from
the first movement of the service
brake contro), reach 60 pasl In not
more than 0.45 second in the case of
trucks and buses, 0.50 second in the
case of trallers, other than traller con-
verter dollies, designed to tow another
vehicle equipped with air brakes, 0.85
second In the case of traller converter
dollies, and 0.60 second in the case of
trallers other than trailers designed to

tow another vehicle equipped with air
brakes. A vehicle deslgned to tow an.
olther vehicle equipped with alr brakes
shall meet the above actuation time
requirement with a 50-cuble-inch Lest
reservolr connected to the control line
output coupling. & traller, including a
traller converter dolly, shall meet the
above actuation tlme requirement
with its control line Input coupling
connected to the test rig shown in
Figure 1.

(b) For a vehicle that is manufac-
tured after May 3, 1991 and is de-
slgned to tow another vehicle
equipped wilth air brakes, the pressure
in the 80-cublc-inch test reservolr re-
ferred (o In 85.3.3.1(n) shall, when
measured from the first movement of
the service brake control, reach 80
p.sl. not later than the time the fast-
est brake chamber on the vehicle
reaches 60 psl or. at the option of
the manufacturer, in not more than
0.35 second in the case of trucks and
buses, 0.55 second In the case of traller
converter dollles, and 0.50 second In
the cae of trailers other than traller
converter dollles.

8%5.3.3.2 (Oplional requirement for
vehicles manw/aclured defore May 3,
1991.) With an initial service reservolr
system alr pressure of 100 p.s.l, the alr
pressure in each brake chamber shall,
when measured from the first move-
ment of the tervice brake control,
reach 60 ps.d. In not more than 0.45
second In the case of trucks and buses,
and 0.60 second In the case of trailers.
A vehicle designed to tow another ve-
hicle equipped alr brales shall meet
the above actuation time requirement
with a 80-cublc-inch test reservolr eon-
nected to the control line output cou-
pling. A traller, including & tratler con-
verter dolly, shall meet the above ac-
tuation time requirement with its con-
trol llne fnput coupling connected to
the test rig shown In Figure 1.

8%5.3.3.3 (Optional requiremenl for
vehicles manuwfactured before May J,
1991.) With an Initial service reservoir
system alr pressure of 100 p.s.t, the alr
pressure in each brake chamber shall,
when measured from the first move-
raent of the seivice brake oonirol,
reach 60 pal. In not more than 0.45
second In the case of trucks and buses,
0.35 second In the case of traller con-
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verter dollles, and 0.30 second i(n the
case of trallers other than traller con-
verter dollles. A vehicle designed lo
tow another vehicle equlpped with alr
brakes shall meet the above actuation
time requirement with a §0-cublie-Inch
test reservolr connected to the control
line output coupling. A trailer, includ-
ing a tratller converter dolly, shall
meel the above actuation time require-
ment with its controt Hne input ccu-
pling connected to the test rig shown
In Figure 1(a).

8334 Brake release (lime. Each
service brake system shall meet the re-
quirements of 85.3.4.1, except that, at
the option of the manufacturer, veh!-
cles manufactured before May 3, 1991
may meet the requirements specified
{n elther 85.3.4.2 or 85.3.4.3.

85.3.4.1(a) With an Initial service
brake chamber alr pressure of 85 ps.i,
the alr pressure in each brake cham-
ber shall, when measured from the
{irst movement of the service brake
control, fall to 5 pa.i. in not more than
0.55 second In the case of trucks and
buses, 1.00 second In the case of trail-
ers, other than trailer converter dot-
lies, designed to tow another vehlicle
equipped with afr brakes, 1.10 seconds
in the case of trailer converter dollies,
and 1.20 seconds (n the case of trailers
other than traliers designed to tow an-
other vehicle equipped with air brakes.
A vehicle designated to tow another
vehicle equipped with air brakes shall
meet the above release time require-
ment with a 50-cudlc-Inch test reser-
voir connecled to the control line
output coupling. A traller, Including a
traller converter dolly, shall meet the
above release tlme requirement with
its control line Inpul coupling connect.
ed Lo the test rig shown In Pigure 1.

{b) For vehicles designed to tow an.
other vehicle equipped with afr brakes,
effective May 3, 1991, the pressure {n
the b60-cubic-inch test reservior re-
ferred to in 835.3.4.1(a) shall, when
measured from the first movement of
the service brake ¢control, fall to 6 pal.
in not more than 0.95 seconds in the
case of trucks and buses, 1.10 seconds
in the case of treller converter dollfes,
and 1.00 seconds In the case of trallers
other than traller converter dolilles.

85.3.4.2 (Optional requiremeni for
vehicles manwaclured before May J,

49 CFR Ch. V (10-1-91 Edition)

1989 With an initial service brake
chamber air pressure of 85 ps.d., the
alr pressure In each brake chamber
shall, when measured from the first
movement of the service brake control,
fal) to § ps.i. in not more than 0.56%
seconds In the case of trucks and
buses, and 1.20 seconds in the case of
trallers. A vehicle designed to tow an-
olther vehicle equipped with afr brakes
shall meet the above release time re-
quirement with a 60-cublc.inch test
reservolr connected (o the control line
outpul coupling. A trailer, Including a
trailer converter dolly, shall meet the
above release ume requirement with
its control line Input coupling connect-
ed to the test rig shown in Figure 1.

85.3.4.3 (Oplional requirement for
vehfcles manuwfactured before May 3,
1991 With an ipitlal service brake
chamber air pressure of 95 ps.i., the
air pressure in each brake chamber
shall, when measured from the first
movement of the service brake control,
fall to 5 ps.t. in not more than 0.5%
seconds In the case of trucks and
buses, and 0.65 seconds in the case of
trallers. A vehicle designed to tow an.
other vehicle equipped with air brakes
shall meet the above release time re-
quirement with a S50-cubdblc-inch test
reservolr connected to the control line
output coupling. A traller, including a
traller converter dolly, shall meet the
adbove release time regu'rement with
its control Hine fnput coupling connect.
ed to the test rig shown In Figure 1(a).

854 Service brake syslem-dyna-
momeler lests. When tested without
prior road testing, under the condi.
tions of S56.2, each brake assembly
shall meet the requirements of 85.4.1,
55.4.2, and 854.3 when tested In se-
quence and without adjustments other
than those specified in the siandard.
For purposes of the requirements of
835.4.2 and S$5.4.3, an average decelera-
tion rate s the change in velocity di-
vided by the deceleration time meas-
ured from the onset of deceleration.

