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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 Safetg Board Act of 1974 to investigate transportation accidents,

determine the pro able cause of accidents, issue safety recommendations, study
transportation safety issues, and evaluate the safety effectiveness of government
agenciesinvolved in transportation.

The Safety Board makes public its actions and decisions through accident reports,
safety studies, special investigation reports, safetnreco_mmendations, and statistical
reviews. Copies of these documents may be purchased from the National Technical

Information Service, 5285 Port Royal Road, Springfield, Virginia 22161. Detaiis on

available publications may be obtained by contacting:

Public Inquiries Section

National Transportation Safety Board
800.Independence Avenue, S.W.
Washington, 0.€. 20594
(202)382-6735S
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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 built 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 proteci
passengers from injury and whether changes in the standards are needed.

‘Federal standards for the design and operation of school buses diffet

according to the passenger capacity and gress vehicle weight rating of the bus.

The Safety Board, therefore, studied the perfcrmance of large and small schoo!l
buses separately, and two reports were planned. :

The first report, published in 1987, examined the crash pe}formance of

large- school buses built after the new standards for school buses became
effective. The Safety Board found, overall, that large poststandard school buses
provided excellent crash protection to their passengers but issued
recommendations to further refine the safety of these school buses. The Safety
Board conciuded that the first priority for improving the safety of schoel bus
passengers should be the rapid retirement of prestandard school buses, followed
by expenditure of funds toward accident prevention in the form of improved diriver
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 schnol buses. -

This 1s the second report on school bus safety; -it focuses on the
performance of small school buses and vans used for school transportation. The
report is based on review of past —esearch, crash tests, and the Safety Board’s
investigation of accidents involving vehicles used for school transportation
manufactured 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 ft be towed from the scene,
the school vehicle rolled over, or one or ‘mor> bus passengers was seriously
injured or killed. Accidents in which these eiements occur put passengers at
risk of injury. As a result, the desigr of the bus, in terms of- occupant
protection, can be evaluated. The typical school bus accident, which results in
property damage only and in wh *» 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 built to
Federal school bus standards generally fared well in the accidents investigated.
Injuries, when sustained, were generally minor and were primarily to the face,
head, or 1lower limbs. Unrestrained and Jlapbelted passengers showed similar
patterns of minor injuries, and seating position, more than restraint status,

v - 8



appeared to influence .the severity of injuries. Passengers seated in the front
rows of certain types of small school buses appeared to be at increased risk of

- head or facial injuries because of the -absence or peculiar design of a
restraining barrier. Lapbelted passengers, in particular, appeared to be at risk
of injury from interaction with the restraining barriers. }

-Lapbelt use did not appear toc hamper emergency evacuation of passengers,
primarily because adults on the scene rapidly released the passengers from their )
belts No postcrash fires or leaks irom the school bus fuel tanks occurred. In
many accidents, however, school bus passengers were limited in the -number of
emergency exits available: after the crash, exits were. often blocked or
inoperable. ’ T .

"Other issues addressed in this report include: inaccurate 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 iecints. ) R - -

As a result of this safety study, recommendations were jssued to the
National Highway T-affic Safety Administration, manufacturers of small schoal
buses, and varic. associatic..s of school transportation officials and
contractors. The recommendations focus on the following safety concerns:

o desigr: of restraining barriers in small schoo! buses:

o = feasibility of providing lap/shoulder belts or uther
reciraints with upper torso support for passengers;

) deficiencies in roof and joint strength;

[ 1acx of Federal performance standards  for school bus
windshield retention; - - i

(] design of the bc:.ding door controls_in certain small
sck-.v1 buses; and . .

[ need tu correct improper installation of lapbeits and
other restraints and to use restraints properly.
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NATIONAL TRANSPORTATION SAFETY POARD
WASHINGTON, D.C. 20594

SAFETY STUDY

CRASHWORTHINESS OF SMALL POSTSTANDARD SCHOOL BUSES

INTRODUCT ION

The driver of a school bus transporting six students to school
Tost control when negotiating a right curve. The s3chool bus
traveled onto the left shoulder of the road, struck two

. utility poles,.rolled cnto its right side and came to rest.
The initial impact was -a Delta V of 10 mph.l Of the six
passengers, ages 5 to 18, four were uninjured and .twg
sustaines ninor contusicns and abrasions. (Case 11, Denville,
New Jersey.)

