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The National Transportation Safety Board is an independent Federal agency
dedicated to promoting aviation, railroad, highway, marine, pipeline, and
hazardous materials safety. Established in 1967, the agency is mandated by the
Independent Sa‘aty Boad Act of 1974 to investigate transportation accidents,
determine the probable cause of accidents, issue safet¥ recommendations, study
tran<nortation safety issues, and evaluate the safety effectiveness of government
age:..iesinvolved inttransportation.

The Safety Board makes public its actions and decisions through accident reports,
safety studies, special investigation reports, safety recommendations, and statistical
reviews. Copies of these documents may be purchased from the National Technical
Information Service, 5285 Port Royal Road, Springfield, Virginia 22161. Details on
available publications rnay be obtained by contacting:

Public 1t ;uiries Section

National Transportation Safety Board
800 indepecence Avenue, S.W.
Washingtor, D.C. 20594
(202)382-6735
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EXECUTIVE SUMMARY

In 1977, a series of Federal Motor Vehicle Safety Standards (FMVSS) for
school buses became effective, mandating different performance standards for
school buses compared to other buses. Data on the crash performance of school
buses butlt to these standards were lacking, so the National Transportation
Safety Board conducted a series of indepth accident investigations from 1984 to
1988 to determine how well Federal school bus standards are working to protect
passengers from injury and whether changes in the standards are needed.

Federal standards for the design and operation of school buses differ
according to the passenger capacity and gross vehicle weight rating of the bus,
The Safety Board, therefore, studied the performance of large and small school
buses separately, and two reports were planned.

The first report, published in 1987, examined the crash performance of
large school buses built after the new standards for school buses became
effective. The Safety Board found, overall, that large poststandard schooi buses
provided excellent crash protection to their passengers but issued
recommendations to further refine the safety of these school buses. The Safety
Board concluded that the first priority for improving the safety of school bus
passengers should be the rapid retirement of prestandard school buses, followed
by expenditure of funds toward accident prevention in the form of improved driver
training and equipment to reduce the number of student fatalities occurring
during the loading and unloading of large school buses. Two to three times as
many students are killed each year in the loading zones as are killed while
riding on the school buses.

Thos §s the second vreport on sclicol bus safety; it focuses on the
performance of small school buses and vans used for school transportation. The
report fs based on review of past research, crash tests, and the Safety Board’s
investigetion of accidents involving vehicles used for school transportation
manufaclired after April 1, 1977. Safety Board highway investigators, working
out of eight Regional Offices, established notification networks with State and
local police, hospitals and emergency personnel, and safety groups, and asked to
be alerted when a crash meeting the Safety Board’s criteria occurred. To be
investigated for the study, the crash had to meet at least one of the following
criteria: damage to the school vehicle that required it be towed from the scene,
the schoo! vehicle rolled over, or one or mdre bus passengers was seriously
injured or killed. Accidents in which these elements occur put passengers at
risk of injury. As a result, the desiga of the bus, in terms of occupant
protection, can be evaluated. The typical school bus accident, which results in
property camage orly and in which the bus is driven from the accident scene, does
not "test" the crashworthiness of the vehicle.

The Safety Board found that occupants of the small school buses bu it 1-
federal school bus standards generally fared well in the accidents investigateo.
Injuries, when sustaired, were generally minor and were primerily to the face,
head, or 1lower limbs. Unrestrained and lapbelted passengers showed similar
patterns of minor injuries, and seating position, more than restraint status,




appeared to influence the severity of iInjuries. Passengers seated in the front
rows of certain types of small school buses appeared to be at increased risk of
head or facfal injurtes because of the absence or peculiar design of 2
restrainin? barrier. Lapbelted passengers, in particular, appeared to be at risk
of injury from interaction with the restraining barriers.

Lapbelt use did not appear to hamper em2rgency evacuation of passengers,
primarily because adults on the scene rapidly released the passengers from their
belts. No postcrash fires or leaks from the school bus fuel tanks occurred. .n
many accidents, however, school bus passengers were limited in the number of
emergency exits avaflable: after the crash, exits were often blocked or
inoperable.

Other {issues addressed in this report include: 1{naccurate reporting of
restraint status and injuries; improper use and installation of lapbelts;
windshield dislodgement; inadvertent opening of the boarding door during the
crash: and separation of body joints.

As a result of this safety study, recommendations were 1issued to the
National Highway Traffic Safety Administration, manufacturers of small school
buses, and various associations of school transportation officials and
contractors. The recommendations focus on the following safety concerns:

® design of restraining barriers in small school buses;

¢ feasibility of providing lap/shoulder belts or other
restraints with upper torso support for passengers;

deficiencies in roof and joint strength;

lack of Federal performance standards for school bus
windshield retention;

desfgn of the boarding door controls in certain small
school buses; and

need to correct improper installation of lapbelts and
other restraints and to use restraints properly.




RATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTOM, D.C. 20594

SAFETY STUDY

CRASHWORTHINESS OF SMALL POSTSTANDARD SCHOOL BUSES

INTRODUCTION

The driver of a school bus transporting six students to school
lost control when negotiating a right curve. The school bus
traveled onto the 1left shoulder of the road, struck two
utility poles, rolled onto its right side and came to rest.
The initial impact was a Delta V of 10 mph.l OFf the six
passengers, ages 5 to 18, four were uninjured and two
sustained minor contusions and abrasfons. (Case 11, Denville,

New Jersey.)

The good outcome of this school bus accident is not unusual. Most school
bus passengers involved in a c¢rash are either uninjured or rsceive minor injuries
at most, even in accidents in which rollover occurs.¢ This school bus,
however, was not a typical big, yellow school bus. It was a 16-passenger school
van, painted yellow, equipped {as all vans are required to be) with a lapbelt for
every passenger. At the time of the crash, four of the six passengers were
wearing their lapbelts; one of the passengers who was wearing a lapbelt and one

who was unrestrained received minor injuries.

The typical school bus used in the United States to transport students is a
acity for more than 50 passengers, with a gross

large, yellow bus with seating xap
vehicle weight rating (GVWR)* of more than 10,000 pounds, and is equipped

1 the severity nezsuwre used fn the Safety Board's cases is Delta Vv, considered by most crash researchers

to be the best sinile measure of cotlision severity. Oelta V, as used in the investigations of these cases,
The Deita ¥V estimates were

is the fimstantanecus rate of specd charge undergone by s wvehicle at impast.
generated  primarily from measurements of both the Llocation and extent of the vehicles' structural

deformation, along with the vehicles! weights.

2 According to the Kational Safety Council (NSC), about 80 percent of all school bus accidents involve no
injuries do occur, NSC estimates tnat about 89 percent of the

Yhese figures are based on 16

injuries to passengers on the bus. If
injuries in nonfatal accidents are minor and about 10 percent are moderate.

years of dats including school vehicles of all types.

3 1n this case, seating position, more than restiatn: status,
unrestrained passenger and the other Lapbeited passengers were uninjured.

4 the gross vehicle weight rating (GWR) is used by the Federal government in fts mator vehicle safety
One

school bus can be designed to carry fewer passengers than another school bus but still have a higher gross
In other words, passerger capacity dres not determine if a school bus is tullt to

standards. GWR §s the value specified bty the morufecturer ss the loaded weight of @ single vehicle.

vehicle wefght rating.
“large" or "smalt" school bus performarce stancards set by the Faederal government.

influenced injury outcome. The cther
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with a seatbeit for the driver only.3 Obviously, not all vehicles used for
school transportation fit this description. School districts also use passenger
cars, station wagons, minivans, and smaller school buses (including van
conversions) to transport students.

Schools typically use a small vehicle rather than large school bus for
special purposes such as transporting special education and handicapped
students, Head Start students, and athletic teams to out-of-town meets, and for
activity trips by school-sponsored clubs. Smaller school buses are preferred for
a variety of reasons: (1) lower purchase price; (2} lower operating costs; (3)
bus routes with fewer students; (4) eage of handling in an urban environment
where door-to-door service is required;® (5) closer pupil supervision (because
of fewer passengers); (6) dbility to retrofit additional exits, such as
wheelchair 1ifts; and (7) ability to provide extra leg room between seats.

The Safety Board was interested in documenting the crash performance of
smali school buses but faced two immediate questions: what is a school bus, and
what distinguishes a large school bus frem a small school bus?

Definition of Small Versus Large School Bus

There is no general agreement on what a school bus is or what distinguishes
a small school bus from a large one. The term "school bus" has no common
definition, unlike tha terms "passenger car” or "truck." The only consepsus is
that a school bus cannot be a public carrier, such as a municipal bus, or be the
family's private vehicle.

There are two basic approaches for defining a vehicle as a school bus: by
use, or by body type The most common approach is by wuse. Using this
definition, the term "school bus™ describes any vehicle, regardless of body type,
used to transport students. Thus, buses and vans built to Federal school bus
standards as well as other types of vehicles--such as converted airport transit
buses, and minivans and station wagens {other than the family car)--used to
transport students can be called school buses. Most statistics about school
buses of this type relate only to vehicles used to transport students at public
expense; vehicles used by private schools are excluded. For example, school bus
statistics from the National Safety Council (NSC), the most widely referenced
data, include only vehicles used for public school transportation (National
Safety Council 1987).

A school bus can also be any vehicle with a school bus-type body,
regardless of its use. Uader this definition, the term "school bus" would
include school buses used by public and private schools along with vehicles with

3 Only 8 few of the XNation's 15,480 school districts have ordered large school buses equipped with
passenger Lapbelts,

6 Many school districts sre required by State or local statutes to previde special students with doer-to-
door service eondfor to limit the tim? the students are in transit between home and classroom. These
requirements resutt fn a need for small vehicles,




school bus bodies used by day camps, churches, private activity groups--such as
Boy Scouts, migrant workers, and community shelter programs--as well as school
buses converted to motor homes. Any vehicle with other than 2 bus body would be
excluded; van-conversion school buses, for example, would not be included in such

data.

The Federsl Government uses both of these definitions of school bus, and
other definftions, in its standards, operational guidelines, and accident data
collection. Perhaps the most important definition {s that used in the U.S.
Department of Transportation’s Federal Motor Vehicle Safety Standards (FMVSS),
which vehicle manufacturers must follow. The definition of school buses used for
the FMVSS’s has both passenger capacity requirement and use qualifications. for
a vehicle to be defined as a school bus, it must first be a "bus"--that is, "a
motor vehicle with motive power, except trafler, designed to carry more than 10
persons.” Further, a "cchocl bus®™ is "a bus sold or introduced in interstate
commerce, for purposes that include carrying students to and from school and
related events.” Under this definftion, both a van-based vehicle and a bus, if
built to FMVSS for school buses, would be termed a school bus.

In this study, the Safety Board used the FMVSS definition of school bus
because it was fnterested in documenting’the crashworthiness of vehicles built to
the Federal school bus performance standards. In addition, the Safety Board
investigated four cases involving vehicles that were not built to Federal school
bus standards because some States permit use of such school vehicles.
Discussions in the text and appendixes A-D distinguish between vehicles built te

school bus FMVSS and those that were not,

The problems inherent in defining a small versus large school bus were even
more difficult. A uniform definition, based on either vehicle weight or
passenger capacity, does not exist. School districts, States, school bus
manufacturers, and the Federal Governmeat have their own and different methods of
classifying school buses. The size of a school bus can be based on passenger
capacity (for example, 16 passengers or less, or more than 16 passengers--the
source of some Type I versus Type Il school bus classifications), vehicle
configuration (for example, van-type body versus bus body), gross vehicle weight
rating (GVWR of 10,000 pounds or less, or more than 10,000 pounds), or a
combination of these factors (for example, school bus Types A, 8, C, and D as
used by school bus manufacturers; see fig. 1}.

The size designations and definitions of school buses overlap and conflict
with one angther, making it impossible to compare data sets with one another
(appendix E). Deciding how to differentiate between a small versus large school
bus for the study was difficult. At first, the Safety Board believed it could
restrict case vehicles in the study to those with a GVWR of 10,000 pounds or
less, the basis for the FMVSS size distinctions. However, another Federal
guideline, Highway Safety Program Standard lo. 17, which currently distinguishes
between school buses by passenger capacity, complicated matters. A school
vehicle could be a "large® bus under one set of Federal requirements and a
"small” bus under another (passenger capacity does not always correspond with
GVWR). The Commercial Motor Vehicle safety Act of 1986 (P.L. 99-570) also
distinguishes between school buses by passenger capacity; the Act, administered
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, A Type A school bus is a conversion or body constructed on a
? van-type compact truck or a front section vehicle, with a
: gross vehicle weight rating of 10,900 pounds or less, designed
5 for carrying more than 10 persons.

A Type B school bus is a conversion or body constructed and
installed on a van or front-section vehicle chassis, or
stripped chassis, with a gross vehicle weight rating of more
than 10,000 pounds, designed for carrying more than 10
persons. Part of the engine 1{is beneath and/or behind the
windshield and beside the driver’s seat. The entrance door is
behind the front wheels.

Figure 1.--Thes. -odels of one manufacturer are classified by
the industry-wide system of school bus type definitions.
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A Type C school bus s a body installed on a flat back cowl
chassis with a gross vehicle weight rating of more than 10,000
pounds, dasigned for carrying more than 10 persons. All of
the engine is in front of the windshi2ld and the entrance door
is behind the front wheels. (Type C school buses are also
sometimes referred to as "conventional® schrol buses.)

A Type D school bus is a body installed on & chassis, with the
engine mounted in the front, midship, or rear, with a gross
vehicle weight rating of more than 10,000 pounds, designed for
carrying more than 10 persons. The engine may be behind the
windshield and beside the driver’s seat, at ihe rear (behind
the rear wheels), or midship (between the front and rear
axles). The entrance door fs ahead of the front wheels.

(Type D school buses also are sometimes referred to as
"transit-style* school buses.)

Figure 1 (continued).
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under the responsibility of the Federal Highway Administration, applies only to
vehicles "designed to transport more than 15 passengers, including the driver.”
Then too, States and school districts routinely refer to school buses as either
Type | or Type 11, a designation loosely based on passenger capacity. Most
availatle school bus data use this Type I or Type Il designation.

In this study, the Safety Board stzed school buses using the school bus
industry system of classifying school buses as either Type A, 8, C, or D, a
system that takes into account GYWR and vehicle configuration (definitions and
examples are given in figure 1). This report presents data for school bus Types
A and B. Types A and B are referred to fn State and industry statistics as Type
I1 (“small") school buses. Only Type A is a small school bus as defired by the
FMVSS because of its GYWR. A Type B school bus is a small school bus that fis
built to the large school bus FHVSS because of {its GVWR, This report
distinquishes between Type A and Type B school buses in discussions of vehicle
grash performance and seatbelt installation. Most cases were Type A school

uses.

Why This Study Was Conducted

In 1977, a serfes of new and modified FMVSS relating to school buses became
effective, mandating different performance standards for school buses compared to
other buses. Data on the crash performance of school buses built to these
standards were lacking, so the Safety Board conducted a series of accident
fnvestigations from 1984 to 1988 to determine how well the standards are working
to protect passengers from injury and whether changes ir the standards arve
needed. Two reports were planned because Federal standards and guidelines
different{iate between sciiool buses by size.

The first report, published in 1987, examined the crash performance of Type
C ano Type D school buses (the types commonly called large or Type ! school
buses) buflt to Federal schonl bus standards (Nutional Transportation Safety
Board 1987b). The Safety Board found, overall, that these large poststandard
school buses provided excellent crash protection to thefr passengers but issued
recommendations to further refine the safety of these school buses. The Safety
Board concluded that the first priority for improving the safety of school bus
passengers should be the rapid retirement of prestandavd school buses, followed
by expenditure of funds toward accident prevention in the form of improved driver
training and equipment to reduce the number of student fatalities occurring
during the loading and unloading of large school buses. Two to three times as

many students are killed each year in the loading zones as are killed while
riding on the schcol buses.

This s the second report on school buses; it focuses on the crash
perforaance of fype A and Type B school buses, the types referred to in some
statistics as Type Il or small school buses. In the report, both vehicles with
bus bodies and van conversion bodies are referred to as school buses.
Discussfons distinguish between types of vehicles when appropriate.
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Type A and Yype B school buses combined ccnstitute about 15 percent of _the
pubYic school bus fleet (about 41,000 of the 362,000 public school vehictles?),
but sales of these smaller school vehicles in the school bus fleet have increased
every year for the last 5 years (appendixes f and G). These simall school buses
frequently carry passengers who are the most vulnerable of all school bus
passengers, very young students or passengers with some form uf disability (that
is, emotional, physical, or learning dicability).

1t is important to note that small school buses are not simply minfature
versions of large school buses. Small school buses differ from large school
buses not only fn size and weight--important factors in the magnitude of crash
forces acting on school bus passengers--but also in structural configuration and
interior features. These differences are especially pronounced In Type A school
buses, which represent most of the accidents discussed in this report,

Previoys studies of large school buyses.-- Because of these differences, the
conclusfons drawn by the Safety Board regarding the crashworthiness of lar?e
school buses (National Transportation Safety Board 1987b) do not necessarily
apply to small uchool buses. For example, the Safety Board did not recomeend
that States or uchool districts 2z1lo:ite funds to retrofit or purchase large
school buses with lapbelts bacause it found that passengers on large school buses
would, overall, raceive no net benefit from lapbelt use. That conclusion did not
consider the possibility of lapbelt-induced injuries; had this possibility been
included, th: overall net effect of lapbelts would have been negative for large
school buses. This conclusion does not necessarily mean that passengers on
small school buses would not benefit from lapbelts. The advantages or
disadvantages of lapbelt use may well be different in a school bus designed for
16 or fewer passergers compared with a school bus designed for 54 passengers. A
separate analysis was needed for small school buses because they inay perform more
Yike a car than a bus in a crash. Certainly a small school bus is closer in size
and weight to a passenger car than to a large school bus (figs. 2 and 3).

Studies of passenger car crashes.--Accidents invelving small school buses
have been of interest to groups advocating the installation of passenger lapbelts
on large school buses and to those concerned that the same types of 1lapbelt-
fnduced injuries that have occurred in rear seats of passenger cars (National
gransporlation Safety Board 1986) would occur to lapbelted passengers in school

uses.

As previously stated, the disparate size and mass of a small school bus
compared with a large school bus means that findings about the advantages or
disadvantages of passenger lapbelts on large school buses have little relevance
to whetter or not passenger lapbelts are needed on small school buses. For
similar reasons, studies of the crash perfornance of lapbelts in the rear seat of
a passenger car are not necessarily applicable to lapbelts in a small school bus.,
The differences in size and fnterfor featuras between a passenger car and school
bus zre too great.

7 the rurber of smell school busts and vans used by private schools {s not known.
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Figure 2.--A small school bus ts closer fn size and weight to
3 passenger car than to a large school bus. In this photo, a
66-passenger school bus and a 22-passenger school hus are
parked alongstde a Chevrolet Caprice. If a schoo! bus is
fnvolved in a collision with a car, the crash forces
experienced by passengers riding on the small school bus wild
behmughbmore severe than if they had been riding on the large
school bus.
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RN Figure 3.--Passengers seated in a small school bus are closer
. \ E to the ?round and closer to the level at which a passenger
-5 | . car would impact, than passengers s2ated in a large school
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For example, General Hotors (GM} recently estimated that use of a lap-only
belt in the rear seat of a passenger car can reduce fatalities by 18 percent + 9
percentd (Evans 1989). *The effectiveness of lapbelts in preventing fatalities
in rear seats flows mainly from ejection prevention,” GM concluded. Lapbelts
were able to veduce collisions between occupant and vehicle interior only 1
percent &+ 9 percent.9 In other words, lapbelts were unable to prevent most
interior contacts, and their effectiveness was mainly due to ejection prevention,
Considering the differences between a passenger car and school bus, the
effectiveness of lapbelts is Vikely to be even less on the school bus because
ejection s less possible from the bus. Occupants of passenger cars are ejected
most often through the car side door, followed in frequency by ejection through
the adjacent window or through the windshield. Unrestrained passengers on a
school bus are less likely to be ejected than occupants of passenger cars because
they are not seated next to a door, windows are usually partitioned, seatbacks
are usually closer and higher, and passengers ave farther from the windshield.

fAccident Selection Criteria

The purpose of this safety study was to determine how well small school
buses protect their student passengers from injury. The purpose of the study was
not to document how well adults were protected in a smaM school bus or the
problems of transporting physically handicapped passengers.

Investigations were 1imited to vehicles built after April 1, 1977, the date
when all Federal school bus standards were .n effect, aw% that met the fndustry-
wide definition of a Type A or a Type B schoo) busl1:12 (school bus models are

8 mhat is, the overatl effectiveress of & lapleit could be as high as 27 percent or as low s 9 percent,

9 according to the GM research, lapbelts, at best, ¢3n prevent 10 percent of interfor contacts, snd in the
worst case, be a negative factor, increasing harmful interior contacts by 8 percent. The estimates by GM are
based on comparing the outcome of "matched peirs™ (reitrained versus unrestrained occupants) of passenger
cars from data in the Fatsl Accident Reporting Systes (FARS) for 1975-85. FARS, & data base maintained by
the Natiomal MNighway Teaffic Safety Administeation (NNISA), {s derived from police accident reports; dats on
resteaint use and inJury outcome are not comprehensive and contein  fraccurscies. Estimates adout the
effectiveness of rear sest ftapbelts are not wniform, Prior to his 1989 study, Evans reported Llower
estimates for the effectiveress of tapbelts in reducing fatatfties: 7 percent ¢ 12 percent, based on FARS
date for 1975-33. Other research, notebly by NHTSA, bas estimated the effectiveness of rear sest Llapbeits
to be as Moh as 40 perzent.

10 sheelchalr resteaints and restraints for the handicepred, and how to secure them to a school bus
interfor, are exempt from meeting Federal standards. 12 evaluation of such restraints {s beyond the scope
of this study.

' 1ype & and Type 8 school buses are comonly equipped with Lspbelts for passengers.

2¢me States Cincluding Connecticut, Michigan, New Nampshire, and Vermont) sppear to allow vans not built
te Federal school bus standards to be used to trarsport students on regular routes. Most are stock vans
bought from a dealer's lot. Other States stfow such vans 0 be used for student activity trips or other
special transportation purposes. The Sefety Board, since 1983, Mas urged that only wvehicles buiit teo
jederatl school bus standsrds de used for student trarsportation. The Safety Bosrd also investigated four
sccidents firvolving wvehicles that were not bullt to federal schoot bus standards (appendix ©). Some
pessengers were fatatly 'njured fin these crashes, sometines by lapbelt-induced fnjuries. The crashes
trvolving the norsterdard vehicles were 30 mxh more severe that in some cases the differences In vehicle
performance and tajury outcome could be cue to higher crash forces tother than the lack of crashorthiness

of the vehlicle.

NP AL L A
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fdentified in appendix H and fig. 1). The case vehicle had to be primarily
occupied by preschool or school-age childrer (not all of whom were in
wheelchairs), and the accident had to meet at least one of the following
criteria:

° the case_ _vehicle was {involved in a moderate speed
collistonl3 that disahled the bus (occupant injuries
need not have resulted); or

the case vehicle overturned; or

oxe or more of the case vehicle's passengers was
serfously injured or killed, regardless of the type of
accident.

The cases presented in this report are not a census or a statistical sample
of all accidents involving Type A and B small school buses in the United States
during the investigation period. The numhor of crashes {nvolving poststandard
small school busef occurring nationwide .. ‘ing the span of the Safety Board’s
study is unknown.!?® This veport is a *case® study, based on investigations of

accidents meeting specified criterfa to collect accurate and complete data on
crash performance and injury outcome for those accidents.

The accident criteria specified allowed the Safety Board to examine the
crash performance of small school buses in accidents that put the occupants at
risk of injury. This type of accident #s not typical, however. According to
available data, the typical school bus accident is minor, a “"fender bender,® and
does not result in injury. Consequently, such an accident would not “test® the
crashworthiness of the vehicle and would preclude an evaluation of whether the
vehicle’s design offers adequate protection for the occupants. Likewise, such an
accident would not be useful for evaluating the benefits of a passenger restraint
system (such as lapbelts) because the passengers, regardless of restraint status,
are at 1ittle risk of injury. In addition, a school bus accident resulting in
minor {njuries to unrestrained passengers does not yleld data useful for
analyzing the benefit of lapbelt use. Seatbelt use does not guarantee that an
individual will be unharmed, nor does it eliminate minor (AIS 1) injuries. The
Natfonal Highway Traffic Safety Administration (NHTSA) has estimated that
lapbelts and lap/shoulder belts in passenger cars are only 10 percent effective
in preventing minor (AIS 1) finjurfes.

B othe phrase "noderate speed® was Included to preclude the Safety Board being notified of & ainoe
acciclent, such as a bus that baxcked into an object or struck andther vehicle when both wece nearly at o
standstill. the term "coltisfon® had to appear in the asccident report becouse the criteria also spcified
"no injury need to have resulted.”

1 available sccident statistics combine all types of school vehicles and prestandard and podtetaendardi
buses together. Nstiorwice, en estimated 5,000 injury-producing accidents involving all types of school
vehicles occureed during the 1985-87 school yesr. This total ncludes accidents resulting In injurles only
12 occupants of the other vehicle and pedestrisns. According to 16 years of National safety Cancit date,
nost fnjuries to school bus occupants probably were minor,
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This report, unlike cthers, also distinguishes between types of small
school buses, an important distinction because Type A school buses meet a
different set of FMVSS requirements than Type B school buses, which in terms of
FMYSS requirements, are "large” school buses.

Cata about the accidents and vehicles investigated in this study are
presented in table I,

How the Investigations Were Conducted

The 1investigations for this study were conducted by Safety Board
headquarters staff and staff in eight Regional OFfices during 1984-88.15 At
the seginning of the study, each Safety Board Regional Offfce set up an accident
notification plan, involving a network of law enforcement and medical authorities
in the multi-State region surrounding the office. Local and State authorities in
each region agreed to notify the Safety Board investigators of a crash meeting
the Safety Board’s criteria as soon as they became aware of it. Upon
notification, the investigators determined {f the crash, in fact, met the
selection criteria, and if so, began a detailed investigation.

Damage to the exterior or interior of the school bus was documented and
analyzed, especially 1in relatfonship to each passenger’s seating position.
Information on each occupant (age, weight, and height) and seating Tocation was
determined to the extent possible. For each occupant, the investigators
attempted to determine whether a restraint system was used, whether it was used
correctly, the probable source of each fnjury, and the nature and severity of

each injury sustained, expressed in terms of the Abbreviated Injury Scale (AIS)
{appendix 1).

Throughout this report, occupants are frequently described in terme of his
or her maximum AIS level injury (MAIS). Use of the AIS injury coding system
helps eliminate individual bhfas when discussing injuries; a "serious” injury to
one person may be a “"moderate® to another person. Under the AIS system, al}
;njuri$s age listed in a coding manual and only one code per specific injury can

e assigned.

5 e safety Scsrd has highway investigators 1n the follewing Reulonsl Offices: Atlenta, Chicago,
Denver, Fort Worth, Xensas City, Los Angeles, Kew York, and Seattle,




Table 1.--Data about accidants and vehicles fnvestigated
for study on crashworthiness of 24 small poststandard
school buses, 1984-83

Iter Number [tem Number

—————

Type_of vehicle:’ Other vehicle(s) or
Type A school bus® 19 object(s) invilved:

Type B school bus 5 Passenger car or van
Light truck
Heavy truck
Manufacturer of Other school bus
scho)l bus body: Other object

Collins Bus g?rp.
1. an
;ayn: Céi;?r van) Type(s) »f accident:
Blue Bird Body Co. Collision d
Carpenter Body Works Yoncollision
Ccach & Equipment
(Fortivan) Rollover®
Van-Con, Inc, Nourollover
Sheller-Globe
Superior Coach Int'l,
Thonas Buflt Buses Principal directicn of
AmTi-an {Yanguard) fmpact in collision
Other accidents:
Manufacturers of schoo) ggggtal
bus chassis: Rear

Chevrolet Multiple
Dodge

GMC

ford

3 yehicles are classified by the school bus industry systen (adopted at
the Hational Minirum Standards Conference 1980) that takes into account
both gross vehicle, wefght rating (GVWR) and vehicle configuration.

b Includes school vans. Type A school vehicles have a GVWR of 10,000
pounds or less and must therefore meet Federal standards for small school
buses.

€ som: accidents did not involve other vehfcles or an object, and some
sccidents involved multiple vehicles or objects.

d A1)l noncollision accidents were rollovers.

© ALl but three of the rollovers were precipitated by a collisfon, Safety
Board accident criteria undoubtedly resulted in a higher proportion of
roltlover accidents than would be found in accidents involving small school
buses nationwide.

f Includes head-on collision and front argle.
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DIFFERENCES IN FEDERAL MOTOR VEHICLE SAFETY STANDARDS
FOR SMALL AND LARGF SCHOOL BUSES

Federal Motor Vehicle Safety Standards (FMVSS) specify for school buses
with 2 GVWR of 10,000 pounds or less, different performance standards and, in
some respects, less stringent standards than those required for larger school
buses. Type A school buses are the only type of school bus considered "small”
or *light" school buses by FMVSS. NHTSA proposed a "combination of requirements
for 1ight school buses that differ from those for heavier buses, because the
crash pulse experienced by swaller vehicles is more severe than that of larger
vehicles in simflar collisions® (41 FR 4016, January 28, 1976). Three of the
most substantial differences between Type A school buses and other types of
school buses are outlined below.

Lapbelts

Type A school buses, like all passenger cars and multipurpose vans, are
required by FMVSS to be manufactured with at least a lapbelt at every occupant
seeting position. In the preamble to FMVSS 222, "School Bus Seating and Crash
Protection,” NHTSA stated "such restraints are necessary to provide crash
protection in small vehicles™ (41 FR 4016, January 28, 1976). Other types of
school buses (Type B, C, and D) are not required by FHVSS to have passenger
lapbglt; installed and, §f they do, they need not meet Federal seatbelt
standards.

Vehicle Structure

Type A school buses are not required by FMVSS to have the same level of
structural integrity as larger school buses. They are exempt from the Federal
standards that specify joint strength, and a less stringent test of roof strength
s applied. In 1973, during rulemaking connected with FMVSS 221,"School Bus Body
Joint Strength,” NHTSA found "no evidence that the mode of (Jjoint) failure
found in targer traditional school buses also occurs in smaller, van-type school
buses currently manufactured by autowobile manufacturers for use as 11- to 17-
passenger schoolbuses....Until information to the contrary appears or is
develored, these vehicles should not be covered by the requirement”™ (41 FR 3872,
January 27, 1976). The Safety Board belfeves this report presents such
information. The application plate used in roof performance tests in small
school buses was increased in sfze when some industry commenters stated they
would find it necessary to discontinue production of small school buses {if the
same testing requirements as for larger school buses were imposed (41 FR 3874,
January 27, 1976).

Seating

Seating standards are also different for Type A school buses than for other
schosl buses: compartmentalization is incomplete. When Federal rulemakin
regarding school bus seating was first proposed, the seats of all size schoo
buses were required to meet {dentical requirements in terms of seat spacirg and
seat performance. Several commenters objected to the applicability of the
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standard to school buses with a GVWR of 10,000 pounds or less, asserting that
the special requirements of the standard for small buses were inappropriate, or
unachievable, within the 9-month lead time for compliance mandated by Congress.
Since NHTSA had “specified adequate numbers of seatbelts for the children that
the vehicle would carry,"” different requirements for seating in small school
buses were considered “"reasonable,” and NHTSA exempted seats of Type A school
buses from certain requirements. (41 FR 4016, January 28, 1976).

These are not the only differences in standards for Type A school puses and
other types of buses. Figure 4 provides additional examples.
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Emergoncy Exits (FMVYSS 212, — Rear
emergency exit must comply with
provisicr:s of standard for smali
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Exterior Requirements

Small School Bus

schoo! buses. Dimensions and
clesrance of side emergency exits
not speciied.

Rollover Praotection (FMVSS 220) —

— Test requires a vertizat force equal to

1'z limes the urloaced vehicle weight
be appliesto roof Force applhcation
plate is w-cer and ionger than reof,
resulting a1 'arge koad-abrorting
surface.

@

Jolnt Strength — Not required to meet any Federal
Standard; exempt hom schoo! bus joint strength

Fudl Tank integiity '‘FMVES 301} — Seme parformance
standard (FMVYSS 221).

and testrequirements o that required for at! busas and
mubparpose vehicles: a rontal barrer crashtest, arear
moving flat barrier tost, 2 feteral moving flat barr er test,

and a static rollover test, with fuel spalage not to axceed
certdr hinndts

Large School Bus

Rollover Protection — More stringent
tes! requirements result in greater
roof strength. Force appd cation plate
is narrower and shonter than roo®; the
{atter aspect stresses tho roof
st.ucture more then the tast for small
sthoat buses.

Emergency Exits — Same aumber of
exits required as small school bus,
but rear exit must have twice the
ciearance and be slightly larger.
Dimensions and clearance of side
emergency exit specified.

Joint Strength — Must meet Federa! school bus
joint strength standard (FMYSS 221).

Fuel Taak dtegrity — Standard specities differertLlesting
requiremant: one test only, 8§ Moving cont aured bacrier
cr3sh. Same el cpiifage limitaticns.

(Note: FMVSS distinguish set.ool buses on Lhe basis of gross vehicle weight rating
Small $choot buses Have 8 GYWR = 10,000 Ibs ; large schodibuses > 10,000 ibs 3

i <l b e R g e

Figure 4.--Structural differences affect both the exterior and
interfor of small and large school buses.




Seating Requirements (FMVSS 222)

Smali School Bus

- ] '
3 > i 1
S ot | |
I' - % l !
- : % "
- i 4 | I
3 : o Seatscan be ! |
SO as far as . '
. ; desired | i
‘ SRP : 1 !
-3 |
_ !
_ l !
: 3 i
7 ' t
! |. - - - » -!
Atieast a lapbelt required at every Frontal barrier(s) not required. if SN
-3 . 0CCt 301 seating position. Must meet installed, no spacing cr size ’ |
3 1- same standards as belts in requirements or any of the restraining
- . mu“ipu[pose passenger vehicles barrier requirements o FMVSS 222
. {FMVSS 208, 209, 210). apply. Head protectior. zone ;
\ 4 requirements in force, though. :
Large School Bus
%
k4
&
. - i
] 2, i
No more than i
24inches
SRP

-

C_—

ainl N

No seatbelts of any kind required for Frontal barriers required. Must meet
passengers. If installed, do not have specific requirements for size, spacing
to meet any Federal requitements. and crash performance. ;

Note: SRP is the Seating Refer2nce Peint, pivot point of hip.

Figure 4 (continued).
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OVERVIEM OF RESTRAINT USE
AND IN.URY ANALYSIS

A case study, like this report, can provide data that are not usually
available and that are needed before discussion of the injury outcome for
restrained or unrestrained passengers on small school buses can be discussed.
Before analysis can begin, certain questions must be answered:

) Where was the occupant seated in relation to crash
forces and deformatfon of the vehicle?

Was the occupant restrained at the time of the crash?

If restrained, what kind of restraint was used?

Was the restraint correcily installed and worn properly?
° what was the severity and location of injury?
0 What was (were) the agent(s) of injury?

Police accident records or media reports of school bus crashes generally
cannot supply answers to these questions, and the reliability of data they can
supply is sometimes questionable. Table 2 illustrates differences between data
collected by the Safety Board and the data available from official reports of a
scnool bus accident.

There are several reasons for the discrepancies between severity of
injurfes reported in police accident records and the severity determined by
Safety Board fnvestigators. The priority of police at the accident scene is to
have the fnjured transported to hospitals as quickly as possible and to establish
traffic control, not to code injury severity. Police generally receive Tittie
training in coding and evaluating injuries, and the injury scales they use are
simplified. In addition, certain types of injuries may not be readily apparent
{mmediately after the accident.

Reports of belt use are usually higher than actual use, Nearly all States
and local school districts have statutes or regulations requiring the school bus
driver to be restrained when the bus is in motion. Failyre to wear the available
belt, especially if involved in an accident, may be grounds for dismissal. Some
school districts also require that passengers of school buses equipped with
lapbelts be buckled up whenever the school bus is in motion. Federal Highway
Safety Program Standard No. 17 currently recommends that passengers in school
vehicles that carry 16 or fewer pupils shall be required to wear lapbelts when
available and whenever the vehicle is in motion. Furthermore, some school buses
have adult aides on board charged with ensuring that students buckle-up.

Analyses of restraint use and injury outcome are discussed in the following
chapters. The analyses also discuss differences between the Safety Board’s
findings and official accident reports.
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Table 2.--Differences in restraint use and injury
status coded for case 15, Perrysburg, Ohic

Determined by fnvestigators

Coded on State police of the National Transportation
Item coded accident form Safety Board?
Restraint use.
Passengers 17 were wearing lapbelts 1 was unrestrained

14 were wearing lapbeltsb
1 was restrained in a
misused child safely seat®
1 status urndetermineo
Oriver Was wearing lapbelt Restrained by a loosely
adjusted lap/shoulder belt
{the only belt availabdble
at the seating position)

Injury status;®

Passengers 1 was uninjured 1 was untnjured
15 recefved minor injuries 11 recetved minor injuries
1 received serfous fnjuries 2 received moderate injuries
3 recefved serfous injuries

Driver Recefved minor injuries Recefved moderate injuries

(including two fractured
ribs)

3 gased on physical eviderce, reconstruction of the accident, and statements of
witnesses and vehitle occupants.

D A1 but one of the lapbelts were adjusted with excessive slack considering the
srall size of the occupants., The lapbelts thus provided Vittle restraint.

C The rolice report indicated the passerger was lapbelted and recelved minor
fnjuries. The passenger was actually rastrained in an improperly secured child
safety seat with half of the safety seat's harness around her body. The child
recetived a serious injury, a fractured femur.

d The potice report indicated this S-year-old passenger was wearing a lapbelt. The
passenger's seating position was actually occupied by an unsecured ch''. safety
seat lying on fts side. The lapbelt 2t the position showed no physicai evidence

of having been {n use at th2 time of the accident.

 fhe Ohio State police use the KABCO {njury scale, which provides five injury codes
from which to choose: fatal, serious, minor, no visible injury, or not injured.
tatfonal Transportation Safely Board investigators use the AIS injury scale, which
provides nine classifications: uninjured, minor, moderate, serious, severe, critical,
maxime (virtually unsurvivable), injured (unknown severity), unknown if injured.

The differences in fnjury severity shown in the table are not necessarily the

result of $naccurate coding by the police; they may just reflect the limitations

of the KABCO injury scale compared with the AlS scale.
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RESTRAINT USE

Restraint use was high among the drivers of school vehicles in this study.
Nearly three-fourths of the drivers were wearing the 1ap OE 1ap/shoulder belt
available at their seating positions at the time of the crash.l6

Restraint use among passengers in the study was lower than that of the
drivers, but still high. Two-thirds of the passengers with restraints available
at their seating positions were determined by the Safety Board to have been
restratined in some fashion at the time of the crash. (Restraints included child
safety seats; properly and improperly used lapbelts and lap/shoulder belts; and
substandard, jury-vigged "belts" and secured wheelchairs.) Data were collected
on 111 lapbelted passengers (97 on vehicles built to Federal school bus
standards; 14 on vehicles not built to these standards).

The level of restraint use among passengers in this study was far greater
than that reported in a survey conducted in New York State in 1988, the ounly
State to require that al‘ new school buses, regardless of size, be equipped with
lapbelts for passengers. 7 the survey found that in the school districts with
formal .policies mandating seatbelt use, fewer than 25 percent of passengers on
the belt-equippe? buses wore the available belts. The lapbelts on some buses had
been vandalized.!8

Many of the school vehicles in the Safety Board’s study are the type in
which belt use is required by State or lccal policies, contributing to the higher
belt use rate in this study compared to the Nrw York survey. The higher rate
also occurred because the school buses carri%p few passengers, passengers were
usually young (grade school age or younger),19 or handicapped, or because aides
were aboard vehicles to encourage passengers to buckle-up, Not surprisingly,
restraint use was higher in the six buses with aides aboard than in buses without
aidﬁz. Only one of the seven aldes, however, was restrained at the time of the
accident,

16 0f the 20 restralned schoot bus deivers, 11 wore lapbelts and @ wore 1ap/shoulder belts. This was @
mxch higher belt use rate than observed in the Safety Board's study of large school buses: of 43 crashes,
rearly hatf the school bus drivers were unrestrained.

7 Large school buses ordered for use in New York State are also required to have more seatback padding
and, since 1968, higher seatbacks than required by Federal standards, Seatbacks fn Xew York school Dbuses
are 28 inches from the Seating Reference Polint; Federsl standards specify a minimum of 20 fnches.

L onty 33 percent of the school districts reported no problems with seatbelts. Of the districts
reporting problems, 15 percent had cut belts, 19 percent had buckles removed, 12 percent had broken
buckles, 18 percent had feproper adjustment, 30 percent hed belts tied together, and 3 percent had sultiple
nrcblems. According to the survey, repeic costs and down time related to seatbelts on buses has created

added expense fncluding replecement parts, lsbor, and loss of vehicle use. This cost factor is projected to
exceed $1,000,000 per yesr scross the State.

19 Grade school pupils are more Llikely to buckte up than high school pupils (U.S. Oepartment of
transportation, National Mighwsy Traffic Safety Adainistration 1984).

+'Y
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Deficiencies in OFficial Reports of Restraint Use

In most accidents, Safety Board investigators did not rely solely on
statements regarding belt use of witnesses or vehicle occupants or on the
rastraint status in the police report, but rather looked for physical evidence of
use. Reconstruction of the crash events, information on the fit of the belt and
stze of the occupant, and medical records on the injuries sustained assisted the
Safety Board investigators in evaluating restraint use. In some cases, the
restraint status reperted by the schosl bus occupant was directly contradicted by
physical evidence; in others, the status reported was questionable. Four
examples follow:

1. The school bus driver’s lap/shoulder belt was found
pinned behind his deformed seat, with fts latchplate
splattered with blood. The opening where the latchplate
would fit in the buckle stalk was filled with asphalt,
which had spilled into the bus when it was struck by a
truck transporting hot asphalt. {Case 25.)

2. A1l lapbelts on the school bus were wunusable: they
either had been vandalized or were stowed beneath the
bottom seat cushions. (Case 4.)

3. The 5-foot 2-inch, 190-pound driver’s aide was found in
the statrwell following the crash; her pelvis was
fractured. The adjusted length of the lapbelt at her
seating position was 22 inches. (Case 15.)

4. The school bus driver refused to start the bus unless
all passengers were lapbelted, so to give the apzearance
of being belted, the passenger inserted the buckle {into
his latchplate, but not far enough to engage the buckle.
He slipped from his seat during the crash. (Case 5.)