85.4.1 Brake retardation force. The
sum of the retardation forces exerted
by the brakes on each vehicle designed
to be towed by another vehicle
equipped with alr brakes shall be such
that the quotient
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sum of the brake retardation forces/sum of
OAWR's

relative to brake chamber alr pressure,

shall have values not less than those

shown in Column 1 of Table HI. Re-

tardation force shall be determined as

follows:

TASLE BI—BARAXE RETARGATION FORCE
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85%5.4.1.1 After burnishing the brake
pursuant to §6.2.6, retain the brake as-
sembly on the Inertia dynamometer.
With an initial brake temperature be-
tween 125° F. and 200° P, conduct a
stop from 50 m.p.h., mainilaining brake
chamber afr pressure at a constant 20
p.s.l. Measure the average torque éex-
erted by the dbrake from the time the
specified alr pressure Is reached until
the brake stops and divide by the
statlc loaded tire radius specified by
the tire manufacturer Lo determine
the retardation force. Repeat the pro-
cedure six times, Increasing the brake
chamber air pressure by 10 ps.i. each
time. After each stop, rotate the brake
drum or disc until the temperature of
u&; brake falls to between 125 F., and
200" P.

8%.4.2 Brake power. When mounted
on an Inertla dynamometer, each
brake shall be ~apadble of making 10
consecutive deelerations at an aver-
age rate of 9 {.paps from 50 m.p.h. lo
15 m.p.h., at equunl intervals of 73 sec-
onds, and shall be capabdble of deceler-
ating to a stop from 20 m.p.h. at an av-
erage decelerstion rate of 14 f.pspas. 1
minute after the 10th deceleration.
The series of decelerations shall be
conducted as follows:

854.2.1 With an initial brake tem-
peralure belween 150' P, and 200° F.
for the first brake application, and the
drum or disc rotating at a speed equiv-
alent to 60 m.p.h., apply the brake and
decelerate al an aversge decelenation
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rate of ¢ fpsps. to 18 mp.h. Upon
reaching 18 m.p.h., accelerate to 60
m.p.h. and apply the brake for a
second time 72 seconds after the start
of the first application. Repeat the
cycle unti! 10 decelerations have been
made. The service llne air pressure
shall not exceed 100 ps.l. during any
deceleration.

85.4.2.2 One minute after the end
of the last deceleration required by
85.4.2.1 and with the drum or disc ro-
tating at a speed of 20 m.p.h., deceler-
ate to & stop at an average decelera-
tionrate of 14 f.pspas.

85.4.3 Brake recovery. Starting 2
minutes after completing the tests re-
quin:d by 85.4.2, the brake of a vehicle
other than either front axle brake of a
truck-tractor shall be capable of
making 20 consecutive stops from 30
mph at an average deceleration rate of
13 ft/s/s, at equal intervals of 1
minute measured from the start of
each brake application. The service
line alr pressure needed to stlain a
rate of 12 ft/s/s shall be not more
than 8% I1b/in?® and not less than 20
Ib/in? for a brake not subject (o the
control of an antilock system, or 12 1b/
in? for brake subject to the control of
an antilock system.

856 Anillock system.

855.1 Anlilock system failure. On s
vehicle equipped with an antllock
system, electrical fallure of any part of
the antilock system shall not increase
the actuation and release times of the
service brakes.

85.6.2 Antilock system power—irail-
ers. On a tratler equipped with an antl-
lock system that requires electrical
pewer for operation, the power shall
be obtained from the stop lamp cir-
cult. Additional circults may also be
used to obiain redundant sources of
electrical power.

85.6 Parking brake syslem. Each ve-
hicle other than a (raller converter
dolly shall have a parking brake
system that under the coniditions of
88.1 meets the requirements of 85.6.1
or 8562 at the manufacturers
option, and the requirements of 85.6.3,
85.68.4, 8568, and 85.6.8. However, the
traller portion of any agricultural
commodity trafler, heavy hauler trail-
er, or pulpwood traller, shall meet the
requirements of this section, or, at the
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option of the manufacturer, the tre
quirements of § 303.43 of this title.

88.6.1 Static reltardation [force.
With all other brakes rendered inoper-
ative, during a stetic drawbar pull in a
forward or rearward direction, the
static retardation force produced by
the application of the parking brakes
shall be:

(a) In the case of 4 vehicle other
than a truck-tractor that is equipped
with more than two axles, such that
the gquotient

slatic relardation force/QAWR

is not less than 0,38 for any axle other
than s steerable front axte; and

(b) In the case of a truck-tractor
that is equipped with more than two
axles, such that the juotient

static retardation force/GVWR

ia not less than 0.14.

88.6.2 Grade holding. With all
parking brakez applied, the vehiole
shall remain stationary facing uphill
and facing downhill on a smooth, dry
portiand cement conorete roadway
with a 20-percent grade, both (a) when
loaded to its gross vahicle weight
rating, snd (b) at its unloaded vehiole
weight plus 500 pounds (including
driver and {nstrumentation).

85.6.3 Application and nolding. Raoh
parking brake system shall meet the
requirements of 8846.3.1 through
85.6.3.4, except that, at the option of
the manufacturer, the parking brake
system In each vehlicls manufsctiized
before December #. 1991 may meet
either those requireraents or the re-
quirements specified in 83.6.3.8.

85.0.3.1 The parking brake system
shall be capable of achieving the mini-
mum performance specified either In
88.6.1 or 84.6.2 with any zingle leak.
age-type failure, in any other brake
system, of a part deslgned to contain
compressed alr or brake fluid (exzlud-
ing failure of a component of a brake
chamber houwsing but including fallure
of any brake chamber diaphragm that
is part of any other brake aystem in-
cluding s diaphragm which is common
to the parking braice system and any
other brake system), when the pres-
sures in the vehiole's parking brake
omhamss towan; are at the levels Getermined
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85.6.3.2 A mechanical means shall
be provided that, after a parking bruke
application Is made with the pressures
in the vehicle's parking brake cham-
bers at the levels determined In
88.6.3.4, and all alr and fiuid pressures
in the vehlcle’s braking systems are
then bled down to zero, and without
using electrioal power, holds the park-
ing brake anpllcation with sutficient
parking retardation force to meet the
minimum performance specified In
88.6.3.1 and In either 84.6.1 or 85.6.2.

85.6.3.3 For trucks and buses, with
an initial reservol aystein pressure of
100 pel and, if designed to tow a vehi-
cle equipped with alr brakes, with s 30
oublc inch test reservo’: connected to
the supply line coupling, no later than
three seconds from the time of agtu-
ation of the parking brake control, the
mechanical means referred to in
35.6.3.2 shall be actusted. For trallers,
with the suppiy line initially pressur-
ired to 100 pst using the supply line
portion of the traller test rig (Figure
1} and, Hf designed to tow a vehicle
equipped with air brakes, with a 50
cuble inch test reservolr connected to
the rear supply line coupling, no later
than three seconds from the time
venting to the atmosphere of the front
supply line coupling is inltiated, the
mechanical mesns referred to In
88.6.3.2 shall be actuated. This re-
guirement shall be met for trucks,
buses and trailers both with and with-
out any aingle leakage-type failure, In
any other brake system, of a part de-
signed to contain compressed air or
brake fluld (excluding faliure of &
component of a brake chamber hous-
ing but including fallure of any brake
chamber dlaphre..n thst is part of
aAny other brake system including a di-
aphragm which is comunon to the
parking brake system and any other
brake aystem).