The good outcome of this school bus accident is not unusual. Most school
bus passengers involved in a crash are-either uninjured or receive minor injuriec
at most, even in accidents in which rollover occurs.f This school bus,
however, was not a .ypical 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 cf 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
large, yellow bus with seating 2apacity for more than 50 -passengers, with a gross
vehicle weight rating (GVWR)* of more than 10,000 pounds, and is -equipped

Y the soverity nmeasure used in the Safety Board’s coses is Celte V, considered by most crosh researehers-

to he the best single measure of collision severity. Delts V, a3 used in the investigations of these cases,
fo the fnstentancous rate of spoed chonga undergone by o vehiclo ot fmpact. The Delta V - estimates were
gercroted primarily from messurements of both the tocation and oxtent of the vehicles' structural
deformation, olong with the vehicles' waights.

2 According to tha National Safety Council (NSC), about 80 percent of sll 8school bus sccidents 1nvolve no.
iniuries to possengers on the bus. If injuries .do occur, NSC estimates that about 89 percent of the
frjuries in nonfatal sccidents sre minor ond about 10 percent are moderote. Thesa figures are brsed on 16
years of data including school vehicles of att types.

3 In this cose, seating position, more than restraint stotus, influenced injury outconc. .'nm other
unrestrained passenger and the other lapbelted passengers were uninjured,

4 1o gress vehicle weight rating (GVWR) is usod by tha federst goverrment in {ts motor vehiclo safety

stondords. GWR {s the value specified by tha manufocturar -as the oaded woight of a single vehicle. One .

school bus cen be designed to carry fewer passengers than another school bus but still have a higher gross
vehicle weight rating. In other words, passonger copacity does not dotermine if a school bug is built to!
“large” or “smali* school bus performance standards set by tha federal government , '

’ i0
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with a seatbelt for the driver only.5 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 handicapned
students, Head Start students, and athletic teams to out-of-town meets, and for
~activity trips by school-sponscered 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) ease of handling in an urban environment
where door-to-door service is required;° (5) closer pupil supervision (because -
cf fewer passengers); (6) ability to retrofit additional . exits, such as
whzelchair 1ifts; and (7) ability to provide extra leg room between seats.

- o B 7

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

Definition of Small Versus Large School Bus’

There is no general agreement on what. a2 school bus is or what distinguishes
a small school bus from a large one. _The term "school bus" has no <common
definition, unlike the terms "passenger car" cr "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 use. 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 vehiclec--such as converted airport transit
buses, and minivans and station wagons (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, schoo! 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-typeA bedy,
regardless of its use. Under this definition, the term "school bus" would
include school buses used by public and private schools along with vehicles with

5 Only a few of the Natlon's 15,480 school districts have ordered large school buses equipped with
passenger lapbelts.

6 Many school districts are roquired by State or local statutes -to- provide special students with dooretor

door service and/or to limit the time the students are in transit botween homo and classroom. Ihese
requirements result in 8 need for small vehicles, .

11
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school bus bodies used by day camnz. churches, private activity groups--such as
Boy Scouts, migrant workers, and community shelter programs--as well as- school
buses converted to motor homes. Ary vehicle with other than a bus body would be
excluded; van-conversion school buses, for example, would not be included in such
data. — :

The Federal Government uses both of these definitions of school bus, and
other definitions, in its standards, operational guidelines, and accident data
collection. Derhaps the most important definition is that used in the U.S.
Department of Transportation’s Federal Motor Vehicle Safety Standards (FMVSS),
which vehicle manufacturers must foliow. 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 trailer, designed to carry more than 10
persons.” Further, a "school bus" ic "a bus sold or introduced in interstaie
commerce, for purposes that include carrying students to and from school and

related eventc." Under this definition, 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 schooi bus
because it was intarested 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 schoo!
bus standards because some States permit use of such " school vehicles.
Discussions in the text and appendixes A-D distinguish between vehicles built to
school bus FMVSS and those that were not.