Police accident reports indicated that these school bus occupants were
restrained, Many of the occupants had told law enforcement officials on the
scene that they had been using the available restraint at the time of the crash.
Safety Board investigators determined from evidence, however, that all were
unrestrained. Oeficiencies in accident reports of other cases are documented {n
the case summaries {(appendixes 8 and D).

Police may be inclined to take occupant statements about restraint use at
face value, or to ¥ist uninjured occupants.as restrained and injured occupants as
unrestrained. In cases 4 and 24, for example, all passengers were listed as
vapbelted in the police report although there were no ltapbelts available for use
at their seat on the bus. Restraint use is probably overstated in most of the
offictal veports.

Restraints incorrectly coded as lapbelts.--Not al) lapbelts reported ir use
were actually lapbelts. Police reported other devices as lapbelts: a child
safety seat, a lap/shoulder belt, a large belt formed by joining the latchplate
of the aisle-side lapbelt with the latchplate of the 1lapbelt at the window
seating position, and a jury-rigged "restraint® consisting of two car lapbelts
tied togetner and slipped over the top of a bench seat.
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Improper use of _lapbelts,--Police reports do not {indicate whether the
Tapbelt was being worn properly. The Safety Board investigators found finstances
of lapbelts that were being orn 1n'properliy rather than snug and low on the
abdomen as recommended. The design of lapbelts commonly installed for passenger
use on school buses may encourage misuse.

Nearly all lapbelts installed for passengers cn school buses re *static”
lapbelts, the type commonly found in airplanes and the center seating Position of
cars. Static belts are not eauipped with retractors that automaticaily tighten
the belt around the occupant; instead, the school bus passenger must manually
adjust the belts--shorten or lengthen them--to ensure proper fit.

Safety Board investigators often found that the lapbelts had excess slack
(cases 2, 5, 13, 15, 17, 19, and 25). A loosely worn lapbelt cannot provide the
sam¢ level of protection as a snugly worn belt anu exposes the occupant to
fnjury: 1in the Safety Board’s cases, passengers slipped out from the restraint
fn a crash, incurring injuries srom contact with components of the vehicle
{nterior normally not reachable.20 ioose fit also {increases the chance of

ejection, and an occupant with a lcosely fitted lapbell may be at more risk of
abdominal or spinal injury.

Unusual Configuration and Installation of Restraints

Some of the restraints reported in use were improperly installed or of such
a design that they would not meet Federal standards. Federal safety standards
for seatbelt design and {installation (FMVSS 208, 209, and 210) apply only to
belts provided by the nﬂufacturer in motor vehicles required by FMVSS to be
provided with seatbelts, The owner can alter the seatbelts, even cut them
out of tha vehicle, and not be in violation of any federal standards. (They may,
however, be in violation of a State law.) “The restraints described in table 3

vio}ate established finstallation quidelines and some basic tenets of seatbelt
design.

The "lapbelts®™ and Jury-rigged restraints described in table 3 provide
school bus passengers with a degraded level of protection at best. Moreover,
some of them expose the occugant to danger of injury from the belt ftself, as in
the loopbelt held together by a metal plate with exposed bolts (fig. 5). The
unrestrained child seated on the bench seat next to the two children encircled by
this belt couid have been harmed in an accident by contact with the metal plate
and protruding bolts. The children within the loopbelt also were in danger of
injury caused by their bodies slipping around in this large belt and interacting
forcefully with one anather. Moreover, because the loopbelt was not secured to

the seat or floor, it could move upward, beyond the children’s chests, and
position ftself near the neck.

20 gen cate 15, for exa ..

21 the Type A schoot bua. in the study originally were equipped by the manufacturer with lapbeits
reeting Federal standards, as required by federal reguletions., The type 8 school buses in the stuly were
ot required by Federal cequlstions to heve factory-irstelled lapbeits; {f lapbelts were instalied by the
school districe, they did not have to reet federal seatbelt standards,
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Table 3.--Examples of unusual passenger restraints and installations

in small school bhuses

S R ki A e T A A Wil o e G P A T AT e iy - e Sy b A Al e e W b A A e g M M P ey e o b . fumeab i Mttt A= i ———

Tvpe of school bus
and case number

Unusual restraints and instollations

Type A:®
Case 3

Case 15

Case 17

Type 8:°
Case 21

Case 22

—— i it e e oh ek e ke e e e A

Lapbeltls were available for every passenger, but

two types had been installed. Some lapbelts had
pushbutton release latchplates, like those cormonly
found on passenger cars; others had 1ift-type release
buckles 11ke those in afrplanes. This mix was found
throughout the vehicle, even on the same bench seat.

A child safety seat was improperly installed and
misused: the right side shoulder strap of the
harness was not attached to the safety seat, and the
vehicle lapbelt was improperly routed around the
restraint.

Two lapbelts had been shortened by looping over the
webbing, punching a hole through the looped-over
webbing, and then remounting the belt to the seat
using & bolt, The "adjustment™ had been done to
meet parents' conplaints that the belts were too
large to fit smal, children.

The driver had “knotted™ the webbing of two of the
avaflable lapbelts, in an attempt to shorten the
belts. One belt was toa long because it was anchored
to the wheel well rather than to the floor on one
side, adding 9 inches to the belt webbing {the wheel
well was higher than the floor); this effectively
prevented the child from securing the belt snugly
around his body. A child safety seat was also
secured Ly a knotted belt. (Other cases in the study
also had knotted bdelts.)

A passenyer was restrained by a lapbelt and an
improperly installed €-2-ON vest: only the two upper
loops of the vest were secured to the school bus
floor. The lower loops were loose.
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® Table 3.--Examples of unusual passenjer restraints and installations i
j | in small school buses (continued) ‘ 3

et e ol A e e T < sl

i = Type of school bus

and case number Unusual restraints and installations

s alin —

Type 8 (cont'd):

Y. Case 24 Passenger seatbelts were not installed, but the school
IR bus contractor had jury-rigged two unusual restraints
g: on two of the six bench seats. The first consisted of
two lapbelt assembifes, joined together by two metal
plates and secured with four bolts. The plates were
exposed and the bolts protruded 1 3/8 inches. The
restraint was looped around the junction of the seat-
back and seat cushion and was designed to be placed
SRR around three children, Two children shared this
B ¥ *loopbeit* and an unrestrained child sat next to thenm
vt 3 on the same bench seat,

ik P AT T Sty o Pl B bR el
A S

IR the second restraint consisted of two belts: one was 3
3 a form of shoulder strap and the other a large loop- E
3 belt. The shoulder strap was wrapped horizontally
o around the seat; the other belt was placed over it,
i "ike 3 large lapbelt encircling the seat. The lap
A portion of the restraint fit across the occupant's

C N upper torso.

Nesther restraint was anchored to the seat frame or T ]
:loor: they were merely wrapped around the seat '
rames.

Yan not buflt to
N Federal school bus
i standards:*

Case 27 Lapbelts demonstrated a vartety of unconventional
installations: two belts shared an anchor point;
lapbelts were 311 different lengths; and tuckle-to-
latch configurations were frregular,

g :)_‘ ittt e
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3 Type A school buses are required by federal standards to be manufactured
with at least a lapbelt at every passenger seating position,

S b type 8 school buses are exempt from tha lapbelt requirement, Type B buses,
_i ' ho¥ever. often are ordered with passenger lapbelts or are retrofitted with

.*: be tS.
LG ; ¢ The National Transportation Safety 8Board has urged that only vehicles built
T . to Federal school bus standards be used to transport pupils.
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Figure 5.--Such "restraints" pose danger to the occupants,
The jury-rigged loopbelt (A) and unusual three-point restraint
(B and €) were found fn case 24. HNeither was secured to the
seat or floor. Other examples of fmproper installation were

shared seatbelt anchorages (D) and unusual configuration of
buckles and Yatchplates (E).
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Figure 5 (continued).




fFigure 5 (continued).

A restraint, by definition, is designed for use by one person only. Crash
tests performed at Un.versity of Michigan Transportation Research Institute
(Weber and Melvin 1983) have demanstrated a substantia) increase in injury
potential to occupants who share a seatbelt as they collide violently with one
another. Nith a shared restraint, proper fit--crucial for good restraint
performance--1s impossible: the loopbelt cannot be pruperly positioned over the
pelvic areas of two children.

Prior to this study, the Safety Board investigated cases involving large
school buses (both prestandard and poststandard) that had been retrofitted with a
form of these loopbelts. Regardless of the size of vehicles on which such belts
are found, they are not restraints. They pose a danger to occupants and should
be removed from the school bus.

Based on the occurrence and potential dangerous crash consequences of the
unusual restraints and installations documented in these cases, the Safety Board
believes that the National Association of State Directors of Pupil
Transportation, the Natiomal Association of Pupil Transportation, and the
Natfonal School Transportation Asssociation should alert their menbers to the
dangers of such systems and urge them to correct the installations. Students
also need to be instructed in the proper use of restraints,




INJURY OUTCOME
Overall Passenger Outcowme

Restraint use cannot guarantee that an occupant will be uninjured in a
crash, Although restraint use was high in the Safety Board’s cases, two-thirds
of the passengers in small school buses built to Federal school bus standards
were injured. Those who were unharmed included restrained and unrestrained
passengers (cases 2, 3, 11, 12, 21, and 23). In some accidents, an unrestrained
passenger was the only uninjured occupant in the vehicle; in others, a restrained
passenger was uninjured.

Fortunately, when school bus passengers were injured, minor injuries were
usually all that they received. for example, 122 of the 167 passengers in the
case vehicles built to Federal school bus standards were knrown to be injured, but
of these 122, 100 sustained minor injuries only. Few passengers, reg?{dless of
their restraint status, received more than moderate injuries (table 4). 2

Minor Injuries \

The most common minor injury was a facial laceration, followed by
contusion to leg or arm. Minor head and facial injuries were especially common
among lapbelted passengers. Because a lap-only belt does not provide upper
torso restraint, the upper body of the lapbelted passenger is free to move, in
some situatfons more violently than an unrestrained passenger due to the
jackknife effect. Lapbelted children also received minor abdominal contusions
g;?m the belt in several cases (cases 5, 6, 7, 12, 13, 17, and 22) (see fcotnote

Moderate and Above Injuries

Only 22 of the 167 passengers received more than a minor injury. Moderate
injurfes accounted for half of these injuries. Unrestrained passengers were not
ovarrepresented fin these injuries. Of the 12 passengers sustaining moderate
injuries, 7 were restrained, 4 were unrestratned, and restraint status was
unknowa for 1. The same pattern held true for the 8 passengers with serious
injuries: 6 were restrained and 2 were unrestrained.

For more detailed analysis of the differences in injury outcome for
rastrained versus unrestrained passengers, the reader is referred to the case
summaries fin appendix B. The Safety Board did not conduct further numerical
comparisons because of the small numbers of passengers in the study and the
importance of crash severity fin injury outcome. For example, one accident
involved 2 1/4 revolutions in which 11 passengers were unrestrained; another case
involved a minor head-on collision and 9 lapbelted passengers. These cases are
too dissinilar in severity and crash dynamics to drav any comparisons about the

22 1his outcane was not true in the cases irvolving sthool wvehicles not butlt to Federal school bus
standards (see appendix D). These crashes were generally more severe than those in shich vehicles were built
to school bus standards, and {apbelted students fared worse, sometimes fncurring fatal [lepbelt-induced
{njuries (case ¢6).




Table 4.--Injury outcome of passengers on vehicles built to
Federal school bus standards investigated for this study?

(By number of passengers)

Severe and Unknown severity (AIS 7)
Minor M-acrate  Sericus above and
Uninjured (AIS 1) (AlS 2) (AIS 3) (AIS 4-6) unknown if injured (AIS 9) Total

DOV BWN»
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—
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2

3

2 8

4 2

1 9
9

6 4

1 1

2 2
7

4

4 4

r4 3

3

1 5

2 3

1 2

,,..
LNNF WU H OO 2

TOTAL 45 100 12 8 2 0 167

3 rhe school bus driver was fatally injured in two cases: 7 and 8. Drivers are not included in the table
because their seat and surrounding environment is far more hostile than that of the passengers. The
school bus driver, for examole, has no passive protection and is exposed to the windshield, steering
wheel, gear shift, and dashboard.

b These two passengers were fatally injured: one passenger sustained MAIS S injuries that proved fatal;
the other, MAIS 6 that proved fatal.
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effect of restraint use. A more useful comparison is to look at the outcome for
restrained versus unrestrained passengers in the same vehicle. Even within a
single accident, comparisons based or restraint status can be misleading if the
occupant’s seating position and its ralationship to the crash forces, intrusion,

_or other causes of injury are not considered.

Importance of Seating Position

Seating position, more than restraint status, appeared to gnfluence injury
outcome in most of the accidents investigated for this study.? Lapbelt use,
however, appeared to have contributed to head injuries sustained by occupants of
the front rows who faced a restraining barrier. In a frontal crash, a lapbelted
passenger will jackknife over the belt and strike the barrier. Barrier design,
or absence of a barrier, also may have led to injury for unrestrdined
passengers, In the cases investigated, two passengers in vehicles built to
Federal school bus standards died from their injuries (case 17). One was
lapbelted; the other was not. Interaction with an abbreviated  restraining
barrier aggravated their injuries. g

Differences Between Safety Board and Police Accident
Report Data on Injury Severity

Many law enforcement officials use injury classification systems that have
very broad classifications for injuries, such as the KABCO scheme. In KABCO, for
example, a broken arm and a broken skull are both coded as "A" (incapacitating)
injuries, despite their vastly different threat to life. Internal injuries, such
as intra-abdominal lacerations, are not likely to be coded at all.

Accident reports examined for this study that were filed by police or
schools sometimes underestimated the severity of injuries sustained. In case 19,
for example, the lapbelted school bus driver was listed in poliice records as
having sustained minor fnjuries: the driver stated such to police immediately
following the accident. These "minor® injuries ultimately prevented the driver
from working for 48 days. Safety Boavd investig%}ors determined that the driver
had sustained at least moderate (AIS 2) injuries.Zd

The KABCO coding classification also obscured important differences in
injury severity among passengers. For example, in case 16, all nine passengers
were listed in the police accident report as receiving "A" level (incapacitating)
injuries. The Safety Board determined that the severity of injuries varied
widely; two passengers were uninjured, two received minor injuries only, two
sustained moderate injuries, and three were seriously injured.

23 ynis study collected date on lapbelt performance in the crashes fnvestigated for the study; it did not
atterpt to determina whether lapbelts could cause of prevent {njury in noncrash situations, the 1989
survey of New York State school districts fawd that tepbelts can cause Injurfes {n noncrash situations: 204
injuries resulted from seatbelt use--seatbelts were used as wezpons, used to trip passengers, and metal
splinters coused injuries. Seatbelt-related fnjuries increased 460 percent since the 1938 New York survey
white the number of buses with seatbelts increased 38.6 percent.

2k the driver had sustained decp contusions on her face from contact with the rearview miiror and deep
contusfons on her sbdomen induced by the lapbelt (she had slipped off her seat during rollover but remained
suspended by the belt webbing; the school bus had come to rest on its right side).
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Safely Board 1investigators found that injuries, particularly ainor
injurtes, often went unreported by the police. In case 10, for example, the
police accident report listed 8 of the 10 students on the bus as uninjured. The
Safety Board investigator determined that only two students were uninjured. In
other cases, injury information on the police reports was inconsistent with the
evidence: cases 1, 2, 5, 12, 13, 15, and 16. Minor injuries sustained by
lapbelted passengers often were not reported.

Limitations of the KABCO injury coding system are illustrated in table 2
and in appendixes J and K.

School accident records also are not complete and do not provide detailed
data on location or severity of injuries. Most school districts have an
established policy that all school bus passengers involved in a crash, regardless
of observed injury status, must be transported to an emergency vroom for
examination. The hosital emergency rocm records then become the source of injury
information. The Safety Board found instances when some parents, alerted by
local news reports of the accident, drove to the crash site and took their child
home or to the family physician for examination; injury information for such
instances may not find its way into official school records. Then too, some
fnjuries, such as muscle sprains or abdominal bruising, may not manifest
themselves until days after the accident.

Uniform School Bus Accident Reporting Form

The reporting problems documented in this study are part of a larger
concern: school bus accident and injury statistics, overall, are less than
adequate for research purposes and hamper analysis of what safety countermeasures
are needed and would prove most effective. For example, there is no standard
definitfion of "school bus accident” or "school bus-related accident.” Injury
reporting is also widely divergent. For example, in 1987, Maryland reported that
less than 10 percent of all school bus accidents resulted in injury. New York
State, however, reported that 60 to 66 percent resulted in injury.

These shortcomings are not new. As a Congressionally funded Transportation
Research Board study (Transportation Research Board, National Research Council
1989) pointed out, the Secretary of the U.S. Oepartment of Transportation
outlined the problem in 1977:

Wholly reliable information on school bus accideants is not
readily available on a natfonal basis. This is particularly
true for nonfatal injury accidents, and even more so for
accidents in which no injury 1is present. The information
deficiency exists with respect to descriptive statistics as
well as to accident-injury causation data; and it stems from
both inadequate investigations at the accident site and the
lack of a formal and systematic data collection and synthesis
process to produce aggregated information.
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solutions do exist to some of the problem. The 1985 National Conference on
Scrool Transportation--a conference of State Pupil Transportation ODirectors,
“0:al school district personnel, contract operators, and advisors from the scheol
bas industry--proposed a uniform school bus accident report form that would
provide standardized reporting of school bus accident data throughout the school
bus transportation industry. The Conference has adopted this form, but it 1s too
soon to determine if school districts will use the standard form and generate the
type of data useful to determine what types of accidents, nationwide, produce
serfous injuries to school bus passengers. (It will be vital that trained
gersonnel complete the accident forms to generate accurate data,) Had this form
een in use throughout the United States, the Safety Board would have been able
to compare the performance of the Type A and Type 8 school buses fin its
investigations to the universe of accidents {involving school buses of those
types.
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RESTRAINIKG BARRIERS

The forward portion of the interior of a school bus has many elements that
can cause tnjury if contacted in a crash, including the stairwell, dashboard,
windshiely, and boarding door mechanism. The area immediately around the school
bus driver is particularly hostile: the gearshift and steering wheel have the
potential to inflict serious injury.

To prevent firont row passengers from being thrown into thfis hostile
environment, Federal standards mandate a restraining barrier, sometimes called 2
modesty panel, to be installed on a school bus with a GYNR more than 10,000
pounds. These restraining barriers are to serve the same function as seatbacks:
to provide a form of built-in crash protection called compartmentalization.

A compartment is formed by the occupant’s own seat and the back of the seat
directly in front; the seats are required to cushion the passenger’s body in a
crash by "giving® in a controlled deformation and are required to remain firmly
attached to the floor and sidewall. For occupants of front seats, a restraining
barrfer is subsruituted for the back of a seat in front. The barrier must meet
the same requirements as seatbacks; that is, have the same spacing and dimensions
and thgdsame performance requirements utder testing conditions specified in the
standard.

Compartmentalization has been required on all Type 8, C, and D school buses
manufactured since April 1, 1977. Because compartmentalization s supposed to
provide the crash protection needed by passengers, these buses are not required
by Federal regulations to have lapbelts installed.

At least a lapbelt, however, 1is required to be installed by the vehicle
manufacturer at every seating position 1in Type A school buses.
Compartmentalization §s not required on Type A school buses, and hence {s
incomplete or 1lacking on many {ype A school bLuses. According to Federal
standards, for example, a restraining barrier is not required in front of the
first row seats. Seatbacks must meet the same requirements for height and head
impact protection zone as do larger school buses, but there is no restriction on
the maximum amount of space between scats.

In contrast, Canadfan school bus safety standards require that all school
buses, regardless of size, meet the same compartmentalization standards. All
school buses must have front seat restraining barriers installed that meet all
the requirements for seatbacks--padding, dimensions, and forward deflection
performance. Occupant crash protection on all school buses is provided entirely
by means of compartmentigization, and seatbelts {or nassengers are not required
on any size school bus.?2

The result of the U.S. standard is that front seat occupants of Type A
school buses have little, if any, built-in crash protection. Some Type A schoel
buses have no gZontal restratning barriers. Some manufacturers provide one or

more barriers, but without Ffederal standards, the barriers can vary in
height, width, padding (or have no padding at all), and attachment strength.

35 Cansds does not recomend that lapbelts be finstalled for passengers. Crash tests conducted for
Transport Cansda In 1984 and 1986 suggest that lapbelt use by pastengers, In stl sites of school buses,
Incresses the chance of head tnjuries (Transport Canada 1985; Davis Engineering Limited 1985).

26 Restraining barriers are required by many States and are written fato thelr school bus specifications,
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The Safety Board’s 19 cases involving Type A school buses provided a
variety of barrier configuratfons. Some buses had only one barrier, on the right
side; pasifngers seated in the left front row faced directly into the driver’s
seatback. Other buses had barriers on both sides of the aisle. Barriers
differed widely in design, sometimes even on the same bus: some were free
standing, others had stanchions reaching to the ceiling, still others consisted
of a guardrail and stanchion only. Barriers also differed in the amount and
location of padding (some were not padded, others were paddad only on the lower
portion of the barrier or on the guardrail only% and in size and shape {some
barriers were narrower and lower than the seats) 8 (fig. 6). The presence of
such objects directly in front of a sealed passenger--either unrestrained or
lapbelted--can present a hazard (and did in sore of the accidents investigated
for this study).

Crash Performance of Barriers

Consequences of barrier design.--Data are available in the case summaries
in appendix B of the injury outcome for 47 front seat occupants of Type A school
buses. The decign of the frontal barrier is most crucial when frontal impact is
fnvolved because this is the crash configuration during which the body of the
passenger in the front seat will most likely interact with the barrier. This
study provided data on the body movements and injuries sustained by 30 passengers
seated in the front rows of Type A school buses in accidents where frontal impact
was the prinibpal event. Of these passengers, 19 were restrained, and 11 were
unvestrained. In only one accident (case 17) were unrestrained and
restrained passengers seated next to one another on the same front seat. Thus,
other than in this case, the Safety Board was not able to comparve directly the
experience of lapbelted versus unrestrained passengers on the same front seat
regarding {interaction with the barrier.

When frontal barriers were present in Type A school buses, their design and
placement allowed closed head injuries, sometimes of a serious nature, to occgs
to both lapbelted and unrestrained passengers in frontal crashes.

Furthermore, when barriers were not present, unrestrained front row passengers
were thrown into the driver’s seatback or into the front of the bus, sustaining
injuries. Appendix C indicates the cases in which the absence or design of the
restraining barrier was a factor in occupant injuries.

The recent school bus study issued by the Transportation Research Eoard
estimated that only two to three passengers are killed annually while riding
on a small school bus (Transportation Research Board, National Research Council
1989) (appendix L). 1he Safety Board’s study presents data for six fatally
fnjured passengers of small school vehicles, only two of whom were being
transported by school buses built to Federal school bus standards. Both of these
fatalities occurred on a Type A school bus and both involved interaction with a
frontal restraining barrfer. Details of the accident follow.

27 In such & case, the driver's seatbak would have to meet perforrarce renpirements for the head
pro.ection zone,

28 tn some fype A school buses with two restraining borriers, the barriers were of different heights
{case 16, for e.omple).

29 pestraints Included lapbetts and child safety sests.

30 cloged head injury §s the most common serfous neurologic disorder in the United States, and even ainos
or moderate Mead traums can couse long-lasting symptoms (Fisher 1985).
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Figure 6.--The types of restraining barriers found in Type A
school buses vary widely. Note the exposed bolts in the top
photograph (case 3), and exposed metal guardrail near wall
anchor in the bottom photograph (case 5). Both lapbelted and
unrestrained passengers seated directly behind these barriers
recetved factal and head injuries.
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Both fatalities occ%rred in the same accident (case 17). A lapbelted and
an unrestrained passenger3l were seated next to one another in the right front
row, facing an abbreviated restraining barrier, which consisted of only a metal
panel surrounded by a lightly padded, tubular steel frame. The barrier was abr .
9 1{inches away from the seat and was considerably lower and narrower than the
seat it faced. The barrier measured 29 1/2 inches from the floor; the seatback
was 41 1/2 inches from the floor. The barrier was 28 inches wide; the seat was
39 inches uids A barrier so designed would not meet Federal standavds for large
school buses. 2

The small school bus had been slowly climbing a hill when it was struck
head-on by an out-of-control truck that was overturning at an estimated speed of
40 mph. The bus was struck again on its left side as the truck rotated (fig.
7). DOuring the crash, a 7-year-olé in the front seat by the right window
Jackknifed over his lapbelt and struck the left side of his head and neck ¢n the
tubular frame of the modesty panel. He sustained maximum (AIS 6) injuries,
including a lacerated larynx, a fractured and dislocated cervical spine, crushed
spinal cord, and brain hemorrhage. He died instantly. A 17-year-old boy in the
center front seat received critical (AIS 5) injuries, including a head {injury
and fractured left femur and right tibia. He died several days later. This
passeanger was found in the stairwell by rescuers; Safety Board investigators
datermined that he had struck the left side of the restraining barrier while
moving forward and to his left, catching his right 1eg on the abbreviated barrier
and pivoting around {t. The barrier could not contain him. He then continued
forward into the boarding door control, fracturing his left femur, and into the
windshield header, where he sustained a fatal head injury (fig. 8).

The school bus also had a restraining barrier on the left side, of
different design. It had no panel but unly a lightly padded stanchfon post and
horizontal bar, level with the top of th2 driver’s seatback. An unrestrained 3-
year-old sitting directly behind the driver was propelled against the driver’s
seatback during the crash and was found lying on the floor underneath the
?r;ve:’s seat following the crash. Fortunately, the child received only minor

njuries.

Case 17 was the only accident investigated by the Safety Board in which the
design of the restraining barrier contributed to fatal injuries. However,
survivors in other cases were injured by finteraction with the barrier as well,
For example, the design of an abbreviated restraining barrier on the right side
of the Type A school bus in case 15 may have allowed an unrestrained adult atde

3 Tthroughout this report, discussion s based on the restraint status ond body sovemente of injured
students a3 determined by the Safety Board (nvestigators. Restraint status frequently differad from that
reported by police and the modis. For erample, In cose 17, one of the fatally injured pasiangers,
originally reported in offictal accounts ss unbelted, uss determined by the Safety 83a:d 85 restrained. The
coroner reported lapbelt-induced bruises on the victin's pelvis. In eddition, this fatally fnjured 7-yesr-
old wes reported by media s being (ound in the stairwel’: he was actuaily found seated In & bench seat,
restrained by his Lapbelt.

32 Restraining barriers in Types 8, C, and O school buses are required to be equial to, o larger, than
the facing seat.
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Figure 7.--Damage to the small school bus in case 17 was
mainly to the loft frant, yet the fatally {injured passengers
were seated on the right. Passengers on the left side
received minor or no {injuries; restraint status did not
influence the injury cutcome for passengers on the left side.

Figure 8.--Artist’s sketch of body movements of the two
{atally fojured passengers in case 17 at the moment of initial
mpact.
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to sustain a fractured pelvis. Like the 17-year-old boy in case 17, the
driver’s afde was found in the stairwell following the crash. A metal panel,
framed by lightly padded tubular steel, was positioned between the right front
seat and the statrwell, but 1t did not extepnd far enough to prevent the
unrestrained aide, seated on the aisle seat of the right front row, from bein?
thrown forward during tihe frontal fmpact. She struck the boarding door contro
and fell into the stairwell.

Risk of head injury.--In the Safety Board’s cases, lapbelted passengers
appeared to be at risk of more serious head injuries from barrier contact than
did unrestrained passengers. This finding is consistant with the crash dynamics
for a lapbelted passenger versus an unbelted passenger in a frontal crash. In a
frontal crash, the lapbelted passenger, restrained by the belt around the pelvis,
will pivot forward, striking the barrier with head or neck as he or she
Jackknifes forward. [In contrast, the whole body of an unrestrained passenger
would move forward and impact the barrier. In general, when forces of impact are
spread out rather than concentrated on one area of the body, they are less
injurious.

In addition 1o the fatal head injury in case 17, nonfatal head injuries
were also sustafined by tapbelted passengers in Type A school buses involved in
frontal crashes. Examples follow:

Case 15. A lapbelted S-year-old passenger seated in the right front row,
by the window, sustained a serious (AIS 3) closed head injury, and contusions to
his forehead and left side of face from contact with the restraining barrier, He
Jackknifed into the abbreviated barrier in front of him when the swall school bus
struck a passenger car with its left front, at an estimsted speed of 50 mph
(fig. 9). A 1lapbelted S5-year-old passenger seated on the left front row
sustained moderate (AIS-2) closed head injury, probably from contact with the
driver’s seat back; no barrier was present,

Case 12. Both restraining barriers were closer in size and appearance to
the type of barriers in large school buses, but oniy an inch of styrofoam padding
covered the wooden frame on the side facing the passengers. W¥hen the school van
struck a fixed object head-on (21.7 mph Delta V) and thea rolled onto its side, a
5-year-old lapbelted passenger seated on the aisle in the right front row
Jackknifed forward and struck the barrier, sustaining a moderate concussion.
This injury was the worst sustained by any passenger, restrained or unrestrained,
in the van. A lapbelted passenger seated next to him, by the window, received
abi:asfons and contusions to his head, and one of the two lapbelted passengers in

lt)he Teft front row also sustained minor head injurfes from contact with the
arrier,

Case 5. When the school van, traveling 29 mph, struck a passenger car
head-on, the two lapbelted passengers, ages 10 and 11, §n the right front seat
pivoted forward and hit the lightly padded crossbar of the barrier. The barrier
consisted of a panel supported by stanchion and crossbars (sea figure 6). One
passenger received a concussion, and the other, a closed head injury.

In still other accidents, Yapbetted and unrestrained passengers sustained
ninor head and facial injuries from contact with the restraining barriers. Most
involved minor crash forces, as in case 3 (Delta V 9.5 mph).
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Figure 9.--This abbreviated restraining barrier was on the
right side of the Type A school bus in case 15. No barrier
was on the left side. The passenger seated behind the barrier
next to the window sustained a serfous concussion when he
jackknifed over his lapbelt, striking his head on the barrier.
The unrestrained passenger seated next to him on the aisle was
not contained by the short barrier and was flung forward,
fracturing his pelvis.

Caradian _crash tests on risk of head injury.--Crash tests conducted for
Transport Canada also suggest that lapbelted passengers seated behind a
restraining barrier, regardless of whether it meets large school bus standards or
not, would be at increased risk of head injury compared to unrestrained
passengers in the same vehicle (Transport Canada 1985; Davis Engineering Limited
1986). The 1984 tests used three different sizes of school buses fin 30-mph
frontal crashes. Lapbelted anthromorphic dummies registered higher head injury
scores (usually three times higher) than unbelted dummies, especially on the
smaller schoo! vehicles. The difference was particuarly marked for anthromorphic
dummies in the front row, the positions that had restraining barriers facin
them. (Because the tests used Canadian buses, the restraining barriers on smal
buses also met the same standards for barriers in large school buses.) The
Japbelted anthropomorphic dumaies also showed severe rearward neck flexure after
striking the seatbacks or restraining barriers with their heads.
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Two of the three school vehicles tested were Type A school buses. The
lapbelted anthropomorphic dummy in the front row of the Type A school van
conversion registered a head injury criterfa (chs) of 2,016 compared to 369 for
the unbelted anthropomorphic dummy next to it.33 In the Type A small school
bus, the lapbelted anthropomorphic dummy in the front seat measured a HIC of
2,505 compared to 893 for the unbelted anthropomorphic dummy (fig. 10).

Almost all of the crashes investigated by the Safety Board involving Type A
school vehicles were probably lower in severity than those in the Canadian crash
tests, but the accident investigations as a whole do sug?est that lapbelted
passengers in the front seat run the risk of head injury from contact with a
restraining barrier.

Anchorage strenqth for restraining barriers.--1n the Transport Canada crash
tests, researchers documented that the frontal barriers in Type A school busgz

tore loose from their anchorages or becamc dislodged (Vransport Canada 1985).
In the Safety Board’s study on small schoo) buses, this occurred in cases 7, 10,
16, and 17 (fig. 11). The anchor points of restraining barriers in Type A
school (I’Juses in the United States do not have to meet any Federal performance
standards.

Criteria_for head protection,--Because head injuries potentially have
serious consequences on a child’s cognitive and behavioral development, the
Federal Government has established performance requirements for passenger head
and face protection as they pertain to school bus seats and restraining barriers.
These requirements are written in FKVSS 222 and apply to all sizes of school
buses. Hence, front seat passengers of Type A school buses in the Safety Board’s
study faced barriers that satisfied Federal head protection requirements.

The standard head protection test consists of a head form device weighing
11 1/2 pounds striking any "contactable surface" within the "head protection
zone® at one of two specified velocities for impact. (See figure 12 for the
dimensions of this zone. The sidewall, window, and door structure are excluded
from the head protection zone.) At the high impact velocity (22 feet per second,
close to Delta V 15 mph). the deceleration of the center of gravity must be such
that the HIC value s less than 1,000,

33 Mic Is a measure of the forces the head experiences during the cerash, 1t does not measure Injury to
the neck or facial laceration. The higher the NIC score, the greater the likelihcod of serfous or fatel
injurfes. The federsl Government requires that cars equipped with asutomatic restraints rot exceed a KIC of
1,000 in 30 mph crash tests. [ndividuals, hovever, have @& wide rarge of tolerarxe to injury, Consequently,
although there are relatfonships between dumy test results and sctual fnjuries, there (s ro single cutoff
point for serlous injury or death, Nigher scores indicete a higher potential risk and tower scores (ndicate
: lou'cr fg't‘e?tm eisk, In addition, even 8 moderate hesd Injury can have long-tera effects on memory and
earning ty.

% the anthropomorghic dumy  in the school van used in the tests contacted the forwsrd restraining
berrier, the berrier's snchorege bolts pulled out of the floor, and the dumsy was then hurled forward Into
the dash and windshietd, and ceme to rest fn the stairwetl. Transport Cwwde concluded the dumey would have
been contained within the seating compartment had the barcier not pulled loose from its anchors.
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Figure 10.--Summary of Transport Canada 1984 frontal crash
tests involving Type A school buses. (Adapted from Transport
Canada 1985.)

R = R L T DY

Ry TN




="

Figure 11.--A sharp projectile was exposed (arrow) when the
anchor point for a restraining barrier in the Type A schoo)
van separated (case 10). No unrestrained passenger,
fortunately, struck the area of the roof during the 270°
rollover (10 of the 11 passengers were not using the available
lapbel&s at the time of the crash).
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fFigure 12.-- The dimensions of the head and leg protection
zones apply to all sizes of school buses.
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A study done for Transport Canada, however, indicates that the validity of
this criterion is questionable (St. Laurent 1983). Earlier research, in 1979,
reported on tests in which prestandard school bus seats with and without any
extra padding were struck in a manner conforming to the test requirements of
FMVSS 222. A1 impacts directly against the metal crossbar also produced results
of HIC values less than 1,000, The Safety Board believes the head protection

criteria may need to be revised.

k for_thorax or abdominal injury.--In contrast to head
injuries, the Federal Government currently has no criteria for abdominal, spinal,
or thorax injuries. Researchers do not know wh:: the thresholds for these
fnjuries are; that is, how much force and at what duration to these regions of
the body will result in serious or fatal injuries. The Hybrid 111 dummy can
measure thoraic forces, but what it means in terms of human fnjury is unknuwn.
No dummy currently has been approved by the Federal Government for recording
abdominal pressure. The lack of appropriate anthromorphic du.mies and {injury
criteria hampers researchers in discussion of neck, spinal, and abdomen finjuries
in relationship to lapbelt use and barrier design. For example, the fatal neck
injury sustained by the lapbelted passenger in case 17 probablﬁ could not have
been predicted from available crash data: the Canadian crash tests did not

measure thorajc forces.

One manufacturer, Thomas Built Buses, has conducted a series of crash
tests using a Type A school bus that suygest lapbelts on small school buses may
have the potential to inflict serious abdominal injuries, whereas tlap/shoulder
belts do not. In May 1986, Calspan, the company Thomas contracted to conduct the
tests, crashed a 1986 Minotour bus into a frontal barrfer at about 30 mph. In
this test, two 6-year-old dummies and one Sth-percentile adult dummy were used.
One of the 6-year-old dummies iwas secured only by a 1apbelt; the other 6-year-old
dummy and the adult dummy were secured by Yap/shoulder belts. Load cells were
placed on the belts to record the forces exerted on the abdomen and pelvis.

On the 6-year-old dummy wearing the lapbelt only, tension forces in the
lapbelt during the crash translated into "direct lap abdominal total pressures of
1,768 pounds at peak and in excess of 1,200 pounds on the lap or abdomen for a
significant time perfod" according to Calspan (Calspan 1986). For comparison,
the director of engineering for Thomas Built Buses offered an auto fnvestigation
involving a 128-pound adult female in which 1,573 pounds of abdominal pressure
resulted in injuries which included tearing of the l1iver and lacerations of the
colon (Césari and Ramet 1979). The dummy wearing the lap/shoulder belt,
registered much lower belt forces. The belt forces translated finto "lap
abdominal pressure 440 at peak and above 300 pounds for a significant period of

time."

In the Safety Board’s cases involving school buses built to federal school
bus standards, no lapbelted passenger sustained more than a minor abdominal
fnjury from the lapbelt. This was not the case, however, in the few accidents
involving school vehicles not built to Federal school bus standards investigated
as part of this study. These accidents were all of greater crash severity than
those involving school buses buflt to Federal standards. It may be that higher
crash forces, not the difference in vehicle configuration, were responsible for
the lapbelt-induced abdominal and spinal 1injuries. Cases are too 1imited in
number to draw conclusfons. The crash test conducted for Thomas Built Buses
using a Tyﬂe A school bus with abdominal sensor on the belted anthromorphic dummy

suggests that further testing is needed.
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Possible Solutions to the Problem of Restraining Barrier Design

The interior (that is, the seating design) of a small school bus must
provide crash protection to both lapbelted and unrestrained passengers. A basic
problem occurs, however: many approaches to ameliorate the chance of more-than-
minor head injuries sustained by lapbelted passengers from interaction with the
restraining barrier (or seatbacks) appear to compromise or negate the
compartmentalization that protects unrestrained passengers. Some options to
resolve this problem appear more promising than others; a variety of approaches
appear below,

. e SRy an S . S e e

Removal of restraining_barrier.--Although removing the barrier may appear,
at first glance, to be the easiest solution, the Safety Board does not consider
this an option. Unrestrained passengers need a barrier for crash protection, and
- there will be unrestrained passengers 1in small school buses despite the
= avaflability of seatbelts. Some passengers in the front rows will not wear the
E available lapbelts or the lapbelts may be vandalized. In case 4, for example,

an unrestrained passenger seated in the left front row was thrown forward into

) the stairwell, fracturing his leg. The school van had no restraining barriers
. and the lapbelt at his seating position had been vandalized by students and was
- . inoperable. This accident occurred in California, but data frongsﬂew York and .

other States suggest that vandalism is not an {solated occurrence.

| (. If a school district has school -buses without frontal restraining barriers
i in its fleet, it is imperative that district personnel ensure that front seat
passengers wear the avajlable seatbelts. School bus drivers and aides should
place spectal emphasis on the need for front seat passengers to be restrained
whenever the bus is in motion; the lapbelt is their only crash protection.

\ 1' Redesign of barrier.--The 1984 Canadian crash tests suggest that merely

.E requiring the restraining barriers in Type A small school buses to meet the same

| standards required for restraining barriers in larger school buses {(essentially

R the same performance and design requirements as for seatback) will not suffice.

- Lapbelted passengers sustained unacceptable head {njury scores. The Safety

2 Board’s accidents involving Type B school buses do not shed 1ight on the problem.

H The Safety Board investigated only five accidents involving Type B school buses, :

: small school buses built to standards for large school buses and hence have ;

restraining barriers identical to those found in large school buses. The small |
number of accidents, only two of which did not involve rollover, did not yield
data for comparison. The design of the restraining barrier, in terms of crash
consequences for lapbelted passengers, will be most crucial wn a frontal crash

because of the "jackknifing® reaction of lapbelted passengers,

Changes in Spacing. Changes in seat spacing conceivably would lessen the
possibility of  harmful  interaction for lapbelted passengers, but
compartmentalization, which relies on closely spaced seats and closely spaced
restraining barriers to provide buflt-in protection to unrestrained passengers,
?ould bﬁdcompromised. It is not c¢lear by how much distance the spacing could be

ncreased.
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35 Falrfex County, Virginla, for example, reported the vandstization of seatbelts and the theft of btuckles
as & major problem: "Hundreds of belts have already becn replaced, over 500 in the last two months alone.™
{Letter from C. frank ODixon, Oirector of Transportation Services, Fairfax County Public Schools to the
Transportation Research 8oard, October 2, 1987.)
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Increasing seat spacing to 40 inches, as originally proposed by the
Department of Transportation (DOT) for use with lapbelts and suggested by some
studies as the minimum spacing needed for lapbelted passengers on a schaol bus,
would negate the protection compartmentalization provides to unrestrained
passengers. Increasing the seat spacing by smaller increments, with the intent
of maintaining compartmentalization, may also not ameljorate the problem. The
1984 Canadian crash tests experimented with various seat spacing (20, 21, 24,
26, and 27 1/2 inches), but found that in all practical seat spacing, lapbelted
passengers still sustained higher and unacceptable head injury scores than did
unrestrained passengers (Transport Canada 1985).

The relevancy of the Canadian school bus crash tests have been criticized,
and dismissed by some, on several grounds, including the facts that the tests
did not use a Hybrid IIl anthromorphic dummy with its greater bioftdelity and
that researchers used the adult Head Injury Criterion (HIC) of 1,000 as the
threshold for serious and above head injurfes. The Safety Board §s not
comfortable dismissing the Canadian test results on these grounds.

The anthromorphic dummy used in the Canadian tests was a reasonable
facsimile of student bodies, and the type of dummy was similar to those currently
used in U.S. car crash tests, The Hybrid 111 dummy is currently an option only in
certifying compliance with FMVSS 208; no date has been set by which the Hybrid
1E1 must be the standard dummy.

No Hybrid III dummies approximating a school-age child have been accepted
by DOT for compliance testing; scaled-down adult dummies are used {5th-percentile
adult female dummies are used because they have body mass apportionment closer to
child; that is, top heavy).

Critics of the Canadian tests have suggested that a HIC of 2,000, instead
of 1,000, would have been more reasonable for children (Transportation Research
Board 1989). The U.S. Government currently uses a HIC of 1,000 as injury
threshhold in its testing of child safety seats and in all u<cupant protection
tests. There is no agreement as to what a suitable HIC for children may be
because children have thresholds to head injury that vary dramatically according
to age (Dejeammes and others 1984, Foust and others 1977, Snyder 1969, Snyder and
others 1977, Stirtz 1980). Allowing a higher HIC than 1,000 could have
potentially fatal consequences to teenage passengers who have adult tolerances;
adult aides on board school buses also would be at risk of head injury. The
Safety Board also notes that New York--the only State to mandate that all school
buses, regardless of size, be equipped with lapbelts for passengers--has required
extra padding in the seats such that when tested, the HIC must not exceed 800, a
lower, not higher, threshold.