83.6.3.4 The parking brake cham-
ber presaures for 88.8.3.1 and 85.0.3.2
are determined as follows, For truoks
and buses, with an initial reservoir
system pressure of 100 ps! and, if de-
signed to tow a vehicle equipped with
air brakes, with & 80 cubls {nth test
ressrvoir connected to the supply line
coupling, any single leakage type fall-
ure, in any other brak2 system. of a
part designed to ocontain compressed
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air or brake Nuid (excluding fallure of
a component of a brake chamber hous-
ing but lnelnding allure of any brake
chamber diaphragm that s part of
any other brake system including a di-
aphragm which s common to the
parking brake aystem and any other
brake system), is introduced In the
brake system. The parking brake con-
trol (3 actuated and the pressures In
the vchicle's parking brake chambers
are measured three seconds after that
actuation Is Initiated. For trailers,
with the supply line initially pressur-
ized tc 100 ps! using the supgply line
portion of the trailer test rig (Figure
1) and, it designed to tow a vehic'»
equipped with air brakes, with a 60
cubic inch test reservoir connected to
the rear supply line coupling, any
single leakage type [fallure, in any
other brake system, of a part deaigned
to contain compressed alr or brake
fluld (excluding fallure of a compo-
nent of a brake chamber housing but
including fallure of any brake cham-
bor diapl:ragm that is part of any
other brake system including a dia-
phragm which {8 common to the park-
ing brake system and any other brake
aystem), {g Introduced In the brake
system, The front supply line coupling
is vented to the atmosphere and the
pressures in the vehicle's parking
brake chambers are measured three
seconds aftor that venting ls Initiated.

858356 Onptional requirement for
vehicles manwfactured before Decem.
ber 9, 1991. The park'ng brake system
shall be capable of achioeving the minj.
num performance specified either in
£88.6.1 or 8t 6.2 with any single leak.
age-type faliure, in eny other brake
system, of a part designed to contain
compressed alr or brake fluid (exclud-
g Influre of a component of a brako
chamber housing but Including failure
of any brake charaber diapthragm that
is part of any other brake system in-
cliding n diaphragm which is common
to the parking brake system and any
other brake system). Once spplied, the
parking brakes shall be held in the ap-
plied pusition solely by mechanical
MeANS.

88.68.4 Parking brake conirol—
trucka and buses. The parking brake
control shall be separate from the
service brake control, It shall be oper.
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ahle by a person seated in the normal
driving position. The control shall be
fdentified In a manner that specifies
the method of control operation. The
parking brake control shall contr¢! the
parking brakes of the vehicle and of
any air braked vehlole thai it 11 de-
signed to tow.

85.8.8 Release Performance. Effec.
tive December 9, 1991, each parking
brake system shall meet the require-
ments specified in 36.8.8.1 through
85.6.5.4.

88.6.8.1 For trucks and buser, with
initial conditions as specified in
85.3.5.2, at all times after an applica-
tion actuation of the parking brike
control, and with any subseguent level
of pressure, or combination of levels of
pressure, in the reservoirs of any of
the vehicle's brake systems, no reduc-
tion in parking vrake retardatton force
shall result from & release actuation of
the parking brake control unless the
parking brakes are capable, after such
relense, of being roapplled at a level
meething the minimum performance
specified elther in 88.61 or E5.6.3.
This requirement shall be met both
with and without the engine on, and
with aind withott single leakage-.type
fallure. In any other brake system, of &
part designed to contain compressed
ai* or brake fluid (excluding failure of
a component of a brake chamber hous-
ing but including fatlure of any brake
chamber diaphragm that is part of
any other brake system including a di-
aphragm which 18 common to the
parking brake system and any other
brake systam).

88.8.5.2 The Initlal conditiona for
85.6.5.1 are as follows. The reservoir
system preusure s 100 psi. If the vehl-
cle is deslgned to tow a vehlole
enmipped with alr brakes, a 50 cublc
inch test reservolr ls connected Lo the
supply iine coupling.

85.6.6.3 For trailers, with nitial
conditions aa specified in §b.6.6.4, at
all times after actuation of the park.
ing brakes by venting the front supply
line coupling to the atmosphere, and
with any aubsequent level of pressure,
or combination of levels of preasure, in
the reservolrs of any of the vehicle’s
brako systems, the parking brakes
shall not be relsasable by repressuris.
ing the supply line using the supply
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line portion of the trailer test rig
(Pigure 1) to any pressure above 70
psl, unless the parking brakes are csa-
pable, after such release, of reapplica.
tlon by subsequent venting of the
front supply line coupling to the at-
mosphere, at a level meeting the minl-
mum performance specified elther in
88.8.1 or 8546.2, This requirement
shall be met both with and without
any single leakage-type faflure, in any
other brake system, of a part designed
to contalh compressed air or brake
fNuid (excluding failure of 2 compo-
nent of a brake chamber housing but
including failure of any prake cham-
ber diaphragm that is part of any
other brake system including a dla-
phragm which is common to the park-
ing brake systom and any other brake
system).

85.6.6.4 The initial conditions for
85.8.0.3 are as follows. The reservolr
system and supply line are pressurized
to 100 psi, using the supply line por.
tion of the traller test rig (Figure 1). If
the vehicle is designed to f ow a vehlole
equipped with air brakes, a 80 cubic
inch test reservolr Is connected to the
rear supply line coupling.

88.3.8 Accumulation of Actuation
Eneryy. BEffective December #, 1881,
each parking brake system shall meet
the requiremuents specified in 85.6.0.1
through 856.6.6.6.

86.6.6.1 For trucks and buses, with
initlal conditions as apecified In
86.6.6.2, the parking brake system
shall be capable of meeting the mint-
mum performance specified either In
856.6.1 or 85.6.2, with any single leak-
age-type failure, in any other brake
system, of a part designed to contain
compressed alr or brake fluid (exclud.
ing failure of a component of a brake
chamber housing but including failure
of any braike chamber diaphragm that
18 purt of any other brake systein In-.
cluding a diaphregm which s common
to the parking brake systam and any
other brake system), at the conclusion
of the test sequence specified In
85.6.6.3.

85.6.4.2 The Initial conditions for
88.6.6.1 are as follows. The ungine is
on. The reservoir system pressure is
100 pal. It the vehlole is designed to
tow a vehicle equipped with alr brakes,
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a 30 cubic inch test reservolr is con-
neoted 1o the supply line coupling.