The problems inherent in defining a small versus large schcol bus were ever
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 Government have their own and different methods of

" classifying school buses. The size of a school bus can be based on passenjer

capacity (for example, 16 passengers or less, or more than 16 passengers--the
scurce of some Type 1 versus Type II school bus classifications), vehicle
configuration (for example, van-type body versus bus-body), gross vehicle weight
rating (GVWR of 10,000 pounds or ess, or more than 10,000 pounds), or a
combination of these factors (for example, school bus Types A, B, 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 anqther, 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 tu those with a GVWR of 1C,000 pounis or
less, the basis for the FMVSS size distinctions. However, another Federal
guideline, Highway Safety Program Standard No. 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 nol 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

i2
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A Type A school bus is a ccnversion or body constructed on a
van-type compact truck or a front-section vehicle, with a
gross vehicle weight rating of 10,000 pounds or less, designed
for carrying more than 190 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 is beneath and/or behind the
windshield and beside the driver’s seat. The entrance door is
behind the front wheels.

Figure 1.--These models of one manufacturer are classified by
the industry-wide system of school -bus type definitions.

13
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A Type C school bus is a body installed on a flat. back cowl
chassis with a ¢ross vehicle weight rating of more than 10,000
pounds, desioned fo- carryirg more than 10 persons. A1l of
the engine is in front of the windshield and the entrance door
is behind the front wheels. (Type C school buses are also
sometimes referred to as "conventional” school buses.)

A Type D school bus §s a body installed on a 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 the rear (behind
the rear wheels), or midship (between the front and rear
axles). The entrance door {s ahead of the front wheels.
(Type D school buses also are sometimes referred to as
“transit-style" school buses.)

fFigure 1 (continued).

14
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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 1 or Type II, a designation loosely baséd on passenger capacity. Most
available school bus data use this Type I or Type Il designation.

In this study, the Safety Board sized school buses using the schosl bus
industry system of classifying school buses as either Type A, B, C, or D, 3
system that takes into account GYWR and vekicle 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 refarred to in State and industry statistics as Type
IT ("smal1") school buses. Only Type A §s a small school bus as defined by the
FMVSS because of its GVWR. A Type B school bus §s a small schooi bus that is
built  to the large school bus FMVSS because of 1{ts GVWR. This report
distinguishes between Type A-and Type B school buses in discussions of vehicie
crash performance and seatbelt installation. Most “cases were Type A school.
buses.

Why This Study Was Conducted

In 1977, a series of new and modified FMVSS relating to schoo) buses becase
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 accideat

“investigations from 1984 to 1988 to determine how well the standards are working

te protect passengers from injury and whether changes in ‘he standards are
needed. Two reports were planned because Federal standards and gquidelines
differentiate between school_buses by size.

The first report, published in 1987, examined the crash performarce of Type
C and Type D school buses (the types commonly called large or Type I school
buses) built to Federal school bus standards (National Transportation Safety
Board 1987b). The Safety Board -found, overall, that these large poststandard
schooi buses provided excellent crash protection to their passengers but {ssued
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 s-chqol buses. ° ' ‘ ’

This is the cecond report on school buses; it focuses on the crash
performance of Type A and Type B school buses., the types referred to in scme
statistics as Type Il or small school buses. In the report, both vehicles with
bus bodies and van -conversfon bodies are referred to as schoo' buses.
Discussions distinguish between types of vehicles when appropriate.

15



Type A and Type B school buses combined constitute about 15 percent of_the
public school bus fleet (about 41,000 of the 362,000 public school vehicles’),
but sales of these smaller school vehicles in the schocl bus fleet have increasad
.every year for the last 5 years (appendixes F and G). These small school buses
frequently carry passengers who are the most vulnerable of all school bus
passengers, very young students or passengers with some form of disability (that
is, emotional, physical, or learning disability).

It is important to note that small school buses are not simply miniature
versions of large school buses. Small school buses differ from large schcol
buses not only in 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 repocrt.

Previous_studies of large school buses.-- Because of these differences, the

.conclusions drawn by the Safety Board regarding the crachworthiness of Jarge
-school buses (National Transportation Safety Board 1987b) do not necessarily

apply to small school buses. -For example,. the Safety Board did not recomwend
that States or school .districts allocate funds to retrofit or purchase large
school buses with lapbelts because it found that passengers on large school buses
would, overall, receive no net benefit from lapbelt use. That conclusion did not

consider the possibility of lapbelt-induced injuries; had this possibility been

included, the overall net effect of lapbelts wouid have heen negative for lirge
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 %or
16 or fewer-passengers compared-with a school bus designed for 54 passengers.. A..
separate analysis was needed for small school buses because they may perform wore
like a car than a2 bus in a crash. Certainly a small school bus s closer in size
and weight to a passenger car than to a large school bus (figs. 2 and 3).

nger --Accidents involving small school buses

3
" 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 lapbelt-
induced injuries that have_ occurred in rear seats of passenger cars_ (National
Transportation Safety Board 1986) would occur to lapbelted passengers in school
buses. .