Increased Padding. Additional padding on restraining barriers Sand seats)
may amelforate chances of head injury. What thickness, material, and location of
padding 1is necessary is not clear. In 1986 tests for Transport Canada, the
thickness of energy absorbing foam in the head fmpact area was increased to see
if 1increased padding would reduce the severity of head impacts for Yapbelted
passengers (Transport Canada 1987). Two foam densities were used: a denser, high
energy absorbing foam was used around the seat frame, and a less dense foam
between the {nner foam and seatback upholstery. The extra foam was localized at
the top of the seat and part way down the back.
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The performance of these contoured padded seatbacks was tested using
fnstrument-equipped lapbelted anthomorphic dummies (S5th-percentile adult female
dummies). Head-on and oblique sled tests were conducted at 30 mph., The HIC
results were essentially the same for the standard, unaltered seatback (Transport
Canada 1987) (fig. 13).

Less Aggressive Barrier. Another possible approach to reducing head
injuries from interaction with a barrier is to design the barrier to be more
"forgiving"--that is, to deform more readily when struck. Research is necessary
to determine {f this approach has promise. The 1986 Canadian sled tests tested a
less aggressive seatback in combination with a lapbelted anthromophic dummy and
found the BIC remained essentially the same (Transport Canada 1987) {(see figure
13). (Peak head acceleration was, however, substantially lower and chest
acceleration ales somewhat lower than for the unaltered seat.)

Height. Height of the barrier is another factor that needs to be re-
examined. Perhaps the barrier must be 28 inches from the Seating Reference
Point; certainly it should not be lower in height than the seat it faces, as some
frontal barriers were in the Safety Board’s cases.

Examination of Entire Seating System. The entire seating system must be
examined as a unit to provide maximum protection for a passenger. The
Transportation Research Board study (Transportation Research Board, National
Research Council 1989) summarized the problem as follows:

Any attempt to characterize the safety of Schoo] bus seats by
a single factor (e.g., seat back height or seat spacing) 1is
overly simplistic.

FMVSS 222, as now written, does not appear to provide the same 1level of
protection for passengers in the front seats on a Type A school bus as i{t
provides for passengers in the front seats on larger school bus (Types B, C, and
D). This holds true whether the passenger is lapbelted or unrestrained. The
1984 and 1986 Canadian tests suggest to the Safety Board that all aspects of
restraining barriers--location, size, spacing, and anchorage stvength--should be
reconsidered in light of their interaction with the body movements of lapbelted
passengers {see figures 10 and 13).

Research clearly {is needed to determine the optimum design of restratning
barriers in Type A school buses. In the meantime, if school districts order
small school buses with barriers, they are advised to order buses with barriers
more closely approximating those currently installed in a larger school bus.
These barriers probably provide protection superior to the exposed metal rail,
poorly padded, or abbreviated barriers seen in the Safety Board’s cases.
Res:raining barriers also should be provided for both the left and right front
seats.

- Installation of Lap/Shoulder Belts,--Installation of lap/shoulder belts,
instead of 1lapbelts, for passengers in the front row, or at all seating
positiens, would fmmediately lessen the chance of injurious head contact with the
barrier or seatback, regardless of seating design. Lap/shoulder belts provide
upper torso restraint that lapbelts do not. A lap/shoulder-belted passenger wil)
not Jackknife forward {in a frontal crash: the upper body is restrained.
Lap/shoutder belt use would also lessen the chance of abdominal {injury comparved
t? lapbglg use, because the restraining force {s spread out over a larger portion
of the body.
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Figure 13.--Results of Transport Canada 1986 sled tests.
(Source: Transport Canada 1987.)
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Rulemaking {is underway that may resull in lap/shoulder belts being
avajlable for certain school bus passengers. In response to the Safety Board’s
lapbelt study {(National Transportation Safoly Board 1986), the National Highway
Traffic Safety Administration SNHTSA) has issued an Advance Notice of Proposed
Rulemaking to require lap/shoulder belts at all outboard seating positions in

passenger vehicles. This requirement would include Type A school buses. The
Safety Board is pleased that rulemaking is underway. If Yap/shoulder belts arve
installed and used, some of the danger of interacting with school bus restraining
barriers (and seatbacks) will be lessened frr window seat passengers. Passengers
sitting in the middle or the aisle positions, however, will still have only a
lapbelt available.

Research is needed to explore whether it is technically feasible to install
lap/shoulder belts at all seating positions. It may be that current Federal
standards mandating school bus seat desian, seatbelt anchorage and installation,
and school bus joint strength will have to be somewhat modified to permit instal-
lat{og of lap/shoulder belts. Certain questions wili have to be answered,
including:

. Where can the shoulder harness be mounted?

o [f the shoulder harness must be attached to the
seatframe, can added padding compensate for the
increased "stiffness” of the frame Canadian researchers
and U.S. manufacturers believe will be necessary?

Can proper geometry of the shoulder be't attachment
points be maintained?

) W11l bus seating capacity be altered?

Multipoint restraining systems--that is, four- or five-point harnesses--do
not, at first glance, appear to be suitable alternatives to lap/shoulder belts
in terms of restraint for able-bodied passengers. Installation problems would
exist and passengers may be less likely to use the restraint because harnesses
can be cumbersome and difficult to put on and adjust properly. Transport Canada
reported instances of submarining out of four-point harness systems during its
1986 sled tests of different seating concepts in frontal and oblique (30 degrees
from head-on) impacts (Transport Canada 1987). A new development, a form of
restraining bar manufactured by Transportation Equipment Corp., of fers promise.
The chest-high padded restraining bar functions as a "mechanical afr bag" and
appears to offer increased protection against head injury for lapbelted and
unrestrained passengers in a frontal crash.

Rear-facing seats,--Rear-facing seats, perhaps with s1ightly more padding
and higher seatbacks than currently mandated by U.S. or Canadian standards,
appear to be a promising solution to problem of providing crash protection to
both lapbelted and unrestrained passengers. In a frontal crash, lapbelted and
unrestrained passengers in rear-facing seats would accelerate backward at initial
{mpact finto the seatback, absorbing crash forces over their entire back.
Although lapbelted passengers might experience head contact with the seatback in
{ront of them on rebound, this force is considerably less than the initial

mpact.
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No revisfon §n Federal standards would be necessary to implement this
option. Small school buses (GVWR of 10,000 pounds or less), unlike larger school
buses, are not required to have forward-facing seats. Therefore, States ard
school districts can order Type A school buses with rear-facing seats, either
throughout the bus or for front rows only. Furthermore, because Federal
standards set the minimum requirements only, seats can be ordered that have
higher seatbacks or more padding than currently mandated.

The 1986 Canadian sled tests showed a substantial reduction for rear-facin
seats in all recorded injury criteria compared to the standard, unaltered schoo
bus seat gTransport Canada 1987) (see figure 13). Indeed, head injury scores
were very low (a HIC of about 300), below all other test conditions.

Partly from the results of these sled tests, the Canadian government began
a dJdemonstration program that involved three school buses equipped with rear-
facing seats. The buses were operated in four cities during the 1987-83 school
year. Each school district using the buses was asked to record acceptance of,
and attitudes toward, the rear-facing seats, as well as other pertinent
fnformation from students or parents that might afd in the evaluation of the
system. The published findings from these field tests are not yet available.

Discussions with representatives of Transport Canada indicate that the two
major concerns associated with rear-facing seats--motion sickness and pupi)
management--did not become major problems. Although some of the older children
complained of motion sickness when riding in rear-facing seats, the younger
children did not, which suggested that rear-facing seats might be phased into
school bus fleets beginning with buses serving elementary grades.

Summary

This study cannot provide a clear answer for how to resolve the restraining
harrier problem. The accidents fnvestigated for this study document that a
problem exists in Type A school buses, but they do not provide enough data for
the solution. A case study provides accurate and comprehensive data on each case
in contrast to other data sources. However, because of the limited number of
cases and many variables that influence injury outcome (for example, crash
configuration and severity, barrier design, restraint status, seating position,
passenger size and age), a case study cannot isolate the variables. All
variables interact to influence injury outcome.

For example, this report provided data on 19 accidents involving Type A
school buses. Limited data on the relationship between restraining barriers and
injuries became available. Some of these vehicles had no frontal barriers;
others had only one. If two barriers were present within the vehicle, they often
varied widely in design. Barriers differed in configuration, height, width,
sgacing from the front seat, and amount of padding. The front seat often is not
the first chofce of student passengers as a desired seating position, so few
passengers faced the restraining barrier. Even if the Safety Board continued to
conduct in-depth investigations of Type A school bus accidents, the lack of data
would persist.
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Accident data files maintained at the State or Federal level will not
provide needed data. Aside from the inaccuracies of restraint and injury status
noted in this report, such viles do not record seating position (hence, the
researcher has no way of knowing what passengers were seated in the front rows),
nor do they record whether the school bus was a Type A vehicle. Without tracin
the Vehicle Identification Number (VIN), a researcher cannot know what type o
frontal barrier, if any, was present in the bus, Even determining the make and
mode] of the small school bus will not reveal this information because States and
Yocal school districts often order small schoo) buses with custom options; for
example, a specific type of frontal barrier,

Hence, the Safety Board believes that the NHTSA should conducl research to
determine the relationship between restraining barrier design and injuries to
unrestrained and lapbelted passengers of different sizes. Research should focus
on the height, width, location, and anchorage strength of the barrier, and the
spacing between the barrier and front seats, (Resultant data should help
determine the optimum design for seating throughout the bus.) -

Computer simulation may te needed to manipulate the many variables that
influence injury outcome. Researchers will be hindered by the lack of accurate
real world injury data and data from crash tests using instrument-equipped
anthromorphic dummies on which to model finjury outcome. However, variables such
as barrier spacing, height and width, and passenger restraint status and size can
be easily manipulated in computer simulation.

Little crash test data are available for poststandard school buses of any
sfze. The Safety Board acknowledges the high cost of conducting full-scale bus
crash tests using instrument-equipped anthromophic dummies. Sled tests offer a
less costly alternative and an opportunity to test whatever barrier design
appears most promising. Hybrid 111 dummies should be used in any sled tests
conducted to provide state-of-the-art biofidelity, and force readings should
include thorox and abdominal loading in addition to HIC, chest acceleration, and
femur loading. Test resulls can influence future rulemaking on occupant seating
and crash protection for all sizes »f school buses.

The Safety Board also believes that NHTSA should determine the feasibility
of fnstalling some form of restraint that provides upper torso restraint on
school buses. Current Ffederal requlations applicable to Type A school buses
require that at least a lapbelt be provided for eachl?assenger, and other Federal

guidelines state that these belts should be worn. student passengers must be
belted, they should have the option of the superior protection afforded by a
lap/shoulder belt or another form of restraint that provides upper torso
protection. If States and school districts wish to order large school buses with
restraint systems, they also should be able to provide upper torso restraints.
Finally, 1f lapbelts prove to be the only seatbelt system that can be installed,
NHTSA should actively research the possibility of requiring rear-facing seats for
small school buses. Additional requirements for mirvrors may be necessary to
allow the school bus driver to observe passenger behavior.
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STRUCTURAL INTEGRITY

An occupant’s chances of surviving a schoel bus crash are enhanced if he or
she remains within the vehicle. The primary defense against ejection is the
structural integrity of the vehicle; floor, roof, and side panel joints must not
separate, and bus windows and doors must not open during a crash. Any opening in
the school bus body offers opportunity for occupants to be ejected. Another
defense would be seatbelt use, but ejection is still possible 1f the belt is worn
loosalg or if the seat or seatbelt anchors are compromised. In addition,
availa ie seatbelts are not always worn.

In the cases investigated for this study, the Safety Board documented
that the front windshields in school buses becawe dislodged, side boarding doors
opened, roofs deformed, and body Joints separated. Not only did this damage
oxpose passengers to the possibility of ejection, but the deformation and exposed
metal edges created potential for injury if contacted.

Windshtields

Regardless of the size of the school bus, all windows, except windshields,
in the vehicle must meet specific retention standards set by the Federal
Government. These standards were established to minimize the 1likelihood an
occupant would be thrown from the bus because the window opened or was dislod?gd

from its mounting. (The glazing materials used in a school bus windshield,
however, must satisfy FMVSS 205, "Glazing Materials,”™ which was established to
minimize the possibility of occupants being thrown through the windows.)

. Windshields in large school buses (GVWR more than 10,000 pounds) are
specifically exempted from the retention performance criteria set by FHVSS 217,
"8us Window Retention and Release.” In the Safety Board’s study on Type € and
Type O large school buses, windshields had popped out or broken out in six cases
(National Transportation Safety Board )987b). In two of the six cases, school
bus occupants were ejected out of the windshield opening. In one (Hecla,
Oklahoma), the unrvestrained school bus driver was found lying inside the engine
compartment following the crash: the engine hood had opened during the crash. In
another crash (Swink, Oklahoma), four students reported they were ejected out of
the open windshield. All survived, most with minor or moderate injuries only.

The Safety Board is currently investigating a fatal rollover school bus
crash that occurred on May 14, 1989, near Boulder, Colorado, in which a student
seated in the front row apparently was ejected through the windshield opening and
killed; the windshield had been dislodaed during the rollover. The ejected
passenger struck a boulder, dislocating his neck and sustaining a head injury.
The accident bus was a poststandard large (Type D) school bus (NISB field case
DEN-89-FHOO03).

The windshields of small school buses with a GVWR of 10,000 pounds or less
also are exempt from window retention standards set by FMVSS 217. By virtue of
their GVNR, however, Type A school buses fall under another Federal standard:
FHYSS 212, “"Windshield Mounting.* This standard, which applies to passenger
cars, multipurpose vehicles, and buses with a GVWR of 10,000 pounds or less, was
designed to "reduce crash injuries and fatalitfes by providing for reteation of
the vehicle windshield during a crash...and preventing the ejections of occupants
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from the vehicle.” However, almost all Type A school buses are exempt from
FMVSS Zlg because they are “forward control vehicles,” as defined by the
standard,36 a type of vehicle specially excluded from this standard. (Note:
Type A school buses are built on the same type of chassis as many smultipurpose
vans. The windshield is part of the chassis.)

The Safety Board does not agree that forward control vehicles should be
exempt from FMVSS 212. During a series of special investt?ations favolvin
forward centrol vans, the Safety Board found that the windshields of 10 of the )
vans were not retained during the crash. Twd drivers were ejected through the
windshield and a third was partially ejected. Two passengers in front seats and
a passenger n a rear seat were also ejected through the windshield. As a result
of its safety studﬁ on multipurpose vans (National Transportation Safety Board
1979), the Safety Board recommended that NHTSA consider extending FMVSS 212 to
forsiard control vans. NHTSA did not agree, and FMVSS 212 still exempts forward
control vehicles.

Hence, most small school buses are not required to meet Federal standards
for windshield retention, although some may voluntarily do so. -

In this study, gge front windshield was dislodged or shattered during the
crash in seven cases. Fortunately, no occupant was ejected through the large
opening created in the front of the bus. In 2 few cases, the opening served ga
an emergency exit for the driver and sose passengers after the crash.
Windshields, however, arve not designated emergency exits and are not required to
meet any of the emergency provisions of FHV3S 217,

Because of the documented cases of windshield dislodgement and the
accompanying danger of occupant ejection, the Safety Board believes that the
NHTSA should amend FMVSS 217, “Bus Window Retention and Release,” to include a
performance standard for the minimum retention of windshields in school buses.
Windshields, as well as windows, in a school bus should be required to withstand
crash forces intact. If windshields are to funciion as emergency exits, then
they should be required to meet Fedaral standards for em: rgency exits.

Inadvertent Door Opening

If a school bus door opens during a crash, varestrained or improperly
restrained occupants seated nearby can be eject-2 chrough the opening created.
The controls for opening and closing the right front door in some small school
buses appear to be poorly designed, allowing the door to open during a crash.

36 the NISA def mes 8 forward control vehicle as "a configueation fn which more than half of the engine
tenth is rearward of the foremost point of the windshield base snd the steerirg wheel Mb is in the forward
quitter of the vehicle length.*

37 cases 10, 12, 13, 1, and 24 in spperdin B; also cases 25 and 28 in appendix 0.
LTS pubtic hearfngs comnected with 8 1968 church bus accident in Carroliton, Kentucky, the NWISA

pentfoned use of the wirdshield srea as an emergency exit; t, however, is mot Cesignated as on emergerdy
exit In Federal standards.
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This led to the partial ejection and death of the driver of the school van in
case 8. [In that accident the unrestrained school bus driver lost control of the
bus on a wet gravel road; the bus rotated 1800 and overturned onto its right
side in a ditch. 1ne driver was partially ejected and then crushed under the
frame of the boarding door as the bus came to rest on its side. In three other
cases (5, 11, and 23), investigators documented that the right front boarding
doorheither opened during the crash or was found with damaged controls after the
crash.

The design of the opening control appeared to be relatively similar in all
cases in which the boarding door was a safety fissue (fig. 14). The door control
in case 8 was described in the investigator’s report as follows:

The passenger 1oading door latch consists of a handle near the
center of the vehicle which is connected to the door by a long
vod. The handle latches the door closed by being swung past
center in an arc. This handle fs easily bumped past center,
allowing the door to open--several other drivers in the school
district stated that, on rough roads, the latch did not keep
the dior from opening. The unrestrained school bus driver may
have either bumped or ?rabbed the door handle of the passenger
boarding door as she fell against the door. The door handle
on the accident bus moved easily out of the locked position.
A positive latch on the door handle could prevent this
occurrence.

A driver vestrained by a lapbelt can also inadvertently open a door
control without a positive latch. Because it provides no upper torso restraint,
a lapbelt will allow the torso of a restrained driver to strike the door handle
during the accident and inadvertently open the door. The driver could also grab
the door handle for support during rollover and inadvertently open the door. A
driver restrained by a lap/shoulder belt also could, in certain accident
configurations, open the door by s1tding out from under the shoulder harness and
striking the controls. In the Safety Board’s cases, the right front boarding
door opened in crashes in which the school bus driver was restrained. In two
cases, Safety Board investigators also documented that unrestrained passengers
seated in the front rows of the bus moved forward, struck, and deformed the door
controls (cases 15 and 17).

The DOT has identified boarding door latches as a school bus safety
problem. A report issued in 1973 stated the following:

With buses in motion, when brakes are applied, children
standing in the area of the first step have been thrown
against the door latch connecting rod. As a result of a
child’'s momentum, the “"over center™ latches have, 1in some
cases, unlatched, allowing doors to open. Better operating
door mechanisms are available and new ones ave being developed
by at least three manufacturers under contract to UMTA (Urban
Mass Transportation Administration) 1in its transit bus
program.
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Figure 14.-- A boarding door control of such design can be
opened inadvertently.

A trade-off study of service dojr operation could be combined
with emergency door studies to determine the optimum door that
should be required. A demonstration of the various door
concepts would be a valuable tool in determining the
parameters to be traded. (U.S. Department of Transportation,
National Highway Traffic Safety Administration 1973.)

In the 1984 frontal crash tests conducted for Transport Canada, the right

front door of the small school bus (Type B) "opened early during the collision
event and remsgned open after the vehicle had come to a standstill (Transport

Canada 1985)."

39 A school van (o Type A vehicle) tested for Transport Canada did not exhibit this problem. The boerding
door was operable sfter the crash,
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Not only can an open door be dangerous during a crash, it can jeopardize
evacuation. For example, if a door opens even partially during the crash, it
creates not only an avenue for ejection, similar to a dislodged windshield, but
ft can easily be crushed or Jammed, thus eliminating the door’s use as an
emergency exit after the accident. In seven cases involving Type A school buses,
the right boarding door could not be used as an emergency exit because 1t was
jamed in some manner.40  The school bus usually had experienced a frontal
fmpact followed by rollover.

Some of the Safety Board’s cases also contained examples of a related
safety concern: the stafrwell area, immediately in froant of the boarding door,
was deformed following the accident. The crash performance of the boarding door
and related structures may need to be re-examined as a unit,

Because of these documented safety problems associated with the boarding
door control, the Safety Board believes that the NHTSA, the School Bus
Manufacturers Institute, and manufacturers of van-conversion school buses should
work together to develop performance standards for the opening control mechanism
on school vehicles with a GVWR less than 10,000 pounds that will eliminate the
possibility of inadvertent door opening during a frontal or rollover crash. A
positive latch would eliminate this problem.

School buses currently are exempt from FMVSS 206, "Door Locks and Door
Retention Components,” which sets performance requivements for side doors in
passenger cars, multipurpose passenger vehicles, and trucks.

Joint Separations

Deficiencies 1in school bus Joint strength were among the safety
shortcomings Congress divected the DOT to correct in the 1970s. In 1977, DOT
enacted FMVSS 221, "School Bus Body Joint Strength," to establish the minimum
strength of body panel joints. However, small school buses with a GYWR of 10,000
pounds or less were exempt from this standard. As a result of this exclusion,
Type A school buses do not have to meet Federal standards for joint strength,
which were {instituted to “reduce deaths and injuries resulting from the
structural collapse of school bus bodies during crashes."”

The Safety Board s concerned about this exclusion for three primary
reasons. First, in nost crash scenarios, the body joints of a small school bus
will be tested far more than those of a large school bus. Size and mass of a
motor vehicle are extremely important consideratfons in crash severity. For
example, in a collision between a school bus weighing 20,000 pounds and passenger
car weighing 4,000 pounds.4] the crash forces acting on the school bus and its
occupants will be far less than if the school! bus weighs 6,000 pounds.
Similarly, if a small school bus collides with a heavy truck, the crash will
stress the small school bus far more a Yarge school bus.

40 cases S, 8, W1, V35, 15, 17, & 19 in appendix B; also see case 23, which involved a Type 8 school bus.
In case 14, the rear emergency dox opendd during the crash and was torn from its hinges., This was the only
study case involving fnadvertent rear door opening. In case 6, both the left and right front doors jsmmed.

1 gecouse passenger cars are the most common type of motor vehicle on the road, this kind of accident
would be the typicat muttivehicle crash fnvolving & school bus,
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Second, the degree of compartmentalization required in a Type A school bus
by Federal standards is far less than that required in a larger bus. Passengers
of a small school bus, especially one without restraining barriers, will be able
to move about the bus more freely in a crash. Third, not all school bus
occupants wear the available seatbelts, or wear them snugly. Joint separation or
an opening caused by voof deformation is consequently a concern even in school
buses equipped with lapbeits. Federal tests for roof rollover strength are less
stringent fov a school bus with a GVWR of 10,000 pounds or less (fig. 15). In
addition, such school buses are exempt from Federal requirements for school bus
Joint strength.

Joint separations were documented in six 2§cidents involving Type A school
vehicles (cases 10, 1}. 13, 14, and 16); five of the six were van
conversfons (fig. 16). in two of the cases (cases 13 and 142}. the Joint
separations probably still would have occurred if the vehicles had been required
to meet the joint strength standards for large school buses. One of the
accidants fnvolved an 8100 rollover and multiple impacts, events that are
outside the parameters of Federal test requirements. The other case involved
separation of a uaintenagse access panel, and such panels are exempt from
compliance with FMVSS 221.

Safety Board investigators found joint separations in one of the five cases
investigated involving a Type B school vehicle. Type B schnol buses, although
considered small (Type 11) school vehicles, are required to be built to Federal
standards for large school buses. In case 24, the small school bus sustained a
rear-end impact followed by 90° rollover. One of the six panel seams in the

ceiling toward the back of the bus separated in two places; the separations were
6 inches long and 1/4 inch wide.

Passenger injuries were attributed to Joint separations 1in only one
accident (case 16). In the other accidents, the separations clearly had the
potential to cause injury, but occupant kinematics were such that the occupants’
bodies did not contact the sharp metal edges that were exposed when the joints
separated (fig. 16; cases 10, 11, 13, 14, 16, and 24). Separated joints have
injury potential to restrained and unrestrained occupants alike, and because the
integrity of the structure is thereby compromised, they increase the chance of
gjggtion for unrestrained passengers and for passengers with loosely fitted

elts.

2 yoint separation may have also occurred in case 17,

43 ‘Sepouums of restraining barrier attachment points are discussed in the section “Restraining
Barriers.®

4 pven for targe school buses, maintensnce access ponels are specifically excluded from current Federal
standards for Joint strength. As a result of a fatsl sccident fnvolving a large school bus in St. Louls,
Missouri, fn 1985, the Safety Board recommended that the KHISA include saintenance occess panels in the
joint stremgth standard (Natfonal Transportation Safety 8oard 1987s). Rulemaking to amend FMVSS 221 s
under consideration,
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FORCE APPLICATION PLATE SIZE
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Figure 15.--A larger force a¥p11cation plate s used to test
roof strength in small school buses compared to that used in
tests of larger school buses. The result is that the roof of a
small school bus must pass a less stressful test of roof
rollover performance. (Source: School Bus Manufacturers
Institute 1989.)
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FMVSS 220
FORCE APPLICATION PLATE SIZE
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figure 15 (continued).
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SEPARATION

Figure 16.--Sharp metal edges were exposed in the roof of the
Type A school van, posing a safety hazard (case 10). Interior
roof of the vehicle looking toward the rear: arrows indicate
separation of sheet metal panels where 13 rivets broke loose.

In case 16, the only accident in which joint separation caused injury, the
Type A school bus impacted an unsecured concrete barrier. The sheet metal from
the B-pillar to the left rear axle was peeled back and extended well outside of
the original width of the bus (fig. 17). The left side structural supports for
the roof were torn away, allowing the roof on the left side to collapse down to
near the tops of the seatbacks. The body of the bus was torn loose from the
chassis along the right side and across the rear. The left sidewall next to
rows 1-3 was torn away or crushed. The anchor of the left side restraining
barrier was dislodged, and the barrier was displaced rearward into contact with
the front row seat. Had the passengers been in a large school bus, they would
have been seated higher off the ground and the concrete barrier would have
contacted the bus below their seating positions.

Lapbelt use could not prevent the passengers’ fnjuries, and may have
contributed to the severity of some injurfes, as lapbelted passengers pivoted
forward around their belts, striking the seatbacks before them with their heads.
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Figure 17.--Joint separation occurred on the left side of the
small school bus in case 16,

The Safety Board investigator, however, determined that at least two of these
four passengers were prevented by their lapbelts from being ejected. They had
been sitting by the outside of the bus and had clear, open spaces to their left.
The other two were not ejected because the side panels of the school bus body
were deformed around them, blocking their access to *he outsice. Whether their
fnjuries would have been more severe had they been ejected §s not knowa.

Because of the increased stress subjected to body joints (including roof)
of a small school bus compared to a large school bus in most crash scenarios
(that is, the small bus lacks the advantage of larger size and mass) and the risk
of injury Jjoint separation poses for passengers, the Safety Board believes that
the NHTSA during its ongoing review of school bus FMVSS, should review FMYSS 220,
*School Bus Rollover Protection,” to determine if roof performance tests of small
school buses should be fdentical to the tests required of large school buses.
Similarly, NHTSA should consider extending FMVSS 221, "School Bus Body dJoint
Strength,” to small school buses.
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EVACUATION

School bus evacuation has emerged as a topic of increased concern following
the May 14, 1988, fatal crash of a church bus near Carrollton, Kentucky (National
Transportation Safety Board 1989). Twenty-six passengers, all but two of whom
were school-aged children, died in the fire that broke out following the crash;
the passengers could not exit the bus in time. The vehicle was a 66-passenger,
large, Type C, retired school bus, owned and operated by a church.

since that crash, the Safety Board has investigated two addit!»nal cases
involving school bus fires. The first case, occurring in March 1989, involved a
Type A school bus (NTSB field case ATL-89-FHOOl). A fire started in the engine
compartment of a school van outside Memphis, Tennessee, that was transporting
wheelchair-bound students. Because of the van’s configuration, the engine was
partially within the passenger compartment, near the driver’s seat. The fire was
not contained within the engine, spread to the van’s interfor, and was fed by
the materfal used for seat construction. The forward portion of the bus was
engulfed in flames. Evacuating the students was difficult: the electrical system
controlling the wheelchair lift was damaged by the fire. Only with the help of
passersby were the students evacuated before the fire consumed the interior of
the van. The other case, also occurring in March 1989, {nvolved a large
poststandard school bus near Kansas City, Missouri, damaged when it struck a
stopped tractor-trailer (NYSB field case DCA-89-SH-001). The impact pushed the
fuel tank rearward and the fuel lines of the school bus fuel tank pulled loose; a
fire started. The interior of the school bus was consumed. Fortunately, no
students were aboard; however, the driver was pinned in and sustained burn
injuries over 10 percent of her body and suffered smoke inhalation.

Fire was also involved in an earlier investigation conducted by the Safety
board involving a small school bus in 1781, outside Hermanville, Mississippi
(Natfonal Transportation Safety Board 1:%z). A school van transporting Head
Start students ran off a bridge and rolled over. The side door could not be
opened, and not all of the occupants c¢ould be evacuated in time; 5 of the 32
occupants {(the van was overloaded) perished in the fire. As a result of the
I;a:ccident, the Safety EBoard issued the following safety recommendation to the

HTSA:

H-82-

Examine the crash performance of vans in rollovers and all
accident types, through 1its crash testing and accident
fnvestigation programs, to determine if there is any tendency
for doors and other escape areas to unnecessarily Jjam or be
blocked {in low-speed crashes. If necessary, establish
additiona! crash performance standards for van escape areas,
especially those used for public transportation.

The NHTSA responded that it could not identify any specific fnstances of
extts Jamming because of c¢rash damage; the Safety Board closed the
recommendation (Closed--Acceptable Action). In its 1979 study of the performance
of multipurpose vans, the Safety Board had previcusly asked NHTSA to “study the
extent to which doors jam in collisions and to determine if corrective action is




needed to prevent ejection and enhance escape (National Transportation Safety
Board 1979?. In this study on small school buses, the Safety Board has
documented instances of exit doors being jammed from crash damage ard doors
opening fnadvertently. Emergency exit availability remains a concern.

Proposals to amend Federal school bus standards for emergency exits, fuel
tank integrity, and interior flammability have focused on large school buses
since the fatal crash in Carrollton, Kentucky, which prompted media attention and
re-examinatfon of these issues by DOT. Large school buses (Types C and D)
comprise the majlority of school vehicles in the public school bus fleet.
Nonetheless, small school buses, by virtue of their design and use, deserve
special attention. Emergency evacuation issues connected with a small school
bus should be examined separately from large school buses for the following
reasons:

1. Fuel tanks on some small school buses are exempt from Federal fuel
system integrity standards for school buses; tank guards are usually
not present; and the fuel tanks are located on a different portion of
the chassis than on a large school bus. Fuel tanks found on Type A
and Type B schoo)l buses are almost never located on the right side of
the school bus, near the boarding door, as fis the case with uost
large schcol buses. Instead, the fuel tank of a small school bus is
located between the chassis rails, a safer location. The tarks do
not have protective tank guards or “cages” as are found on large
school buses. In addition, the fuel tanks of Type A school buses
must meet the same performance tests required of a passenger car,
multipurpose passenger vehicle, or truck van, not the performance
tests specified for a school bus. .

Small school buses ma have a smaller ratio of passengers te
emergency exits than do iarge school buses, but the vehicle itself is
not vequired to meet the same structural integrity requirements as a
large school bus. Hence, the exits on a small school bus may be more
likely to be jammed after the crash, due to body deformation, than
those on larger school buses. Although the crash pulse experienced
by a school bus in a multivehicle collision will always be greater
for a small school bus than for a large schoel bus in a similar
crash, the body of a Type A school bus is not required to be built to
Federal school bus standards for joint strength, and the roof must
withstand a less stringent test for rollover strength. In addition,
side emergency exits are not required to have the same clearance as
found on large school buses, and the boarding door may be more likely
to open in a crash. The Federal Government also specifies a smaller
minimum access area for the rear emergency door in a Type A school
bus compared to targer school buses: only a 6- by 22-inch
gnobstructed clearance compared to 12 by 22 inches in a larger school
us.

Small school buses are often used for special transportation
purposes, which include transport of preschoolers and of the
physically and mentally handicapped. In these cases, more time for
evacuation may be needed than the number of passengers may suggest.
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Evacuation training becomes more difficult, especially if wheelchair-
restrained or mentally disabled students are involved. (The Safety
Board investigated a survivable accident occurring in March 1988 in
which a wheelchair-bound student died when her bus overturned [NTS8
field case FTW-88-HFR05]).

Small school buses customarily are equipped with at least a lapbelt
at every passenger seating position; large school buses are not. If
passengers are wearing lapbelts at the time of the crash, the belt
must be released before evacuation can proceed. Depending on the
crash configuration and the age and ability of the passengers, school
officials have worried this could slow evacuation.

With these factors in mind, the Safety Board closely examined evacuation in
its study cases. Little, if any, postcrash data on school bus accidents are
routinely available; for example. through what door(s) the students evacuated,
how many were injured during the evacuation itself, and what exits were
fnaccessible or jammed. Evacuation data are not available from State or national
school bus accident data banks, and accident reports filed by local school
districts rarely include such information. This report supplies such data.

Fire cnd Fuel Tank Leaks

Fires in schocl buses, regardless of the vehicle’s size, appear to be
relatively infrequent events. When they do occur, fires are most likely not to
be connected with a crash, but rather associated with fire in the engine
compartment resulting from poor maintenance or from vandalism by students on the

bus. Available data sug?est that when a fire does occur in connection with a

school bus accident, the fire more often results from a fuel leak from the other
vehicle involved than from the school bus ftself. An analysis of 10 years (1977-
1987) of data on fatal accidents found that no fatalities of occupants of school
bus-type vehicles were attributed to fire or smoke inhalation. The accident in
Carrollton, Kentucky, changed that record.

In the Safety Board’s cases investigated for this study, fuel tanks of

:mall school buses did not leak following the crash, and there were no postcrash
ires.

Emergency Exits

Small school buses frequently have more exits than large school buses have,
although they generally transport fewer passengers. Some small school buses may
have a door on the left side by the driver or a side exit, sometimes with double
doors or equipped with a wheelchair 14ft. The additional exits are fortunate:
in about half of the study cases, occupants reporied that one of the school bus
exits could not be opened. The right boarding door was the exit most often
reported as being jammed or unusable (7 out of 24 cases); the rear emergency door
and the drfiver’s door on the left side were rarely cited (2 and 3 cases,
respectively). These findings may reflect the crash configurations represented
by the study cases--mainly frontal, involving rollover--as well as deficiencies
in boarding door destgn, roof, and joint strength.

The rear emergency door was the most commonly used exit (more than three-
fourths of the cases). The boarding door on the right side was rarely used.
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Special Students

Four cases in the study involved scnool buses transporting Head Start or
physically handicapped students. Seven other cases 1involved school buses
transporting passengers classified as emotfonally disturbed or learning disabled.
These types of children could have more problems in evacuation because of their
age and disabilities.

Few evacuation problems were encountered, however. The one notable
exceptfon involved transport of deaf students in case 13. The driver--who had
received minor injuries only--was removed from the accident scene first; but
because he was the only adult who knew sign language, emergency personnel were
unable to communicate with the children aboard the bus. Safety Board
fnvestigators found that the bus carried no {dentification to alert rescuers that
deaf children were aboard. Fortunately, no passenger received more than minor
injuries, so no one suffered because of delays in treatment.

Successful evacuation in most cases was not a result of frequent evacuation
practice--indeed, some pupils told the Safety Board investigators they had never
practiced evacuation (cases 8 and 23)--but raiher resulted from the presence of
aides on the bus and the swift assistance rendered by adult passersby and
emergency rescue personnel. In two cases (cases 1 and 21), the school bus
dri:erg had instructed passengers to remain in their seats until rescue personnel
arrived.

Lapbelt Release

Some school authorities have expressed concern about whether lapbelt use by
school bus passengers would hinder evacuation, specifically, if lapbelted schoo)
bus passengers would be able to release themselves from their belts. Not all
schoo) buses have adult aides on board, and the drijver is often the only adult,
Rollover crashes have been of particular interest, because students on the "high
side” of the bus would be suspended by their belts or might be afraid (or ever
unable) to release thefr belts and fall to the lower side.

In the Safety Board’s study cases, most passengers did not relrase
themselves from their lapbelts. Adults, either bus occupants or rescuers,
released the belts for the children (cases I, 9, 13, 16, and 19). This may
reflect the type of passengers often carried by small school busns--the
handicapped or the very young.

In four cases (cases 12, 19, 22, and 23}, students were held suspended by
their gflts after a rollover crash and required assistance releasing their
belts.4® In two cases, students were injured when they veleased their belts
and {el} to the lower side of the bus, striking seatbacks; only minor finjuries
resulted.

45 1he schoot bus driver in case 23 was also suspended by his belt.
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Lapbelt use substantially delayed gassenger evacuation in only one accident
investigated, a nonrollover accident.4® A student was unable to release his
lapbelt because hot asphalt, from the dump truck that collided with the school
van, had seﬂled onto his seat, burying the seatbelt latchplate. The lapbelt was
subsequently cut by the truck driver and the student was freed.

48 case 25, apperdix D.
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CONCLUSIONS

Because of the differences (size, mass, exterfor and interior features)
between a small school bus and large school bus, findings based on
1nvesti?ations of accidents involving large school buses cannot be
extrapolated to smaller school vehicles.

The small schoo} buses involved in the 24 accidents investigated for the
Safety Board’s study generally provided good crash protection to both
restrained and unrestrained passengers.

If student passengers were injured, injuries usually were minor, regardless
of their restraint status. The head and face were the body parts most
commonly injured among both lapbelted and unrestrained passengers.

Seating position was a more important factor than restraint status in
determining injury severity.

Accidents in this study offered examples of both the advantages and
disadvantages of lapbelt use.

Restraint status, injury severity, and seating location of occupants often
were not accurate in official police reports of the school bus accident.
Evaluation of lapbelt performance based on these sources may be misleading.

Restraint use was high among school bus occupants in the study, probably
reflecting that States or local school districts have policies requiring
that occupants of small school vehicles wear the available seatbelts, the
limited number and youth of the passengers, and presence of adult aides on
some buses, Nearly three-fourths of the school bus drivers and two-thirds
of the passengers were restrained.

Restraint use was low among adult aides on board the school bus. Only one
of seven adult afdes, who were charged with ensuring passenger belt use,
was wearing a seatbelt at the time of tha crash.

The school bus drivers and passengers sometimes did not wear their
seatbelts properly. The most common mistake was failure to adjust the
manual lapbelt to fit snugly. Almost one-third of the lapbelted passengers
were wearing their belts improperly.

In some cases, passenger lapbelts and other restraints had been installed
or modified after initial purchase of the vehicle by employees of the
school district or bus contractor in a manner inconsistent with Federal
standards for seatbelts, diminishing crash protection and increasing the
potential to tnduce injury.
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Passengers seated in the front rows of Type A school buses are at special
risk of {njury in a frontal crash. Type A school buses are not required
to have a restraining barrier forward of the front seats, and if they do,
these barriers do not have to meet the same standards as those found fn
other types of school buses. The Safety Board has documented the danger of
being unrestrained in a school bus without a frontal barrfer as well as the
dangﬁr of being lapbelted and interacting with a barrier in a frontal
crash.

Restraining barrfer supports and anchors in Type A school buses sometimes
came loose during the crash. Sharp metal edges were sometimes exposed, and
the separations allowed the barrier to move rearward into passenger seating
space.

Data from Canadian crash tests suggest that merely requiring that Type A
school buses have frontal restraining barriers identical to those mandated
in larger schoolbuses {Types B, C, and D) will not provide a solution for
head protection. Lapbelted anthromorphic dummies scated in the front seats
of Type A school buses equipped with large school bus barriers registered
unacceptable head injury scores, more than twice the allowable limit.

The Federal Government currently has no injury criteria for abdominal,
spinal, or thorax injuries. Researchers do not know how much force and at
what duration will result in fatal or serious injuries to these regions of
the body of lapbelted and unrestrained occupants. Hence, performance
standards for restraining barriers and seatbelts regarding abdominal,
spinal, or thorax injuries do not exist.

In multivehicle crashes and other crash scenarios, small school buses lack
the built-in crash advantage of superior size and weight provided by large
school buses. Current Federal standards allow Type A school buses to be
huilt with roofs less able to withstard rollover forces than larger school
buses. Body Joints in Type A school buses are exempt from Federal joint
strength standards.

Joint separations were documented in 6, possibly 7, of the 19 cases

involving Type A school vehicles; 5 of the 6 were van conversions. Joint

éepa:at:ogs were documented in 1 of the 5 cases investigated involving Type
school buses.

In some accidents, the right side boarding doors opened 1{nadvertently
during the crash, and front windshields were displaced. Retention within
the vehicle is advantageous to survival, so any opening in the school bus
body poses danger to an unrestrained or improperly restrained occupant.

Sc?ool bus windshields are exempt from FMVSS 217, "Bus Window Retentfon and
Release."”

The boarding door controls of some small school buses have no positive
latch locking mechanism.

-~ T I T YN e v T SR W N TN T e B A ¥ B




68

In 7 out of 24 cases, the passenger boarding door was unavailable for use
as an emergency exit because of damage sustained during the accident due to
poor design of door control, structural weakness near the door area, or
deformation of the roof above the door.

For a variety of reasons, student passengers rarely released themselves
from their lapbelts after the crash. Adults at the scene usually released
the student passengers.

Lapbelt use usually did not hinder evacuation efforts, even in rollover
crashes when the school bus came to rest on its side.

In the Safety Board’s cases, the fuel tanks of the small school buses (both
}{pe A and B) did not leak after the crash, and there were no postcrash
res.