88683 The test sequence for
£8.6.6.1 = as follows. The engine Is
turned off. Any single leakage type
fallure, In any other brake system, of a
part designed to contain compressed
alr or bruke fluid (excluding f{ailure of
a compor.ent of a brake chamber hous-
ing bu ineluding fatlure of any brake
chamber diaphragm that is part of
any other )rake systom {ncluding a dl-
aphragm which 18 common to the
parking Jrake system and any other
brake system), is then Introduced In
the brake system. An application actu-
ation of the parking bruke control is
then made. Thirty seconds after auch
actuation, & release actuation of the
parking brake control i3 made. Thirty
seconds afler the release actuation, a
final application actuation of the
parking brake control is made.

86.6.6.4 PFor trallers, with Initial
conditions ns specified in 88.6.4.5, the
parking brake system ahall be capable
of meeting the minimuun performance
specified either iIn 83.6.1 or 856.2,
with any single leakage-type fatlure, In
gny other brake system, of a part de:
signed to contain compressed eair o1
brake fluid (excluding failure of &
component of & brake chambar hous-
ing but Including fallure of any brake
chamber dlaphragm that is part of
any other brake system Including & di-
aphragm which is common to the
parking brake system and any other
brake systern), at the conclusion of the
test sequence specified in 86.6.6.6.

85.6.6.5 The [nitlal conditions for
55.6.6.4 are as follows. The ressrvoir
system and supply line are pressurized
to 100 psi, using the supply line por-
tion of the traller tLest rig (Figure 1). 1f
the vehicle is designed to tow a vehicle
equipped with air brakes, a 80 cubic
inch test reservoir is connected to the
rear suoply iine coupling.

85686 The test sequence for
85.0.6.4 is us follows. Any single leak-
gge type failure, in any other brake
system, of & part deaigned to contain
compressed air or brake fluid (exclud-
ing fullure of a component of a brake
chamber housing but including failure
of any brake chiamber diaphragm thit
is part of any other brake system in.
cluding a dlaphragm which Is common
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to the parking brake system and any
other brake system), is Introduced in
the brake system. The front supply
line coupling is vented to the atmos-
phere. Thirty seconds after the initi-
ation ¢! such venting, tha supply iine
18 repressurized with ihe trailer test
rig (Figure 1). Thirty seconds after the
initiation of such repressuriging of the
souply line, the front supply line is
veniad to the atmosphere. This proce-
dure i conducted either by connection
and diaronnection of the supply line
coupling or by use of a valve installed
in the supp!'v line portion of the trall-
er test rig near the supply line cou-
pling.

88.7 Emergency dbrake  system-
trucks and bu s+ Tach vehicle shall be
equipped with an emergency brake
system which. under the conditions of
86.1, conforrs to the requirements of
£8.7.1 through 83.7.3. However, the
truok port'on of un &uto transporter
need not 'neet the roed test require-
ments of £5.7.1 and 85.7.3.

88.7.1 Emergency brake system per-
formance. When atopped six times for
each combination of welght and speed
soecifled In 88.3.1.1 on a road surface
*4th & skid number of 81, with a aingle
failure in the service brake sysiem of a
part designed to contain compressed
air or brake fiuld /9xcept faflure of u
common valve, nu..nifold, brake fluid
houaing, or brake chamber housing),
the vehiole shall ntop at least ouce in
not more than the distance specified
in Column 3 of Table II, measured
{rom the point at which movemen¢ of
the service brake vontrol begina, with-
out any part of the vehicle leaving the
roadway, except that a truck-tractor
tested at its unlonded vehicle weight
pius 640 pounds shall stop at least
once in not more vhan the distance
specitied in Column 4 of Table II.

88.7.2 Emergency brake sysiem op-
erafiorn. The emergency brake system
shall be applied and released, and be
capable of modilation, by means of
the service brake control.

B3.7.3 Towing vehicle emergency
braks requirements. In addition v
meeting the other requirements of
88.7, a vehicie desigied to tow another
vﬁ:}f" equigped with alr brakes
'3 [,
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(a) In the case of n truck-tractor in
the unloaded condition and & single
unit truok which iz capable of towing
an airbrake oquipped vehicle and Is
loaded to gross vehicle weight rating,
be rapable of meeting the uire-
menta of 835.7.1 by operation of the
service brake control only, with the
traller air supply line and air control
line from the towing vehicle vented to
tst;el 1u‘:.mcmphore in accordance with

() In the case of & truck-trestor
joaded to gross vehlcle welght rating,
be ospable of meeting 88.7.1 by oper-
ation of the service brake control only,
with the afr control line from tha
towing vehicle vented to the atmos-
phere in accordance with 86.1.14; and

(¢) Be capable of modulating the air
in the supply or control line to the
trafler by means of the servire brake
control with a single failure In the
towing vehicle service brake aystem as
specified in 85.7.1.

88.8 Emergency braking capabil
tiy—tratlers. Each traller other thana
trafler converter dolly shall have a
parking bryke system that conforms (o
§8.6 and that applies with the fovce
specitied In 86.6.1 or 85.6.2 when the
alr pressure {n the supply Line is at at-
mospheric pressure. A tralier convert-
er dotly shaill have, at the manufsctur-
er's option, (a) a pasking brake system
that conforms to 138.6 and that spplies
with the force spevified in 88.6.1 or
£86.6.2 when the alr pressure in the
supply line is at atmospheric pressure,
or <b) an emergency system thit auto-
matically controls the service brake~
when the service reservoir Is at any
pressure sbove 20 Ib/in®' and the
supply line {8 at atmospheric pressure.
However, the traller portioa of an
auto tranaporter manufactured before
January i, 1080, and any agricultural
commodity trailer, heavy hauler trall.
er, or pulpwood trailer shall imest the
requirements of this zection or, at the
option of the manufacturer, the re-
quireme:its of § 303.43 of this title.

88 Conditions. The requiremsnis
of 85 ahall he met by & vehicte when it
in tested according to the conditiona
gat forth below, without replacing any
brake system part or making any ad-
justments to the brake system except
as specitied. Unless otherwise apect-
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fled, where & range of conditions is
specified, the vehicle must he capable
of meeting the requirements at all
points within the rangae. On vehicles
equinped with automatio brake adjust.
ers, the sutomatic brake adjusters
must remaln activated at all times.
Compliance of vehicies manufactured
In tw0 or more stages may, at the
option of the final-stage manufactur-
er, be demonstrated to comply with
this standard by adherence to the in-
structicns of the thcompilete vehicle
manufacturer providad with the vehi-
cle In accordance with § 568.4(aXTXII)
and § 868.5 of title 48 of the Code of
Federal Regulations,

88.1 Road test conditions.

834.1.1. Except 28 otherwise specified,
the vehlicle Is loaded to its gross vehi-
cle welght rating, distributed propor.
tionally to ita gross axle weight rat.
ings. During the burnish procedvre
specitied in 86.1.8, ‘ruck iractors shall
be loaded to their GVWR, oy coupling
them to an unbraked flatbed semi-
traller, which semitrailer shall be
ivaded 80 that the weight of the trac.
tor-traller combination aquals the
GVWR of the truck tractor. The load
on the unbraked flathed semitrailer
shall be located 30 that the truck trae-
to‘:;: wheels do not lock during bw-
nish.