As previously stated, the disparate size and mass of a small schodl bus
compared with a Jarge school bus means that findings about the advantages or
disadvantages of passenger lapbelts on large school buses have little relevance
to whether or not passenger lapbelts are needed on small school buses. For
similar reasons, studies of the crash performance of lapbelts in the rear seat of
a passenger car are not necessarily applicable to lapbelts in 2 small schoo) bus.
The differences in size and interior features between a passenger car and school
bus -are too great. :

? The mumper of smmltl school buscs and vans used by private schools is not known,

. 16 BESTCOPY AVAILABLE
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Figure 2.--A small school bus is closer in size and weicht to
a passenger car than to a large school bus. In this photo, a
66-passenger  school 'bus and a 22-passenger. school bus are
parked alorngside a Chevrolet Caprice. If a school bus f§s

-involved -in a collision with a car, the crash forces

experienced by passengers riding on the small school bus will

" be much more severe than {f they had been riding on the large

school bus.
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Figure 3.--Passengers sea2'ed in a small school bus are cioser
to the ground, and closer to the level 2t which a passenger
car would impact, than passengers seated in a large school
bus. (A school van is pictured at left; a large schosl bus is -
at right. The difference in heights of seatbacks from road
level is indicated.) ~
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For example, General Motors (CM) recently estimated that use of a lap-only

"belt in the rear seat of a passenger car can reduce fatalities by 18 percent + 9
percent8 (Evans 1989).. "The effectivenes- of lapbelts in preventing fatalities.

in rear seats flows mainly from ejection prevention,” GM- concluded.. Lapbelts

- were able to reduce collisions betw2en occupant and vehicle interior only 1

percent + 9 percent.”’ In other words, lapbelts were unable to prevent most
interior contacts, and their effectiveness was mainly due to ejecticn prevention.
Considering the differences between a passenger car and school bus, the
effectiveness of lapbelts is likely to be even less on the school bus bacause
ajection is less possible from the bus. Occupants of passenger cars are ejecied
most often through the car side door, foellowed in frequency Ly ejection through
the adjacent window or through the windshield. Unrestrained passengers on a

school bus are less Tikely 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 are farthes from the windshield.

¢
s

Accident Selection Criteria

The purpose ‘of this safety study was to determine how well small scheol

buses protect their student passengers from injury. The purpose of the study was

_not to document how well adults were protected in. a-small school bus or the

problems of transporting physically handicapped passengers.

Investigation§ were limited to vehicles built after April 1, 1977, the date

when all Federal school bus standards were in effect, and that met the industry-

wide definition of a Type A or a Type B schoo!l busii,i2 (school bus models are

8 :nat is, the overall effectivencss of a lapbelt could be as high as 27 percent or #s low as § percént.

9 According to thcl M research, lapbeits, ot best, can prevent 10 percent of interior contacts, and in the
worst case, be a negative factor, increasing harmful interior contacts by 8 percent. The cstimates by GM are
besed on camparing the outcome of *“matched peirs® (restroined versus unrectroined occuponts) of possenger

cars from dats in the fatet Accident 2eporting System (FARS) for 1975-85.. FARS, a data base meintained by

the National Highway Traffic Safety Administration (NKTSA), is derived from police accident reports; data on
restraint use ond injury outcome are not cosprohensive - and - contein inaccuracies. Estimeates about the
effectiveness of rear seat lopbelts are not “uniform.- Prior to his 1989 study, Evens reported lower
estimates for the effectiveness of lepbslts in reducing fatalities: 7 percent + 12 percent, based on FAIS
data for 1975-83. Other rasearch, notably by NHTSA, has estimsted the effectiveness of rear seat lapbelts
to be as high as 40 parcent.