The definitions of “"small® versus "large" school bus used in the Federal
Motor Vehicle Safety Standards, 1in Federal program gquidelines, by
Congress, by State and local school transportation officials, and by the
school bus findustry, are not unfiform.
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RECOMMENDAT IONS

As a result of this study, the National Transportation Safety Board
recommends:

--to the National Highway Traffic Safety Administration:

Determine the feasibility of requiring lap/shoulder belts or
other restraint systems that provide upper torso restraint at
front seat passenger.seating positions on Type A school buses
(gross vehicle weight rating of 10,000 pounds or less). Amend
Federal Motor Vehicle Safety Standard (FMVSS) 222, "School Bus
Passenger Seating and Crash Protection,” and FMVSS 210, "Seat
Belt Assembly Anchorages,® or any other standards, as needed,
should standards prove incompatible. (Class II, Priority
Action) (H-89-46)

Conduct research, including computer simulation and sled crash
tests using Hybrid 1II dummies if needed, to determine the
relationship between restraining barrier design and injuries
to unrestrained and lapbelted passengers of different sizes on
small school buses (gross vehicle weight rating of 10,000
pounds or less). Research should focus on the height, width,
padding, location, and anchorage strength of the barrier, and
the spacing between the barrier and front seats. Amend Federal
Motor Vehicle Safety Standard 222, "School Bus Passenger

Seating and Crash Protection,” as needed. (Class II, Priority
Action) (H-89-47)

Amend Federal Motor Vehicle Safety Standard 217, "Bus Window
Retention and Release," to include a performance standard for
the minimum retention of windshields in all sizes of school
buses. {(Class II, Priority Action) (H-89-48)

Collect and evaluate accident data on the crash performance of
the roof and emergency exits on small school buses (gross
vehicle weight rating of 10,000 pounds or less) in rollovers.
Data should not be limited to van-based buses. Baseu on
analysis, ascertain whether it is appropriate to amend Federal
Motor Vehicle Safety Standard 220, “School Bus Rollover
Protection,* to make roof performance tests for small school
huses (gress vehicle weight of 10,000 pounds .or less) to be
jdentical in all aspects to those now required of large school
buses (gross vehicle weight rating of more than 10,000
pounds). If such tests are not appropriate, modify the test
for small school buses to stress the roof more than the
present force applicatfon plate test does. (Class I,
Priority Action) (H-89-49)
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Collect and evaluate accident data involving small school
buses to ascertain whether school buses with a gross vehicle
weight rating of 10,000 pounds or less should be required to
meet Jjoint strength requirements of Federal Motor Vehicle
Safety Standard 221, “School Bus Body Joint Strength.® (Class
1I, Priority Action) (H-89-50)

Specify in new rulemaking or in an amendment to Federal Motor
Vehicle Safety Standard 206, “Door Locks and Door Retention
Components,” a requivement for a posttive 1latch 1locking
mechanism on the passenger loading doors of small school buses
(gross vehicle weight rating of 10,000 pounds or less) to
eliminate the possibility of inadvertent door opening during a
frontal crash or rollover. HWork with school bus and school
van manufacturers to develop the performance standards.
(Class II, Priority Action) (H-89-51)

Urge manufacturers to provide means to retrofit positive latch
locking mechanisms on existing deor controls of small school
buses (gross vehicle weight rating of 10,000 pounds or less).
{Class 11, Priority Action) (H-89-52)

--to members of the School Bus Manufacturers Institute and manufacturers of
van conversion school buses:

Work with National Highway Traffic Safety Administration to
develop performance standards for a locking mechanism for the
boarding doors of school buses with a gross vehicle weight
rating of 10,000 pounds or less to eliminate the possibility
of inadvertent door opening during frontal or rollover crash.
(Class 11, Priority Action) (H-89-53)

Provide retrofit kits for small school buses (gross vehicle
weight rating of 10,000 pounds or less) currently without
positive latch door control locking mechanisms. (Class I1I,
Priority Action) (H-89-54)

--to the National Association of State Directors of Pupil Transportation,
the National Association of Pupil Transportation, and the National
School Transportation Association:

b rheion g 4, i S A Mt g O Tem 9T b

Alert your members to the dangers inherent 1in improper
installation of seatbelts and/or installation of restraint
systems not meeting Federal standards or guidelines in school
buses and urge them to correct such installations. Also alert
your members of the need to instruct students to wear lapbelts
properly. (Class 11, Priority Action) (H-89-55)
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APPENDIX A

INDEX TO SAFETY BOARD STUDY CASES INVOLVING SCHOOL VEHICLES
BUILT TO FEDERAL SCHOOL BUS STANDARDS

This appendix lists the 24 case summaries in apperdix B by type of school
vehicle. The types are classified by the school bus industry system that takes
into account the gross vehicle weight rating (GVWR) and configuration of the
vehicle. The classifications and definitions were adopted at the Nationai
Minimum Standards Conference of 1980. Both Type A and Type B school buses were
formerly referred to as Type Il school buses.

Type A school buses are grouped by van conversions and small school buses.
Within each group, nonrollover accidents are listed first, then rollover
accidents, in order of increasing severity. The 1ist also identifies the
accident location and date, chassis manufacturer of the school vehicle, make and
model of the body, and the type of accident in terms of the school vehicle.

Type A School Vehicles (19 cases)

A Type A school vehicle is a van conversion or body constructed on a van-
type compact truck or frent-section vehicle with a GVWR of 10,000 pounds or less,
designed for carrying more 10 persons.

Van conversions {(Type A)

Number of cases: 14
Type of accident: Nonrollover 7 (all frontal impact)
Rollover 7 (3 noncollision)

Case number Data

A

Bedford, New York
September 23, 1986
1983 Dodge chassis with 16-passenger body by Ram Van
Left front impact

Laurel Hollow, New York

February 5, 1987

1980 Chevrolet chassis with 16-passenger body by
Yan Con, Inc.

Left front impact

New Castle, New York
February 2, 1987

1983 GMC chassis with 16-passenger Sturdivan body by
T.p.1.

Left front impact
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Carson, California

May 18, 1987

1981 Dodge chassis with 16-passenyer body by
Collins Bus Corporation

Multiple frontal impacts

Lake Zurich, Illinois

October 10, 1985

1984 Chevrolet chassis with 16-passenger Fortivan body by
Coach and Equipment Manufacturing Corporation

Head-on collision

Pomona, California

June 11, 1987

1987 Dodge chassis with l6-passenger Bantam body by
Collins Bus Corporation

Frontal impact

Allegan, Michigan

December 5, 1984

1978 Chevrolet chassis with 16-passenger body by
Sheller-Globe Corporation

Head-on collision

Fort Dodge, Iowa

March 15, 1984

1980 Chevrolet chassis with 16-passenger body by
Superior Coach International

Noncollision rollover (909)

Los Angeles, California

April 8, 1987

1976 Ford school van configured for 16 passengers
Noncollision rollover (909)

New York, New York

April 19, 1985

1978 Dodge chassis with 16-passenger fFortivan body by
Coach and Equipment Manufacturing Corporation
Noncollision rollover (1709)

Denville, New Jersey

March 9, 1987

1986 Chevrolet chassis with 16-passenger body by
Van Con, Inc.

Multiple frontal impacts, followed by rollover {90°)

Gresham, Oregon

January 14, 1987

1979 Dodge chassis with 14-passenger Sturdivan body by
T.P.1.

Frontal impact, followed by rollover (900)
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Houston, Texas

February 25, 1986

1980 Dodge chassis with 16-passenger body by
Collins Bus Corporation

Frontal impact, followed by rollover (3600)

Westchester, New York

March 25, 1987

1982 Ford chassis with 16-passenger Sturdivan body by
T.P.1.

Rollover (810°), followed by multiple impacts

Small School Buses (Type A)

Number of cases: 5
Type of accident: Nonrollover
Rollover

Case number Data

15 Perrysburg, Ohio
April 6, 1987
1981 Chevrolet chassis with 23-passenger Busette Body by
Wayne Corporation
Left front collision, followed by secondary impact

Elmhurst, I1linois

February 7, 1986

1982 Chevrolet chassis with 23-passenger Vanguard body by
American Transportation Corporation

Left side impact, followed by secondary impact

Chester County, Pennsylvania

Februavry 26, 1988

1983 Ford chassis with 22-passenger Busette body by
Wayne Corporation

Head-on collésion, followed by secondary side impact

Vista, California

December 3, 1986

1985 Chevrolet chassis with 20-passenger Hicro-Bird body
by Blue Bird Body Company

Left side impact, followed by rollover (90°)

San Antonio, Texas

February 5, 1985

1981 Chevrolet chassis with 20-passenger Busette body by
Wayne Corporation

Left side impact, followed by rollover (900)
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Type B School Yehicles (5 cases)

A Type B schnol bus is a van conversion or body constructed and installed
on a van or front section vehicle chassis or stripped chassis, with a GVWR of
more than 10,000 pounds, designed for carrying more than 10 persons. Part of the
engine is beneath and/or behind the windshield and beside the driver’s seat. The
entrance door is behind the front wheels. Note: Type B vehicles must meet the
Federal standards for large school buses although they also are considered small
(Type I1) school buses. The gross vehicle weight of these vehicles may be under
10,000 pounds but their GVWR is over 10,000 pounds. The rating fncludes
passenger load. |

Number of cases: 5
Type of accident: Nonrollover 2 (all multiple collision)
Rollover 3 (all collision rollovers)

Case number Data

20 Clarkston, Georgia
May 8, 1987
1962 Chevrolet chassis with 18-passenger Cadet body by
Carpenter ?ady Works, Inc.
Head-on coliision, followed by rear-end collision

Williston, Vermont

November 21, 1987

1979 Chevrolet chassis with 18-passenger Mini-B8ird body by
Blue Bird Body Company

Multiple collision: sideswipe, followed by head-on impact

Greensboro, North Carolina

January 14, 1986

1980 Chevrolet chassis with 20-passenger Mighty Mite body
by Thomas Built Buses (bus reconfigured to 10-passenger
capacity)

Right side impact, followed by rollover (900)

Little Rock, Arkansas

May 2, 1983

1981 Chevrolet chassis with 15-passenger Cadet Body by
Carpenter Body Works

Head-on collision, followed by rollover (909)

Flower Hill, New York

January 24, 1986

1979 GMC chassis with 14-passenger Coachette body
Rear-end collision, followed by rollover (909)
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APPENDIX B

CASE SUMMARIES Of SCHOOL BUSES
BUILT TO FEDERAL SCHOOL BUS STANDARDS

Case No. 1 Safety Board Investigation No. NYC-87-H-5802
Location of Accident Pea Pond Road; outside Bedford, New York
Date and Time September 23, 1986; 8:04 a.m.

Description of School Vehicle Type A van conversjon: 1983 Dodge chassis with
16-passenger body by Ram Van

Type of Accident Left front impact
Severity of Accident Delta V estimated to be less than 10 mph

Summary of Events

A school van was transporting two students to school on a two-way, asphalt
county road on a rainy day. All occupants of the van were restrained. As the
3 school van negotiated a lefi curve, a 1984 Buick LeSabre station wagon, traveling
o in the opposite direction, crossed the centerline and struck the left front of

the school van head-on.

After the crash, the school van driver and two students remained in their seats
until emergency personnel arrived. The driver and one passenger exited the bus
7 unassisted. The remaining passenger was removed from the van by emergency
& response personnel. The passengers were treated for injuries and released by the

hospital.

Damage to the poststandard school van was minor; damage was confined to the
exterior of the bus, except for a radial fracture of the left front passenger
window. Slight rearward deformation was found at the left front, front bumper,

and grill.
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Outcome of Occupants of School Vehicle

Passengers

Of the 2 passengers, ages 7 ard 10:
2 sustained MAIS 1 (minor) injuries.

Both passengers were wearing static lapbelts anchored to the seatframes. Each
restraint system was equipped with adjustable, cinching latchplates and
pushbutton release buckles.

The lapbelted passenger seated on the left side in the front seat next to the
window received a contusion on the bridge of his nose, from contact with the left
side window. At impact, he most likely pivoted around the bett, moved forward
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and then to the side, striking the window. He also complained of pain in his
abdomen, probably from the lap belt, and in his right leg. Had this passenger
been unrestrained, he probably still would have sustained minor injuries only.

The lapbelted passenger sitting on the right side in the front seat next to the
window received a contusion on his lower abdomen, caused by the lapbelt. Had
he been unrestrafned, he probably still would have received only minor injuries.
The use of lapbelts, Vike all forms of seatbelts, cannot assure that the occupant
will be uninjured.

QY‘ jver

The driver of the school van was wearing the available lap/shoulder belt; it was
equipped with an emergency locking retractor, 2 cinching Jatchplate, a sidewall-
mounted D-ring, and a pushbutton release buckle mounted to a flexible stalk.
Although the driver was not injured, she complained of pain to the right knee.
Had she not been wearing the three-point belt, she probably would have been
thrown forward and to the left and could have received at least minor injuries.
The school van driver is seated in a more hostile environment than are the
passengers.

Notes About the Accident

The interior of the school van had a padded roof.




Rt Y

APPENDIX B

ety A R A 5

Bedford, Mew York
Case Number 1

Ptincipal Direction
of Force

Left Side of Bus Right Side of Bus
Driver Row 1D
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Case No. 2 Safety Board Investigation No. NYC-87-H-5B04

tocation of Accident Intersection of State Route 25A and Mooreshill
— Road; Laurel Hollow, New York

Date and Time February 5, 1987; 3:40 p.m.

Description of School Vehicle Type A van conversion: 1980 Chevrolet chassis with
16-passenger body by Van Con, Inc.

Type of Accident Left front impact
Severity of Accident Delta ¥V 13 mph for school van

Summary of Events

A school van transporting six students home from school, was making a left turn
when ft collided with a 1977 Chevrolet Malibu. After impact, the van rotated
counterclockwise and came to rest upright. Safety Board investigators
determined that all of the students and the driver were unrestrained at the time
of the crash; two students and the driver claimed they were restrained, but
evidence.proved otherwise.

A 13-year-old student made an unsuccesful attempt to open the rear emergency
exit. All passengers evacuated the bus through the right side door. The school
van driver lay unconscious in the aisle; students had to step over her. The
driver was taken to the hospital; all of the students were released to their
parents at the scene and were later examined by private physicians.

The left front bumper and sheet metal of the van were displaced rearward and
inboard from their normal position. The left front wheel and A-frame assembly
were displaced rearward into the inner fender well, causing them and the left
door to be deformed. The floor beneath the driver’s seat buckled but did not
present a hazard. The poststandard vehicle remained intact and provided good
crash protection to the passengers.

Outcome of Occupants of School Vehicle

Passenqer

Of the 6 passengers, ages 7 to 13:
2 were uninjured, and
4 sustained MAIS I (minor) injuries.

No passenger was wearing the lapbelt available at the seating position. Although
the two students in the front row claimed they were wearing lapbelts and they
had "popped open,” the Safety Board investigators found no evidence to support
the claims. When the lapbelts were examined, they worked properly and had no
force loading scars or defects. The adjustment lengths, 42 inches for the 9-year-
old gir! and 41 inches for the 8-year-old boy, would be too loose to provide
proper fit for the two passengers.
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Four of the students received minor contusions and lacerations to their faces and
upper limbs. Had the passengers been ltapbelted, these injuries would stil)
have occurred because each student could easily have reached the same contact
points. Lapbelts provide no upper torso restraint.

Driver

A lap/shoulder belt was available at the driver’s position. The driver claimed
to have been wearing the restraint, but two passengers reported that the driver
was 1ying in the aisle of the passenger area following the crash, indicating she
had not been restratned. Her position reportedly blocked evacuation routes, and
the passengers had to step over her to exit the vehicle through the right side
passenger loading door. In addition, the driver received moderate (AIS 2)
injuries (a cerebral concussion and a large laceration to the right side of the
head), which are not consistent with lap/shoulder belt use in a frontal crash.
Had the driver been wearing the lap/shoulder belt, injuries would probably have
been less severe.

Notes About the Accident

The van conversion was equipped with heavily padded modesty panels forward of
both the left and right front seats; no stanchions were present.

The student who attempted to open the rear emergency door did so by trying to
push down on the door releasc handle with her right hand. In her position, the
right side of her body would have been in front of the instruction decal affixed
to the Yower portion of the left door, blocking it from her view. The instruction
decal affixed to the right rear door was also hidden from her view by the right
seatback. She did not attempt to 1ift the door release handle, which would have
opened the door.

The finstruction decals had been affixed to the rear doors when the van
conversion was done by VYan Con, Inc. Van Con was notified of the circumstances
of this accident and agreed to place decals in the immediate vicinity of the door
handies on future conversions. They also agreed to implement a retrofit program
for their school vans currently in use.
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Case No. 3 Safety Board Investigation No. NYC-87-H-SBO3
Location of Accident Whippoorwill Road; outside New Castle, New York
Date and Time February 2, 1987; 7:46 a.m.

Description of School Vehicle Type A van conversion: 1983 GMC chassis with
16-passenger Sturdivan body by T.P.1.

Type of Accident Left front impact
Severity of Accident Estimated Delta V 5 mph

Summary of Events

A school van transporting five students to school was traveling along a road with
patches of snow and ice. The driver was wearing the available lap/shoulder belt;
only one of the student passengers was wearing the available lapbelt. As the van
approached a cross street, an oncoming 1978 Ford sedan crossed the centerline and
collided with the left front of the van. The school van came to rest in its lane
near the shoulder, and the ford was angled toward the van with its rear axle on
the centerline.

After the crash, the school van driver unbuckled his belt and the lapbelt worn by
one of the passengers. He led all passengers to the rear of the bus, opened the
emergency exit door, and then assisted each student out of the vehicle. Three
students were treated for injuries and released by the hospital.

The left front of the van was crushed inward; the maximum deformation measured 10
inches at extreme left corner. The driver’s door was buckled, the left front
tire was flat, the wheel was pushed rearward, and the van body was scratched
along the left side behind the driver’s door. This poststandard school van
performed well in this collision: all of the damage was confined to the
exterior, and there was no intrusion into the passenger compartment.

Outcome of Occupants of School Vehicle

Passengers

0f the 5 passengers, ages 7 to 13:
2 were uninjured, and
3 sustained MAIS 1 (minor) injuries.

Two unrestrained passengers were seated on the left: one in the front seat next
to the window, and the other in the third seat from the front next to the window.
Both received minor injuries, probably from contacting the sidewall. Post
likely they still would have made contact had they been wearing the available
lapbelts because lapbelts provide no upper torso restraint.
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The only restrained passenger was sitting on the left side in the second seat
from the front, next to the window. She sustained no injuries. The passenger
seated directly across the aisle from her was unrestrained and sustained no
1n{?¥ies. Hence, evaluating the benefit of lapbelt use is difficult in this
collision,

Two unrestrained passengers were sitting on the right side of the van next to the
window. The one in the front seat received a laceration on the forehead, while
the one in the second seat from the front was uninjured. Had the passenger in
the front seat been wearing the available lapbelt, her injuries would most likely
have been the same because the lapbelts are not designed to prevent minor (MAIS
1) injuries. Seating position, more than restraint use, appears to be important
in this collision.

Driver

The driver of the van was restrained with a lap/shoulder belt and received a
bruised left forearm and a laceration on his left knee, both minor (AIS 1)
injuries. Had he not been wearing the restraint, he would have been thrown
forward and to the left. Because the area surrounding the driver’s seat is more
hostile than that provided for the students, he might have received more serious
injuries if unrestrained.

Notes About the Accident

The passengers’ bench seats were equipped with manually adjustable lapbelts; some
belts had pushbutton release buckles, and others had 1ift release type buckles,
This mix of buckle releases was sometimes found installed on the same bench
seat. The belts were anchored to the seatframes and were routed between the seat
cushions and the seatbacks.

The school van was equipped with a padded restraining barrier with 1ightly padded
stanchions in front of both front seats. The unrestrained passenger seated in
the left front seat sustained a laceration to the lower gum and a contusion to
the left eyebrow, both from contact with the barrier. The unrestrained
passenger in the right front seat sustained-a small triangular laceration to her
forehead from contact with the barrier. Had these passengers been wearing
lapbelts at the time of the crash, the same injuries, as well as other facial or
head injuries, could have been sustained. Head and face injuries are not
eliminated by 1lapbelt use. In a frontal crash, lapbelted passengers would
jackknife over their lapbelts, and contact the restraining barrier.
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Case No. 4 Safaety Board Investigation No. LAX-87-H-SB11

Location of Accident Normandie Avenue; Carson, California

Date and Time May 18, 1987; 7:59 a.m.

Description of School Vehicle Type A van conversion: 1981 Dodge chassis with
16-passenger body by Collins Bus Corporation

Type of Accident Muitiple frontal impacts
Severity of Accident Delta V unknown

Summary of Events

A school van traveling about 45 mph was transporting seven special education
students to school. The van was equipped with seatbelts for only some seats.
A1l students were unrestrained. The driver lost control of the vehicle, which
left the road and mounted the sidewalk. As the van traveled along the sidewalk,
it 1impacted and sheared a 16-inch-diameter wooden power pole with its right
front, then sheared a 5-inch-diameter 1ight standard before striking and coming
to rest against a second wooden power pole.

No information was available on exits or evacuation. The damage to the van was
concentrated on the right front, with a maximum deformation of 33 inches of
rearward crush. Most of the damage to the interior was in the area of the
stairwell. No interior panel separations were noted. No passenger scats were
within the area of deformation. This poststandard van performed well
considering the severity of the collision.

Outcome of Occupants of School Yehicle

Passengers

Of the 7 passengers, ages 8 to 22:
1 was uninjured,
§ sustained MAIS 1 (minor) injuries, and
1 sustained MAIS 2 (moderate) injuries.

A1l passengers were unrestrained. Lapbelts were not available at all seating
positions; only the two front benches had lapbelts installed, which had either
been vandalized or stowed beneath the seat cushion.

The passenger sitting on the left side in the front seat next to the window
received only minor (AIS 1) injuries: contusions and abrasions to right head,
right knee, and elbow. These or similar minor injuries might also have been
sustained had the passenger been wearing a lapbelt.
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The passenger sitting on the righi side in the front seat next to the window
received a fractured leg (probably AIS 2) and multiple contusions and abrasions;
detailed descriptions of the injurtes were unavailable. Because the impact was
from the front and concentratred on the right front corner, the passenger was
probably thrown forward: no barrier (modesty panel) was preseni to Timit forward
movement. Had the passenger baen wearing a tapbelt, or had a frontal barrier
been present, he probably would not have fractured his ley.

The passenger seated on the left side in the fourth seat next to the aisle was
uninjured. The remaining passengers (a1l seated adjacent to windows), received
minor injuries: laceritions, abrasions, and contusions. Had Tapbelts been
available and been worn, these passengers would probably still have sustained
minor injuries: the Yapbelts would not have prevented their contact with the
sidewalls and windows.

Priver

The driver was no* wearing the available Tapbelt. He complained of pain to the
chest and right leg; the injuries could not be coded due to lack of medical
diagnosis. Oeformation of the upper steering wheel rim was noted. The cutcome

for the driver would unlikely have bheen much differeni had he been restrained
because the lapbelt would not have restrained his upper torso.

Notes About the Accident

Only the urfver’s seat and the two front scats were equipped with any form of
seatbelt. Two of the four lapbelts on the two front seats had been disabled by
students. Of the eight possible attachment points for the four lapbelts, six
had been rendered unsafe by tampering. Students had removed the webbing
stitching that attached the latchplates.

The school van was not equipped with restraining barriers.
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Case Ho. 5 Safety Board Investigation No. CHI-86-H-0RC]
Location of Accident Midlothian Road; Lake Zurich, I11inois
Date and Time October 10, 1985; 8:29 a.m.

Description of School Vehicle Type A van conversion: 1984 Chevrolet chassis with
: 16-passenger Fortivan body by Coach and Equipment
Manufacturing Corporation

Type of Accident Head-on collision, with principal divection of
force at about the 1 o’clock position

Severity of Accident Delita V unknown

Summary of Events

A school van, equipped with lapbelts for all passengers and a lap/shoulder belt
for the driver, was transporting eight elementary students to school. The
driver and all but one passenger were restrained. One of the restrained
passengers was misusing the lapbelt at his seat. The van was traveling about
40 mph on an urban, two-Tane, two-direction wet road when, to avoid a vehicle
stopped in her travel lane, the school van driver veered to the right onto the
gravei shoulder., When the driver attempted to steer back onto the road, she
lost control of the van on the rain-slicked pavement, and the van entered the
opposite lane inte oncoming traffic, The school van, traveling at a Tachograph-
recorded speed of 29 mph, struck the front of a Honda Civic CRX traveling toward
the van. After impact, the schoel van traveled about 40 feet before coming to
rest upright,

Tre driver of the van exited through the left side door. Al eight passengers
exited the van through the rear emergency exit without assistance.

The school van received extensive damage to its exterior right front structure,
with rearward collapse reaching over 20 inches at the bumper level. The frame,
axle, suspension, and sheetmetal moved rearward. The right side service door was
Jammed shut by damage, and the floor at the entrance step was buckled. No
significant interior damage was noted within the passenger seating area of the
van. The poststandard school van chassis and body performed well in this
moderate speed collision, dissipating the crash forces without serious injuries
to its occupants.

Qutcome of Occupants of Schoal Yehicle

Passengers

OF the 8 passengers, ages B to 12;
2 were uninjured,
4 sustained MAIS 1 (minor) injuries, and
2 sustained MAIS 2 (moderate} injuries.
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The tapbelts were equipped with pushbutton release buckles. One of the
restrained passengers, however, had created a huge lapbelt by combining the
latchplate from one belt system with the buckle of another on the same seat.

Both passengers sitting on the left side in the front seat were wearing
lapbelts; they received minor (AIS 1) contusions and abrasions, Had neither
been wearing hi: rvestraint, each probably would still have received at least
minor injuries. The principal direction of force came from the 1 o’clock
direction; both of these passengers would have been thrown into the modesty
panel and stanchion crossbar in front of them. Al} components were padded, but
some minor injuries prouably would still have resulted. (Note: The passenger
seated next to the window indicated to medical personnel that his belt came
loose. The statement is not supported by the types of injuiries sustained.)

Both passengers sitting on the right side in the front seal were wearing
lapbelts: they received mode-i ' (AlS 2), unspecified closed head injuries f om
pivoting forward at the hips and hitting the 'r heads on the stanchion crossbar
that provides the upper ‘rame for the modesty panel. Had neither been
restrained, each would have been thrown forward into the modesty panel and
orobably would have recejved at ieast some minor injuries. However, because
most of the impact would have been spread out over the entire body, rather than
concentrated on their heads, their injuries might well have heen lessened.

The two passengers sitting on the left side in the second seat claimed to be
wearing lapbelts; neither was injured. However, the passenger next to the aisle
told the Safety Board investigator he had not actually buckled his belt: he had
inserted the “tongue” of the belt into the buckle latchplate, bul not far enough
to engyage the buckle. He also stated that as the belt opened, the passenger
seated adjacent to the window grabbed him and eld him in place.

The passenger sitting on the left side in the third seat next to the window was
wearing a lapbelt. His only injury was a bruise from the lapbelt.

The passenger sitting in the last seal on the right side was next to the window
and was misusing the restraint furnished at his seat. He had fastened the buckle
from the lapbelt at one side of the seat to the latchplate from the lapbelt on
the other side of the seat, forming a large lapbeit with excessive slack. He
received minor (AIS 1) injuries {two bruises and a laceration to his head). from
pivoling forward at the hips and striking his head on the seathack in front of
him, Had he not been wearing the restraint, he probably still would have
recoived some minor injuries from being thrown against the seatback in front of
him.

Driver

The driver of the schoolbus was wearing a lap/shoulder belt equipped with dual
retractors and a windowshade tension relief feature. She received minor (AIS 1)
contusions and abrasions. from the driver’s description, it appears that the
lapbelt portion of the restraint was properly adjusted, but the shoulder strap
was worn loosely over the driver’s left chest, sagging to an area probably lower
than that usually considered proper. Had the driver not been restrained by the
fap/shoulder helt. she would have been thyown forvard into the sleering wheel and
instrument panel, probably veceiving additional minor and perhaps moderale
injuries.
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Notes About the Accident

Although most passengers in the school van apparently were restrained, they may
not have been wearing the lapbelts correctly. These students had behavior
disorders and required constant supervision, The school district furnishes no
formal direction or education regarding the proper placement or snugness of
restraints. The students are told by the driver to use the lapbelis and pull
them "tight."”

This school van was equipped with restraining barriers forward of both front
seats. The panels were supported by stanchions and crossbars which, though
padded, present a contact surface to passengers in the front szats,
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Case No. 6 Safety Board Investigation No. FIW-87-F-SBI15

Location of Accident Intersection of Garey Avenue at Grand; Pomona,
Catifornia

Date and Time dJune 11, 1987 2:40 p.m.

Description of School Vehicle Type A van conversion: 1987 Dodge chassis with 16-
passenger Bantam body by Collins Bus Corporation

Type of Accident frontal impact

Severity of Accident Delta V unknown

Summary of fvents

A small school van was transporting nine special education students on a five-
lane city street. The driver and all nine student passengers were restrained by
the lapbelts installed in the van. Witresses stated that the van was traveling
at about 35 mph when it veered from the second traffic lane an¢ struck the curb,
The students reported that the 72-year-old driver grasped his chest, ard then
slumped behind the steering wheel. The van rode alaong the curb for about 250
feet before overriding the curb and striking front first into an 18-inch-diameter
utility pole.

No information is available on evacuation.

The poststandard school van received substantial damage to the front and left
front. The 18-inch ut‘lity pole penetrated more than 20 inches into the driver’s
seating area. The steeri:g column was displaced rearward, and the floor and
firewall around the driver’s seal were buckled. The driver’s seat was also
forced rearward and displaced from its mounting tracks. Induced damage was found
all about the wvan’s body; both the left and right front doors were jammed. The

vear emergency exit doors and the double doors on the right side remained
operational,

Nutcome of Occuparts of School Vehicle

Fassengers

—_—a

0f the 9 passengers, ages 6 to 12:
9 received MAIS 1 (minor) injuries.

Al passengers veporiedly were wearing the lapbelts available at their seating
pesitions at the time of the crash. The Safety Board investigelor was not able
te confirm their resiraint status, however,
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A1l passengers reported minor (AIS 1) contusions, abrasions, and lacerations.
Most of the injuries were to the face or lower Timbs, with two complaints of
abdominal trauma. The pattern of injuries, especially compaints of abdominal
pain, are concistent with lapbelt use. Most passengers probably would have
sustained injuries of similar severity had they been unrestrained, except for
the passengers 1in the front seats. This van conversion did not have barriers
installed forward of the front seats; even in this moderate speed collision, the
passengers in the front seats could have suffered additional injuries if they
had been thrown forward into the frontal interior and stepwells,

Qriver

The lapbelt-restrained driver received critical {AIS 5) injuries that proved
vatal: flailed chest, laceration of the left Tung, a cardiac contusion, and
multiple abrasions and lacerations. Because of the severe intrusion Into the
driver’s compartment, the use of a Tap/shoulder belt probably would not have
reduced his injury level.

Notes About the Accident

This school van was not equipped with padded restraining bavriers, or any type of
barrier, forward of the front seats. Consequently, unrestrained passengers
would be free to be move forward into the frontal interior and door stepwells,

On the other hand, had restraining barriers been present, lapbelted passengers
could have sustained neck and head injuries from contact with the barrier as they
Jackiknifed forward during the frontal collision.

A review of the 7Z-year-old driver’s medical history revealed that he had been
diagnosed 1in 1979 as having chronic pulmonary obstruction and athercsclerotic
heart disease. The autopsy report revealed 85 percent occlusion of the anterior
descending branch of the left coronary artery, 7§ percent acclusion of the right
corgnary artery, and 10-15 percent occlusion of the circumflex coronary artery,

At the time of the accident, the driver possessed a valid medical certificate for
driving a school bus.

BEAREENS 2, A H R
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Case No. 7 Safety Board Investigation No. CHI-85-H-0R06

l.ocation of Accident 128th Avenue and 26th Street; Allegan, Michigan

Date and Time December 5, 1984; 12:15 p.m. '

Description of School Vehicle Type A van conversion: 1978 Chevrolet chassis with
16-passenger body by sheller-Globe Corporation

Type of Accident Head-on collision

Severity of Accidert Delta V unknown

Summary of Events

A school van was transporting seven Head Start students. A1l passengers were
restrained: three by lapbelts and four by child safety seats. The driver was
wearing the available lapbelt. The van was traveling on a two-lane, two-way
rural highway when an oncoming tractor/trailer combination unit (27,710 pounds)
crossed over the centerline into the school van’s lane. When the truckdriver
braked, attempting to net out of the path of the school van, the trailer unit
jackknifed and rotated counterclockwise. The van struck the trailer head-on with
its extreme left front, striking the right drive axie of the tractor and crushing
in the entire front structure of the van. At impact, the van vrotated
counterclockwise 90 degrees, traveled 38 feet backward, and came to rest upright.

The driver of the van was pinned in the wreckage and was unable to assist with
evacuation of the passengers. At least two of the passengers were removed from
the van by passersby; the rest were removed by emergency response personnel and
other persons assisting at the accident scene.

The front structure of the school van was destroyed, with structural collapse
reaching a depth of more than 35 inches at the exterior 1left front, past the
driver's compartment, ending just forward of the first row of passenger seats.
No major damage was noted to the passenger seat framework or to the van interior
behind the restraining barrier. Restraining barriers mounted Jjust behind the
driver’s seat and the loading door were displaced rearward at their bottom
attachments due to the buckling of the passenger compartment floor. This
rearward displacement probably increased the severity of contact for passengers
in the front seats.

Most of the damage to the poststandard school van in this severe crash was
sustained at the driver’s compartment. The integrity of the passenger
compartment was not violated and, considering the impact forces involved, the
passengers farad well. From severity of the crash and difference in vehicle
weights, the van driver had little chance of survival; she was fatally injured.

iﬁukﬁ Ea gsone eie
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Outcome of Occupants of School Vehicle

Passengers

0f the 7 passengers, ages 3 to 4:
4 sustained MAIS 1 (minor) injuries,
2 sustained MAIS 2 (moderate) injuries, and
1 sustained MAIS 3 (serious) injuries.

Three of the passengers werc restrained by lapbelts; four others were in child
safety seats secured to the bench seats by lapbelts,

The major impact forces of this collision acted at the extreme front of the van,
While the front stopped in a very short distance, the rear rotated very rapidly
away from the direct force line. This increased the distance over which the rear
of the van decelerated, in effect, greatly reducing the G forces at the seating
positions nearer the rear of the van.

The most seriocusly injured passengers were seated in the front area of the van;
all moderately injured passengers were seated along the left side. Injuries to
the children in the front seats were a direct result of the collapsing front
structure; the other passengers in the van were injured by contact with the seats
in front of them. Most of the passengers who sustained minor injuries were
seated at the rear and right vear of th van, the portien of the passenger
compartment that experienced less crash forces, . ‘

The passenger on the left side in the front seat next to the window, in a Ford
Tot Guard child safety seat, sustained serious (AIS 2) injuries: fractures of
left arm and leg. The passenger on the right side in the front seat next to the
window, also in a Ford Tot Guard child safety seat, sustained serious (AIS 3)
injuries: displaced fractures of Teft leg. Had these two passengers not been
restrained, they probably would have been propelled into the collapsing
sheetmetal and would have sustained more serious injuries.

The passenger on the left side in the second seat next to the window, restrained
by a lapbelt, sustained minor (AIS 1) injuries: contusions and abrasions,
attributed principally to the lapbelt. This passenger might have been more
seriously injured had the restraint not been used.

The lapbelted passenger seated on the left side in the third seat next to window
sustained a moderate (AIS 2) injury (fracture of the left wrist) and minor
contusions from the lapbelt. This passenger could have been more seriously
injured had she been unrestrained.

The lapbelted passenger on the right side in the third seal next to the window
sustained minor (AIS 1) injuries: contusions and abrasions. His injuries might
have been more serious had he been unrestrained.

The passengers of both fourth row seats next to the windows were in Ford Tot
Guard child safety seats. Both received minor (AIS 1} injuries: contusions and
abrasions. The child safety seats worked well in preventing additional or more
serious injuries.
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Oriver

The dvriver used the available lapbelt. Because of the structural collapse that
occurred at impact, the driver received multiple traumatic injuries that proved
fat.l. Specific injuries Tlisted by emergency vroom records included near
amputation of the left arm and left leg (AIS 3), multiple jacerations about the
abdomen and face, and facial contusions. Restraint use was irrelevant for the
driver because no survivable space remained at his seating position,

Notes About the Accident

This school van was equipped with well-padded restraining barriers forward of
both front bench seats.




APPENDIX B
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Case Number 7
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Case No. 8 Safety Board Investigation No. MKC-84-H-SB21

Location of Accident An  unnumbered Webster County road; outside Fort
| Dodge, Iowa

Date and Time March 15, 1984; 12:25 p.n.

Description of School Vehicle Type A van conversion: 1980 Chevrolet chassis with
16-passenger body by Superior Coach International

Type of Accident Noncollision rollover (90°)

Severity of Accident Delta V not calculable

Summary of Events

A school van, equipped with lapbelts for all occupants, was trassporting two
kindergarten students home from school on a wet, two-lane, two-way gravel road.
A11 occupants were unrestrained. The driver allowed the van to travel to the
left edge of the road and then back across the road to the right edge, The van
shen veered back to the left, rotating counterclockwise 1809, and overturned
onto its right side in a ditch. The driver was partially ejected and crushed.

The two passengers opened the rear emergency door and exited the van,

The interior of the poststandard school van was not damaged, and only minor
damage occurred to the exterior. The boarding door, which had been partially
open as the bus rolled over, was damaged bs was the right rear corner of the
school van. The structure of the van held up well in the rollover. Crush forces

were minor. No panel separations occurred, and the vehicle body was not
distorted.

Outcome of Occupants of School Vehicle

Passengers

Of the 2 passengers, age 6:
2 were uninjured.

One passenger had bean on the right side in the second row next to the window;
the other was on the left in the third row next to the window. The passenger in
row 3 probably s$1id to the right side during the roilover. Neither of them was
wearing the available lapbelts. The passengers told the Safety Board
investigators they had never been instructed or encouraged to use the available
helts. (The school district policy, as stated by the bus supervisor, is that if
a seatbelt s available, it is to be worn.) Because both passengers were
uninjured, their lapbelt use in this accident would not have been of benefit.
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Driver

The driver of the school van received injuries that proved fatal: chest
compression syndrome. As the van roiled to the right, the unrestrained driver
probably fell out of her seat and against the boarding door. The driver was
partiaily ejected and then crushed under the door frame as the bus came Lo rest
on its right side. If the driver had worn the available lapbelt, her ejection
and resulting death could have been prevented.

Notes About the Accident

The school van was equipped with padded restraining barriers forward of the front
row of seats.

The passenger loading door latch consisted of a handle near the center of the
vehicle that is connected to the door by a long rod. The handle latches the door
closed by being swung past center in an arc. The handle 15 easily bumped or
jarred past center, ailowing the door to open: several other drivers in the
school district stated that, on rough roads, the latch did not keep the door from
cpening. The Safety Board found that the door handle on the accident van moved
easily out of the locked position. A positive latch on the door handle could
prevent this occurrence.

The unrestrained driver either may have bumped or grabbed the door handie of the
passenger boarding door as she fell against the door. Thus, she may have

unlocked the door, permitting her ejection.

See also cases 11, 15, 17, and 19,
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Case No. 9 Safety Board Investigation No. LAX-B7-H-SB08
Location of Accidunt State Route 134; Los Angeles, California
ate and Time Apri) 8, 1987; B8:32 a.m.

Description of School Vehicle Type A van conversion: 1976 Ford school van
configured for 16 passengers

Type of Accident Noncollision vollover (900)

Severity of Accident Delta ¥ not calculable

Summary of Events

A school van, transporting three special education students, was traveling on a
four-lane freeway at a driver-estimated speed of 35 mph, A1l occupants were
reported to be restrained by the lapbelts available at each seating position,
The driver had io brake suddenly, the van skidded forward, and the driver made a
sharp right turn to avoid collision with a vehicle ahead. The school van rotated
1800 clockwise and overturned onto its left side.

The driver exited through the right door of the bus. Two of the passengers were
able to release their lapbelts and extricate themselves. One passenger was
unable to release the belt and was helped by the driver. A passerby also helped

the passengers exit the bus through the vight front door.

Damage to the poststandard school vehicle was slight and was limited to minor
denting at the D pillar, displacement of the overhead signs and the left side
mirror, and minor sheet metal scraping. The driver’s door window and the front
section of a left side adjustable window shattered. N¢ interior damage was
evident. The van performed well in this low speed roliover.

Outcome of Occurants of School Vehicle

Passengers

0f the 3 passengers, ages 12 to 15:
3 were uninjured.

Although no ane was injured, one passenger complained of leg pain,

Reliable ‘nformation was not available about the exact seating position of the
passengers; the lapbelts displayed no force loading marks to confirm restraint
use. Had the passengers been unrestrained, the injury outcome probably would
have been cimilar in this low speec¢ rollover, but analveic is hindered by lack of
information about seating position.
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Qriver
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ihe lapbelt-restrained driver was not injured, but she did experience neck pain.
Had she not been restrained, injury outcome probably would have been similar.
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Los Angeles, California
Case Number 9
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Case No. 10 Safety Board lnvestigation No. NYC-84-H-5810

location of Accident Southern State Parkway; outsicde New York City, New
York

Date and Vime April 19, 1985; 3:30 p.m,

Description of Schoel Yehicle Type A van conversion: 1978 Dodge chassis with 16-
passenger Fortivan body by Coach and tquipment
Manufacturing Corporation

Type of Accident Noncollision rollover (2700)

Severity of Accident Delta V not calculable (driver reported she was
traveling 45 mph before loss of control)

Summary of Events

A school van was transporting 10 learning-disabled students and an adult aide
home from school on a rainy day. Only one passenger and the driver weare
restratned. As the van negotiated a curve, at a driver-estimated speed of 45
mph, the driver lost contro) and the van struck the curb of the center median.
The van rolled over onto its left side in the median, continued %o roll until it
completed three-quarters of a revolution, and came to rest on its right side.

The 10 students were evacuated through the rear emergency door; the driver and
aide evacuated the van through the front windshield area {the windshield had been
dislodged).

The top portion of the poststandard van was shifted siightly to the right and
showed scratch marks from the rollover. 7Two sections of sheet metal on the
midsection of the inside roof had separated, exposing the edges of the metal.
The seats on the right side were undamaged. Vhe seatbacks on the left side were
pushed slightly inboard. The left side window frames were displaced toward the
center about 7 finches and were up against the seatbacks. The padded restraining
barriers were disiodged from their anchors.

Outcome of Occupants of School Vehicle
Passengers

Of the 11 passengers, a 26-ycar-old aide and 10 students, ages 9 to 13:
2 were uminjured,
8 sustained MAIS 1 (minor} injuries, and
I sustained MAIS 2 (moderate) injuries.
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Only 1 of the 11 passengers was restrained although a lapbelt was available at
every seating position. The lapheltud passenger wias seated on the right side in
the second row next to the window, and reportedly was uninjured.

Of the 10 unrestrained passengers, only one received more than minor injuries:
the student seated in row 1 on the left aisie received a moderate (AiS 2) injury
(a fractured left c¢lavicle, contact point unknown) and a contusion on the left
shoulder (AIS 1) from contact with a window frame. Lapbelt use might have
reduced the moderate injury to a minor one, because the fractured c’avicle most
1ikely occurred when the passenger feil from the laft to the right side of the
van during rollover,

Difference in the minor injuries sustained by the other unrestrained passengers
would have been unlikely had lapbelts been used. In a rollover of more than
1809, passengers sitting next to the windows wili Tikely strike their heads,
arms, and Yegs against the vehicle interior, rven if Tapbelted.