86.1.2 The inflation pressure is ns
apacifisd by the vehicie manufacturer
for the groas vehlcle weight rating.

8613 Unleas otherwise apecified,
the transmission selector control is in
neutrsl or the clutoh is disengaged
during all decelerations apd during
static parking brake tusts.

86.1.4 All vehicle upenings (doors,
windows, hood, trunk, cargo doora,
ete.) are In a closed position except aa
required for instrumesntation purposes.

86.1.8 The ambient temperature is
between 32°' P. and 100° P,

56.1.8 Th2 wind velocity is zero.

88.1.7 Unleas otherwise speolfied,
stopping tests are conducted on & }3-
foot wide level, stratight roadwey
having a akid huniber of 81, The vehi.
cle {3 alined In the conter of the roed-
way at the beginniig of e stop.

86.1.8 The brakes are burnished
before testing in soccordance with
58.1.8.:. However, tor vehicles with
parking brake systems not utilizing

49 CFR Ch. V (10-1-91 &dirtion)

the service brake frictlon elements,
burnish the friction elements of such
systems prior to the parking bake tost
sccording to the manufactuter's rec.
ommendations,

86.1.8.1 Vehicles manufactured
before September 1, 1993 may be bur-
nished according to the procedures set
forth In 86.1.8.1(a) or £6.1.8.1(H) of
this section, at the manufacturers
option. Vehlcles manufaciured on or
after September 1, 1693 shali be bur-
nished according to the ptocetiures set
forth in 86.1.8.1(b) of this section.

(a) With the transmission in the
highest gear appropriate for the serles
given in Table IV, make 600 brake ap-
plications at a decleration rate of 10
fsps, or at the vehicles maxhnum de.
celeration rate if leas than 10 fsps, In
the sequence specified. Except where
an adjustment 1s specified, after cach
brake application accelerate tvo the
next speed specitied and maintaln that
speed unti! making the next braks: &p-
plication at & point 1 mile from the
initial point of the previous brake ap-
plication. If a vehicle cannot atteln
any speed apecified In 1 mile, continue
to accelerate until the specitied spes’)
18 reached or until the vehicle han
traveled 1.8 miles from the initial
point of the previous brake applion-
tion, whichever oceurs first. If during
any of tha brake applications specified
in Table IV the hottest brake reaches
880° P make the remainder of the 500
brake applications from that snub con-
dition, except that a higher or lower
snub condition shall be used as neces-
sary to maintain an after-stop temper-
ature of 800° ¥ + 80" F. However, If nt
a snud conditlon of 40 to 20 mph, the
temperature of the hottest brake ex-
ceeds B80° P, make the remainder of
the 8GO0 brake applications from that
snub conditlon, without regard ¢o
brake temperature. The brakes shall
be adjusted three thmnss during the
burnish procedure, atter 128, 250, and
378 snubs and after completing this
burnish, with each adjustinent made
In accordance with the imanufscturer's
recommendations. Any automatle
presaure limiting valve Is In use to
limit pressure as designed, except that
any automatic froni axle pressure Jim-
iting valve |8 bypasacd {{ the tempers-
turs of the hoitest brike on 2 rear
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axle exceeda the temperature of the
hottest brake on & front axle by more
than 128° F. A bypussed valve {s recon.
nected If the temperature of the hot.
test brake on a front axle axceeds the
tamperature of the hottest brake on &
rear axle by 100’ F or more.

TaeLe \/

(bY With the tranamission In the
highest gear appropriate for a speed of
40 mph. make 500 shubs between 40
mph and 20 mph at a decelecation rate
of 10 faps, or at the vehicle's maxi.
murn deceleration rate if less than 10
tsps. Except where an adjustraent is
specified, after each brake spplication
accelerate ¢ 40 mph and maintain
that speed until making the next
brake applicaticn at a point 1 miie
from the initisl point of the previous
brake application. If the vehlcle
Jannot attain a spead of 40 maph in i
mile, continue to accelerate untis the
vehicle reaches 40 mpl: or until ths ve.
hicle has traveled 1.8 iniles fixomn the
initial point of the previcous birake Ap-
plication, whichever occus first. Any
automatic pressure limiting valve B in
use to li'nit pressure as desiynid. The
breaes shall be adjuated thret times
during the burnish procedure, In ac-
rordance with the manufactursr’s rec-
ommendations. after 128, 280, and 37¢
snubs, and shail be adjusted after uur-
nish in neeordance with the manufac-
turer's recommendations.

86.1.0 Btatic parking brake {ests for
2 semitrailer nre conducted with the
front-end supported by an unbriked
dolly. The weight of the dolly i in-
ciuded as part of the traller load,

£86.1.10 In s test other than a static
parking brake test, s truck-trctor is
testad ot its gross vehicle weight
rating by coupling it to a flatbed seml-
trajler (haveafter, control irailer) as
specified In 86.1.10.1 to 86.1.10."

£8.1.10.1 The control trailer con-
forms to this standard.

£46.1.10.2 The center of gravity of
the loaded control trailer I8 on the
traller's longitudinal centerline at a
hetght of 6813 In. above the ground.

86.1.10.3 For & truck-tractor with a
rear axle gross axle weight rating of
26,000 1b or less, the control trajler has
a single axle with a gross axle weight
rating of 18,000 1b and & length, meas.
ured from the transverse ¢enterline of
the axle to the ceriterline of the Xing-
pin, of 28818 in.

£3.1.10.4 For a truck-tractor with a
total rear axle groas axle weight rating
of mmore than 20,000 1b the control
traller has & tandem axle with a com-
bined gross axle welght rating of
32,000 1b and a !enjth, mensured from
the transverse canterline between the
axles to the centerline of the kingpin,
of 3906 in.

84.1.10.6 The ocontrol .raller I8
loaded so0 that it axle is loaded to its
grons axie weight rnting and the trac-
tor is loaded to it: gross vehicle weight
rating, with the tractor's fifth wheel
adjusted 80 that the lovd on each axie
messured at the tlre-ground interface
{8 toat nearly proportional to the
?xlea' respective gross axle weight rat-
ngs.