The adult aida received the most extensive assortment of minor {AIS 1) injuries
of any passenger: lacerations t¢ the right side of head, abrasions on left
wrist, contusion to left leg, contuston near right eye, and laceration to fleft
eibow. She had been seated on the right side in the first row next to the
window.

The initial ground contact was on the left side, near the top of the windows,
Passengers seated on the left side of the poststandard van would have sustained
more severe initial impact.

Qriver

The driver of the school van was wearing the available lapbelt and veceived minor
{AIS 1) injuries: contusions on abdomen (from lapbelt) and laceration on bridge
of nose (contact unknown). It {5 difficult to determine whether the injuries
would have heen different had the driver not been wearing the belt.

Notes About the Accident

Analysis of injuries based on official police reparts can be misleading. The New
York police accident report filed with the Department of Motor Vehicles lists 8
of the 10 students in the bus as having no visible injury. The Safety Board
investigator however, determined that two students were uninjuved, seven had
minor fnjuries, and one sustained moderate (AIS 2) injuries,

An adult aide had been provided by the school district to ride the school van to
assist the driver with the special education students., One of the afde’s duties
is to Instruct the children to buckle up {the atde §s not asked to physically
fasten their seatbelts). Despite this charge, the aide and 9 of the 10 students
were unrestrained at the {ime of the accident., Because the lapbelts on this bus
were manually adjustable, students would have to adjust the belts before they
would fit properly,
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One of the poles supporting the restraining barriers came loose, leaving an
exposed anchor point in the ceiling that could have caused injury to the
passengers. One unrestrained passenger is known to have struck the ceiling, but
not at this location.

This van, retrofitted to Federal schoel bus standards, held up relatively well
during the roliover. Although the ronf panels separated, exposing edges of sheet
metal, they apparently did not injure any of ULhe passengers. Such panel
separations pose a hazard to passengars,
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Case No. 11 Safety Board Investigation No. NYC-87-H-SB05
Location of Accident Palmer Road; Denville, New Jersey
Date and Time March 9, 1987; 8:40 a.m.

Description of School Vehicle Type A van conversion: 1986 Chevrolet chassis with
16-passenger van body by Van Con, Inc.

Type of Accident Mu1gip1e frontal impacts, followed by rollover
(909)
Severity of Accident Delta V 10 mph for initial pole impact

Summary of Events

A school van, transporting six students to school, was negotiating a right curve
on a two-lane roadway when the driver lost control of the vehicle. The van
traveled onto the left shoulder, struck two utility poles, rolled over onto tts
right side, and came to vest. Ffour of the passengers were restrained by
lapbelts; the driver was restrained by a lap/shoulder belt,

After the crash, the driver unbuckled his lap/shoutder belt and walked over the
passenger, seats to the rear of the van, opened the emergency exit door, and
assisted each student out of the van. The driver and studenis then waited at the
side of the road for the police to arrive.

The poststandard van sustained moderate damage to the left and right firont
fenders from contact with the utility poles. Only minor damage occurred to the
van body from the vrollover. There was a minor separation of the inner sheet
metal from the window frama of the rearmost window on the right side and at the
right front behind the passenger loading door. The boarding door had opened
during roilover. The flooring was buckled underneath the driver’s seat and the
engine cover. The instrument panel between the engine cover and steering column
was cracked, and the right side passenger door control arm was deformed. Blood
and hair were embedded in the second window frame on the right side.

Outcome of Occupants of School Vehicle

Passengers

Of the & passengers, ages 5 to 18:
4 were uninjured, and
2 sustained MAIS 1 (minor) injuries,

Four of the six student passengers were restrained with static Japbelts. Of the
two passengers that were injured, one was wearing a Jlapbelt and one was
unrestrained. Both were seated on the right side, and both received minor (AIS
1) contusions and abrasions to the right side of their bodies. Passengers on the
left side of the vehicle (the high side of the vehicle during the rollover), were
uninjured; two were lapbelted and one was unrestrained.
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There appears to be no correlation between belt use or nonuse and the injuries
sustained in this accident,

Driver

The driver, who was restrained by a lap/shoulder belt, sustained a minor (AIS 1)
contuston to his left knee. This injury was probably caused by the deceleration
when the bus struck the first utility pole. The lap/shoulder belt may have
prevented additional injuries to this driver,

Notes About the Accident

The passenger seats were equipped with manually adjustable lapbelts that had
cinching-type, 1ift release-type buckles. The belts were anchored to the seat
frames and were routed between the seat cushions and seatbacks.

It appears that the right side ‘rassenger loading door opened during the
collision; the door contrel arm did not have locking mechanism. Although the
open door did not result in additional injuries in this accident, it did present
a potential hazard by creating an opening through which an occupant could have
been ejected. (See case 8, Fort Dodge, lowa.)
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Case No. 12 - Safety Board Investigation No. SEA-87-H-SBOS

Location of Accident West Powell Boulevard; Gresham, Oregon
Date and Time January 14, 1987; 1:08 p.m.

Description of School Vehicle Type A van conversion: 1979 Dodge chassis with 14-
gasse?ger Sturdivan body by T.P.I. (van was painted
rown

Type of Accident Frontal impact, followed by rollover (909)
Severity of Accident Delta V 21,7 mph

Summafy of Eveni

A school van, equipped with lapbelts for all occupants, was transporting 11 Head

Start students home from school, traveling at a witness-estimated speed of 40
mph. Of the 11 passengers, 10 were wearing lapbelts; the driver was
unrestrained. The driver lost control of the van on a two-lane asphalt road; the
vehicle crossed over into the opposing lane, left the road, and jumped a curb.
After it struck a large brick and concrete pillar, the van slowly rolled over
- onto its left side and came to rest.

A passerby saw the van turn over, went to the bis, entered through the front
windshield (which had been displaced), and began helping students out of the van,
She handed them to another passerby standing outside the bus. She later recalled
finding one student dangling from the belt but could not recall if cther students
were in such position.

The van sustained most of iis damage to the front end, Jjust to the right of
center, with the maximum crush measuring 29 inches. Minor scratches and dents
were noted on the left side. Consideriny the severity of the impact, this
poststandard school van performed well. All of the damage was confined to the
extegior of the vehicle. The entire windshield was displaced during the
accident.

Outcome of Occupants of School Vehicle

Passengery

0f the 11 passengers, ages 4 to 5:
- 1 was uninjured,
9 sustained MAIS 1 (minor) injuries, and
1 sustained MAIS 2 (moderate) injuries.

Of the 11 passengers, 10 were wearing lapbelts; the unrestrained passenger was
the only one uninjurad.
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The two lapbelted passengers on the left side in the first seat received minor
injuries. Both had bruises on their abdomens from the lapbelts; the passenger
next to the window had bruises and abrasions on her face, most Vikely caused by
hinging forward at her hips and striking the restraining barrier with her head;
the otner, seated next to the aisle, received a laceration on his left hand and
abrasions on his left hand and right knee. He probably hit the restraining
barrier and his knee. Had these passengevs not been wearing lapbelts, their
injuries probably still would have been minor,

The front seat on the right side was occupied Ly two lapbelted passengers. The
5-year-old next to the aisle was the only passenger who received a moderate
injury, a concussion, the worst injury sustained in this crash. His head
injuries were probably caused when he "jackknifed" forward at the hips and his
head struck the restraining barrier in front of him, His other injuries
consisted of bruises on his face, a laceration on the inside of his lower 1ip,
and a bruise on his right arm. He also had abrasions on his abdomen from the
lapbelt. Had he not been wearing the lapbelt, he most likely would have hit the
restraining barrier with his entire body. The forces would have been distributed
oversa ;arger portion of his body, and his injuries might have been only minor
(MAIS 1). ‘

The other passeager in the front seat on the right side, next to the window,
sustained bruises and a minor abrasion to the head and complained of abdominal
pain for § days after the accident, probably from the Tlapbelt, Had this
passenger been unrestrained, the injuries might have been different but probably
stil] would have been minor.

Both japbelted passengers in the second seat on the left side received minor
¢njuries. The passenger next to the window had abrasions on the right side of
his head, probably from hitting the back of the seat in front of him. The
passenger next to the aisle received a small laceration on the left ear, an
abrasion on her chin, and a bruise on her right shin. Both complained of
abdominal pain. Had neither of these passengers been wearing the lapbelits, they
most 1ikely would have been thrown forward into the seat in front of them and
st111 would have received at least minor injuries.

The only unrestrained passenger, sitting in the second seal on the right side
next to Lhe aisle, was the only passenger not injured. Although he told the
investigator he was wearing his lapbelt, two other passengers stated he was not.
He also had no abdominal bruises or pain. Had he been wearing the available
lapbelt, he might have experienced some abdominal pain or bruising.

The other passenger in the seat, next to the window, received abrasions on the
right side of her head and contusions from the lapbelt. The head injuries were
orobably caused by hitting the seatback in front of her as she hinged forward
from her hips. Had she not been wearing the Tapbelt, her injuries might have
been different but still would have been minor.
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The remaining lapbelted passengers were sitting in the third seat: one on the
left side next to the window, and two on the right side. All three received
brutses around the abdomen, caused by the lapbelts. Other injuries wers
contusions and abrasions on the face, most likely caused by striking the back of
the seat in front as they jackknifed forward from their hips. Had they not been
wearing the lapbelts, the energy of impact with the seatback in front of them
would not have been concentrated on their faces and heads, but they probably
sti11 would have received minor injuries.

Qriver

The driver was not wearing the available lapbeit. She was thrown forward on
impact and most likely contacted the windshield and/or steering wheel, causing
AlS 1 abrasions, lacerations, and bruises on her face. The contact with the
steering wheel and the bruise on her right thigh could have been resulted from
hitting the engine cover. Had she been wearing the lapbelt, she probably stil}
would have received some minor injurfes.

Notes About the Accident

The driver told the Safety Board investigator that she had been distracted by the
students’ behavior immediately before the accident. She said she was playing a
tape on school bus safety at the time of the accident. She also related that
this group of students was the most unruly of the groups she drove, and that no
parents ride on this run (on other runs, parents ride &long, which helps with
discipline). This van was equipped with lapbelts and all passengers but one were

?elte? at the time of the accident. The driver, however, was not wearing her
apbelt.

The school van was equipped with padded restraining barriers.
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Gresham, Otegon
Case Number 12
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Case No. 13 Safety Board Investigation No. FTW-86-H-5303
f.ocation of Accident Alternate U.S. Highway 90; Houston, Texas
Date and Time February 2%, 198%; 3:35 p.m.

Description of School Vehicle Type A van conversion: 1980 Dodge chassis with 16-
passenger body by Collins Bus Corporation

Type of Accident Frontal impact, followed by rollover (360°)
Severity of Accident Delta V not calculable (van was probadbly trave]in?

less than 25 mph when it vaulted from the guardrai
into 3600 rollover)

Summary of Events

A school van, equipped with lapbelts for all occupants, was trarsporting nine
deaf students home from school. All occupants were restrained. As the vehicle
was traveling a divided section of four-lane highway, the driver lost control,
The van left the roadway, struck and overrcad a metal W-beam guardraii, and
rotated 90° clockwise over about 30 feet. It then vaulted from the guardrail,
rotated 180° degrees about {ts wvertical axis and landed on {ts roof,
continuing a 1800 rotation before coming to rest upright. |

Evacuation from the van occurred through the rear emergency exit because the
front door was jammed by impact forces during the rollover. The older students
reportedly kicked open the emergency exit and assisted the younger students and
driver. The aisle contained no displaced seat cushions or other obstruciions.
The driver and students reported no problems in disconnecting their lapbeits.

The van body sustained exterior damage to the left front, extending 24 inches
laterally with approximately 6 inches of rearward crush. The roof was collapsed
inward and down 8 inches at the right front and 12 inches at the left front,
Buckling of the roof wnd door frame above the passenger loading door rendered the
door inoperative. The windshield was displaced from its frame during the
rollover. The interior of the bus body sustained moderate crushing damage during
the rollover and ground impact.

The panel above the rear emergency exit door was distorted, with five attachment
screws displaced, but the door remained fully operational. The steering wheel
was deformed forward and downward approximately 2 inches, and the driver’s
rearview mirror was shattered. A maintenance access panel, on the interior left
side just to the rear of the driver’s seal, was displaced about 2 inches, posing
a potential hazard to passengers.

The poststandard van performed well in this moderate speed impect and full
rollover. The only major structura)l fatlure occurred at the right front and
resulted in the disablament of the passenger loading door.
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Outcome of Occupants of School Vehicle

Passenqers

0f the 9 passengers, ages 14 to 19:
9 sustained MAIS 1 (minor) injurias,

A1l passengers were restrained by lapbeits. Only one passenger, on the left side
in the front seat on the aisle, received an abdominal contusion attributed to
Yapbelt use,

Injury outcome in this accident, in which every passenger was restrained, was
simiiar to accidents investigated by the Safety Board in which passengers were
unrestrained. The lapbelted passengers were prevented from being thrown about
the bus interior but were not prevented from interior contacts that caused their
minor (AIS 1) injuries: abrasions and contusions. Lapbelts are not designed to
prevent, nor are they capable of preventing, minor (AIS 1) injurtfes. In this
particular accident, however, lapbelt use probably pravented additional injuries
during the vault and subsequent 3600 rollover.

Driver

The lapbelted driver received minor (AIS 1) injuries: a laceration of the lip
from contact with the rearview mirror and multiple contusions of the left arm.
The drivar probably would have been more seriously injured had she been
unrestrained. The driver, however, apparently had her lapbelt loosely adjusted,
because she came up off her seat and contacted the rearview mirror. Measurements
from the driver’s seating position indicated that the latchplate was adjusted out
25 inches and that the buckle was adjusted out 30 inches.

Notes About the Accident

The driver was the first person to be taken from the scene hy rescue personnel.
This hampered rescue personnel because she was the only person who knew sign
language; without her, rescue personnel could not communicate with the deaf
students to determine the nature of their injuries.
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.ﬁg% j Case No. 14 Safety Board Investigation No. NYC-87-H-5B06

:ggg : Locatfon of Accident Saw Wil River Parkway; Westchester, New York

13 Date and Time March 25, 1987; 8:30 a.m.

7

i Description of School Vehicle Type A van conversion: 1982 Ford chassis with 16-

g passenger Sturdivan body by T.P.1.
Type of Accident Rollover (8100), followed by multiple impacts ’ﬁ

Severity of Accident Delta V unknown

e Summary of Events

A school van was transporting 11 unrestrained, learning-disabled students on a
scheduled route from Bedford to Irvington, Mew York. The van was traveling a
straight and level section of a four-lane divided highway, at an estimated speed
. of 62 mph, when it departed the right side of the road, rolled 2 1/4 times,
S struck a signpost and two trees, and came to rest on its left sida. A 14-year-
old passenger who had bexn seated in the left front aisle seat was partially
gjected through a left side window and was pinned under the bus.

4 After the crash, all of the passengers, except the student who was partially 1
A ejected, walked unassisted out of the vehicle through the rear emergency exit and A
‘ walted at the side of the road for the police. Rescue personnel cut the seathelt :
E restraining the driver and assisted her from the vehicle. Thay were also able to p
i pull the partially ejected boy from underneath the overturned van without having ;
to 1ift the vehicle. | :

3 The tops of both front fenders of the peststandard van were pushed downward, The i
3 front of the roof, both A pillars, and the window frames of both side doors were ]
K pushed downward and rearward. The remainder of the roof was dented and scraped,
%‘ and both side doors were buckied; the windshield, right side door window, and
A second passenger windew on the left side were all shattered. The right rear
5 emergency exit door was detached from the vehicle, its hinges 5t117 attached to

the door but pulled from the door frame anchors., Eoth rear passenger seats were

=
P

;””? twisted and pushed rearward, whereas the right front passenger seat had pulled
o away from its sidewall anchor and was tilted leftward. The front cetling had
| been pushed down into the driver’s compartment, and it was buckled with several

s seam separations.

. Qutcome of Occupants of School Vehicle

B busengers %

-3 —
I3 Of the 11 passengers, ages 13 to 17: E
A 6 were uninjured,
- 4 sustained MAIS 1 (minor) injurias, and

1 sustained MAIS 2 (moderate} injuries.
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A1l passengers were unrestrained. The passenger who was partially ejected out
the second passenger window on the left side sustained a fractured pelvis (AlS
2). Had the passenger been wearing the availahle lapbelt, he would not have beun
ejected and possibiy would have sustatned a lesser injury; his specific injury, a
fractured pelvis, could not have occurred. Had he been unrestrained but not
ejected, he might have sustained injuries more comparable in severity to those
sustained by other passengers: six were uninjured and four sustained only minor
(AIS 1) injuries.

Qriver

The driver was wearing the available lap/shoulder belt and sustained only minor
(AIS 1) injuries. Had the driver not been restrained, she could have sustained

more serious injuries from being propelied into the sheet metal of the collapsing
roof.

Notes About the Accident

A witness stated that the van "weaved®; the driver stated that the van “wobbled"
until she lost control,

During the rctlover, the right vear emergency exit door opened and was
subsequently torn from its hin?eﬁ. This provided another for a possible
passenger ejection. No substantial deformation occurred to the door frame or to
tha left rear door; hence, the two rear emergency doors should have remained
closed throughout the crash sequence.

The driver had been hired 5 days before the crash and had not previously driven a
school van. 5he had received no training in operating the van, and had dviven
the var »nly once 2 days before the accident. When hired, she passed a six-
quesi:on written test and a road test administered by another company employee.
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Weschester, New York
Case Number 14
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Case No. 15 Safety Board Investigation No, CHI-87-H-5B12

Location of Accident State Route 199 at Dunbridge Road; Perrysburg} Ohio

Date and Time April 6, 1987; 11:55 a.m.

Description of School Vehicle Type A small school bus: 1981 Chevrolet chassis
with 23-passenger Busette body by Wayne Corporation

Type of Accident Left front collision, follewed by secondary impact

Severity of Accident Delta V unknown

Summary of Events

A small school bus was transporting 15 students and 2 aides home from a Head
Start day-care program, Of the 15 preschoolers, 13 were wearing loosely adjusted
static Tapbelts, 1 was seated in a misused child safety seat, and restraint
status for the other was unknown. One of the aides was restrained by a lapbelt,
and the driver was wearing the available lap/shoulder belt., As the schoel bus
crossed an intersection, at a driver-estimated speed of 50 mph, it struck a
passenger car with its left front. The bus continued about 110 feet before
veering to the left into a drainage ditch and striking a dirt embankment. The
bus came to rest uprigat,

The occupants were evacuated through the right front passenger loading door and
the rear emergency exit door,

The poststandard bus received substantial damage on the left front and left front
side from the impact with the passenger car. Damage was also noted from tha
secondary collisfon with the dirt embankment. The combination of impacts
resulted in 30 inches of rearward crush at the left front of the bus. The
collapsed structure intruded 20 1/2 inches into the driver’s compartment, pushing
the instrument panel and steering assembly into contact with the driver. The
floor in front of the driver’s position buckied, rotating the top of the driver’s
seat rearward,

Outcome of Occupants of School Vehicle

Passenqaers

Of the 17 passengers, a 16-year-old aide, a 35-year-old aide, and 15 students,
ages 4 and 5:

1 was uninjured,

11 sustainad MAIS 1 (minor) injuries,

2 sustained MAIS 2 (moderate) injuries, and

3 sustained MAIS 3 (serious) injuries,
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Reports indicated that all occupants were wearing some type of restraint at the
time of the acident. Safety Board investigators, however, determined that one of
the aides was probably unrestrained and that most of the lapbelts used by
passengers were not adjusted properly.

The 4-year-old passenger on the left side in the front seat next to the window
was in a Kantwet Safeguard model 301 child safety seat. Inspection of this seat
and the lapbelt used for attachment found that the tapbelt was not routed in
accordance with the instructians provided with the seat, The right side shoulder
strap of the safety scat was not attached te the system. The passenger received
a serious (AIS 3) fracture of her left femur and multiple minor (AIS 1)
contusions. The sericus injury probably occurred as a direct result of the
misuse of the child seat, because it allowed the passenger sufficient forward
movement to contact the left side bulkhead at the junction of the van chassis and
the school bus body. Had the seat been properly sacured to the bench seat, the
passenger’s injuries would likely have been reduced.

The 5-year-old passenger seated on the left side in the front seat next to the
aisle was reportedly wearing a static lapbelt. Inspection of the lapbelt found
the cinching latchplate adjusted to 22 inches from the function of the seat
cushions--an excessive distance for the passenger’s size. The passenger received
a moderate (AIS 2) closed head injury, probably from contact with the driver’s
seatback as it rotated rearward. The absence of abdominal contusions or other
trauma indicates that the lapbelt probably provided little restraint: excessive
stack was found in the webbing. An unsecured child safety seat was found in this
passenger’s seating position, thus the restraint status is unknown.

The adult aide on the right side in the front seat next to the aisle stated she
was restrained by the static lapbelt available at her position. The driver,
however, reported that the aide was thrown forward from her seat at impact into
the stairwell of the passenger loading door. The driver’s account appears
correct, because major forward deformation was found to the door’s opening
hardware. That damage was also consistent with the serious (AIS 3) fractured
pelvis and moderate (AIS 2) lacerations sustained by the aide. It’s unlikely
that the lapbelt’s adjusted length of 22 inches would have fit the aide, who,
according to medical records, was 65 inches tall and weighed 190 pounds. The
Safety Bnard believes the aide was unrestrained.

The 5-year-old passenger on the right side in the front seat next to the window
was reportedly wearing the static lapbelt available at his position., The
adjustment of the lapbelt, however, was probably very loose: the cinching
latchplate was 22 1/2 inches from the junction with the seat cushions. The
passenger’s serious (AIS 3) closed head injury likely resulted from contact with
the 1ightly padded frame of the restraining barrier forward of this seating
position. Considering the contact points involved, severity of injury would
unlikely have changed with a properly adjusted lapbelt.
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The 4-year-old passenger on the left side in the second seat next to the window
was also wearing a Tlapbelt with excessive stack: the cinching latchplate was
adjusted to 18 1/2 inches from the Junction with the seat cushions. The
passenger received a moderate (AIS 2) fracture of his right lower leg, probably
from contact with the lTower framework of the seat in front of him. It is unknown
what difference a properly adjusted lapbelt would have made. At 41 inches in
hefght, the passenger would have been decelerated entirely by the 2-inch-wide
wabbing of the lapbelt; serious injuries might have resulted.

The 4-year-old on the left side in the second seat in the center position was
reportedly wearing a lapbelt. The latchplate was adjusted to 23 inches from the
Junction with the seat cushion, much too great a distance for effective restraint
of this 37-inch-high, 45-pound passenger. '

The remaining passengers received minor (AIS 1) contusions, abrasions, and
lacerations. All were reportedly wearing the available lapheits. Safety Board
investigators found, however, that -all but one of the lapbelts were adjusted
with excessive slack, for the passengers’ sizes. Latchplate adjustment lengths
varied from over 18 inches to 25 inches. The single exception was the lapbelt
of 16-year-old aide. The latchplate adjustment Tength of 20 1/2 inches probably
provided some degree of restraint o this person.

Driver

The driver was restrained by a lap/shoulder belt equipped with dual emergency
locking retractors, a sewn-in latchplate, and a stalk-mounted buckle attached to
the side of the pedestal seat. The driver recelved moderate (AIS 2) fractures of
three adjacent ribs on her left side and her maxilla, primarily from the
instrument panel and steering assembly crushing rearward into her space. She
also sustained multiple minor (AIS 1) contusions and lacerations of her face and
Timbs. Considering the dintrusion into her compartment, the lap/shoulder belt
performed as well as could be expected. Had this driver been unrestrained,
greater injuries might have resulted.

Notes About the Accident

This small bus had no restraining barrier between the front seat on the left
side and the driver’s seat. An abbreviated metal panel, framed by 1lightly
padded tubultar steel, was positioned between the front seat on the right side
and the stairwell; however, this barrier did not extend far enough forward in the
center of the bus to prevent the aide from traveling forward into the door
components. Some of the serious (AIS 3) injuries sustained by the passengers in
the front ssats might have been prevented had larger, padded barriers been
installed in the bhus.

The floor of the bus forward of and underneath the driver’s seat buckled from the
impact, resulting in the rearward rotation of the driver’s seat at 1ts top. The
rotation was beneficial to the driver, because 1t moved her rearward away from
the collapsing structural components.

The lapbelts on ihe bus had pushbutton release latchplates and were anchored to
the seatframes.
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Perrysburg, Ohio
Case Number 15
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Case No. 16 Safety Board Investigation No. CHI-86-H-SBO7
location of Accident Interstate 294; outside Elmhurst, ITlinois
Date and Time February 7, 1986; 2:30 p.m.

Description of School Vehicle Type A schoo) bus: 1982 Chevrolet chassis with 23-
passenger Vanguard body by American Transportation
Corporation

Type of Accident Left side impact, followed by secondary left side
' impact

Severity of Accidunt Delta V unknown

Summary of Lvents

A small school bus, equirped with restraints for all occupants, was transporting
an adult aide and eight emotionally disturbed students home frum school. The
aide was the only unrestrained occupant. The driver lost contrel of the vehicle
and swerved to the left, striking a section of eight unanchored New Jorsey-style
concrete median barriers. The unanchored barriers were pushed out af their
positions, allowing the bus to strike the end of the permanently anchored
section. Witnesses reported that as the bus was deflected to the right, back
into traffic, it was struck near the rear axle on the ieft side by a 1981 Dodge
St. Regis.

According to the aide, two of the students opened the right front passenger
loading door and exited ento the roadway following the accident. One student was
trapped between deformed seats for a time, but all other passengers were either
evacuated from the bus by emergency personnel or were able to leave the bus
without assistance. The aide stated that she was not able to open the rear
emergency exit,

Contact damage occurved from the left front corner of the bus back to the rear
axle. The sheet metal from the B pillar Lo the left rear axle was peeled back to
the rear axle and extended well outside the original width of the bus. The left
side structural supports for the roof were torn away, allowing the roof on the
left side to collapse downward to near the tops of the seatbacks. The body of
the bus was torn loose from the chassis along the right side and across the rear.
The seats in this bus were attached to the sidewalls on the outboard ends and
supported by two pipe legs per seat at the inboard end. A1l four seats on the
left side of the bus were torn loose from their outboard anchor points and
votated counterclockwise. The left side modesty panel was displaced rearward to
contact the front seat on the left side.

The portions of the poststandard bus that contacted the exposed end of the
anchored barriers were badly damaged. Most of the left side to the rear of the B
pillar was torn away, destroying the cutboard anchor pointis for all of the left
side scats and exposing those occupants to greater hazards. Of the five
passengers seated on the left, four received moderate (AIS 2) to serious (AiS 3)
injuries and one had minor (AIS 1) injuries. Of the four seated on the right,
two were not 1injured, one had minor (AIS 1) injuries, and one had moderate
(AIS 2) injuries.
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Outcome of Occupants of School Vehicle
Passenyers

Of the 9 passengers, ages 9 to 21:
2 were uninjured,
2 sustained MAIS 1 (minor) injuries,
2 sustained MALS 2 (moderate) injuries, and
3 sustained MAIS 3 (serious) injuries.

A1l passengers except the adult afde were restrained by lapbelts. Passengers o
the left side in the first two rows next to the window were prevenied from
ejection by use of the lapbelts. Use of their lapbelts, however, resulted in
some head and facial injuries and did not prevent other serious injuries.

The lapbelted passenger on the 1oft side in the front seat next to the witidow
sustained a serious (AIS 3) injury. She was seated at the beginning of the major
intruston. When the side of the bus and seat anchor points were torn away, this
passenger may have had direct contact with the barrier and the sheet metal. The
frame for the rastraining barrier in front of her seat was found protruding back
into her seating position., The fractured femur was probably caused by either
contact with the side wall as it was torn away or hy tha restraining barrier as
it was pushed intc her position. The fractured and the dislocated wrist 1ikely
resulted from contact with the displaced components. Her concussion and the
minor facial injuries probably occurred as she "jackknifed" over her laphelt; her
head contacted the frame of the restraining barrier as it was moving back toward
her. Had she not been restrained, she could have been ejected because the
sidewall had been torn away. Had she been ejected, her injuries might have been
more severe.

The lapbelted passenger on the left side front seat next to the aisle received a
moderate (AIS 2) concussion and abrasions on her face. At impact, she also would
have "jackknifed" forward, exposing her head to greater injury. She probahly
struck the frame of the restraining barrier in front of her, Because she was not
seated directly next to the area of impact, she did not come in contact with the
sheet metal as it was torn away. Had she not been wearing the lapbeit, she would
have been thrown forward into the restraining barrier and probably still would
have received minor to moderate injuries. She could have been ejected but with
less likelihood than for the passenger on her left.

The lapbelted passenger sitting on the left side in the second seat next to the
window was also in the area of major intrusion. She received open fractures of
the left tibia, right tibia, and femur (all serious, A1S 3 injuries), which
probably contacted the moving sheet meta) and possibly the concrete barrier. The
closed fracture of her left femur could have resulted when the seat in front
of her pushed back into her seating area. She could have been ejected and
sustained even more serious injuries had she not heen wearing the laphelt.

The lapbelted passenger an the left side in the third seat next to the window
received a fractured left femur and a closed head 1injury that Tleft him
unconscious for more than an hour (both serious, AlS 3 injuries). He was in the
area of major impact, and sheet metal from the side had been pushed back to his
seat. WHis head injury probably ~ccurred as he violently pivoted forward from the
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hips over the lapbelt and struck the back of the seat in frent of him. The
fractured l1eft Femur could have resulted from the displaced metal around him. He
srobably would not have been ejected had he been unrestrained because he was not
naxt Lo the opening. Mithout the restraint, he probably would have received some
minor to moderate injuries, but his head injury probably would not have been as
severe: the tmpact forces would have been more evenly distributed over his
entire body rather {han concentraied on his head.

The lapbelted passenger on the left side in the last seat next to the window was
just beyond the arca of major impact. His injuries were not serious: a
laceration on his scalp and on his left leg. Had he not been wearing the
lapbelt, he probably would have received some minor injuries.

Two lapbeltied passengers werve on the right side in the front seat. The passenger
next to the aisle was uninjured, and the one next to the window received only
abrasions. These passengers were seated out of the area of intrusion and impact.
Had they not been wearing the lapbelts, they might have received some minor
injuries.

No injuries were re;orted for the lapbelted passenger on the right side in the
second seat next to the window. Because she was nol in the area of tntrusion,
she was not exposed to the deforming sheet metal. She might have sustained some
minor injuries had she not been wearing the lapbelt.

A 21-year-old afde was on the right side in the third seat next to tha window.
One of her duties was to make certain that all of the students were wearing their
lapbelts. Although she stated that she was wearing the available iapbelt, she

also stated that she fell onto the floor, which resulted in a dislocated left
shoulder. Safety Board investigators determined that an occupant in that seating
position could not have fallen te the floor, even with an improperly adjusted
lapbelt. A properly worn lapbelt might have prevented the dislocated shouider,
but moderate injuries could still have resulted.

Driver

The driver, restrained with a lap/shoulder belt, received a muderate (AIS 2)
concussion, Even though he was in front of the area of intrusion, Llhe roof
collapsed above him and probably came into contact with his head, producing the
concussion. Without the restraint, he probably would have been thrown forward
and to the left, sustaining minor to moderate injuries.
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Case No. 17 Safety Board Investigation No. NYC-88-H-SBO8

Location of Accident, Route 113, West Pikeland Township; Chester Lounty,
Pennsylvania '

Date and Time Febryary 26, 1988: 8:10 a.m.

Description of Schoo) Vehicle Type A school bus: 1983 Ford chassis with
22-passenger Busette body by Wayne Corporation

Type of Accident Head-on collision, foliowed by secondary left side
impact

Sevevrity of Accident Delta ¥ unknown

Summary of Events

A smal} school bus, equipped with lapbelts for all occupants, was transporting
eight students and the driver’s 3-year-old son to school on a two-lane highway.
Four of tio nine passen?ers were restrained by lapbelts, and the driver was
wearing a lep/shoulder belt. As the small school bus traveled southhound, it was
struck in the front by a northbound truck that was out of control and
overvurning. The initial impact was followed by a secondary impact at the left
side of the school bus as the truck rotated counterclnckwise on its right side.
The collision sequence pushed the school bus rearward for several feet before it
came to rest on the west shoulder against a metal guardrail. Four vehicles were

involved in this accident; however, only the truck collided with the school bus,

The driver of a passenger car fnvolved in the accident entered the school bus
through the rear emergency door, released several of the students’ lapbelts, and
assisted the students with minor injuries from the bus. He was assisted by
passing motorists. Both the fatally injured and the critically injured
passengers were left onboard until evacuated by emergency rescue personnel. The
driver was trapped from a massive structural collapse at her seating position;
the right front passenger loading door was jammed by crush damige. The driver
was freed after several hours by fire rescue personnel,

The front structure of the poststandard school bus was destroyed, with wore than
41 1inches of rearward collapse at the left front. Additionally, the left side of
the bus body was crushed 24 inches inboard at the second and third rows of bench
seats.

The integrity of the passenger compartment was affected by the structural
collapse. The forward roof area and Yeft side A pillar were pushed rearward and
down into the driver’s compartment, and the instrument panel and steering
assembly were pushed rearward toward the driver’s seat. Buckling of the floor
occurred in the forward area of the bus. The support leg of the right modest
panel was displaced from its lower mounting bracket, and the wall mounting
bracket for the panel was parttally displaced. Control components for the right
front passenger door were deformed, caused by occupant contact and structural
collapse. The inboard collapse of the left side of the bus resulted in
substantial ceformation to the seatback and frame assembly of the second and
third bench seats on the left side.
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Outcome of Occupants of School Yehicle

Passengers

Of the $ passengers, 8 students and the driver’s son, ages 3 to 18:
7 sustainad MAIS 1 (minor} injuries,
] sustained MAIS § (critical) injuries that proved fata)
] sustatned MAIS 6 (maximum injury, virtually unsurvivable) injuries
that proved fatal ‘

Four of the passengers were wesring the static lapbelts available at their
seating positions. The lapbelts were mounted to the individual seat frames and
were furnished with pushbulton release buckles. An inspection revealed that one
of the tapbelts in use had been altered by the school district; the alterattons--
which compromised the belt--did not, however, affect the outcome of tnjury.
Another lapbelt not in use also had been modified.

Six of the passengers recetved only minor (AIS 1) contusions, abrasions,
Yecerations, and strains. Of that number, thiee were restrained and three were
unrestratned. A1l were seated behind the front seats and thus were afforded
compartmentalization by the high backed, padded seats in front of their
positions,

The other passenger with minor injuries was the 3-year-old son o” the dviver
seated directly behind the driver on the front bench seat next to the window. An
attornay for the child’s family indicated that the driver had lapbelted him in
seat 45 minutes before the accident. A witness found the boy on the floor behind
the driver's seat when the bus was entered only seconds after the crash.
Examination of the latchpiate portion of the belt revealed that the cinching type
latchplate was adjusted tn 26 1/2 inches from its anchor point on the seat frame,
and that the belt was tucked into the area between the seat cushion and the seat
back. BRased on this evidence, Safety Board investigators determined that the
child was not wearing the laphelt st the time of the c¢rash. Given the minor
injuries sustained by this child, reither restraint use nor 2 padded modesty
panel could have improved the outcome. The child’s forward travel was contained
by the rear of the driver’s seatback, thus allowing him to decelerate into a
"friendiy" surface.

The two fatally injured passengers were seated next Lo each other on the right
side in the front seat. The V-year-old next to the window and wearing a static
lapbelt recefved AIS 6 injuries from contact with an abbreviated modesty panel !n
front of his seating position. He died from these injuries. An unresirained 17-
year-old, in the center of the seat, received critical (AIS 5) injuries, which
also ware fatal. The 17-year-vld struck the lef: side of the modesty panel
while moving forward and to the left; the amount of barrier deflection s
unknown. He was found in the stairwell; Safety Beard investigators determinad
that after striking the left side of the rettraining barrier with his right leg,
he pivuted around the barrier and continued forward. He hit the boarding door
control, fracturing his left leg, and continued into the windshield header where
he sustained a fatal hzad injury.
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The 7-year-old seated next to the window probably jackknifed over the lapbelt
and struck the left side of his head and neck on the tubular frame of the modesty
panel. He sustained a lacerated larynx, a fractured and dislocated cervical
spine, crushed spinal cord, and brain hemorrhage. The modesty panel was about 11
1/2 inches shorter than those installed in large, poststandard school buses; it
was aiso much Tower.

Oriver

The lap/shoulder belted driver received severe (AIS 4) injuries, all resulting
from the collapsed structure surrounding her seating position. Given the extreme
intrusion that occurred, the driver might have been fatally injured had she not
been restrained by the lap/shoulder belt,

Notes About the Accident

This smal) bus was furnished with a lightly padded stanchion post and horizontal
bar, at the level of the driver’s seatback top, between the front seat on the
left side and the driver’s seat. There was no modesty panel on the left side.
An abbreviated modesty panel was located on the right side of the bus, placed
between the front seat and the stairwell. This barrier was surrounded by &
1ightly padded, tubular steel frame.

Examination of the lapbelts $nstalled at the left front window seat and the
second right window seat revealed that both had been altered. The webbing for
the buckle side had been shortened by looping the belt over, making a hole
through the webbing, and then remounting it to the seat frame. These altered
lapbelts were used to restrain smaller and younger students after parents had
commented to the school about the difficulty in properly adjusting the belts
around smaller children. The after-market alteration, performed by employees of
the school district, was not consistent with mounting guidelines outlined in
FMVSS 209, "Seat Belt Assemblies.”

T Y o T R N (R N TS SRR I T L o BN : . o N i .. R L w P
3oy T S R TLI TGN TG T~ Ok e ot PO PR L AL NE R R L I S O B T DR R ST KU PO P SV SO S DEPI PSP U P e R LI TPEs SO PEPEL S oy Vo S G :—m‘
A R e \ R IST EL L LSRR e el Ll e AT




APPENDIY B
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Casé No, 18 Safety Board Investigation No. LAX-87-H-SBOY

Location of Accident Intersection of Escondido Avenue and Pala Vista
Drive; Vista, California

Giate and Time December 3, 1986; 1:15 p.m.

Description of Schuol Vehicle Type A small school bus: 198% Chevrolet chassis
with 20-passenger Micro-Bird bedy by 8lue Bird Body
Company

Type of Accident Left side impact, followed by rollover (909)

Severity of Accident Delta V unknown

Sunmary of Events

A small school bus tramsporting four Head Start students home from schoel was
crossing an urban intersection when it was struck at its Teft rear tire by a 1979
Volkswagen Rabbit. The four passengers were restrained by the available
lapbelts; the driver was wearing a lap/shoulder belt. After impacl, the van
rotated counterclockwise abour 450 before slowly overturaing onto its right
side and coming to resti.

The driver reported that a passerby released the passengers from their lapbelts

and assisted the children out of the van through the rear emergency exit,

The collision produced some slight sheet metal deformation at the left rear of
the van and also some scrapes on the left rear wheel rim. The only other damage
on the van resulted from the 900 rollover. The mirrors and some of the metal
joints on the right side had been deformed. No evidence of any interior damage
was found. The poststandard van held up well in the colliston and rollover. Most
of the repair cost was to fix damage to the bus that resulted from the tow
truck righting the bus after overturn,

Outcome of Occupants of School Vehicle
Passengers

0f the 4 passengers, age 4:
4 were uninjured.

The driver and a witness confirmed that all four passengers were wearing the
available lapbelts; the passengers’ seating positions were unknown. All
passengers reportedly were uninjured, but the Safety Board was able to locate and
interview only one. The passengers may have been bruised. Because seating
positions were unknown, the Safety Board could not analyze the value o

lapbelts in this crash. For example, had the passengers been seatud on the
right side of the bus, the side that impacted the ground, the outcome of injuries
would have been the same, regardless of lapbelt use.
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Driver

The driver of the van was wearing a lap/shoulder belt and received no injuries.
Had the driver not been wearing the restraint, she might have been injured as the
van rolled to its right side. She would have fallen out of her seat, hit the
gear box, and fallen to the right side into the stairwell. The driver’s

environment is more "hestile" than that of the passengers because no containment
is provided.

Notes About the Accident

There was no barrier between the driver and the front passenger seat on the left
side. On the right side, between the door stairwell and the front seat, was a
metal modesty panel and stanchion. The cross support bar and stanchion were
1ightly padded; the panel itself was bare metal. In a frontal crash, these

design aspects could stgnificantly affect injury outcome of both unrestrained and
rastrained passengers.




APPEROIX B

LECEND
O Ununjured e LD Bent Used
O s Q Lht
Vista, California QO 1maninoes ) toopbenuses

Urhowt o ot
CGSB NUﬂ'IbGI’ 18 : Pasranad @ WWhee! Cn
@ Crid Sate' 5 Seat

Esarrp's HAATS F iUses for sryured
(TR Octupants Gh'yt

\ Mpxmem AS*
Age V) Irpary WS 4 G IENE
IS D rpery

S Code and nury Severdy

0 Un.npsed % Comata?
Rollover 1 M.ne § Wgnamurm nwury
2 Woomtne FAny red woknOwN scur.'.H
3 Serwas B U bvown o wgued

m\ 4 Sevre

s An grian Annoomon for Adtomotve a3y
At pravand wpfy Soale LANS!

Driver Modesty panel with lightly
F-67, MAIS O padded aisle stanchion
and cross support; panel
was bare maetal.

All prssungers were

wearing lap belts;

seating positions

o ' unknown. Injury status

Principal Direction could be confirmed for

of Force C& only one passenger.
F-4, MAIS O

M-4, MAIS O

M-4, MAIS O

F.-4, MAIS O

= -

The schoo! bus shown
is representational onty.

g = e % T P e e - s o A e e oA

L
I




-

APPENDIX B 140
Case No. 19 Safety Board Investigation No. FTW-85-H-OR20
Location of Accident Intersection of Groos Street at Hermitage Street;

San Antonio, Texas
Date and Time February 5, 1985; 3:25 p.m

Description of School Vehicle Type A small school bus: 1981 Chevrolet chassis
with 20-passenger Busette body by Wayne Corporation

Type of Accident Left side impact, followed by vollover (900)

Severity of Accident Delta V 11.5 mph, followed by rotation,
then by slow rollover

Summary of Events

A small school bus, equipped with lapbelts for all occupants, was transporting
seven handicapped students and an aide home from school on a two-way residential
street. A1l occupants were restrained. A 1978 Ford F-150 pickup truck (4,300
pounds) ran a stop sign and collided into the left side of the school bus. The
school bus rotated 700 counterclockwise, continued another 34 feet before
striking the concrete curb with its right rear tires, and turned over onto its
right side. The schooi bus then slid 31 feet before ceming to rest. :

The driver of the school bus related that unidentified persons opened the rear
emergency exit door and assisted in evacuating the passengers. This assistance
was reportedly provided quickly, with only one passenger having time to release
his lapbelt independently. One passenger’s parent reperted that the boy, excited

hy the rescue efforts, released his own belt and fell from the high side of the ™

overturned bus into contact with the lower side seats; facial abrasions resulted.
No other difficulties during evacuation were reported.

The poststandard bus received moderate damage on the left side near the rear dual
wheels and moderate damage on the right side where the bus siid on its side.
Much of the damage occurred during the rollover. Several of the interior seat
cushions were displaced into the aisle during the rollover sequence. Another
seat cushion, although it remained on the seat, was completely freed from its
mounting brackets.

The integrity of the passenger compartment was not affected by impact or
rollover, and the rigid framework placed to protect the fuel tank performed as
designed by preventing any penetraticn to the tank,

outcome of Occupants of School Vehicle

Pagsengers

Of the & passengers, an adult aide (age unknown) and 7 students, ages 3 to 10:

4 were uninjured, and
4 sustained MAIS 1 (minor) injuries.
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A11 passengers reportedly were wearing the lapbelts available at their seating
pesitions at the time of the crash,

/A Injuries, 1if sustained, were minor {(AIS 1), and primarily occurred during the
i roliover. Restraint use was of greatest benefit during the rollover, especially
§ to passengers seated on the left side of the bus: they were not flung to the
right side when that side contacted the ground.

‘ Driver
J-§T { The lapbelted driver received moderate injuries: AIS 2 contusions on her face
. when she contacted the rearview mirror, and AIS 2 contusions on her abdomen
L. induced by the lapbelt. She also sustained AIS 1 contusions on her shoulder and

: . arm from contact with the steering wheel and on her wrist from contact with the
. door control.

The lapbelt was equipped with dual automatic retractors. From the appearance and
length of damaged webbing on the latchplate side of the system, the retractor
apparently allowed 5 to 6 inches of webbing to spool out. The uriver reportied
she slipped off her seat but remained suspended by restraint webbing.

Had a three-point lap/shoulder belt been available and used, the driver’'s '3
injuries would have been reduced, Had she not used the lapbelt, her injuries '"
would probably have remained the same, or been less serious because her upper
torso would not have pivoted forcefully over the lapbelt. The lapbelt-induced
ahdominal contusions caused the driver to miss 48 days of work.
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'3 Notes About the Accident

This small bus was furnished with a Tightly padded stanchion post and horizontal

bar, at the level of the driver’s seatback top, between the front seat on the ,
E left side and the driver’s seat. 7The left side had no restraining barrier. An |
: abbreviated restraining barrier was located on the right side of the bus, placed :

between the front seat and the stairwell. The barrier was surrounded by a Tightly

padded tubular frame.

The driver and all passengers were vrestrained according to school district
policy. The driver told Safety Board investigators that she normally did not wear
| a seatbelt in her private vehicle but did follow the district’s policy while on
. the job. Responsibility for enforcing the policy 1s shared by to the driver
and by the aide who is furnished for each bus.

The Tapbelts on the bus had pushbutton release latchplates and were anchored to
the seatframe. Loading marks were found on some the lapbelts to substantiate
use.

The driver told police that she had sustained minor injuries; this information
was entered in the police report. These "minor" injuries resulted in the driver
losing weeks of work. During an interview conducted the second day following the
accident, Safety Board investigators determined that the driver had sustained
moderate or greater injuries,
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Case No. 20 safety Board Investigation No. ATL-87-H-5817
Location of Accident | North Indian Creek Drive; Clarkston, Georgia
Date and'Timé May 8, 1987; 3:00 p.m,

Description of School Vehicle Type B school bus: 1982 Chevrolet chassis with 18-
: passenger Cadet body by Carpenter Body Works, Inc.

Type of Accident‘ : Multiple impacts: head-on collision, followed by
rear-end secondary collision

Severity of Accident Delta V unknown

]
'
¢

Summary of Eveﬁts

A small school bus was transporting five deaf students to their homes. The
driver and all passengers were reportedly wearing the lapbelts installed on the
bus. Ac the bus traveled northbound at a driver-estimated speed of 10 mph, a
southbound 1-ton truck veered across the centerline and struck the bus head-on.
Following this collision, the bus was struck in the rear by a“28-passenger school
bus. The second collision did not produce passenger injuries,

Information on evacuation is not available.

The poststandard school bus received damage primarily to its front structure:
the front bumper, right side frame, grill, hood, and radiator were deformed. The
interior of the bus was undamagea.

Outcome of Occupants of School Vehicle

Passengers

Of ithe § passengers, »ge 6 to 1l:
2 were uninjured, and
3 received MAIS 1 (minor) injuries.

The passengers were restrained by static lapbelts equipped with pushbutton
retease buckles. '

The passengers who received minor (AIS 1) injuries were repovtedly seated in the
two front seats and the second seat on the left side. Information on specific
seating positions, injury descriptions, and restraint adjustment 1is not
available. The seating positions of the two uninjured passengers is not
available. Use or nonuse of lapbelts in this relatively low speed collision
1ikely had 1ittle effect on irjury outcome for the passengers, A1l passengers
had the additional benefit of well-padded barriers, either restraining barriers
or seatbacks, in front of their seating positions.
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Priver

The driver of the school bus was restrained by a lapbeit and veceived minor
(AIS 1) contusions and abrasions about her abdomen, shoulder, and |imbs.

Notes About the Accident

This school bus was equipped with padded restraining barriers in front of the
first row of seats.

The lapbells provided for the student passengers were mounted to the seatframes

and passed between the upper and lower seat cushions. Pushbutton release buckies
were furnished.
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Case No. 2} Safety Board Investigation No. NYC-87-H-SBOI
Locatijon of Accident West Oak Hi1l Road; Williston, Vermont
Date and Time November 21, 1987; 7:50 a.m,

Description of School Vehicle Type B school bus: 1979 Chevrolet chassis with 18-
passenger Mini-Bird body by 8lue Bird Body Company

Type of Accident Multiple collision: sideswipe, followed by head-on
fmpact

Severity of Accident Delta V estimated at 10 to 15 mph for head-on
impact

Summary of Events

A small schoo) bus, transporting three learning-disabled students to school, was
traveling at a driver-estimated speed of 30 mph on a two-way, snow-covered road.
The driver and two of the three passengers were restrained in some fashion. A
1984 thevrolet Citation, traveling in the opposite direction, crossed the
centorline and sideswiped the left side of the bus. Yhe bus then veered to the
right, left the road, and struck a tree head-on before coming to rest.

After the crash, the passengers remained in their seats until checked by
ambulance personnel. The bus driver then unlatched the lapbelt securing the
child safety seat used to restrain one passenger and carried the child, still in
his safety seat, from the bus. The driver alsc unbuckled the other restrained
passenger from her lapbelt; this passenger and the unrestrained passenger exited
through the side door.

The left front corner of the bus had an inward crush of 10 inches. The front
left side of the body was deforined toward the center from 3 to 5 inches. Damage
from the tree was found near the center of the front of the bus where the bumper
was pushed back 6.5 inches. All window glass was intact,

The poststandard schoo)l bus performed well. Damage was confined fo the exterior
hody panels and front bumper,

Outcome of Occupants of School Vehicle

gassengers

0f the 3 passengers, ages 4 to 15:
3 were uninjured.

Two of the three passengers were restrained: one in a child safety seat and one
by a static lapbelt. Determining the value of restraint use is difficult
because all passengers were uninjured. The passenger in the child safety seat
probably benefitted most from restraint use because he was not thrown forward
into the restraining barvier or onto the floor. Use or nonuse of Tlapbeits
probably had Yittle effect on the injury of the other passengers.
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Driver

The only injured occupant in the bus was the lapbelted driver who received a
Tingr]abrasion (AIS 1) on the right side of his hip, most likely caused by the
apbelt.

Notes About the Accident

The lapbelts on this bus were an aftermarket addition by the school district.
Safety Board investigators determined that the lapbelt used by the passenger in
the second scat on the right side was installed and used improperly. The
webbing with the buckle end was anchored to the wheel well instead of the floor.
The wheel well was much higher than the floor, adding 9 inches of extra length
and preventing the belt from properly fitting the child, To take up the stack,
the driver had knotted the belt webbing. Had this collision been more violent,
the knot might have caused an injury because the passenger would have
"Jackknifed" over the belt and the knot. The child safety seat was also secured
with & knotted lapbelt.
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Case No. 22 Safety Board Investigation No. ATL-86-H-SB04

Intersection at Wautuga and Cascade Drive;
tireensboro, North Carolina

tocation of Accident

Date and Time January 14, 1986; 3:30 p.m.

Description of School Vehicle Type B school bus: 1980 Chevrolat chassis with 20-
passenger Mighty Mite body by Thomas Built Buses.
The bus had been reconfigured to 10-passenger

capacity.
Type of Accident Right side impact, followed by rollover (900)
Severity of Accident Delta V unknown (bus speed estimated at 25 mph;

and car speed estimated at 5 mph)

Summary of Lvents

A school bus, transporting six students (some mentally disabled, others
physically disabled) and a driver’s aide, was traveling on an urban street., All
but one of the occupants were restrained in some fashion (restraints included a
misused harness, secured wheelchair, and tlapbelts). As the bus crossed an
intersection, a 1980 Oldsmobile 98 sedan struck the bus on its right side. The
right rear dual tires of the bus rode up over the front of the car, lifting the
bus up and starting the clockwise rotation of the bus as it continued to travel
away from the impact. After a 950 clockwise rotation over 60 feet, the bus
overturned onto its left side and came to rest,

The driver unlatched her Yapbelt and began te organize the cvacuation, assisted
by the aide. Paramedics, the driver, the atde, and an uridentified passerby
assisted some of the students to release their restraints; the two students on
the right side of the bus remained suspended for onlv u few minites. The rear
emergency door was easily opened by a passersby; all eniries and exits were made
through this door during the rescue.

The poststandard school bus received minor exterior damage on its right side and
mocderate damage to its drive axle. Minor buckling of the interior roof occurred
at the left side; however, no panel separations occurred,

Outcome of Occupants of School Vehicte

Passenqgers

0f the 7 passengers, a 39-year-old aide and 6 students, ages 5 to 13:
1 was uninjured,
5 sustainad MAIS 1 (minor) injuries, and

1 sustained MAIS 3 (serious) injuries.
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$ix of the seven passengers were restrained in some fashion; the unrrestrained
passenger was the driver’s aide who was squeezed onto the third seal on the
right side, which was already filled to capacity, so0 she could assist the
handicapped student seated next to her. Because the aide was not in a designated
seating position (the bench seat was designed for only one person), no lapbelt
was avaiilable for her. The unrestrained aide received the most serious (AlS 3)
injuries: a displaced fracture of her right wrist, which occurred wvhen she
struck the 1nft side of the bus, possibly contacting the wheelchair secured to
the left side, as the bus overturned, She also sustained abdominal trauma that
threatened her pregnancy.

0f the six passengers who were restrained, four were secured by lapbeltis, one was
secured by the upper torso straps of an E-Z-ON vest and 1apbe?t, and another was
in a special wheelchair equipped with sevaral straps. The whezlchair was
secured by two lapbelts,

The lapbelted passenger on the left side in the front row next to the window was
reportedly not injured. The lapbelted passenger on the left side next to the
window in the second seat received minor injuries: a small bruise on laft knee
from contact with the side wall or another passenger. The lapbelted passenger on
the 1eft side in the second seat next to the aisle received a small abrasion on
the left side of his abdomen from the lapbelt. Passengers on the left. side of
the bus probably received less benefit from their restraints during the rollover
than those seated on the right side: the bus came to rest on its left side.

The passenger seated on the right side of the bus in the second seat was
restrained in a special harness, an E-2-ON vest, but the harness was improperly
used. Although designed to be secured to the floor by four loops, only the two
upper loops were secured. The available lapbelt was used instead of the other
attachments. The passenger received a minor injury: a small bruise on his right
forehead from hitting the seatback in front of him. Had he not been restrained,
he would have been thrown to the left during the rollover and probably could have
received additional minor injuries.

One passenger was in a special wheelchair secured to the third seat on the left
side with speciazlly adapted straps. The passenger was severely disabled ard could
not sit or hold his head erect; the restraint device was necessary to keep the
passenger in an upright position. He received a minor contusion: a bruise on
his eyelid. Had he not been restvained, he could have received additional
injuries.

The lapbelted passenger on the right side in the third seat next to the window
received minor injuries: small bruises to her thigh from flexing over the
lapbelt, and a lower leq abrasfon from contact with the seatframe. Had she not
been restrained, she might have fallen to the teft during the rellover and
received other injuries.

The lapbelted driver received multiple minor (AIS 1) bruises and abrasions from
contact with the steering assembly, interior sidewall, and window area. The
lapbelt-induced deep bruises on her left hip at the groin indicated that the
impact was forceful. She also complained of soreness in her back and headaches.
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Notes About the Accident

The school bus had been reconfigured for the transportation of disabled students;
tts original 20-passenger seating capacity was reduced to aliow only 10 bench
positions. The design left space at the extreme left rear for securing one
conventional wheelchair. Three bench seats, all 26 inches wide, were installed
on the right side of the bus; three 39-inch-wide and one 26-inch-wide seats were
installed on the left side. The reduced width of the seat at the left rear
position allowed greater accass to an automated wheelchair 1ift installed on the
right side of the bus.

The 1mpruger installation of the €-7Z-ON vest did not result in injuries in this
accident but might have in other accidents. Extrapolating injury outcome of a
passenger in a specially designed harness or wheelchair restraint from the
outcome of a passenger in a conventional restraint, such as a Yapbelt, cannot be
done with certainty.
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APPENDIX 8
Case No, 23 Safety Board Investigation No. FTW-83-F-H001
Location of Accident Colonet Glenn Road; outside Little Rock, Arkansas

Date and Time May 2, 1983; 3:50 p.m.

Description of School Vehicle Type B school bus: 1981 Chevrolet chassis with 15-
passenger Cadet body by Carpenter Body Works

Type of Accident Yead-on collision followed by rollover (909)

Severity of Accident Delta ¥ unknown (bus speed at impact was about 30
mph; pickup speed at impact 20 mph)

Suinmary of Events

A small schoo! bus, equipped with lapbelts for all occupants, was transporting
five physically handicapped students from school. Four of the five passengers and
the driver were restrained., The bus was traveling 30 mph in a heavy rain on a
two-lane road. When the bus approached a sharp right curve, the driver applied
the brakes; the rear began to sideslip, and the bus rotated clockwise out of
control., The school bus siid across the road center and collided right front to
right front with a 1977 Chevrolet pickup truck, The collision pushed the pickup
truck back and caused it to rotate 450 clockwise, As the bus forced the pickup
rearward, the right front wheel of the bus overrode the right front wheel of the
pigkup, causing the bus to lean to the left and overturn slowly onto its teft
side.

Evacuation of the school. bus went smoothly, although the pasengers had never
practiced evacuation. Two passengers vequired assistance releasing their
laphelts. One student was hanging from the upper side of the bus and was
reluctant to release his latchplate until the bus driver was there to cushion his
falt; another student needed assistance to walk, so he waited for heip. After
assisting the passengers, the driver opened the emergency door, and the
passengers qelped each other out. A passerby held the door open,

The right front corner of the poststandard school bus was crushed rearward a
maximum of 28 inches, and the crumpled metal extended rearward to the side exit
door. This door was jammed and the students were evacuated through the rear
exit, which was not damaged.

No interior damage occurred.

Outcome of Occupants of School Vehicle

Passengers

O0f the 5 passengers, ages 14 to 18;
2 were uninjured, and
3 sustained MAIS 1 {minor) injuries.
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Four of the five passengers were wearing lapbelts.

Two of the four passengers wearing lapbelts and the unrestrained passenger
sustained minor (AIS 1) contusions and abrasions. Lapbelt use made 1ittle
difference in this accident: both restrained and unrestrained passengers received
minor injuries. Both of the uninjured passengers, howaver, were wearing
lapbelts. No student complained of soreness from the lapbelt.

Driver

The 35-year-old laphelted driver received minor (AIS 1) contusions to her hip,
attributed to the lapbell because she was suspended by the webbing before
releasing the belt. The use of the lapbelt 1ikely helped to reduce the number
and severity of her injuries. '

Notes About the Accident

This bus was equipped with 39-inch-high restraining barriers in front of both
front row seats,

The bus was transporting a deaf-mute passenger and a passenger who, although able
to move with crutches, normally used a wheelchair. All passengers were seated on
the bench seats at the time of the accident: no passenger was in a wheelchair,
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Case No. 24 Safety Board Investigation No. NYC-86-1-SB0O4
Accident Location Intersection of Port Washington Boulevard and

Bonnie Heights Road; Flower Hill, New York
Date and Time January 24, 1986; 8:45 a.m.

Description of School Vehicle Type B school bus: 1979 GMC chassis with
' 14-passanger Coachette body

Type of Accident Rear-end collision, foilowed by rollover (909)
Severity of Accident Delta V unknown (bus was Just accelerating from
stop.)

Summary of Events

A small school bus was transporting three preschool and elementary students to
school. Two of the three passengers Were sharing a substandard belt. The school
bus stopped at an intersection and then proceeded across a four-lane, two-way,
divided highway when it was struck in the right rear by a passenger car. At.
impact, the school bus rotated clockwise and rolled over onto its Teft side,

After the schoolbus came to rest, the driver unbuckled his belt and went to the
passengers, The unrestrained boy was lying on his left side by the window frame
and ceiling, conscious and alert. The driver unbuckled the belt shared by the two
other children; they were also conscious and alert and remained calm. They stood
up on their own and the driver assisted the passengers out of the rear emergency
exit.

The body of the poststandard school bus remained relatively intact; however, the
1eft side of the body, from the windows to the roof, was displaced inboard about
1 inch. The padded restraining barrier and the three rows of seats behind the
driver’s seat abutted the sidewall because of this displacement. One ceiling
seam separated in two places; the separations were 6 inches long and one-fourth
inch wide. The windshield cracked and was disiodged from its frame. The doors
on the right rear for the wheelchair 11ft were rendered inoperative.

outcome of Occupants of School Vehicle
ngevr

0f the 3 -passengers, ages 5 to 6:
1 was uninjured, and
2 sustained MAIS 1 (minor) injuries.

Two of the passengers were restrained by one large, substandard form of seatbelt,
jury-rigged in the bus (see description of belt wunder "Notes About the
Accident™).  These passengers were seaced on the left side in the Tront seat at
the window and center positions. One received a bone bruise (AIS 1), and one was
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uninjured. Use of the substandard belt unlikely affected their injury outcome
because of their proximity to the side onto which the bus rolled. The nature of
the substandard belt, however, increased the chance .of greater injuries., The
passengar on the left side in the front seat next to the aisle was unrestrained;
he received a minor laceration (AIS 1) to his chin “rom the window frame. Had
he been restrained, his injuries probably would have been about the same because
oF]the dynamics of the bus and his close proximity to the side onto which the bus
rolled,

Even 1f all of the passengers had been restrained by properly installed lapbelts,
injury cutcome would not have improved over the minor to no injuries that were
actually sustained.

Driver

The Tlapbelted driver received minoy {AIS 1) injuries. The contusions to the
driver's left shoulder could have been caused by the clockwise rotation of the
bus when it was stuck in the right rear or by the driver striking the left
inside wall of the bus as it overturned onto its left side.

Notes About the Accident

The Jjury-rigged restraints, erroneously reported to be lapbelts, were installed
by employeas of the bus company, not the school bus manufacturer. Bus company
policy for the last 5 vears states that the driver is to fasten the belt around
prekindergarten passernirs and to suggest to kindergarten and older passengers
that they wear the belt.

Each of the six passenger seats had a 29-inch-1all seatback, Only iwo belts were
provided: for the first and third seats on the left side. Both improvised belts
created potential injury-producing hazards.

The belt on the front seat was made up from two sets of lapbelts joined together
by two metal plates, each about 7 inches long, and four bolts, each about 1 3/8
inches long. The belt was looped around the junction of the seatback and seat
cushion rather than anchored to the floor or seatframe. The installation allowed
up to three children to be restrained by the bett. The exposed metal plates and
protruding bolts presented a hazard for any occupant coming in contact with them,
A passenger restrained by the device would probably sustain a serious injury
during a crash if the bolts and plates were in front of or alongside the
passenger’s torso.

The device un the third seat had been installed in a manner similar to the one on
the front seat. It consisted of two belts: one wrapped horizontally around the
seatback about 8 inches above the top of the seat cushion, and one looped around
the cushion. The looped belt, with padding stitched to it, served as the
lapbelt. This device also compromised the safety of an occupant restrainad by it.
The lap portion of the belt would fit around the upper torso, not low and across
the hips. Because the lap portion of the be * wrapped around the belt on the
seatback, it could slide to the inboard and ouluocard positions of the seat.
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According to the label on the belts, the webbing latches and buckles conform to
Federal Motor Vehicle Safety Standards 209 and 302. Neither of the belts however,
conform to the Federal standards. For example, FMVSS 210 stipulates that
"anchorages for an individual seatbelt assembly shall be located at Teast 6.50
inches apart Taterally, measured between the vertical centerline of the balt
holes"; the jury-rigged restraints were not anchored at all. Section 571.209 of
the FMVSS states that "a seatbelt assembly shall be designed for use by one, and
only one, person at any one time," and that the seatbelt shall be capable of
adjustment to fit the occupant. The devices did not meet these requirements.

in the Soctety of Automotive Engineers book entitled "Motor Vehicles Seat Helt
Assembly Installations," section SAE-JB00C states that attachmeni parts shall be
spaced laterally so that the lapbelt portion of the seatbelt assembly essentially
forms a "U"-shaped loop when in use, The standard states that in no case shatl
both ends of one as»embly be connected at the same anchorage or attachment point.
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SUMMARY OF SAFETY ISSUES BY CASE NUMBER
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APPENDIX D

INDEX TO AND CASE SUMMARIES OF SKALL SCHOOL VEHICLES
NOT BUILT TO FEDERAL SCHOOL BUS STANDARDS

Number of cases: 4
Type of accident: Nonrollover 3
Rollover 1

Data

Wallingford, Connecticut

November 10, 1987

1985 Ford E-350, 15-passenger van (not built
to Federal school bus standards)

Frontal collision

‘whaumburg, I1linois

April 5, 1985

1984 Ford 19-passenger Econoline van (not built
to Federal school bus standards)

Head-on coilision

Bedford, New Hampshire

October 1, 1985 :

1981 Dodge Van Space Porter Custom SE (previously used
for airport service; retrofitted to meet New Hampshire
school bus standards; van not built to Federal school
bus standards) '

Left side impact

Odessa, Texas

June 23, 1984

1980 Ford Superwagon, 15-passenger van {not built
to Federal school bus standards)

Noncollision rollover (7209)
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Case Na, 25 Safety Board Investigation No.: NYC-88-H-5804

Accident Location Durbam Road; Wallingford, Connecticut

Date and Time November 10, 1987; 2:45 p.m.

Description of School Vehicle 1985 Ford E-350, i5-passenger van (painted blue,
not school bus yellow). The van was not built to
Federal schoo) bus standards.

Type of Accident Frontal collision
Severity of Accident Delta V 13 mph

Summary of Events

A Ford van being used as a school vehicle was transporting 14 passengers {an
adult aide and i3 Jjunior high school students) home from school on a rural road.
Some form of belt system was available at each seating position, but at least
four passengers and the driver were unrestrained. As the van entered a left
curve, a 1972 Chevrolet dump truck, traveling in the opposite direction, lost
control on the snow-covered road and crossed into the van’s lane. The dump
truck, which was rotating counterclockwise, struck the left front of the van with
its left side. Impact forces caused the dump truck’s load of hot asphalt te
spill onto the van’s roof and into the van through the broken side windows.

of the 14 passengers, '3 safely evacuated the bus. The passenger seated
directly behind the driver was unable to release his lapbelt because hot asphalt
had spilied onto his seat, burying the Tatchplate. Yhe tapbelt was subsequently
cut by the truck driver, and the student was freed. The unrestrained driver of
the school van was trapped in the vehicle until extricated by rescue personnel.

The left front of the van was crushed rearward 17 inches and 13 inches rightward
at maximum collapse. The windshield was fractured at the left A pillar, and the
driver's door and the middle left side window were broken. The dashboard and
steering wheel were pushed rearward towards the driver’s seat. The roof buckled
rearward of the B piliar.

Considering the difference in mass between the dump truck and the van, the van
performed well in the crash. Most injuries were caused by the spillage of hot
asphalt into the van, not by the crash itself.

Outcome of Occupants of School Vehicle

Passengers

Of the 14 passengers, one adult and 13 students, ages 11 to 15:
13 sustained MAIS 1 {minor) injuries, and
1 sustained MAIS 2 {moderate) injuries.
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Of the 14 passengers, 8 were wearing lapbelts, 1 was wearing & Tap/shoulder bhelt
available at his seating position, and restraint use for 1 was undetermined, The
adult aide was unrestrained. | ' ,

The passenger wearing the lap/shoulder belt was seated in the hucket seat to the
right of the driver. The shoulder portion of the belt was =quipped with an
emergency locking retractor; the lap portion was equipped with an automatic
locking retractor. The passenger received minor (AIR 1) injuries: nose
laceration from contact with the dashboard, first degree burns on top of his head
from hot asphalt, and contusions to midchest and right hip from the shoulder
harness. Had this student not been restrained by the lap/shoulder belt, he
probably would have contacted the dashboard move forcibly and sustained more
serious injuries. Information was not available on the adjustment of his
lap/shoulder belt; some slack probably was present in the shoulder portion
because he contacted the dashboard in this Belta V 13 mph collision.

The lapbeited passenger by the window in the front row of bench seats received
the worst injury (moderate, AIS-2) sustained by a passenger: a fractured
cheakbone from contact with the door frame on the driver’s side, which was
dislodged during the crash. He also sustained minor forehead and 1ip lacerations
(AIS 1) From contact with the door frame and first-degree burns on hands and
upper legs from hot asphalt. Because the lapbelt offered no upper torso
restraint, it could not prevent his upper body from swinging forward at impact
and hitting the door frame,

The lapbelted passenger seated in the middie of the front row received minor
(AIS 1) injuries: contusions on his left knee from contact with the seatback in

front of him and multipie minor burns from hot asphalt. The outcome probably
would have been similar had he beer unrestrained.

The adult aide seated next to him, on - 4ht side of the front row, was not
using the available lapbelt and -sustaine: ar (AIS 1) injuries: contusions on
her left shoulder, her chest, right knee, left foot. If lapbelted, she still
probably would have sustained minor injurie..

The lapbelted passenger by the window in the second row of bench seats sustained
minor (AIS 1) contusions on her head, left knee, and shin from contact with the
seatback in front of her and first-degree burns on her chin and hands from
asphalt, Lapbelt use could not prevent these injuries because upper and lower
extremities are free to flail about in a crash.

Lapbelt use also did not prevent the passenger in the middle of the second row
from straining his left wrist or from sustaining first-degree burns on his hands,
forearms, and left cheek from hot asphalt. Lapbelt use did not prevent the
passenger on the right side of the second row from spraining his left ankle.

At least two of the three passengers on the third bench seat wore the availahle
lapbelts. The passenger in the middle claimed to have been restrained, but
examination of the belt’s latchplate adjustment indicated that, if worn, the
webbing would have provided no restraint: the belt was extended to its maximum
length, A11 three sustained minor (AIS 1) injuries: contact-induced contusions,
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strains, and burns from the asphalt. The occupant in the middle also sustained
nose and forehead abrasions and knee abrasions from contact with the seatback,
and abrasjons to the hip area. The other two sustained neck or back sprains,
origin unknown.

The fourth bench seat was equipped with lapbelts for the four seating positions.
Only one of the four students seated on the bench was restrained at the time of
the crash. A1l four students, however, received only minor injuries.

Priver

The driver was unrestrained, but restraint status probably had little effect
because of the intrusion at his seating position. He sustained moderate (AIS 2)
injuries: a fractured left knee and fractured five adjoining ribs on his left
side when he contacted the left door and steering wheel during the cellision. He
also received a kidney injury of unknown severity (AIS 7). Hot asphalt caused
first-degree burns of both hands, left forearm, back, and Teft thigh.

The driver was trapped in the vehicle as a result of the vehicle collapse at his
seating pousition and the hot asphalt that had spilled on top of him. He was
froed by fire rescue personnel.

Notes About the Accident

Fassenger 1injuries, for the most part, were caused by the hot asphalt that
spilled into the van through the broken windows. Restraint use could have
provided little benefit in those circumstances. Seating position, rather than
restraint status, was the major factor in injury outcome. The two passengers
receiving the worst injuries were seated in the impaci zone.

Although the driver stated he was wearing ihe Tap/shoulder belt avaitable at his
position, Safety Board investigators determined that he probably was
unrestrained. The shoulder portion of the three-point belt was found wedged
behind the driver’s seat with blood splattered on the latchplate, and asphalt
concrete filled the buckle latchplate slot.

The lapbelts provided at 13 of the 14 passenger seating positions were General
Motor lapbelts, with pushbutton release latchplates, requiring manual adjustment
to ensure a snug fit. Safety Board investigators suspect at least one of these
lapbelts had not been adjusted properly: the student seated in the third bench
seat, middle position, claims to have been wearing the available lapbelt but
s11d forward under the seat in front of her during the crash. The lapbelt at her
seating position was found extended to its maximum length. [f worn, it probably
had not been adjusted to fit properly and allowed the student to siide under the
belt and onto the floor.

The ‘tapbelts on the four bench seats were equipped with pushbutton release
latchplates. Lapbelts on the rear bench seat were anchored to the floor; the
others were anchored to the seatframe. i




APPENDIX D

' . Wallingford, Connecticut
‘S Case Number 25
kY
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The van shown is
representational only.
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Case No. 26 Safety PBoard Investigation No. CHI-85-H-OR18
Accident Location Schaumberg Road and Plumgrove Road{

Schaumberg, I1linois
Date and Time April 5, 1985; 12:49 p.m.

Description of School Vehicle 1984 Ford 19-passenger Econoline van, The van was
not built to Federal school bus standards.

Type of Accident Head-on collision
Severity of Accident Delta ¥V 25-28 mph

Summary of tvents

A van used as a school vehicle was transporting 12 students on an activity trip.
While traveling eastbound on a four-Tane roadway divided by a 16-foot-wide flush
divider island, the driver lost control. The van crossed over the median
divider, entered the opposing traffic lanes, and struck a 1984 Lincoln
continental sedan head-on. After impact, both vehicles came to rest in the
westhound left lane still engaged in the impact position.

0f the 12 passengers in the van, 7 were wearing lapbelts and 5 were unrestrained.
The driver was also unrestrained.

Collision damage was found across the entire front of the van, with maximum
rearward crush reaching 20 inches at the right front. There was no intrusion into
the passenger compartment of the van. Interior damege occurred to the steerirg
assembly and instrument panel Forward and inboard of the driver’s seat position,
The lower framework and the seatback of each bench seat were substantially
deformed. A spare tire and wheel, stored but unsecured beneath the rearmost bench
seat, was displaced forward during the impact.

The van performed well 1in this crash, allowing the .passenger compartment to
maintain its structural integrity without contributing to passenger {injury.
Although the vehicle did not conform to Federal school bus standards, this does
not appear to have affected the crash outcome. Many injuries were attributable
to lapbelt use rather than to the interior features of the van.

Outcome of Occupants of School Vehicle

Passendsrs

Of the 12 passengers, ages 6 tn 7:
5 sustained MAIS 1 {minor) injuries,
3 sustained MAIS 3 (serious) injuries,
3 sustained MAIS 5 (critical) injuries {the injuries for one proved fatal),
and
1 sustained MAIS 7 (unknown severity) injuries.
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Although the passenger in the front bench seat {bench 1) next to the left window
said that he was wearing the lapbelt provided, evidence indicated that he was
unrestrained. He received minor (AIS 1) abrasicns and a laceration. Considering
the injuries sustained by the lapbelted passengers in this van, this passenger
might have received a greater level of injuries had he been restrained.

The passenger in bench 1 in the second seat from the left was restrained by a
static lapbelt and sustained a bilateral pelvic fracture (AlS 2), confusions and
abrasions on and above the bridge of his nose (AIS 2), a closed head injury with
neuralgic defect (AIS 3), and abrasion of the teft and right flanks (AIS 1). The
passenger’s injuries can be attributed directly to his wearing the lapbelt,
Considering the Tocation and type of his pelvic injuries, the lapbelt was
apparently worn in what 1s usually considered to be a proper manner. The
bilateral pelvic fracture was caused by decelerating into the belt webbing while
the upper torso jackknifed over belt causing head contact with the rigid base of
the driver’s seat. Had a lapbelt not been worn, this child’s deceleration would
have been into the rear cushion of the driver’s seat, the driver’s body, and the
surface of the engine cover, with the deceleration fcrces distributed over more
of his body; some level of moderate to serious injury could have occurred,

The passenger in bench 1 in the right seat was restrained by a lapbelt and
sustained a serious {AIS 3) comminuted fracture of the left iliac wing and minor
(AIS 1) contusions and abrasions te nais abdomen and Timbs. Because his height
was much greater than that of the passenger on his left, his head was directed
into the upper area of the seatback in front of him (the right front seat). The
seatback deformed forward, allowing a controlled or contained deceleration.
Although the serious pelvic injury was the result of his wearing the lapbelt, the
passenger did not receive a serious head injury, unlike his seatmate.

The passenger in bench 2 next to the Jeft window was not wearing the static
lapbelt available and sustained a minor (AIS 1} contusion to his lower Teft Tleg,
which did not require medical attention. He was fully contained by the seatback
directly in fronl of him. Extensive forward displacement occurred in the
seatback along with multiple scuffed areas.

The passenger in bench 2 next to the right window was not wearing the static
lapbelt available at that position and also sustained only minoy (AIS 1)
injuries: abrasions and contusions. Extensive forward deformation occurred to
the lower framework of bench 2 along with the seatback at this position, The
seatback directly in front was pushed forward several inches, with scuffed areas

on the upholstered rear surface,

The passenger in bench 3 next to the left window was wearing the static lapbelt
available at that position and sustained serious (AIS 3) injuries that included a
fracture of the left iliac crest, a head injury, and a bladder contusion. The
passenger was hospitalized for 4 days. Mer serious injuries can be attributed to
her wearing the lapbelt. The location and nature of her pelvic injuries strongly
suggest proper belt placement. The bench seat directly in front was extensively
deformed: the lower framework was displaced forward several inches and the back
cushion was pushed forward into contact with the Tower cushion. Scutfed areas
were observed on the upholstered vear surface of the back cushion.
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The passengers in bench 3 in the second seat from the left and the right seat
were not wearing the static lapbelts available at the pasitions. Both passengers
sustained minor (AIS 1) contusions and abrasions, and were both contained by the
seathacks in front, allowing them to 'ride down" the impact forces without
serious injury.

The passenger in bench 4 next to the left window was wearing the static tapbelt
available at that position and sustained critical (AIS 5} injuries that proved
fatal. This passenger suffered a contusion (6 x 6 inches) on the left hip
(AIS 2), bilateral pulmonary contusions (AIS 3), retroperitoneum hematoma
(AIS 3), subarachnoid hemorrhage (AIS 3), serosal tear (AIS 4}, torn mesentery
(AIS 4), subdural hematoma (AIS 4}, taceration of the, colon {(AIS 5), laceration
of the small bowel (AIS 5), and Joss of consciousness (AIS 5). The passenger
never regained consciousness following the crash. She was treated with the aid of
1ife support equipment for 3 days before peing pronocunced dead. The injuries
resulted from lapbelt use. The severity of the injuries was increased by the
presence of an unsecured spare tire and wheel that moved forward at impact to a
position beneath and forward of the passenger. The jackknifing action over the
lapbelt accelerated her head into violent contact with fthe tire and wheel,
resulting in brain and spinal injury. The lapbelt itself penetvated her abdomen,
vesulting in massive internal trauma. The movement of the spare tire blocked the
downward collapse of the Tower seat cushion, presenting a rigid surface that
resulted in compression of the passenger’s chest and pulmonary contusions. Had
the lapbelt not been worn, the passenger’s head would not have accelerated
downward into the spare tire and wheel or into Lhe lower framework of bench 3.

The passenger in bench 4 in the second seatl from the left was wearing the static
lapbelt available and sustained critical (ALS 5} injuries: a bilateral fracture
of iliac crests (AIS 2), a subarachnoid hemorrhage (A1S 3), amd severe brain siem
injury {AIS 5). The passenger received initial care at an area hospital for
2 days before being transferred for lTong-term care, His injuries, 1ike those of
the passenger o the left, are attributed to the Tlapbelt being worn. These
injuries oprobably would have been less severe had the passenger not been

tapbelted.

The passenger in bench 4 in the second seat from the right was also wearing the
static lapbelt available and sustained critical (AIS §) injuries: a contusion
with hematoma of the forehead {AIS 2), abrasion/contusion of the lower abdomen
(A1S 3), contusion with hematoma of the cecum (A1S 3), subarachnoid hemorrhage of
the cranial/cervical junction (AIS 3), subarachnoid hemorrhage of the posterior
fossa (AIS 3), perforation of small bowel (AIS 5), and a spinal cord contusion
(quadriplegic) (AIS 5). The passenger spent extended time at a local hospital
and was then transferred to an extended-care facility. The passenger would not
have received such serious injuries had he not been laphelied.

The passenger in the bench 4 next to the right window seat was wearing the static
lapbelt available. Several inches of forwanrd deformation occurred at the right
side lower framework of bench 4. The tubular frame members were bent forward to a
point of contact between the bench’s leading edge frame and the inner fender of
the right rear tire. The back cushion of the bench was displaced 7Torward by
several inches at its top. This passenger sustained a moderate (AlS 2) injury, a
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full-depth laceration of the tongue. She was afforded some degree of desceleration
oy the interior sidewall of the van and the forward deformation of the lower
framework of the seat: she did not sustain serious 1o critical injuries
comparable to the other lapbelted-passengers.

Driver

The driver of the van, who was not wearing the available lap/shoulder beilt,
sustained severe injuries: a large laceration of the left thigh (AIS 2),
contusion of the upper left chest (AIS Zj, multiple facial contusions (AIS 2),
concussion with amnesia {ATS 3), avulston fracture of the right elbow (AIS 3),
and a bitateral pulmonary contusion (AIS 4).

Witnesses stated that the driver apparently passed out just before to the
collision and leaned over to the right. Had the driver had been wearing the
lap/shoulder beit, her leaning to the right would have taken her out of the
shoulder belt and left her restrained by the lapbelt only.
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Case No. 27 Safety Board Investigation No. NY(-85-H-5B0)
Accident Location Route 101 at Wallace Road; Bedford, New Hampshire
Date and Time October 1, 1985; 6:50 a.m.

Description of School Yehicle 1981 Dodge Van Space Porter Custom SE. The van,
previously used for airport 1imousine service, net
New Hampshire standards for a multi-purpose school
bus; it had not been retrofited to meet Federal
schonl bus standards. (The van was painted white,
not school bus yellow.)

Type of Accident eft side impact, with principal direction of
force at the 10 o’clock position

Severity of Accident Delta ¥V unknown

Summary of Events

A van, equipped with some form of seatbelt at all seating positions, was
transporting two unrestrained students to school. The driver was restrained by a
lap/shoulder ! :1t. When the driver attempted to turn from one roadway to another
in heavy fog, it was struck in the left front side by a dump truck, which was
traveling at 35 mph. The dump truck pushed the van across the center of the road,
where the truck struck a 1984 Chevrolet sedan.

The van received extensive damage on the left side, with maximum inward crush
reaching 39 inches at the driver’s door. The bench seat behind the driver's seat
was displaced rearward and to the right.

The van was not built according to the requirements of the Federal Motor Vehicle
Safety Standards (FMVSS} for school buses; therefore it cannot be evaluated by
these standards. The van, which was rated at less than 10,000 pounds gross
vehicle weight rating, was struck on the left side by a loaded dump truck that
weighed 51,900 pounds traveling atl about 35 mph. The differences in weight and in
structural rigidity between the two striking vehicles makes irreievant any
discussion of crash performance of vans conforming to Federal school bus
standards versus nonstandard conforming vans.

Outcome of Occupants of Vehicle

Pagsengers

Of the 2 passengers, ages 15 and 18:
1 sustained MAIS 3 (serious injuries), and
1 sustained MAIS 5 (critical injuries).

it N
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The unrestrained passenger in the right front seat received critical (AIS 5)
injuries: interventricular and intercerebral nemorrnages: he waes unconscious for
more than 24 hours. The contact points for the passenger were not confirmed. The
dynamics of the c¢oilision moved him forward and to the left at impact, into the
area of maximum intrusion. The use or neonuse of restraint probably did not affect
the injury outcome for this passenger because of the massive intrusion into the
forward area of the van,

The other urrestrained passenger was in one of the three rows of bench seats; the
exact position is not known. The passenger was ejected out of a left side
window., (The windows did not conform to Federal school bus standards). She
custained serious (AlS 3) injuries: a comminuted pelvic fracture, closed head
injuries, and a massive lower leg injury that necessitated amputation of the
Timb. The type and severity of the lower leg injury indicate that the limb was
run over by the dump truck tires following the ejection. The pelvic fracture and
head injuries could have occurred from contact with the pavement. The intrusion
on the school van was on the Teft front, away from this passenger’s seating area.
The forces, however, would remain extreme, and had she been lapbelted, she would
probably have still sustained serious injuries.

Qriver

The driver was wearing the lap/shoulder belt provided. She sustained savere
(AIS 4) injuries that proved fatal: skull fractures; brain hemorrhage; fractured
ribs, femur, and pelvis; and lacerated liver, spieen, kidney, and lung. The
injuries were caused by impact forces and severe intrusion into the driver’s
seating area. The impact force and penetration by the dump truck into the
driver‘s door, at belt line height, resulted in an unsurvivable crash for the
driver, belted or not.

Notes About the Accident

Lapbelts were installed in the van, but the installation and configuration was
unusual and not in compliance with the Federal Motor Vehicle Safety Standards,
The lapbelts were different lengths, ranging from 9 to 20 inches to the cushion
junction. The Safety Board investigator sat in various seats in the van and tried
to fasten the seat belts; belts often would not fit around his body.

In the rearmost seat, buckle-to-latch configurations were irreqular. Two buckles
lay next to each other on cone side of the seat, tws latchplates together on the
other side, and a buckle/latchplate combination on each of the outhoard locations
{the configuration should be buckle/latchplate across the entire seat). At
another position, two belts were anchored by one bolt. Federal Motor Vehicle
S5afety Standard 209 specifics that seatbelt anchorages for an individual belt
assembly shall be located at least 6.5 inches apart laterally, measured between
the bolt holes. A passenger veslrained in such a belt in a frontal collision
would pivot forward and would be forced to the left or right, depending on the
side of the hus he or she was sitting on,
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The [odge van was previously tsed for airport limousine service. Tha school
district leased the van and made certain modifications so it could be certified
as a multipurpose school vehicle. The modifications, according to the State's

regulations regarding school transportation, do not reguire the vehicles to
canorm to Federal school bus standards.