86.1.10.6 7Test cquipment apecifica-
tion. The control trailer's sarvice
brakes are capable of stopping the
combination from the maximrum speed
at which the tractor is tested, under
the conditions of 38.1, without assist.
ance from the trsctor brakes, in the
distance found by multiplying the
vaiue 88, 80, 115, 143, 174, 208, or 248
(corresponding 10 i speed of 30, 38, 40,
48, 30, 85, or 60 mph as apprapriate for
the truck-tractor tested) by the ratio:

welght on all axlet ¢f combination/weight
on traller axles

with the tractor's fifth wheel adiusted
as npecified In 86.1.10.8, the traller
service ressrvoirs pressurized to 100
b/in Y, and the trailer losded so that
its axle is at gross axle weight rating
and its kingpin 1& at empty vehlicle
welght. The stoppling distance ls meas-
ured from the point at which move-
ment of the valve controlling the trail-
or brikes begina. “The servics brake
chambers on the traller resch 40 Ib/
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in? in not less than 0.2¢ (econd and
not more than 0.3V second, measured
from the instant at which movement
of the valve controlling the trafler
hrakes ns,

86.1.10.7 Test cquipment specifoa-
tion. The control traller's emergency
brakes are capable of stoppling the
combination under the oonditions of
860.1 from the¢ maximum speed at
which the tractor is tested, without as-
sistance from the tractor's brikes, In
the distance found by muluiplying .he
emergency brake stopping distance In
column 3 of table II by the ratio:

weight on all axles of combination/waight
on traller axies

with the combdination loaded iIn ac-
cordance with 88,1.10.5. Scopping dis-
tsnce is measured from Lhe point et
which movement of the valve control-
ling the trailéer brakes bogins. The
preasure in trailer bra'tes begins. In
the case of control trallers that utilize
parking brakes for energency stop-
ping capabliity, the ‘sressure in the
traller's spring parking brake cham.
bers falls from 68 Ib/int to i Ib/int In
not leas than ¢.80 second and not more
than 0.60 second, measured from the
Instant at which movemerit of the
vilve ocontrolliing the trailer's spring
parking brakes begins.

88.1.11 Speoial drive conditlons. A
vehlcle equipped with an interlocking
axle system or 2 front whoel drive
system that 1s engaged and dizengaged
by the driver is tusted with the o /stem
disengaged.

B86.1.12 Ltftable axies. A vehicle
with a liftable axle is tested al gross
vehicle weight rating with the liftable
axle down and at unloaded vehiocle
weaight with the lifiable axle up.

88.1.13 Troilsr test rip.,

(a) The trailer test rig shown in
Figure 1 {8 calibrsted in accordance
with the calibretion curves shewn in
¥igure 3. For the requirements of
85.3.3.1 an¢ 86.3.4.1, the proswire in
the trailer test rig reservolr Is Initially
sit. at 100 p.ald. for actuation tiis and
80 p.d, for relense tents.

() The tialler test rig shown in
F.aure 1(a) is capable of incremsiug the
pievsure ‘n a 50 cubic (nch reservolr
from atmospheric to 8¢ ib/in® In 0.08
sscond, measured fium the first :nove-
mment of the service brake contirol to
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ADPDILY service brake pressure annd of re-
ieasing pressure In such a roaservolr
from 88 to 5 1b/in® In 0.22 second
measured {rom the first movement of
the service brake conirol to iteleas:
service brake pressure.

86.1.14 In testing the emerygency
braking aystem of towing vehicle:
undsr &85.7.3(a) and 8b5.7.3(b), the
hose(g) 18 vented to the atmosphere at
any time nct less than 1 zecond and
not more than § minute pefore the
emergency atop begins, while the vehi-
cle is moving at the apeed trom which
the stop Is to b2 made and any manual
control for the towing vehlule protec-
tion system is in the position to supply
air and brake control slgnals to the ve-
hicle being towed. No braks applica-
tion is made from the time the line(s)
is vented until the emergency stop
begins and no manual operation of the
parking brake system or towing vehi-
ole protection system occurs (rom the
time the lino(x) is vented untii the
stop 1z completed.

6.2 Dynamometer test coniitions.

86.2.1 The dynamometer inertia for
each wheel is equivalent to the lond on
the wheel with the axle loaded to its
gross axle welght rating. For a vehicle
having sadditional ygross axle weight
ratings specified for operatior: at re-
duced speeds, the GAWR used i5 that
specifled tor a speed of 80 mpl., or, at
the option of the manufactursr, any
speed greater than 50 mph.

86.22 Ths amblent tempersture is
betwean 75° I, and 100* P,

86.23 Afr st amblent temptrature
is divected uni’otmiy and continuously
over vae brake 2rum or dise at i+ velool-
ty of 2,200 feet por minute.

86.24 The temperature of esch
brake I8 measurad by a single plug-
type thermocoupls installed in the
center of the lining surface of the
most heavily loadad shoe or pivd as
shown In Flgure 2. The thermociuple
is outside any center yroove.

86.2.53 The rate of brake drum or
disc rotation on a dynamometer corrve-
sponding to the rate of rotation on a
vahicle at & given spesd is calculated
by assuming a tire radius equal tc the
statio loaded radius spscified by the
tire manufacturer,

36.28 Brakes are burnished botlore
teating as follows: Place the brake sns-
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sembly on an inertia dynamometer
and adjust the brak: as recommended
by the brake manufacturer. Make 200
stope from 40 m.p.h, at a deceleration
of 10 f.8.p.4., with an Initial brake tem-
perature on each stop of not less than
315" F and not more than 388" F.
Make 200 additional stops from 40
m.p.h. at a deceleration of 10 fs.pa.
with an initial brake temperature on
each stop of not less than 460" F and
not more than 880" . The brakes
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shall be adjusted three times during
the burnish procedure, after 100, 200,
and 30¢ stops, and at the conolusion of
the burnishing, in accordance with the
manufaocturer's recommendations,

86.2.7 The breake temperature is In-
creased 1o a specitied level by conduot-
Ing one or more stops from 40 m.p.h,
at & deceleration of 10 f.p.sps. The
brake temperature is decreased to a
specified level by rotating thie drum or
disc at & constant 30 m.p.h.




T XIAN4AddV

3938~ 1D.Line 3 |
?[su'aigm or Coiled) § ‘
1000 in* lcontrot | QRV
 Sleservoir Valve —‘m— Controf Line
~ Glad Hand
l ¥ 30°-2/8” L.D. Line(Straight or Coiled)
| | Supply Line 83
Gilad Hand .
SV - Shut-off Vaive . B
R - Regulator (set at 100 psi for service brake actuation tests; 2 -3
95 psi for service brake release tests; o |
100 psi for parking brake lests in S5.6.3.3, $5.6.3.4, S5.6.5.4 and S5.6.6.5; »
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Figure 1. Trailer Test Rig. 5
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Tractor Protection Valve
(Optional}

Resarvolir

(2000 cu. in.) Supply Coupling

. mecr:o:a ) Control Coupling

Service Brake Control

Figure 1(a). Traller Test Rig.
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FIGURE 2
THERMOCOUPLE INSTALLATION
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Time ‘sec) from Initial Valve Movement

Figure 3. Pressure vs. Time for 50 in® Test Reservoir.
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(Sees. 102, 108, 119, Pub. L. 88-863, 80 Stat.
718 (18 U.B.C. 1881, 1302, 1407); delegation
of authority at 40 CFR 1.80 and 841.8)

{41 FR 26707, July 19, 1976)

Epi1roriir Note: For Feperal ReoisTER of-
tatinns affecting § 671.121, see Lhe List of
CFR 3ectiors Affected In the Finding Alds
section of thix volume.