Bedford, New Hampshire
Case Number 27

Principal Direction
of Force

Left Side of Van

Driver
F-40. MAIS 4
Subdural hematoma
{right cerebral)
Laceration of liver
Laceration of left kidney
Subarachnoid hemorrhage
Laceration of spleen
Collapsed left lung
Retroneritoneal hemorithage
Fracture of right femur
Skul! hairline fracture
{left temporal)
Skull hairline fracture
(right temporal)
Fracltured pelvis (left ischium}
Fractured pubis
fractured ieft 7th and 8th ribs
Fractured tefi tibia
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Right Side of Van

Seat 2

M-15, MAIS 5

Concussion-urconscious
more than 24 hours

Multiple tnter-ventricular and
inter-cerebrat hemorrhages

Laceration on back of head

Abrasion on leR front temple

Laceration on right hand

Seating position unknown
F-18, MAIS 3
(Unrestrained!
Comminuted pelvic fracture
Compound fracture of left tibia
Compound fracture of left fibula
Fractured acetabular
Compound fra. .re of

{eft metatarsal toes
Fracture of left tarsus
Fractured right radius
Fre-tured left phalanges
Laceration of right cheek

Abrasion and contusion on central

forehead

The va. shown
is representetional only.
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Case No. 28 Safety Board Investigation No. FTW-84-H-35BI1
Accident Location State Highway 158; outside Odessa, Texas
Date and Time June 23, 1984; 5:15 p.m.

Description of School Vehicle 1980 Ford Superwagon, 15-passenger van. The van
was not built to Federal school bus standards.

Type of Accident Noncollision rollover (7200)
Severity of Accident Delta V not calculable

Summary of Events

An overloaded church van, not built to school bus standards, was transporting 2]
passengers to a youth revival; the van was built for 15 passengers. Some form of
restraint was provided at each of the 15 seating positions, but none of the
passengers was restrained. The driver was also unrestrained. As the van traveled
at about 50 mph on a two-lane, two-way, straight and level rural road, the left
rear tire blew out and the driver lost control of the vehicle. The van continued
660 feet, veering onto the shoulder and back into opposing traffic lanes. When
the van rotated clockwise about 1100, the exposed left rear wheel rim dug into
the asphalt, causing the van to turn over onto its left side. The van completed
two revolutions (7200) covering a distance of 90 feet before it came to rest on
its} wheels. Three passengers were ejected and fatally injured during the
rollovers.,

Damage to the van was typical of a vehicle rollover, confined principally to the
sheet metal body with little structural deformation. Striations found on the van
body were consistent with ground scars found at the accident scene, indicating
two complete rollovers. A1l glass areas of the van, except on the left side, were
broken out and missing. The roof and side pillars were pushed toward the left as
a result of the rollover. The van’s body structure performed well in the double
ru}lover. The occupants’ injuries were not caused by the structure deformation or
collapse.

Outcome of Occupants of School Vehicle

Passengers

Of the 21 passeigers, ages 3 to 40:

3 werc uninjured,

11 sustained MAIS 1 (minor) injuries,

4 sustained MAIS 3 (serious) injuries or greater, and

3 sustained fatal injuries (AIS coding not possible due to lack of
medical records).
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No passenger was restrained. Lapbelts were available at each designated seating
position, but the van was carrying more passengers than it was designed for
("more” in number, not weight). Six passengers were not in a designated seating
position; they were either sitting in the aisle or squeezed onto a bench seat
that was already full.

Proper use of the lapbelts would have prevented or veduced some of the injuries
received in this accident. The three fatally injured passengers were ejected from
the vehicle as it rolled over. These ejections and the fatal injuries would have
been prevented had the restraints been worn. No major structural collapse of the
vehicle occurred; the passengers not eiected received injuries mainly due to
their freedom to bes thrown about the interior of the vehicle.

Oriver

The driver of the van was not wearing the lap/shoulder belt provided at his
position, The driver sustained at Yeast minor injuries, but specific information
is not available. He was not hospitalized. Medical information is not available
so he is coded as injured, unknown severity (AIS 7).

Notes About the Accident

0f the 15 lapbelts furnished by the vehicle manufacturer, 7 were lying on the
fioor of the van, out of position for passenger use.

The van, with the exception of its left rear tire, was in good mechanical
condition. The tire probably had been used as a spare until recently. An
inspection before the trip would have identified the poor condition of the tire.
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Odessa, Texas
Case Number 28

Oriver

M-20, MAIS 7

Row 1B

F-16, MAIS 1

Row 1C

F-9, MAIS 1

Row 1D

F-21, MAIS 1

Row 2A

M-18, MAIS 1

Row 2B

F-21, MAIS 1

Row 2C

M-32, MAIS 1

Row28C

F-29, MAIS 7

Specilic injuries unknown
Row 3A

M-§& MAIS - 3

Specific injuries unknown
Row 3B

F-11, MAIS -3

Specific injuries unknown
Row 3C

F-40, MAIS 7

Rollover
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Row 3CX
M-2, MAIS 7
Row 4A
M-13, MAIS 1

Row 4B
M-27, MAIS O

Row 4C
M-11, MAIS 1

Row dAX
M-6, MAIS = 3
Specific injuries unknown

Row 48X
M-3, MAIS O

Row 4CX

M-4, MAIS 1
Row 5A

M-11, MAIS 1
Row 58

M-17, MAIS 0
Row 5C

M-14, MAIS - 3
Specified injuries unknown
Row 5D
M-12, MAIS 1

The van shown
is representational only.
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--Classified as a
At least a lapbelt for every
on multipurpose

strength
The bench

{School

$ APPENDIX E

?- EXAMPLES OF CONFLICTING CLASSIFICATIONS OF SCHOOL BUSES

i Case 16 (Elmhurst, I11inois)

i; School Vehicle: 1982 Chevrolet van chassis with 23-passenger Vanguard body

i by American Transportation Corporation.

g

3 Classifications: Federal Motor Vehicle Safety Standard

4 small school bus because its gross vehicle weight rating is

4 less than 10,060 pounds.

'3 passenger is required at manufacture; the lapbeltc must
meet all Federal standards
vehicles. The bus is required to meet Federal requirements
for smali school buses: no minimum Jjoint
specified, and no frontal barrier is required.
seats do not have to meet any seat spacing requirements.
Federal Highway Safety Program Standard No. 17,--Classified
as a Type I large school bus because its passenger capacity
is more than 16. Passengers of Type I schonol buses are not

¥ required to wear their seatbelts (if seatbelts are present).

3 National _ Minimum__ Standards _ Conference

t Industry).--Classified

is more than 10.

Case 23 (Little Rock, Arkansas)

School Yehicle: 1981 C(hevrolet chassis
Carpenter Body Works.

(formerly called a Type 11) because its gross vehicle weight
rating is less than 10,000 pounds and its passenger capacity

15-passenger Cadet body by

Classifications: Federal Motor Vehicle Safety Standards, --Classified as a

over 10,000 pounds.

- P

Industry).--Classified

than 10 persons,

large school bus because its gross vehicle weight rating is
passengers
required; if installed, they do not have to meet Federal
The school bus must meet all
design and performance standards for large school buses,
including compartmentalization,

Lapbelts

requirements for seatbells.

Federal Highway Safety Program_ Standard No. 17.--Classified
as a Type 11 small school bus because its passenger capacity
is less than 16. Passengers on a Type Il school bus must
wear their lapbelts whenever the vehicle is in motion.

National _ Minimum__ _Standards

(Formerly called a Type I1) because its gross vehicle weight
rating is more than 10,000 pounds and its capacity is more
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Table 5,--Classifications and definitions of school buses
by organization ¢r entity, 1588

Organization or Gross venicle
entity and venicle Former weight rating Passenger
classification classification (GVWR) capacity

3 XICN3ddV

Pounds Number

Federal Motor Vehicle a
Safety Stancards (FMVSS):

Small school bus 10,000 or less 10 or more A bus that 1s sold or introduced in
(designed to interstate commerce for purposes that
transport more include carrying students to ard from
than 10 persons) school or related events, but does not

include a bus designed and sold for
operation as a common carrier.

Large school bus More than A dus that {3 sold or introduced in
10.000 interstate commerce for purposes that
include carrying students to and from
school or related events, but does not
tnclude a bus designed and sold for
operation as & common carrier.

Federal Hichway Safet b
Program Standard No. 17:

Small school bus 16 or fewer Any motor vehicle used to carry pupils

{Type 11} to or from school. Excludes private
motor vehicies usad to carry members of
the owner's household.

Large school bus More than 16 A motor vehicle with motive power,

(Type I} except a trailer, used to carry oupils
to and from schoo!. Includes vehicles
that are at any time used to carry
school children and school personnel
exclusively, Excludes common carriers.

See footnotes at end ¢¥f table.




Table 5.--Classifications and definitions of school buses
by organization or entity, 1988 {continued)

Organization o2
entity and vehicle
classification

Gross vehicle
Former weight rating Passenger
classification (GVWR} capagity

School bus industry:c

Small school bus--
Type A

Type B

Large school bus--

Type C
(conventional style)

Type D
(transit style)

See footnotes at enc of table.

Pounds Number:

10,000 or 10 or nore

More tharn 10 or more
10,000

10 or more

Van conversion or school bus body
cons:ructed on a van-type compact truck
or front-section vehicle,

Van conversion or school bus body
constructed on a van-type compact truck,
front-section vehicle, or stripped-
chassis. Part of the engine 15 beneath
or behind the windshield and deside the
driver seat., Entry door is behind front
wheels.

Body installed on a flat back cowl
chassis. A1l of the engine is in front
of the windshield, and entry door is
behind the front wheels.

Body installed on 2 chassis. Engine may
be mounted in front (behind the wind-
shield and beside the difver seat),
midship (between front and rear axles),
or in the rear (behind the rear wheels).
Entry door i3 ahead of froant wheels.

3 X1aN3ddY




Table 5.--Classifications and definttions ¢f scnool
by organization or eatity, 1988 (continued)

Qrganization or Gross vehicle
entity and vehicle Former weight rating Passenger
classification classification {GVWR) capacity

3 XION3ddV

Pounds Number
Kational Safety Council (NSC)

The NSC does mot distinauish Any vehicle reported in State statistics

between large and small on school buses. Includes regular

sehool buses. school buses and other nonfamily-owned
vehicles used to transport pupils (vens,
stationwsgons, and buses other than
schooi buses).

thiqggjﬁﬂ%ggggznTraffic
Satety Adwinistration [NHTSA) @

National Accident Sampling
System (NASS)--

The NASS distinguishes only School buses are defined by function.
betweer. van-type school duses
and other school buses.

Fatal Accident Report
System {FARS)--

Jata can be retrieved two weyS, by:

Function A school bus, as distinguished Dy .
function, is not necessarily buiit to

or Federal standards for school buses.

Body type {bus Dody versus A school bus, as distingyuished by body

vansbased bus) type, does not have to be used solely
for school transportation; it can b2 A
church bus, day camp bus, or 2 mobile
home .

.- = Not applicatle or critericn nog established,

2 - ‘ . .
X Tne FMVSS mandate aspects of vehicle design and ¢rash performance, The standerds are part of the Code of Fedcrel Regulations.
te effective December 19¢8. Standard No. 17 is being rocvised by the Department of Transportation.

C . .
Ay adopted at the Naticnal Minimum Stasdards fanference of 1980,
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APPENDIX F
DATA ON PUBLIC SCHOOL TRANSPORTATION, 1986-87

- The following table presents data for school buses classified as Type I
and Type II school buses. Type I buses are ctassified by the school bus
industry (National Minimum Standards Conference of 1980} as Type C and Tyee D
large school buses. Type II buses are classified by the school bus industry
as Type A and Type B small school buses. Type II also includes other types of
small vehicles used for school transportation,

N . 11
Etate

Alabama
Alaska
AfoAR"
Arkansas
Calllornia

Cotorado
Conhngcticul
Delaware
Fionda
Georgra

Hawa#
idaho
Hinon§
indiana
1owa

Kansas
hentuchky
Lowstang
Mare
Marytang

Masachusel(s
Mchgan
Minnesola
Mississipn:
Miseour:

Montang
Ngbtasks
Nevads

How Hampirire
Neow Jorsey
Naw Moa:co

New York
Noith Carchng
Noan Dakala
Ohp
Okighoma

Oreqon
Panngylving
Aliode 18lang
Sauth Garolna
Sauth Dakold

Tonnay 109
Tanas
Utah
Yarmoni
Vitginie

Washington
Westinglon 0C
West Virgima
Visconsin

o WV.TW-A....__‘M._\

Tranaported
at Public
Experss | Typel Yype Vainl]

e bt s o o s Shaait |k R

441,115

41524
204,751
264 AT4
094 387

226.583
348,763

83683
759 388
084,802

40 237
122.400
978 200
881 433
244 68

162 612
454 507
$36 755
170 246
A47 290

496,688
186/
854 347
Wit 580
458,158

60 106
28] 588
a4’
160 000
B3 246
V3G 792

9176349
686 089

49 659
205808
708 662

215 60
3 ear
90 000
438,783
47 486

557 abs
010,000
153373
1.587
735163

365 920

5184
274.280
ARG 4]

£.360
W?
o
NIA
10.969
4,023
NIA,
a
B.042
NIA

15

t 476
N/A
107
5 815

558
7184
324

164
2478

N4
NiA
3859
NiA
481

432
NIA
3%
o
3547
503

1y 538
34153
1234
10 868
4.1

2 042
A9

NIA
5 950
1138

¢ 860
22932
1429
5527
0865

5204
HIA
am
NiA

Distrio

178

5
3.085
RNIA
2,584

Jos
NIA

¥
300
KA

0

1
NiA
180
am
LFLY
472
W
1,738
14

HtA
NiA
a7
N/A
v 129

43
Wik
az?

¥

1.04¢

1

3683
0

188
154
87

354
23
NiA

13
0

151
558
47
%0
410

%
HIA
e
NIA

Bus Ownership

6538
112
J.455
NIA
13,555

4422
NIA
M9

8.342

10,231

15
1,486
ar82
7467
5.645

4010
7836
3 358
1.9
2.49%

2.288
13.480
4 645
5.200
5.042

680
NIA
966
30
4 294
74

15 202
13,163
1.39
11.020
8.768

2.996
5.147

270
5,962
t.23%

5014
24 490
1.49¢
1447
¢276

5 58y

NiA
3087
1¢1

Type |

0
454
&7
N/A
a7

N/A
3854
2L
GAG

508
528

2.484
2
NA
174

£6

12.508

84
381

431
by ]

28

86¢
N/A

0
N/A

Conlractor

Type i

T P

Total

Total
Number
of
Buses

Totut
Wise
of
Sarvice

fransportslion

Expanditures(3}
including

Capital Outisy

0

86

0
NIA
3314

N/A
1,002
41

9
NiA

10

NIA

125
2434
NIA
338
2t

150
25
2
26
¢

154
NIA

83
NJA

0

640
o7
NIA
6,781

NA
4,658
939
649

#

748
538

2484

183

a4

o

' 680

7940

1,543

12,0000
0

SO0
47h
Nik

3,640
15 447
1.080
368
418

1540
854
&g
803
28

s
NiA
L
5012

8,538
652
s
4178
20,218

4,422
4,850
1,308
8094
10.340

763
2.004
21.230
2.951
4.807

&2
1619
1.240
2,495
5138
7496
130
10.21)
5,202
10,109

1,324
3562
o84
200
13,224
2417

27,202
13,153
1.908
11 958
6.788

53,815,195
5,805,000
32,981,729
38,202,000
277,069,108

44,813,987

&
18,427,568
123,150,130
88,119,080

7,240,558
20.645.080
250004093
85,758,194
§2.384,262

41.871.097
78 .63% 900
55,108,164
2 AR ATH
79,450,532

56,531,103
$29.520.000
116.473.000°

41,022,248
107.702.266

16,678 162
.92 872
13513522
13.500.000
119.191.000
79,260 071"

118.429.680
25.676.000
162.471.000
58,135.408

£3.170.484¢
252,957,600
N/A
87300875
18,707,420

74,220,160
200859300
16.176.856
11531 47%
84,194 110

69.792 767

2.020.000
37.748 950
72,508 025

365,661,200
23,431,27%°
56,186,410
48,835,642

849.325.004

§3.738.718
110,000,000
21742101
206,361 097
181,859 688

17.854.717
25851800
338,203,257
186,240,890
59.342.469

51 550.057
97.0332.985
123,779,983
38 448,008

© 113,375.669

150 K52 5T
50,000,000
170.411.076

55439819
165 474,336

7 068,680
32534 089
76,125 854
26 650 54T
294,285 29
53,002,142

906.259.719
115.538.141
24 343 508¢
268 450, 35¢
68,335 (6%

71.473.3%7
382 454,715
MiA

54,652 962
18 8QY.477

17.013 209
196,110,404
28968429
16,657 688
153 656 934

132 882016
NIA

84,132 950
120,252 428

42 209
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2 e
BT TR
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1aTA
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SOURCE The Natonal Assonation of Siate Direciors of Pups Transportabon Sarvices wnd Bobit Publishing Research Departmen .
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Seurce: Reproduced from School Rus Fleet magazine,
December/January 1989 issue, with peymiss!on from
Bobit Publishing Co., Redondo Beach, California
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APPENDIX G
SCHOOL BUS SALES BY BODY TYPE, 1974-88

U.S. School Bus Body Sales 1974-1988

Type A .
Type B %Hand‘rcap}sp&cia! purpose (tormarty Type i)

“Type C [::[Convenlaonal 24.76 passengers (formetly Type {)
A45:°°°"" Type D @!‘ransh style 78 + passengers (formerly Type )

40,000 —
”‘“aamwo

35,000
_ . .umE§
30,000~ N N

27.585 27,792

25,000 — ﬁ Ny 24478
5,00 N

20,000 —
15,000 —

100000 ==

1,143

5o000 A

S

0 - o ?/4‘ Z Z/ﬂ ?E 7 Z‘; Z ‘ §.272

1 1 }
174 1975 1976 1977 1978 1979 1980 1941 _u_L: 1963 1304 1905 1986 1987 1PMA

Calendar Yeai

AcCording to tha editors of SCHOOL BUS FLEET. the 1988 calendal year will sae the second highesi number of school buses aver
budt Bus body and (hadss budders raanufaciuted 40.087 achool buses. naarly matching the racord number built in 1974 Figures
lor 1988 wera collectad from manulacturers and componant Supphars Bix weaks priof to the and of the calendar year and hus include
estitaales for Uocombe's production, the margin of 8110r 16 mimisculs 43 manutacturers are able 1o accurataly profect production rates
for iwo of more months SOURCE: SCHOOL BUS FLEET Research Dapartimant

ok

Source: Reproduced from S$chool Hus Fleet magazine,
Deccmber/January 1989 issue, with permission from
Bobit Publishing £o., Redondo Beach, California
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APPENDIX H
SCHOOL BUS TYPE DESIGNATICNS

School Bus Type Designations

Al e Ot Hahondi Mindnum Slangards Confeence on Sehoo! Transpartation in 1980 the defintiont for schoal buses wede (ha

to Type A Type H Sype O and Yypo T frag Tygee b dmd Typa B Yhose new slanda-1s and inlended o apply o
H should be Noted verChS w the 4 capardy fur wns than 10 passengers cannol be certihed &8 school buses u
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School Bus Type Designations (continued)

R po ]

“n
Mt
FH

GCONIPANY

1YPE A

Carpenter Body Works
i Chppat

Cadet
Conventonal

Corssu

Cavaer
rmmtm Susr Corp.
Super Bantam
Lantam

ST W
N L

s oua

U TR R et

Crown Cosch Int’i
_Supercoach
Gitllg Corp.
| Advanced Design Bus
; "idbﬂ.

¢ Bupenor

. Munuteman

i Nationsl Cosch

| iozopess

" Tha New Bus Co.
Chickasha
| Superior Coach intl
Panaer .
Thomas Buili Buses
Mingtaur
Mighty Mié
Canvenliona,
SaltLiner
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MyP
A

i 1Rl
Sturdivan
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e e 2o

source: Reproduced from School Bus_Fleet magazine,
December/January 1989 issue, with permission from
Bobit Publishing Co., Redondo Beach, California
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APPENDIX 1
ABBREVIATED INJURY SCALE (AIS)

Injuries of school bus occupants were coded in this study according to the
1985 A?breviated Injury Scale (AIS) [(American Association for Automotive Medicine
1985).1 Injuries are described in the case summaries [appendixes B and D) in
terms of the maximum RIS injury (MAIS) sustained by an occupant. Hence, §f an
individual sustained two AIS 3 injuries, one /1S 2, and seven AIS 1 injuries, the
individual is assigned an MAIS 3 injury.

A University of Michigan study substantiated that approximately 98 percent
of the people sustaining muitiple injuries would be properly assessed using their
most severe injury as an index (Huang and March 1978). Identificaticon of each
injury incurred by a school bus occupant with an MAIS 2 or move is included ¢n
the bus seating charts in the case summaries.

AlLS Code Description Examples

0 Uninjured

1 Minor Bruises, abrasions, superficial lac-
erations (less than 2 inches on face
or 4 inches on body, provided they
do not extend into subCutaneous
tissue), fractured finger, sprained
wrist, fractured nose,

Moderate Deep laceration, mild concussion,
head injury with amnesia about
accident and no neurological damage,
fractured clavicle, sprained knee,
fractured foot, fractured ulna.

Serious Fractured femur, dislocated hip,
brain swelling, contused bladder,
fractured pelvis, crushed forearm,
hand amputation, head injury with
prior unconscioushess with neuro-
logic deficit.

Severe Ruptured spleen, amputation of leg
above knee, brain hematoma Jess than

100 cc.
{Continued)

-

toals is o standardized, universslly occepted system for assessine (he severity of injuries from impacts
by coding individual injuries. The first AIS was pubelished in 1971 under sponsorship of a jeint comittee
oi the American Medical Associstion, the Americen Association far Autonctive Medicine, and the Soviety of
Automotive Engineérs, Since 1973, the Americen Association for Automotive Medicine has heen the sponsoring
organization. ,
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AIS Scale {continued)

Pescription
Critical

Maximum injury

Injured, unknown

Unknown if injured

Examples

Pulmonary artery laceration,complete
spinal cord lesion (quadriplegia or
paraplegia), ruptured 1iver, uncon-
sciousness more than 24 hours or
penetrating skull injury, brain
hemat.oma more than 100 cc.

Torso transection, massive skull
crush, spinal cord crush witht otal
transection C-3 or above, crushed
brain stem.

Insufficient information is avail-
able or outcome rather than injury
is described; 1.e., arm trauma,
closed head injury, kidrey injury.

Medical report states "vedness over
eve," "suspicion of " or

s s st s e il

no information is available.
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APPENDIX
COMPARISON OF KABCO AND AIS INJURY SCALLS

The KABCO injury scale is commonly used in police accident reports. The
AIS scale is used by accident investigators with the National Transportation
Safety Board and by highway researchers.

KABCO Secale AIS Scale

KABCO system has S5 options The AIS system has 9 options:
coding injuries:d

Description Code Severity

Dead before report was made Uninjured
Minor

B8leeding wound, distoried Moderate
member, or had to be Serious
carried from scene . Severe

critical”

Other visible injury or Haximum, virtually
bruises, abrasions, , unsurvivable
swelling, or limp i Injured, unknown

severity

Possible injury + Unknown if injured

No indication of injury

& Definilions as used in [1linois police veports,
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An injury can can be coded differently, depending on the injury scale
used. The KABCO system has broad classificatiens that can be misleading about
the actual severity of injury. The following examples, using cases from this

study on small poststandard schosl buses, illusirate differences in coding.
The full sunmary of each case is given in appendix B or D.

Case 13 (Houston, Texas): 9 passengers

KABCO Scale® ATS Scale

Number of Injury Numbey of Injury
passengers passengers code

A 9 AIS 1
C

Case 16 (Elmhurst, 111inois): 9 passengers

KABCO Scale AlIS Scale

Number of Injury Number of  Injury
passengers  _code passengers _code
9 A 2 AIS O

2 AIS 1

2 AIS 2

3 AlS 3

¢
.

4 et -t S—

b The KABCU system is defined differently in Texas police reports: K =
Killed. A = Incapacitating injury--severe injury that prevents continuation
of normal actions; includes broken or distorted limbs, fnternal injuries, and
crushed chest. B = Nonincapacitating injury--evident injury such as bruises,
abrasions, minor lacerations that do not {ncapacitate. C = Pagsible injury--
injury that is claimed, reported, or indicated by behavior without visible

wounds.
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Case 26 {Schaumberg, Il1linois): 12 passengers

KABCO Scale AIS Scale

Number of Injury Number of  Injury
passengers code ‘ passengers  code

- K AIS 1
10° A AIS 3
1 c AIS 5

ALS 7

C The 10 pessengers coded as veceiving "A" injuries did nol actually receive
injuries of the same severity. Under the AIS scale, these 10 passengers were
coded as follows: 4, AIS 1 {minor); 3, AIS 3 (serious); 2, AIS § (critical);
1, AIS 7 {injured, unknown severity).
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APPENDIX K
LIMITATIONS OF THE KABCO INJURY CODES

The following discussion about the KABCO injury coding system has been
excerpted from a University of Adelaide publication (Hutchinson 1987).

8.10.1 The codes £.10.2 Inter- and tra-state varia-

, tions in usage
Most American police forces use the K, A, B, C, 0 8

code recommended by the National Safety Coun- Carroll and Scott {1971) and Scott (1972) noticed
¢il. The wording of the definitions of these codes enormous differences between states of the US.A.
varies it minor ways from place to place. Very brief as to the proportions in which the A, B, C codes
descriptions are as follows: were used: the proportion of A injuries varied from

o 13% to 65%, and the proportion of C injuries var-

K Fatal. ied from 9% to 75%, in a sample of 17 states.
The authors thought that much of the variation
_ must be attributed to non-uniformity of scale in-
B Non-incapacitating (evident) injury. terpretation and use. | have compiled some more

recent data-~see Table 8.22.

A Incapacitating injury.

C Possible injury.

0 No indication of injury.

The K, A, B, C, 0 scheme permits rapid evalua-
ton under adverse circumstances and with min-
imal examination of the victim. But obviously
many injuries in the A category are minor, such
as superficial lacerations accompanied by moder-
ate but easily controlled bleeding, and conversely
the C category could inciude severe and potentially
Lfe 1hreatening injuries such as a ruptured spleen.
Further doubt is cast on the validity of this classi-
fieation by the finding (Carpenter, 1973) that in-
surance payments (in what was admittedly a small
sample) for severity C were higher than for B which
in turn were higher than for A. In the course of a
widar investigation, Shinar et al (1983) found that
5 substantial number of injury accidents in Indi
ana were recorded by the police as damage-only
(grade 0).
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Table 8.22: Percentage distribution of severity of injury in thirteen states.

A B G

South Carclina 1985 36 42
Massachusetts 1981 32 36
Illinois 1983 27 47
South Dakota 1983 20 33
Idaho 1983 17 44
Washington 1982-83 15 . 45
Michigan 1983 14 85
Delaware 1983 13 39
Texas 1983 12 44
States -hat may not be comparable:

Alabama 1983* 859 26 15
Arizor - 19834 20 47 33
Ohio iu84+4 8 41 51
California 1983+ 5 46 49

* Rural accidents only.

# U.S. and state highways only.

+ Thaese states use the term "severe” in describing the most serious category. Thus in California it is
called a “severe wound”, though the definition of this is very similar to the usual definition of code A;
“Injury which prevents the injured party from walking, driving, or performing activities he/she was nor-
mally capable of before the accident.” In the Ohio data table it is called “severe”, but in the definitions
it is called “sarious visible injury”, and is defined as “An injury other than fatal that prevents the injured
person from working, driving, or continuing normal activities that he (she) was capable of performing
priot to the accident.”
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APPENDIX L
DATA ON FATAL SCHOOL BUS ACCIDENTS

The table that follows is from a study on school bus safety published in 1989
by the Transportation Research Board, National Research Council. The values
are derived from FARS, the fatal accident reporting system of the U.S,
Department of Transportation, National Highway Traffic Safety Administration.

TABLE 3-2 ESTIMATED ANNUAL SCHOOL BUS ACCIDENT
FATALITIES (FARS 1982-1986)

Vehicle Type

Vehicles
Persons Used as
Fatally School Schocl Other
Injured Busesd Buses? Vehicles Total

Drivers 1.6 0.8 62.6 65.0
Pedestrians

Students® = 24.0 1.8 1. 374

Adulis? 4.4 1.0 1. 7.2
Passengers

Students 9.6 24 8. 20.0

Adults 24 0.6 11. 14.6
Bicyclists

Students 1.8 0.4 1. 3.2
Adults 12 0.2 0. 1.6

PR

45.0 1.2 9.8 149.0

Notes: Average values derived from 5 years of fatal accident data. Drivers
and passengers were ocoupants of the vehicle type indicated. Pedestrians and
bicyclists were struck by the vehicle type indicated.

3"§chool bus"’ refers 10 a vehicle designed and built as a school bus, excluding

_van-based buses. These vchicles are predominantly Type 1 buses with
GVWRs greater than 10,000 Ih.

b Vehicle used as a school bus" refers to a vehicle that is externally
ideatifiable as a school bus, but not originally designed and built as a school
bus, for example, station wagons, standard vans, and vans modificd to serve
as schooi buses. ,

¢Students are defined as persons under 20 years old.

dAdylts are defined as persons 20 ycars old or older.

Source: Transportation Research Board, National
Research Council (1989, p. 35).
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APPENDIX M

FEDERAL MOTOR VEHICLE SAFETY STANDARDS (FMVSS)
MENTIONED IN SAFETY RECOMMENDATIONS

§ 571.206 49 CFR Ch, V (10-1-88 Edition)

E571.208 Standard No. 206 Door locks
and door retention components, '

S1. Purpose and scope. This stand-
ard specifies requirements for side
door locks and side door retention
components inciuding latches, hiuges,
and other supporting means, to mini-
mize Lhe likelihood of occupants being
thrown from the vehicle as a resull of
Impact.

82. Application. This standard ap-
plies to passenger cars, multipurpose
passenger vehicles, and trucks.

S83. Definitions. “Cargo-Type Door”
means a door designed primarily {o ac-
commadate cargo lcading including,
but not lHmited to, a two-parl door
that latches to itself.

“Side front door” means a door Lthal
in a side view, has 50 percenl or more
of its opening avea forward of the
rearmost point on the driver's seat-
hack, when Lthe driver's seat is adjust-

382
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ed to fts most vertical and rearward
position.

uQSide rear door’’ mMeans a dvor that,
in a side view, has more than 50 per-
cent of its opening area to the rear of
the rearmost point on the driver's
seatback, when the driver's seat 18 ad-
justed to lts most vertical and rear-
ward position.

§4. Requirements. Components
any side door leading directly into »
compartment that containg one or
more seating accommodations shall
conform to thls stondard. However,
components oh folding doors, roll-up
doors, doors that are designed to be
easily attached to o removed from
motor vehicles manufactured for oper-
ation without doors, and side doors
which are equipped withi wheelchalr
ifts and whieh are linked to an alarm
system consisting of either a flashing
visible signal located in the driver's
compartment or an ularm audibie to
the driver which is activated when the
door s open, need not conform to this
gtandard.

S4.1 Hinged Doors,
Type Doors,

84.1.1 Donr Lalches. Each door
lateh and siriker assembly shall be
p;'ovided with two positions congisting
0 f—

(a) A fully latehed position; and

(h) A secondary laiched position.

S84.1.1.1 Longifudinal Louad. The
door latch and strier assembly. when
in the fully latched position, shall not
separate when a Jongitudinal load of
9,500 pounds is applied. When in the
gecondary latched position, the door
intch and striker assembly shall not
geparale when a longltudinal laad of
1,000 pounds is applled. :

84.1.1.2 Transverse Load. The door
lateh and striker assembly, when In
the fully latched position, shall not
separate when A trapsverse load of
2,000 pounds ls applied. When in the
secondary latehed posttion, the door
iateh and striker assembly shall not
separate when a Lransverse load of
1,000 pounds i8 applicd.

84.1.1.3 Inertia Load. The door
latelr shall not disenyRge front thoe
fully latehed position when & tongitu-
dinal or Lransverse inertin lond of 30K
{s applled to the doot fatch system (n-
cluding the Iateh and Ms retuating

Except Cargo-

§ 571,206

mechanism with the locking mecha-
nism disengaged).

84.1.2 Door Hinges. Each door
hinge system shall support the door
and shall not separate when a longitu-
dinal load of 2,600 pounds Is applied.
Similarly, each door hinge system
shall not separate when 8 transverse
ioad of 2,000 pounds ls applied.

84.1.3 Door Locks. Each door shall
be equipped with a locking mechanism
with an operating means In the interi-
or of the vehlele.

84.1.3.1 Side Front Door Locks.
wWhen the locking mechanism i3 en-
gaged, the outside door ~ handle or
other ouiside latch release control
shall be inoperative,

84.1.3.2 Side Rear Door Locks. In
passenger cars and multipurpose Das-
senger vehicles, when the locking
mechanism is engaged both the out-
side and inside door handles or other
lawch release controis shall be inoper-
ative. ,

849 Hinged Cargo-Type Doors,

84.2.1 Door Lalches.

84211 Longitudinal Load, Each
jateh system, when in the lalched po-
sition, shall not separate when a longil-
tudinal load of 2,500 pounds is apptied.

§4.2.1.2 Transversc Load. Each
jateh system, ‘when in the latched po-
sition, shall not separate when a trans-.
verse load of 2,000 pounds is applied.
When more than one latch system s
uscd on a single door, the load require-
ment may be divided among the total
number of latch systems.

84.2.2 Door Hinges Rach door
hinge system shall support the door
and shall not geparatc when a longitu-
dinal load of 2,500 pounds Is applied,
and when a Lransverse load of 2,000
pounds is applied,

84.1 Sliding Doors. The track and
slide combination or other supporting
means for each sliding donor shall not
soparale when a total transverse load
of 4,000 pounds I applied, with the
door in the closed position.

g8, pemonstration Procedures.

«5.1 Minged Doors, Ercept Cargo-
Type Doars.

88.1,1 Daoar Lufches.

85.1.4.1 Longitudinal and Trans
perse Loads. Compliance with para
graphs 94.1.1.1 and 84.1.1.2 shall be
demonstrated i accordanve with para-

383
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graph 4 of Socleiy of Automotive En-
gineers Recommended Practice J338b,
“Pagsenger Car Stde Door Latch Sys-
tems,” Mav 1965,

B55.1.1.2 ertia Loud. Compliance
with £4.1.1.3 shall be demonatvated by
approved tests or in ascordance with
paragreph 5 of SAE Recommended
Practice JB3Igh, May 1965

88.1.2 Door Hinpes, Compliance
with S4.1.2 shall be demonstrated in
accordance with paragraph 4 of SAE
Recommended Practice J834, “Vehicle
Paasenger Door Hinge Systems,” July
1068, For plano-type hing:s, the hinge
spacing requiremenis of SAE w934
ahall not be applicable and arrange-
ment of tha test fixture shall be a)-
tered as required so that the test load
will be applied to the complete hinge,

85.2 Hinged Cargo-Type Doors.

§85.2.1 Door Latches. Compliance
with 84.2.1 shall be demonstrated In
accordance with paragraphs 4.1 and
4.3 of BAE Recommended Practice
Ja3oh, “Passenger Car Side Door
Latch Systems,” May 1965, An equiva-
lent static test fixture may be substi-
tuted for that shown In Figure 2 of
SAE J819b, if required.

§8.2.2 Door Hinges. Compliance
with 84.2.2 shall be demonstrated in
pecordance with paragraph 4 of S8AR
Recommended Practice J934, “Vehicle
Passenger Door Hinge Systems,” July
1965. For piano-type hinges, the hinge
spacing requirement of SAE J934 shall
not be applicable and arrangement of
the test flkture shall be altered as re-
quired so that the test load will be ap-
plied. to the complete hinge.

86.3 Suding Doors Compliance
with 84.3 shall be demonstrated by ap-
plying anh outward sransverse load of
2,000 pounds to the load beating mem-
bers at the opposite edges of the door
(4,000 pounds total). The demonstra-
tion may be performed either in the
vahicle or with the door retention
components in & bench test fixture.

136 FR 22002, Dec, 2, 1871, us amended et 11
1;'352184. Jan. &, 1012; 80 FR 12031, Mar. 27,
P8

APPENDIX M

49 CER Ch. V (10-1-88 Edition)

R UTER RSN

Pk

T R T YT WAL e
SRR o Wi e ULy T




APPENDIX M

§ 57.210

8671210 Suindard No. 210 Seal belt ar.
sembly anchoragen.

S1. Purpose and scope. This stand-
ard establishes requirements for seal
belt assembly anchorages to insure
thefr proper location fer effective oc
cupant restraint and 0 reduce the
likelihood of thetr failure.

82, Application. This standard ap-
plies Lo passenger Card, multipurpose
passenger vehicles, trucks, and buses,

83, Definition. “3eat belt anchor-
age” means the provision for teansfer-
ring seat belt assembly jonds to Lhe ve-
hicle structure.

84, Regquirements.

84.1 Type

S4.1.1 Heat belt anchorages for a
Tyne 2 sert belt assernbly gshall be in-
atalied for esch forwird-facing out-
board desighwited seating position in
PASIENREET CLTS other than converti-

49 CFR Ch, V (10-1-88 Edition)

bles. and for each deslgnated seating
positlon for which a Type 2 seat belt
assembiv Is required by § 571.208 In ve-
hicles ovhter than passenger Cars,

84.1.% Seat belt anchorages for u
Type | or & Type 2 seal belt assembly
shall be installed for each designated
seating position, except a pessenger
seat (n B bus or a designaled seating
positior for which seat bell anchor
ages for a Type 2 seat bell assembly
are required by 84.1.1,

84.1.3 Notwithstanding the require.
ment of paragraph 84.1,1, each vehidcle
manufactured on or after September
1, 1987, that is equipped with an auto-
matic restraint at the front right cut-
honrd designated seating position that
cannot be used for securing & child re-
siraint system or cannotl be adjusted
by the vehicle owner to secure 2 ¢hild
restraint. system solely through the
use of wttschment hardware installed
as an i{tem of original equipment by
the vehicle manufacturer, shall have,
at the manufacturer's option, either
anchorages for a Type 1 seat belt as-
gembly at that position or 8 Type 1l or

432
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Type 2 seal helt assembly at that post
tion. The anchorages shall consist of,
at & minimum, holes threacded Lo
accept hoits compiying with S4.1(D of
Part 571.209 of this chapter.

84.2 Strenglh.

84.2.1 Except for side-facing seals,
the snchorage for a Type 1 yeal belt
assembly or the pelvic portion of a
Type 2 seal bels assembly shall with-
gtand a 5.000-pound lorce when tested
in accordance with 85.1.

§4.2.2 The anchorage for a “Type 2
seal belt assembly shall withstand
3 000 pound forces when tested {n ac-
covdance with 85.2,

8423 Permanent deformation or
rupture of a seat belt anchorage or its
surrounding area is not considered to
be a f{allure, if the required foree Is
sustained for the ~pectfied time.

84.2.4 Except for common seal bell
anchotages for forward-facing and
rearward-facing seats, floor-mounted
geat belt anchorages for adjacent des-
ignated seating mositions  shall be
tested by simultancously loading the
seat belt assemblies attached to those
anchoreges,

§4.3 Locution. As used in Lis 500-
tion. forward means in the dirvect fon
in which the seal faces, and other di-
rectional references are (o b inter-
preted  accordingly. Anchorages for
automatic and for dynamically tested
geal belt assemblies Lhat meet Lhe
frontal crash protection requirement,
of 5.1 of Siandard No. 208 40 CHFR
§71.208) are exempt from the fncation
reguirements of this section,

§4.3 1 Secwl belt anchorages for Tupe
1 seal betl assemblies and the peiric
portion of Typr 2 seul el gssenhlics,

§43.1.1 Iy an instaliation in which
the seat belt does not hear wpon Lhe
seat frame, a Hine from the seating ref-
oreace point to the nearest  contnet
point of the belt with the hardware at-
taching it to the ahchorage for a noh-
adjustable seat, or from a point 2.50
inches forward of and ©8.375 inch above
the seating reference point 1o the
nearest contaet point of the bel with
the hardware attaching it to Lhe an-
chorage tor an adjustable seal in its
rearmost  posiiion, shall extend for
ward frofm the anchorage il an angle
with the borizontal of not joss Lhan
20" and notl more than 757,

£4.5.1.2 In an installatlon in which
the belt bears upon the seat frame,
the seal belt anchorage, {f not on Lthe
senl structure, shall be aft of the rear-
most belt contact point on the seal
frame with the seat in the rearmost
position. The line {from the seating ref-
ercnce point to the nearest beit con-
tact point on the seat frame rhiall
extend forward from that contact
point at an angle with the horizontal
of not less than 20° and not more than
5.

84.3.1.3 In an instaliation In which
tiie seat belt anchorage is on the seat
structure, the line from the seating
reference point to the nearest contacl
point of the belt with the hardware at-
taching it to the anchorage shall
extend forward from that contrel
point at an angle with the horizontal
of not wss than 207 and not more Lhan

§4.3.).4 Anchorages for an individ-
wal seal beit assembly shall be located
at least 6.50 inches apait lnlerally,
meastred between the vertical cenler-
lines of thie boll holes.

S4.3.2 Seal belt ancharayes Jor the
upper tarso portion of Type 2 seal belt
assemblies. With the seat In ity full
rearward and downward position and
the seal back in ity moslt upright posi-
tion, the seat bell anchorage for the
upper end of the upper Lorso restiaind
shall be loeated within the acceptable
range shown in Bigure 1. with refer
ence Lo a \wo dimensional manikiv the-
seribed in SAK Standard J828 (Novem:
ber 1962) whose “H™ point s at the
septing  reference  poitit and whaose
torse Hne i oal the same angle from
ihe vertical as the seal back.