Errecrive [iatx Note: At 88 FR 289351,
June 13, 1001, §871.131 was amended by re.
vising sectiona 88.8 Introductory text, 8343
through 35.4.3.5, and Plgure 1. and by
adding sectionz 88.6.56 through 85.8.86.4 and
88.6.0 thiough 5.6.8.8, e¢ffective Decomber 0,
1991. For the¢ convenience of the user, the
superseded text follows:

§871.121 Btandard No. 121: Air brake systems,

L] L] L] * L

88.8 Parking brake system. Each vehicle
other than a traller convertar dolly shall
have a varking brake svatem that under the
conditions of 88,1 meets the requirements
of 83.8.] or 84.6.2, nt the manufacturers
option, and the requirements of 88.6.3 and
88.6.4. However, any agriculturel commodi-
ty tratler, heavy haaler traller, <> pulpwood
traller ahall meet the requirementa of this
section or, at the option of the manutastur-
er, the requirements of § 363.43 of this title.

808.6.3 Application and holding. Fach
parking brake system shall mest the re.
quirements of 88.6.3.1 through 88.8.0.4,
except that, at the option of the manufas.
turer, vehioles manufactured before Sep-
tember 7, 1891 may meet the requirements
specifisd in 80.6.3.8.

85.6.3.1 The parking brake system shall
be capable of achieviug the minimum per-
formance apecificd efther In 83.6.1 or 85.0.2
with any single leakage-type [silure, in any
other brake svstem, of a part designed to
contain colapressed alr or brake fluld
(except fajlure of a component of A brake
chamber houaing).

88.6.3.2 For trucks ahd buses, with an
initial reservolr systam pressure of 100 pel
and, i dealgned o tow & vehilcle equipped
with alr brakes, with & 30 cuble inoh teat
reservolr connected to tho supply line cou-

49 CFR Ch. V (10-1-91 Edition)

pling, at all times after three seconds from
the time of sctuat.on of the parking brake
con:.rol, the parking brake system shall
achiere the minimum parking retardation
periormance specified in 85.8.5.1. For trail.
ers, wib an initial auprly lne pressure of
100 ps! and, if deasigned tn tow a vehiocle
equipped with air brakes, with a 80 cubio
inch test reservoir connected to the suppiy
line coupling. at all thmes after three sec-
onds from the time venting to the atmos-
phere of the front supply ilne connection s
initiated, the parking brake system shall
achisvs the minimum retardation perform-
ance specified in 85.6.3.1.

85.6.3.3 A mechanica! means ashall be
provided which b capable, with tero air
prergure and sero fluid presaure In the vehi-
oie and without eleotrioal power, of holding
the parking brake application at a level
mesting the minimum parking retardation
performance spedified In 88.8.3.1.

85.6.3.4 For trucks and buzes, with an
iniilal reservolr system pressure of 100 pel
and, If designed to tow a vehiols equipped
with alr brakes, with a 80 cublo inoh teat
resarveir conneotsd to the supply line cou.
pling, no later than three seconds from the
time of operation of the parking brake con.
trol, the meohanical means referred to in
85.6.3.3 shall be actuated. For trallers, with
an initisl supply line pressure of 100 peil
and, if uesigned to tow A vehicle equipped
with alr brakes, with & 89 cuble Inch test
reservolt connected t0 the supdly line cou-
pling, no later than three seconds from the
time venting to the atmosphere of the front
supply jine conneotion is Initiated, the me-
chaniond means referred (o in 85.6.3.3 shall
be actuated.

88.6.3.8 (Optional requirement for vehi-
oles manwsactured bafore Seplember 7, 1981),
The parking brake system shall be capable
of aohieving the minimum performance
specified either in 86.6.1 or 85.6.3 with aly
singte leakage-type fallure, in any other
brake system, of a part designed to ¢contaln
compresped alr or brake fluld (except Iallure
of & component of a brake chamber hous.
ing). Once appited, (he parking brakes shall
be held in the applied position solely by me-
ohanioal reans.

[ ] L
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HISTORY OF AIRBRAKE PERFORMANMCE STANDARDS

The basic air mechanical braking system found or heavy commercial iractor trailers has
existed for more than 50 years. A brief history of the development of the airbrake systom is
shown bealow:

1919- George Lane develops an airbrake system for logging trucks in the Northwest.

1925- Airbrake system enhancements irclude foot-operated tread!e valves, release
valves, and brake chambers.

1930- Air chamber/slack adjusters and relay vaives are developed.

1933- Rhode Island legislates a 50-foot stopping distance from 20 mph with either
foot- or hand-valve brake application.

1940- Basics of the common airbrake system are in place.

1949- Airbrakes become standard equipment on all heavy trucks.

1938-  An sccident proempts the Interstate Commerce Commission (ICC) to requires a
tractor protection valve,

1971- Thae first Federal Motor Vehicle Safety Standard for heavy truck airbrakes--
FMVSS 121--was instituted.

1978- Appeals Court set aside "no whee!l" locked test requirement of FMVSS 121.

History of Brake Performance Standards and Certification Process

1CC _Regulation.--Before the Highway Safety Act of 1966 was enacied, no rsgulations
mandated tha performance of newly manufactured air-braked vehicles. These vehicles were only

regulated once they were on the road by individuai States and by requirements promulgated by
the ICC.

The Motor Carrier Act of 1935 made the ICC responsible for cnacting regulaticns
governing the safsty of heavy trucks in intersiate commerce. As early as 1940, heavy trucks
were required to decelerate to a stop from 20 mph in a specified distance. ICC regulations
required that a combination unit equipped with brakes on ali wheels stop in 30 fest from 20 mph.
If the combination unit did not have brakes on all wheels, it was required to stop in 45 fest from
20 mph. By 1965, the Bureau of Motor Carrier Safety had relaxed this requiremont to a $9-toot
stopping distance for all combinations of heavy vehiclas. By 1976, the regulation became more
stringent, requiring combinations of heavy trucks to stop in 40 feet from 20 mph,

SAE_Standards.--In 1967, the Society of Automotive Engineers (SAE) developed a
porformance standerd, “Brake Performance Requirements-Truck, Bus, and Combinations of
Vehivies-SAE Recommended Practice H992b." (This standard was revised in Msy 1971 and
reaffitmed without chaage in 1985.) The introduction to this standard states, "The performance
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requitements in this SAE Recommended Practice represent the accumulation of the best
information available from invastigarion of the brake system performance of new motor vehicles
designed for roadway use." In othor words, the performance test defincd by the SAE repreconts
a desired, staic-of-the-art stendard not one necessarily attainable by all manufacturars. The
recommended practice in this stan: ard requires that a combination vehicle decelerate to a stop
at a minimum of 12 fp.s.p.s. (decleration rate in fest per second per second) from 50 mph
without ieaving a 12-foot-wide lane. Additionally, a combination vehicle is required to deceleiato
to a stop from 20 mph in 45 faet ard 10 develop a deceleration rate of 14 feet f.p.s.p.s. at some
time during that stop.