85. Test proecdures. Eneh vehicle
shall meet the cequirements of 512
when tested according to the foitowing
procedures. Where it range of values {5
specified. the vehiele shall be able to
meel the requirements at afl potnls
within (he range,

5.1 Seats wiuth Fupe 1 oor Type 2
seat bell enchorages. With the soal in
s rearmost position, apply a foree of
5,000 pounds tn the direetion i which
{he senl faces to a peivie body btock as
deseribed in Plgure 2, restrained by a
Type 1 or thie peivie portion of a Type
o senrt helt assembly, as appticable, ina
piane paratiel to the longitudinal cen
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terline of the vehicle, with an initial
force application angle of nhot less
than 5° nor more than 15° above the
hor‘zonial. Apply the force at the
onset rate of not more than 50,000
pounds per second. Attain the 5,000-
pound force in pot more than 30 sec.
ondz and maintain it for 10 seconds.
856.2 Seats with Type 2 seal belt an-
chordges. With the seal in ils rearmost
position, apply forces of 3,000 pounds
in the direction in which the sent faces
simultaneously to pelvic and upper
torso body blocks as described in Pig.
ures 2 and 3, restrained by & Type 2
seat beit asseimbly, in a plane parallel
to the longitudinal centerline of the
vehicle, with an initial force applica-
tion angle of not less than 5° nor more
than 18* above the horizontal. Apply
the forces at the onset rate of not

49 CFR Ch. V (10-1-83 Edition)

more than 30,000 pounds per second.
Attain the 3,000-pound forces in not
more than 30 seconds and maintain
them for 10 seconds,
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86. Owner’s Manual Informalion,
The owner's manual In each vehicle
with &8 GVWR of 10,000 pounds or less
manufactured after September 1, 1087
shall include:

(a) A section explaining that ail
child restraint systems are designed t¢
be secured in vehicle seats by lap belts
or the lap belt portion of a lap-shoul.
der belt, The section shall also explain
thai children could be endangered in &

crash if thelr child restrainty are not
properly secured in the vehicle,

(b {n a vehicle with resr designatec
seating positions, s statement alerting
vehicle owners that, according to acci-
dent statistics, children are safer when
properly restrained in the rear seating
posltions than in the front seating po-
gitions,

{c} In sath passenger car, & diagram
or dlagrams showing the location of
the shoulder belt anchorages required
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by this standard for the rear outboard
dosignated seating positions, if shoul
der belts are nol installed ax items of
original cquipment by the vehicle
manufacturer al those positions,

8. Instaltation Inxtructions. The
owner's mat sl in each vehicle manw.
factured on or afler Seplember 1,
1987. with an automilic resterint at
the front right oulboard designated
seating position that cannoet be used 1o
secuie o child restraint systom- when
the automatie restralnt is adjusted to
meet the performance requirements of
85 1 of Standard No. 208 shall have:

fa) A statement that the automalic
restiirint at the front right outboard
designated seating position cannot be
used 10 secure a child restraint and, as
appropriate, onhe of the  following
three statetnents:

(i1} A statement that the aniomatic
restraint at the front right outboard
designated seating position can be ad:
justed ta seceare a child  restraint
svstem using altachment hardware 'y
staliod as original eguipment by the
vehiele manufacturer:

(2 A statement that snchorages for
fnstallation of a lap bell o secure o
rhild restraint svelein have been pro-
vided ab the front right outborrd des-
fenated seating position; or

(3 A statement thal a lep or manual
fap or lap/shoutder belt has been In-
gtatled by the vehlehe manufaeturer at
the front right outboard designated
geating position to secure a child re-
straint.

{H) In each vehicle in which a 1ap or
iap/shoulder belt is not installed at
the front right outboard designated
seating position as an item of original
equipiment, but Lhe automatic re-
straint at that position can be adjust.
ed by the vehicle owner to securz a
child restraint system using an item or
items of original equipment installed
in the vehicle by the vehicle manufae-
turer, the owner's manual shall also
have:

(1) A diagram or diagrams showing
the location of the attachment hard.
ware provided by the vehicle manufac
turer,

(3) A step-by-step procedure with a
diagram or diagrams showing how to
modify the automatic restealint systern
to secure a child restraint system. The

49 CFR Ch. ¥ (10-1-86.Edition)
~

instructions shall explan the proper
routing of the attachment hardware.

(c) In each vehicle in which the
aufomatlic restralnit at the front right
oitltboard designated sesling position
eannol be modified (o secure o child
restrait  system  using  attachment
hardware installed as an  original
equlptnent by the vehlcle manufactur-
er and a manual ap or tap/siwoulder
belt {s not instelled as an {tem of origl-
nal equipment by the vehicle manu-
facturer. the owner's manual shall also
have:

(1) A dirgram or diagrams showing
the loentions of the lap belt anchor-
ages for the front right outboard des-
tgnated seating position, _

(2) A step-by-step procedure and a

dlagram or dlagrams {or installing the
proper lap belt anchorage hardware
and & Type 1 lap beit at the front
right outhoard designated seating po-
gsition. The instructions shall explain
the proper routing of Lthe seat bell as.
sembly and the attachment of the seat
heit assembly to the lap bett anchor-
nges.
{48 FR 229862, Den. 2, 1971, as amended al 3¥
PR $323, May 9, 1972, 43 FR 11892, May 22,
1978; 434 MR 53442, Nov, 146, 1878, 80 FR
41369, Oct. 10, 15885; 5! FR U813, Mar. 21,
1986, 51 'R 20585, Aug. 1O, 1918)
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§ 378,217 Standar! No. 217; Bur window
retention and release,

81, Scope. 'Thig standard estabilshes
requirements for the retention of win.
dows other than windshlelds in buses,
and establishes operating forces, open.
in, dimensjons. and markings for
pushout bug windows and other emer-
gency exits,

82. Purpose. The purpose of this
standard is to ralnimize the lkelihood
of occupsants being thrown from the
bus snd to provide & means of readlly
accessible emergency egress.

83, Application. ‘I'nis stundard ap-
plies Y0 buses, excepl buses manufac.
tured for the purpos:e of transporting
persons under physical restraint,

84, Definitions. "Push.out window"
means a vehicle window desighed to
open outward to provide for emergen-
cy egress.

"Adjacent geat” means & designated
seating position lorated 50 thaw some
portion of Its occupart space is not
more than 10 inches frcm an emergen-
~cy exit, for a distance of at least 15
inches measured horizontally and par-
allel to the exit,

“Qceupant spuce” rmeans the space
directly above the seat and footwell,
bounded vertically by the celling and
horizontally
tioned seat back and the nearest ob.
struction ¢f occupant motlon in the di-
rection the seat feces.

88. Requirementu,

Sh.1 Window relention, Exceplt as
provided In 8§12 each plece of
window glazing and each surrounding
window fraine when testéd In accord.-
ance with the procedure in 88.1.t
under the conditions of 86.1 through
86.3, shall be retained by ils surround.
ing siructure in a manner Lthat pre.
vents the formation of any opening

large enough to admit the passage of o

by the normally posis

APPENDIX M
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4-inch diameter sphere under a force,
including the v ght of the sphere, of
b pounds untll any ¢ne of the follow-
Ing events occurs.

(a) A force of 1,200 pounds Is
reached, _

(b) At least 80 percent of the glazing
thickness has developied cracks run-
ning from the load contact region to
the periphery at two or more points,
or shattering of the glazing occurs.

{¢) The inner surface of the glazing
at the center of force application has
moved relative to the window frame,
along & line perpendiculnr to the un-
disturbed Inner surface, a distance
equal to one-half of the square root of
the mintmum surface dirnension meas.
ured through the center of the area ot
the entire sheet of window glazing.

86.1.{ An increasing force shall be
applied to the window glazing through
the head form specitiea in Figure 4,
outward and perpendicular to tho un-
disturbed inside surface at the center
of the ares of each sheet of window
glazing, with & head form travel of £
inches per minute.

86.1.2 The requircments of this
standard do not apply to a window
whose minimum surface dimension
measured through the center of its
ares is less than 8 inches,

86.2 Provision of emergency exits.
Buses other than schooibuses shall
provide unobstructed openings for
emergency exlt which collectively
amount, in tolal square inches, to at
least 67 times the number of designat-
ed seating positions on the bus, At
least 40 percent of the totel required
area of unobstructed openings, com-
puted In the above manner, shall be
provided on each side of a bus, Howev.
er, in determining the total unob-
structed openings provided by a bus,
no emergency exit, regardless of iis
area, shall be ¢redited with more than
5§36 square inches of the total area re.
quirement. School buses shall provide
apenings for emergency exits that eon-
form to 85.2.3.

858.2.1 Buses with GVWR of more
than 10,000 pounds., Except as provid.
ed in 846.2.1.1, buses with a GVWR of
more than 10,000 pounds shall meet
the unobstructed openings require-
nients by providing side exits and &t
least one rear exi; that conforms to
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§8.3 through 86.5, The rear exit shall
meet the requirements when the bus is
upright and when the bus is over-
turned on either side, with the occu-
pant standing facing the exit. When
the bus configuration precludes instal-
lation of an accessible rear exit, a roof
exit thal meets the requirements of
86.3 through S5.5 when the bus is
overturned on either side, with the oc.
cupant standing facing the exit, shall
be provided in the rear half of the bus.

$5.2.1.1 A bus with GYWR of maore
than 10,000 pounds may sutisfy the
unobstructed openings requirement by
providing at least one side door for
each three passenger seating positions
in the vehicle, ' :

£6.2.2 Buses with a GQVWR of
10,000 pounds c¢r lrss. Buses with a
GVWE of 10,000 pounds or less may
meet the unobstructed openings re-
quirement by providing:

(a) Devices thal meet the reguire-
ments of S6.3 through 8656 without
using remote controls or central power
systems;

(b} Windows that can be opened
manually to a position that provides
an opening large enough to admit un-
obstructed passage, keeping a major
axis horizontal at alt time, of an ellip-
sold generated by rotating about Iis
minor axis an ellirse having a niajor
axis of 20 inches and 8 minor axis of
13 inches; or
" {e) Doors.

$6.2.3 School buses.

§85.2.3.1 Each school bus shall
romply with elther one of the follow-
ing minimum emergency exit provi
slons, chosen at the option of the man.
ufacturer:

(n) One rear emergency door that
opens outward and i8 hinged on the
right side (either side In the case of &
bus with a GVWR of 10,000 pounds or
less); or ,

(b) One emergency door on the vehl-
cle's left side that Is in the rear half of
the bus passenger compartment and s
hinged on lis forward slde, and a push.
out repr window that provides a mini-
mum opening clearance 16 Inches high
and 48 Inches wide. This window shall
be releasabie by operation of not more
than two mechanisms which are locat-
ed in the high force access reglon as
showr: in Figure 3C, and which do not

§ 571.217

have to be operated simultaneously.
Release and opening of the window
shall require force applications, not to
exceed 40 pounds, in the directions
specified in 85.3.2,

85.2.3.2 The engine starting system
of a school bus shall not operate It any
emergency exit Is locked from either
inside or outside the bus. For purposes
of this requirement, “locked” means
that the release mechanisin cannot be
activated by a person at the door with-
out a specia! devlce such as a key or
special Information such as a combina-
tion.

86.3 Emergency eril release.

86.3.1 Each push-out window or
other emergency exit not required by
85.2,3 shall be releasable by operating
one or two mechanlsmy located within
the reglons specified in PFigure 1,
Pigure 2, or Figure 3. The lower edge
of the region in Figure 1, and Region
B in Figure 2, shalil be located 6 inches
above the adjacent seat, or 2 inches
gbove the armrest, if any, whichever is
higher.

85.3.2 When tested under the con-
ditions of B6., both before and afler
the window retention test required by
86.1, each emergency exit not required
by 85.2.3 shall allow manual release of
the exit by a single occupant using
force applications each of which con-
forms, at the option of the manufac-
turer, either to (a) or {(b). The release
mechanisin or mechanisms shall re-
quire for release one or two force ap-
plications, at least one of which differs
by a 90° to 180" from the direction of
the tnitial push-out motion of the
emetrgency exit (outward and perpen-
dicular to the exit surface),

(a) Low-force application,

(1) Location. As shown in Figure )
or Figure 3.

(2) Type of
stralght.

(3) Magnitude. Not more than 20
pounds. .

{b) High force application

(1) Location. As shown In Pigure
or Flgure 3,

(2} Type of motion. Straight, perpen.
dicular to the undisturbed exit sur-
face.

{3} Magnilude, Not more than 62
n~aunds. '

molion. Rotary or
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§5.3.3 When tested under the con.
ditlons of 86, both before nnd after
the window retention test required by
85.1, each school bus emergency door
shall allow manual release of the door
by a single person, from both inside
and outside the bus passenger com-
partment, using a foree application
that conforms to paragraphs (8}
through (¢} except a school bus with &
GVWR of 10,000 pounds or less does
not have to conform to paragraph (a).
Each release mechanism shall operate
without the use of remote controls or
tools, and notwithstanding any failure
of the vehicle's power system. When
the release mechanism Is not In the
closed position and the vehicle ignition
{s in the “on” position, a contintous
warning sound shall te audible at the
driver's seating position and i the vi-
einity of the emergency door having
the unclosed mechanism. -

{s) Location: Within the high foree
access region shown in Figure 3A for a
side emergency door, snd in Figure 3D
for a rear emergency door,

(b) Type of motion: Upward from
inside the bus; at the discretion of the
manufactuier from outgide the bus,

Buses with a GVWR of 10,000 pounds
or less shall provide interior release
mechanisms that operate by elther an
upward or pull-type raotion. The pull-
type motion shall be used only when
the release mechanism s recessed In
such g manoner that the handle, lever,
or other activating device does not
protrude beyond the rim of Lhe re-
cessed receptacle,

(¢) Magnitude of force. Not more
than 40 pounds.

85.4 Emergency exil extension,

86.4.1 After the release mechanism
has been operated, each push-out
window or other emergency exit not
required by S56.2.3 shall, under the
conditions of 86,, before and after the
window retention tesl required by
86.1, using the reach dlsiances and
corresponding force levels specifled in
86.3.2, be manually extendable by a
single occupant to a position that pro-
vides an opening large c¢nough to
adimit unobstructed passage, keeping a
major axis horizontal ai ail times, of
an ellipsold generated by rotating
about its minor axis an ¢llipse having

APPENDIX M
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o, major axis of 20 inches and & minor
axis of 13 inches,

86.4.2 School bus emergency ¢xil ex-
tension,

85.4.2.1 School bus with a GVWR of
more thar 10,060 pounds. After the re-
lease mechanism has been operaled,
the emergency door of a school bus
with a QVWR of more than 10,000
pounds shall, under the conditions of
8., before and after the window re-
tention test required by 86.1, using the
force levels specified In 85633, be
manually extendable by a single
person to & position that permits—

(a) In the case of rear emergency
door, an opening large enough to
permit unobstructed passage of # rec-
tanguiar parallelepiped 45 Inches
nigh, 24 inches wide, and 12 inches
deep, keeping the 4B-inch dimension
vertical, the 24-inch dimension parallel
to the opening, and the lower surface
in contact with the floor of the bus at
all times; and

{1 In the case of a side emergency
docr, an opening at least 46 inches
niga and 24 inches wide. A vertical
trarsverse plane tangent to the rear-
most point of n seat back shall pass
through the forward edge of & side
emergency door. _

$5.4.2.2 School bus with a GVWR of
10,000 pounds or less. A school bus
with a GVWR of 10,000 pounds or less
shall conform to all the provisions of
85.4,2, except thaet the parallelepiped
dimension for the opening of the rear
emergency door or doors shall be 45
inches high, 22 inches wide, and 6
inches deep.

866 Emerpency exit identification,

85.6.1 In buses other than school
buses, except for windows servibg as
emergency exits In accordance with
§5.2.2(1 and doors in buses with a
CGVWR of 10,000 pounds or less, éash
emergency door shall have the desig-
nation "Emergency Door” or “Emer-
gency Exit” and each push-out window
or other emergency exit shall have the
designation “Emergency Exit" fol.
lowed by concise operating instruc-
tions deseribing each motion necessary
to unlatch and open the exit, located
within 8 Inches of the release mecha-
nism.
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ExaMPLES

(1Y Lift, to Unlateh, Push to Open
(2) LIt Hand)e and Push out to Open

When a release mechanlsm {8 not lo.
cated within an oceupant space of an
adjacent seat, a label meetitig the re-
quirements of 856.5.2 that indicates the
location of the nearest relepse mecha-
nism shall be placed within the occu.
pant space. ‘

ExAMpiE

Emergensy exit instructions located next
to seat ahead.

EXAMPLE: “EMERGENCY EXIT INSTRIICTIONS
Locaten NEXT TO SEAT AHEAR

$5.5.2 In buses other than school
buses. Except as provided in $5.5.2.1,
etch marking shall be legible, when
the only source of light iIs the normal
nighttime llumination of the bus inte-
rior, 10 occupants having corrected
visusl acuity of 20/40 (Snellen ratio)
sealed in the adjacent seat, seated In
the seat directly adioining the adia-
cent geat, and standing in the alsie lo-
cation that Is closest to that adjacent
seat, The marking shall be legibie
frony each of these locations when the
ather iwo rorresponding locations are
occupied.

85.5.2.1 If the exit has no adjacent
seat, the marking must meet the leg-
fbility requirements of 56.5.2 for occu-
pants standing in the aisle location
nearest Lo the emergency exit, except
for & roof exit, wnlch must meet the
legibility requirements for occupants
positioned with thelr backs agalnst the
floor opposite the roof exit,

85.5.3 Sehool Bus. Each school bus
emergency exit provided in accordance
with 86.2.3.1 shall have the designa-
tlon “Bmergency Door” or “Emergen-
cy Exit,” as appropriate, in letters at
least 2 inches high, of a color that con-
trasts with its background, located at
the top of or directly above the emer-
gency exit on both the inside and out-
side surfaces of the bus. Concise oper-
pting Instructions describing the mo-
tions necessary to unlatch and open
the emergency exit, in letters at Jeast
three-elghths of an ineh high, of a
color that contrasts with Its back-
ground, shall be located within 6
inches of the release mechanism on

© the inside surface of the bus,

EXAMPLE

(1) Lift to Unlateh, Push to Open
(2) Lift Handle, Push QOut to Open

86. Test condilions.

$6.1 The vehicle is on a flat, horl-
zontal surface.

£86.2 The Inside of ths vehicle and
the outside environment are keptl at
anyv temperature from 70° to 856° Fahr.
enheit for 4 hours immediately preced-
ing the tests, and during the tests.

84.3 For the window retention. test,
windows are installed, closed, and
latched {(where latchies are provided)
in the condition intended for normal
bus operation.

836.4 For the emergency exit release
and extension Lests, windows are In-
stalled as in S86.3, seats, armresty, and
Interior objects near the windows are
instatied as for normal use, and seats
are in the upright position,
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$675.220 Swandard No. 2%0; School bus
rollove » protection.

81. Scope. ‘This standard establlshes
performance requiremenis for school
bus rollover protectionr.

82, Purpose. The purpose of this
standard i to reduce the number of
deaths and the severity of injurles
that result from fatlure of the school
bus body structure to withstand forces
encountered in rollover crashes.

83. Applicability. This standard ap-
plies to school buses.

8. Requiremenls. When a force
equal to 1% times the unloaded vehl
cle weight is applied to the reof of the
vehicle’s body structureé through a
force application plate as specilied in
85., Test procedures—

(s} The downward vertical move-
ment at any point on the application
ptate shall not exceed 5% inches, and

(b} Ench emergency exit of the veht-
cle provided in accordance with Stand-
ard No. 217 (§ 571.21' shall be.capable
of opening as specified in that stand-
ard during the full application of the
force and after release of the force,
except tuat an emergency exit located
in the roof of the vehitle is not re:
quired to be capable of being opened
during the applicatian of the force, A
particular vehiele (Le., test specimen)
need nol meet the emergency exit
opening requirement after reiease of
force If iU 18 subjocted & the emergen:
ey exit opening requirements during
Lhe fuli application of the force.

85. Test procedures, Kach vehicle
shall be capable of wmeeting the re
quirements of 84, when lesled in ac-
cordance with the procedures set forth
below.

$5.1 With any non-tigid chassis-to.
body mounts replaced with equivalent
rigid mounts, place Lhe vehicle on a
rigid horizontal surface so that the ve.
hicle is entirely supported by means of
the vehiele frame. !f the vehicio Is
constructed without a frame, place the
vehicle on ity body sills. Remove any
components which extend upward
Irom the vehicle roof,

£86.2 Use a {flat, rigld, rectangular
force application plate that s meas.
ured with respect to the vehlele roof
ljongitudinal and lateral centerlines,

(a) {n the case of a vehicle with a
GVWR of more thirn 20,000 pounds, 12

inchies shorter than the vebicle roof
and 36 inches wide; and

(h) In the case of a vehicle with &
GVWR of 10,000 pounds or less, b
Inchos longer and b inches wider than
the vehicle roof, For purposes of these

measurements, the vehicle roof 18 that

stritciure, scen in the top projected
view, that colncldes with the passen-
ger and driver compariment of the ve-

Vhicle.

§5.3 Position the force application
piate on the vehiclie roof so that Its
rigid surface s perpendicula: to a ver
tical Jongitudinal plane and it contacts
the roof at not less than two points,
and so that, in the top projected view,
its tongliudinal centerline coincides
with the longitudinal centerline of the
vehicle, and its front and rear edges
are an equal distance inside the front
arid rear edges of thie vehicle roof at
1,!.«! centerline,

S5.4 Apply an  eveny-distributed
vertieal force in the downward direc-
tion to Lhe force application plate at
any rate noi more than 0.5 inch per
second, until a foree of 500 pounds s
been applicd. ,

55.6 Apply additional vertical force
in the downward direction to the force
application plate atl a rate of not more
than 0.5 Inch per second until the
force specified In 54, has been applied,
and maintain (his application of force.

§8.8 Measure the downward move-
ment of any point on the force apbii-
cation plate whicl: oceurred during the
g{;;gicatidn of forece it accordance with

854 To Llest the cepabliity of the

vehicle's emergency exits Lo open in
accordance with 84.(b)—
() To the case of testing under the
full applicatlon of force, open Lhe
emergeney exits as specifled in 84.(b)
while maintaining the force applied in
accordance with 86.4 and 85.5; and

(b) In the case of testing after the
retense of all force, release all down-
ward force applied to the 'force appll-
cation plate and open the emergency
exits ps specified in 84.(b).

536, Test condilions. The following
conditions apply to the regulrements
specified in 84,

86,1 Temperalure. ‘The ambient
temperature s any level between 32°
. and 90° .
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88.2 Windows and doors. Vehicle
windows, doors, and emergency exits
are in the fully-closed position, and
latched but not locked.

(41 PR 3875, Jan. 27. 1076, as amencded at 41
FR 36028, 38027, Aug. 18, 1976}

$571.228 Standacd No. 221; Schaool bus
hody joint sirength.

81, Scope. This standard establishes
requiremnents for the strength of the
body panel joints in school bus bodles.

82. Purpose. The purpose of this
standard is to reduce deaths and inju-
ries resulting from the structural col-
lapse of school bus bodies during
crashes. o _

83. Application. This standard ap-
plles to sthiool buses with gross vehicie
weight ratings of more thanp 10,000
pounds. '

84, Definikions. "Body component’
means s part of a bus body made from
a single piece of homogeneous materl-
al or irom a single plece of composite
material such as plywood,

“Rody panel’” means a body compo-
nent used on the exterfor or interior
surface o enclose the bus’ ocCUpaNt
space,

“Body panel joint’’ means the area
of contnct or close proximity between
the edges of a body panel and another
body component, exciuding spaces de-
signed for ventlation or another fune-
tiongl purpose, and excluding doors,
windows, and maintenance access
panels.

“Bus body" means the portion of a
bus that encloses the bus's occupant
space, exclusive of the bumpers, the
chassis frame, and any structure for
ward of the forwardmost point of the
windshield mountin;..
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85. Requirement, When tested in ac-
cordarve with the procedure ol 86,
each body panel joint shall be capable
of holding the body panel to the
member to which it is jolned when
subjected to a force of 609, of the ten
site strength of the weakest joined
gcédzy pane} determined pursuant to

86. Procedure.

S8.1 Preparalion of the test speci-
men.

86.1.1 I a body panel joint is 8
inches long or longer, cut a test speci-
men that consists of any randomly se-
jected B-ineh segment of the joint, to-
gether with & portion of the bus body
whose dimensions, to the exteni per
mitted by the size of the joined parts,
are Lthose specified in Figure 1, s0 that
the apecimen's centerline is perpendic.
ular to the joint at the midpoint of
the joint segment. Where the body
panel joint i3 not fastened continuous.
ly, select the segment so that It does
not bisect a spot weld or a discrete fas-
tener. 'S )

£6.1.2 1If a Joint is less than 8 inches
long, cut a test apecimen with enough
of the adjacent material to permit It
to be heid in the tension testing ma-
chine specified In 86.3.

$8.1.3 Prepare the test spechinen in
accordance with the preparstion pro-
cedures specified In the 1813 edition of
the Annual Book of ASTM 8tandsrds,
published by the American Soclety for
Testitg and Materials, 1916 Race
Street, Philadelphia, Pennsylvania
19103. : _

§8.2 Determination of minimum al-
lowable strength. For purposes of de-
termining the minimum allowable
joint strength, deterimine the tensile
strengths of the joined hody compo-
nents as foliows:
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Al dimeenions in inchet

(a) If Lthe mechanical properties of & 8571222 Standard No. 222: School bur
matorial are specifled by the American passenger seating and crash protection.
Rociety for Testing and Materials, the 81. Scope. Thiﬁr standard establishes
teria) s the minimum tensile sirength school bus pmenger gegung and re-
lpec*ﬂm for that material in the 1973 girgining barriers.
edition of the Aﬂnu‘l Book Of Aa‘BTM 82 Pum,e‘ ’[‘he purpose of thls
Standards, _ standard is to reduce the number of

(b) If the mechanical properties of & deaths and the severity of injurles
materinl are not specified Hy the (hat result from the impact of school
American Soclety for Testing and Ma-  bus occupants against  structures
terials, determine its tenslle sirength  within the vehicle during crashes and
by culting a spectmen from the bus sudden driving maneuvers,
body outside the ares of the joint and 83. Application. This standard ap-
by testing It in accordance with 86.3. plies to schowl buses,

86.3 Strength test S4. Dejinttions. "Contactable suy-

88.3.1 Grip the joint specimen on face” means any surface within the
opposite sidey of the joint in & tenglon 2one specifizd in $.6.3.1.1 that Is con-
testing machine callbrated In accord- tactable from any direction by the test
pnce with Method B4, Verlficatlon of device deseribed In 86.6, except any
Testing Machines, of the American 8Bo- surface on the front of a seal back or
clety for Testing and Matetials (1973 restralning harrier 3 Inches or more
Mmu‘l Baok of AS'I‘M B““dards). below the wp Gf the poat barck or re-

£6.3.2 Adjust the testing machine stralning barrier, .
grips 8o that the joint, under load, will School bus passenger seat” means a

3 seat In a school bus, other than the
?:rigstbt::s:um?mxlmately perpendicu: driver's seat or a seat installed to ac

commodate handicapped or convales.
. Bdi?n::an ‘?""’ “a:"t’}‘“" ti%mﬁe;%auﬁ cent passengers as evidenced by orfen-
tg‘:’ st Lngyms:::}hl:e Tt, a:'w e tation of Lhe seat In a direction that is

more than 48 degrees to the left or

rate not less than '% inch and not  wont of the longitudinal centerline of
tnore than %-inch per minute untll the  ¢he vehicle.

specimen separates, 84.1 The number of seating posi-

141 FR 3872, Jnan. 27, 1076, an amended al 41 tions considered to be in a bench seat

FF 36027, Aug. 26, 1976} Is expressed by the symbol W, and cal-

- culated as the bench width in inches
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divided by 15 and roundeod to the near
est whole number.

85, Requirements. (2} Each vehicie
with a gross vehicle velght rating of
more than 10,000 pounds shall be ca-
pable of meeting any of the require-
ments set forth under this heading
when tested under the conditions of
36. However, a particular school bus
passenger seat (i.e., test specimen) in

‘that welght class need not meetl fur.

ther requirements atter having met
85.1.2 and 85.1.5, or having been sub-
Jected to either 85.1.3, 85.1.4, or 85.3.

(b) Bach vehicle with a gross vehicle
weight rating of 10,000 pounds or less
shall be capable of meeting the follow-
ing requirements ai all senting posl-
tions other thun Lhe driver's seat: (1)
The requirements of 4§ 571.208,
671.200, and 871.210 (Standard Nos.
208, 200, and 210 ws they apply to
multipurpose passenger vehicles; and
12) the requirements of 85.1.2, 856,1.3,
86.1.4, 86.1.6. and &5.3 of this stand-
ard. However, the requirements of
Standard Nos. 208 and 210 shall be
met at W seating positions in a hench
seat using a body block as specified in
Figure 2 of this standard, and a par-
ticular school bus passenger seal (e,
a test specimen) In that weight class
need not meet {urther requirements
after having met 85.1.2 and 85.1.5, or
having been subjected to either 85.1.3,
815.1.4. 88.3, or § 571.210 (Standard Neo.
2103,

88.1 Secating requirements. School
bus passenger seats shall be forward
facing.

B5.1.1 [Reserved)

85.1.2 Scal back height and surface
areq. Faach school bus pussenger seat
shall be cquipped with a seat back
thal, io the front projected ¢iew, has a
front surface area above the horizon.

tal plane that passes through the seat.

ing reference point, and below the
horizontal plane 20 inches 2bove the
seating reference polnt, of nol less
than 90 percent of the sea bench
width In (neches multiptied by 20
86.1.3 Seal performance forward.
When a school bus passenger seat that
has another seat behind it is subjected
to the application of force a3 specified
in 8§51.3.1 and 85.1.3.2, and subse-
guently, the application ol additional

APPENDIX W
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force to the seat buck as specified in
85.1.3.3 and 5.1 3.4,

(a) The seat back force/deflection
curve shall fall within the zone speci-
fled in Figure |

(t) Seat back deflection shall not
exceed 14 inches; {or determination
of (a) and b} the force/deflection
curve describes only the force apnlied
through the upper loading bar, and
cnly the forward travel of the plvot at-
tachment point of the upper loading
bar, measured from the point at which
the initial application of 10 paunds of
force is atiained.)

{¢) The seat shall not deflect by an
amount su¢h that any part of the gseat
moves Lo within 4 inches of any pan
of another school bus passcnger seat
or restraining barrier In its originally
installed position:

) The seal shall not separale from
the vehicte at any attachment point,
and

{e) Seal components shall not sepa.
rate at any attachmeont point.

85.1.3.1 Positlon the Joading bar
specified In 86.5 so that it is laterally
centered hehind the seat buek with
the bar's longitudinel axis if a trans
verse plane of the vehicle and I any
horlzontal plane between 4 inches
above and 4 Inches below the sewting
reference point of the school bus pas-
senger sear tehind the test specimen,

56.1.3.2 Apply a force of TUIW
pounds horicontally in the forward dl-
rection through the loading bar at the
pivot attachment point. Reach the
specified Inad in not less than 5 nor
more than 30 secoru’s,

86.1.3.3 No sooner than 1.0 second
after attaining ihe required force,
reduce thal force to 360W pounds and,
whiie maintaining the pivot polnt posi-
tion of the tirst loading bar at the po-
sition where the 380W pounds is at-
talned, position a second loading bar
described in 88,5 50 that It s Jalerally
cenlered behind the seat back with
the bar's longituding] axis in a trans.
verse plane of the vehicle and In the
horizontal piane 18 inches above the
senting reference point of the school
bus passenger seatl behind the test
specimen, and move the bar forward
aguinst the seat back until a force of
10 pounds has been applied,
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85.1.3.4 Apply additional  force
nlorizontaliy in the forwerd direction
through the upper bar until 4,000W
Inch-pounds of etergy have been ab-
sorped in deflecting the seat back (or
restraining barrier). Apply the addi
tional load in not less than § seconds
nor more than 30 seconds, Maintaln
the plvol attachiaent point in the
maximum forward travel positlon for
not less than § scconds nor more than
10 seconds and relesse the load tn not
less than 5 nor more than 30 seconds.
(For the determination of 85.1.3.4 the
force/deflection curve describes only
the forca applied through the upper
Joading bar, and the forward and rear-
ward travel distance of the upper load-
ing bar pivot attachment poinl mess-
ured from the position at which the
initial application of 10 pounds of
force {s attained,)

85.1.4 Seuat performance rearwdrd.
When & school bus passenger seal that
his another seat behind it is subjected
to the apnlication of force as specified
In 86.1.4.1 and 85.1.4.2:

(a) Seat hack force shall not exceed
2,200 pounds,

(b} In the cass of a school bus manu-
factured on or after April 1, 1674, seat
back defiection shall not exczed 10
inches: (For deterrainhation of (a) and
{(b) the force/deflection curve de:
scribes only the force applied through
the loading tar, and only the rearward
travel of the pivot attachment point of
the loading bar, measured from Lhe
point at which the (nitial application
of 50 pounds of force i5 attained.

() The seat shall not deflecl by an
amount such that any part of the seat
moves Lo within 4 inches of ahy part
of another passenyer seat in its origl-
nally instalied position; .

(d) The seat shall not separate from
tht:1 vehicle at any attachiment point;
an .

(¢) Seat components shall not sepa-
rate at any attachment point. '

S6.1.4.1 Position the loading bar de-
scribed In 86.8 so that it i laterally
centered forward of the seat back with
the bars longitudinal axis in & trans-
verse plane of the vehicle and in the
horizontal piane 13.6 inches above the
seating reference point of the test
specimen, and move the loading bar

§ SN2

rearward agatnst the seat back until a
torce of 50 pounds has been applled.
86.1.4.2 Apply eddiztlonat  force
horizontally rearward through the
loading bar uniil 2,800W inch-pounds
of energy has been ahsorbed in de-
fiecting the seat back, Apply the addi.
tional load in not less than § seconds
nor more than 30 seconds, Maintain
the pivot attachment palni In the
raaximum rearward travel position for
nol less than b seconds nor more than
10 seconds and reiease the load in not
legs than B seconds nor more than 30
seconds. (For determination of 85.1.4.2
ihe force/deflection curve describes
the force appiied through the loading
bar and the rearward and forwar
trave) distance of the loadirig bar pivot,
attachment point measured from the
position al which the inltlal applica-
tion of 50 pounds of force is attalned.)
£8.1.5 Seal cushion retention. In
the case of s2hool bus passenger seats
equipped with seat cushions, with all
manual attachment devices between
the seat and the seat cushion in the
manifacturer's designed position for
attachmert, the seat cushion shall not
sepsrate from the seat at any aitach.
ment point when subjected to an
upward force of five times the seat
cushion welght, applied in any perfod
of 1ot less than 1 nor more than b sec-
onds, and maintained for 6 secoxnds.
£5.29  Restratning barrier require-
ments. Esch vehlcle shall be equipped
with @ restralning barrier forward of
any designated seating position thal
does not have the rear surface of an-
ather school bus passenger seal within
%4 inches of its seating roeference
point, measured along a harizontal
tongiiudinal line through the seating
r?fex_‘t'm'ce point in the forward direc-
tion.
" 85.2.1 Barrier-seal separalion. The
horizonta! distance between. the re-
strafning barrier's rear surface and the
seating reference point of the seat in
front of which the barrier 15 required
shall not be more than 24 inches meas-
ured along & horizontal longitudinal
line through the seating reference
point in the forward direstion.

886.2,2 Barrler position and rear
surface grea. The poaition and rear
surface area of the restraining barrler
shall be such that, in & front projected
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view of the bus, each palnt of the bar-
rier's periineter coincldes with or lles
outside of the permeier of the seat
back of the seat for which it 15 re-
guired. _

85.2.3 Barrier performdalice faor-
ward. When force I applied 10 the re-
straining barrier in the same manner
a3 specified in $5.1.3.1 through
86.1.3.4 for seating performence tests.

(a) The restraining barrier force/de-.
flection curve shall fall withln the
zone specified In Mgure 1,

{b) Restraining barrier deflection
shall not exceed 14 inches; (For com-
putation of (a} and (b) the force/de-
ftection curve ciescribes only the force
applied through the upgper losding
bar, and onty the forward travel of the
plvot attachmaont point of the loading
bar, measured from the point at which
the Initial application of 10 pounds of
force is attained.)

(©) Restralning barrler denect.!on
shall not interfere with normal door
operation,

(d) The restraining barrier shall not
separate from the vehlcle at any at-
tachment point; and

(¢) Restralning barrier components
shall not parate at any attachment
point, : '

88:3 Impaot zone requirements.

86.3.1 Head protection zone. Any
contactable surface of the vehicle
within any zone specified in 88.3.1.1
shall meet the raquirements of $6.3.1.2
and 86.3.1.3. However, a suriace area
that has been contacted puvsuant to
an Impact test need not meet further
requirements contained In 85,3,

85.3.1.1 The head protection zones
in each vehicle are the spaces In front
of each school bus passenger seal
which are not occupled by bus side-
wall, window, or door structure and
which, i relation to that seatl and its

seating reference point, are enclosed

by the following planes;

(1) Horlzontal planes 12 inches and
40 inches sbove the geating reference
point;

(b) A vertical longitudinal plane tan-
gent to the inboard (alsle side) edge of
the seat;

(c) A vertical longltudinal plane 3.25
inches inboard of the r‘autboard edge of
{he seat, and

APPENDIX M
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(d) Vertical transverse planes
through and 30 inches forward of the
reference point, _

86.3.1.2 HKead form impdst require.
menl, When any contactiabie surface
of the vehicle within the zones speci.
tied in 86.3.1.1 Is impacted from any
direction al 22 feet per sec¢ond by the
head form described in 86.6, the axial
acceleration at the centar of gravity of
the head form shall be such that the
expression

1 's |
— ad!
(f,'n!‘,)j,l ,

shall not exceed 1,000 where a is the
axlal acceleration expressed as 4 mul-
tiple of g (the acceleratlm* due to grav-

ity), and §, and t, are any two polnts in

time during the impact.

85.3.1.3 Head form force distribu.
tion, When any contactable surface of
the vehicle within the zones specified
In 85.3.1.1 is impacted from any direc-
tlon at 22 feet per second by the head
form described in S56.6, the ¢nergy nec-
essary to deflect the impacted materi-
al shall be not Jess than 40 inch-
pounds before the force level on the
head form exceeds i8¢ pounds. When
any contactable surface within such
zones is impacted by the head form
from any direction at b5 feet per

second, the contact area on the hend
form gurface shall be not less than 3
square lhches.

4532 Leg prolection z2one. Any
part of tho seat backs or restraining
barriers in the vehicle within any zone
specifled in 86.3,2.1 shall meet the re-
guirementas of 85.3.2.2.

55.3.2.1 ‘The leg protection zones of
ewch vehicle are those parts of the
seliool bus passenger seal backs and
restraining bharriers bounded by hori-
zontal planes 12 inches above and 4
inches below the seating reference
point of the school bus passenger seat
immediately behind the senat back or
ressraining batrier,

.86.3.2.2 When any point on the
rear surface of that part of & seat back
or regtiaining barrier within any zone
specifled n 85.3.2.1 {5 impacted from
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any direction at 18 feet per second by
the knee form specifled in 86.7, the re-
sisting force of the impacted material
shall not exceed. 600 pounds and the
sontict area on the knee form surface
shall not be less than 3 square Inches.

88. Test conditions. The 1ollowing
conditions spply to the reqiirements
specified in 85. ,

20,1 Test surfuce. The bus is al rest
on # level surface.

8.2 Tires. Tires are inflated to the
pressure specified by the manufactur-
er for the gross vehicle weight rating.

86,3 Temperature, The ambient
temperature is any level between 32
degrees P, and 90 degrees P,

834 Seat back position. 1f adjusta-
bie, & seat back is adjusted to its most
upright position. ’

88.6 Loading bdar. The loading bar
18 & tgid eylinder with an outside al-
ameter of 8 Inches that has hemi-
spherical ¢nds with radii of 3 inches
and with a surface roughness that
does not exceed 83 micro-inches, root
mean square, The length of the load-
ing bar is 4 inches less than the width
of the semt back in each tecst, The
stroking mechanism applies force
tlhirough & pivot atiachment at the
centerpoint of the loading bar which
aliows the loading bar to rotate in a
horizontal plane 30 degrecs in elther
direction from the transverse position.

86.5.1 A vertical or lateral force of
4,000 pounds applled externally
through the pivot attachment point of
the loading bar at any position
veached during a test specified in this
standard shail not deflect that point
more than I inch, :

86.8 Head form. The head form for
the measurement of acceleration Is
rigid surface comprised of two heml-
spherical shapes, with Lotal equivalent
welght o’ 11.5 pounds, The first of the
two hemispherical shapes has a diame-
ter of 6.5 Inches, The second of the
two hemispherical shapes has a 2 inch
diameter and is centered as shown In
iMgure 3 to protrude from the outer
surface of the fitst hemispherical
shape, The surface roughness of the
hemispherical shapes does not exceed
43 micro-inches, root mearn SQUArTe.

86.6.1 The dirsction of travel of the
lhead form is coincidentnl with the
utralght line connécting the center-

points of the two spherieal outer sur-
faces which constitute the head form
shape. :

56.6.2 The head form is instru.
menied with an acceleration sensing
device whose output is recorded in a
data channel thut conforms to the re-
quirements for & 1,000 Hz channel
class as specified in SAE Recommend-
ed Practice J211a, December 1971, The
head forin exhibits no resonant fre-
quency below three times the frequen-
cy of the channel class, The axis of
the acceleration sensing device coin-
cides with the straight line connecting
the centerpoints nf the two hemi-
spherical outer surfaces which consti-
tute the head form shape.

86.6.3 'The head form Is guided by a
stroking device so that the direotion of
travel of the head form s not affected
by impact with the surface being

" tested at the levqlu ealled for in the

standard, o

8687 Knee form.,;The knee form for
measurement of fgree is a rigid 3.inch-
diameter cylinder, with an equivalent
waight of 10 pounds, that has one
rigid hemispherical end with a 1%
inch radius forming the contacl sur-
face of the knde form, The hemispher-
feal aurface roughness does not exceed
6% micro-inches, root mean squatre,

88.7.1 The direction of travel of the
kinee fortu is coincidental with the cen-
terline of the rlgid cylinder.

56.7.2 The knee form i3 instrument-
ed with an scceleration sensing device
whosa output {3 recorded in n data
channel that conforms to the require-
ments of & 800 Hz channel class as
gpecified in the SAE Recommended
Practice J21ia, December 1971 The
knee form exhibits no resonant fre-
quency below three times the frequen-
ey ¢f the chanwel elass. The axis of
the acceleration s=nsing device is
allgned to measure 2cceleration along
the centerline of the cylindrical knee
form.

86.7.3 The gnee form is guided by a
stroking device o that the diraction of
travel of the knee form ;s not affected
by impact with the surface being
tested at the levels called for in the
standard,

§6.8 The head form, knee form.
and contactable surfaces are clean and
dry during impact testing.
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2,000- \ SEAT BACK FORCE /DEFLECTION CURVE
SHALL NOT ENTER SHADED AREAS

DEFLECTION [INCHES!

FIGURE | - FORCE/DEFLECYION ZONE
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