NHISA Rule.--On Ociobor 11, 1967, the National Highway Safety Bureau (NHSB), then
a division of the Federal Highway Administration and laver to become the National Highway
Traffic Safety Administration (N4TSA}, issued an Advance Notice of Proposed Rulemaking for
FeJeral Motor Vehicle Safety Standards. This notice solicited comments on 47 aspects of motor
vehicle safeiy. One aspect dealt with braking performance of passenger vehicles, trucks, buses,
and trailers. In June 1970, a Notice of Proposed Rulemaking (NPRM) was issued for Federal
Motor Vehicle Safety Standerd 121, "Air Brake Systems.” The initial working draft of the
NPRM specified that an air-brakad vehicle must be abie to stop from 60 mph in 196 feet. The
published NYRM specified air-braked veiicles to stop from 60 mph in 245 feat. This distance
was later relaxed to 293 feet. This standard eventually went through 8 years of rulemaking. At
the end of that time, many of its requirements were invaliclated by Federal Court litigation.

The U.S. Court of Appeais for the Ninth Circuit prevented NHTSA from enforcing the
stopping distance requirements. This judgment resulted from a petition filed by Paccar, the
holding company for Kenwo:th and Petarbilt Truck manufacturers, on January 3, 1975. The
petition for review of FMVSS, 121 requested that the court set aside all portions of this standard.
Additionaily, on January 17, 1975, Paccar, Inc., petitioned the court to suspend, or stay, the
enforcement of FMVSS 121, pending 1eview of the issue. On February 10, 1975, the court
denied the motion for a stay of the standard and agreed 1o review the case.

Similar court petitions were filed by two other orgenizations: the Truck Equipment and
Body Disiributars Association and the American Trucking Associations. The three review
proceedings ware consolidated into one case bofore tha Court of Appeals for the Ninth Circuit
on October 15, 1975, Whoen oral arguments were presented on January 16, 1976, the court
announced it would stay FMVSS 121 for a minimum of 60 days. The Government appealed to
the US. Supreme Court to reverss that suspongion, and Supreme Court did so on Janvary 30,
1976.

The April 29, 1976, "Order Setting the Rocord and the Issues,” filad before the court listed
the following issues:

1. Whether, in promulgating FMVSS 121, NHTSA complied with its statutory duty
to consider relevant available motor vehicle safety data, including results of
research, development, testing, and evaluation activities (15 USC 1392(f)(1)).
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Whether FMVSS 121 fulfilled the stattory requirement of meeting the need for
motor vehicle safety (15 USC 1392(a)).

‘Whether FMV5S 12! established performance, rather than design, requirements.

Whether FMVSS 121 fulfilied the statutory requirement of practicability (15 USC
1392(a)).

Whether FMVSS 121 fulfilled the statutory requirement of being stated in
objective terms.

Whether the NHTSA's promulgation of FMVSS 121 was arbitrary, capricious, o1
an abuse of discretion.

Facts not contested by any of the parties involved in the case were continued in the
section entitled "Admitted Facts.”

1.

Except for testing described in the Murphy Report, the NHTSA did not conduct
any rehiability testing of vehicles with FMVSS 121 components prior to the
effective dates of FMVSS 121,

There have been nine safety related defect reports made to NHTSA involving
andlock systems.

There are vehicles not equipped with FMVSS 121 equipment that can meet the
stopping distance requirements of FMVSS 121.

Load proportioning devices do not eliminate all lock-up of wheels under all
circumstances.

The practicableness requirement of the Safety Act includes economic
reasonableness.

The NHTSA has not yet begun testing of vehicles for compliance with FMVSS
"121.

Paccar and the Aumerican Trucking Associations contendec that the following additional
issues applied:

Whether NIHTSA has a statutory duty to collsct data to determine whether pre-
FMVSS 121 brakes are unsafe; whether the NHTSA has fulfilied such duty; and
if the NHTSA has not fulfilled such a duty, whether FMVSS 121 is invalidated
for that reason.
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2. Whether the NHTSA has a statutory duty to conduct research, development, and
testing to ensure thst brake systems required by FMV 88 121 are reliable and safe,
whether NHTSA has fuifilled such a duty; and if not, whether FMVSS 121 is
invalid for that reason.

On April 17, 1978, the U.S. Court of Appeals for the Ninth Circuit annourced its
judgment on the Pacaar, Inc., case. The court ruled that the record demonstrated a need for the
standard as specified under the Safety Act of 1966 because reduced stopping distances and
improving handling during stops were related to the goal of improving highway safety.
However, the court ruled that the required stopping distance was ncither reasonable nor
practicable at the time it was put into effect. The court found that there was a strong probability
that antilock devices would not work well and ihat the NHTSA had the responsibility to ensure
that those systems were reliable when placed into use. The court ruled that NHTSA had not
eatisfied that duty. In light of those consider~tions, the court ruled that the stopping distance
requirement from 60 mph was nnt practicable and therefore the NHTSA was not allowed to
enforce it. The court also ruled that the NHTSA had not been objective nor practicable in
establishing the compliance testing procedures. The court ruled that those requirements were not
sconomically feasible for intermediate and final stage manufacturers and that the specification
of skid numbers for tost surfaces was not practicable.

In July 1978, NHTSA petitioned the U.S. Supreme Court to review two of the three
rutings of the Ninth Circuit Court. The NHTSA appealed the findings that antilock devices had
not been shown to be reliable and that the combination of "strong front axles, new brake linings,

and mini-computers” had not been shown to increase safety.

On October 2, 1978, the U.S. Supreme Court dechined to hear the NHTSA appeal and
mandated the effectiveness of the Ninth Circuit Court of Appeals decision. As a result of this
ruling, the stopping distance tests found in the standard are no longer applicable. Instead,
minimum broke retardation, brake power, and brake recovery are determined by inertia
dynamometer testing. The dynamometer inertia for each wheel is equivalent to the load on the
wheel with the axle loaded to its gross axle weight rating (GAWR). Current standards for newly
manufactured air-braked vehicles are found in 49 CFR 571.121, Federal Motor Vehicle Safety
Standard 121,
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