10 uneelchair restraints and restraints for tha hondicapped, snd how to secure them to 6 school bus
intericr, are esempt from meeting Federal standards. The evolustion of such restraints is beyond the scope
of this study. :

1 Tm-l ad Type 8 school buses are commonly equipped with (apbslts for passengers.

2oome States (including Cormecticut, Michigsn, New Wempshire, ond Vermont) appear to alléw vens not bwitt
to federal school bus stendards to be used to trensport students on regular routes. MWost are stock vom
bought from 8 desler’s lot. Other States altow sich vons 0 be used for student activity trips or other
special transportation purposes. The Safety Bosrd, since 1983, has wrged that only vehicles buflt <o
federal school bus standords be used for student tremsportation. The Safety Board also investigeted four
scidents involving wvehicies that were not buflt to Federal school bus otandards (spperdia D)., Some
pessergors ware fatally (njured in these crashes, sometimes by tapbelt-induced injuries. The crashes
involving the nonstandard vehicles were 80 muxch more severe that in some cases the differerces in vehicts
performence and injury outcoms could be due to higher crash forces rather than the lack of crashworthiness
of the vehicle.

f -
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identified in appeadix H and fig. 1). “The case vehicle had to be primarily
occupied by preschool or school-age children (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
collisionl3 that disabled the bus (occupant injuries
need not have resulted); or -

0 the case vehicle overturned; or

] one or more of the case vehicle’s passengers was
seriously 1nJured or kil]ed regardless of the type of
accident .. o ) L T

The cases presented in this report are not a census or 2 statistical sample
of all accidents involving Type A and B small school buses in the United States
during the fnvestigation period. The number of crashes involving poststandard

~ small school- busef occurring nat\onwide durlng the .span of the Safety Board's

study s unknown. This report is a "case” study, based 9n investigations of
accidents meeting specified criteria to ‘collect "accurate .and comp]ete data on
crash performance and injury outcome for those accidents.

The accident criteria specified allowed the Safety Eoard to examine the
crash performance of small-school buses in accidents that put the occupants at
risk of injury. This type of accident is-not typ1cal hewever. Ac.ording to
available data, the typical school bus accident is minor, 2 "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, regardliess of restraint status,
are at little risk of injury. In addition, a school bus accident resulting in
minor finjuries to unrestrained passengers does not yYeld data useful for
analyzing the benefit of lapbelt use. - Seatbelt -use does not guarantee that an
fndividual will be unharmed, nor does it eliminate minor {AIS 1) injuries. The
National 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) injuries.

13 The phrase “moderate speed™ wos included to preciude the Sofety Oocard buing notified of- a miror
occident, such as & bus that backed into an object or struck another vehicte when both wero noarly st »
stonostili. The term “ccltision® had to sppear in the accident report because the criterta also specifiod
“no {njury need to have resul ted.”

16 Available accident statistice combine alt types of w#chool venicles ond p;oumud and  postetardsrd
buses togother. Mationwide, en estimated 5,000 injury-prodcing acidents -involving all types: of -school-
vehicles occurred during the 1984:-87 school yeor. This total ncluoes occidgents resulting in injuries only
to” occuponts of the other vehicle and pedestrions. According to 15 years of wational Safety Council am.
mst injuries to scnool bus occupants probably were minor,
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This report, unlike others, 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
FMVSS requirements, are "large” school buses.

Data about the accidents and vehicles investigated in this study are
presented in table 1.

How the Investigations Were Conducted

The 1investigations for this study were conducted by Safety anrd
headquarters staff and staff in eight Regional Offices during 1984-88.15 a¢
the beginning of the study, each Safety Board Regional Office set Up an accident
notification plan, involving a network of law enforcement - and medical authorities
in the multi-State regfon 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, Uzon

— notification, the investigators determined if--the crash, 1in fact, met the

.- ~selection criteria, and if so, began a detailed investigation. ’

Damage ‘to the exterior or fnterior of the school bus was documented and
analyzed, especfally in relationship to each passenger’s seating position.
Information on each occupant -(age, weight, and- height) and seating location was
determined to the extent: possible. For each occupant, the fnvestigators
attempted to determine whether a restraint system was used, whether it was used
correctly, the probable source of each injury, and the nature and severity of
?ach iggur{)sustained, expressed in terms of the Abbreviated Injury Scale (als)

- (appendix I). B T i T

Throughout this report, occupants are frequently described in terms of his

or her maximum AIS level injury (MAIS). Use of the AlIS injury coding system

: helps eliminate individual bias when discussing finjuries; a “serious” injury to

i one person may be a "moderate” to another person. Under the AIS system, all

injuries are listed in a coding manual and only one code "per “specific injury can
be assigned. - - . - 2 - L

——————

15 The Safety Ooard. has highuoy investigstors in the- following fegional Offices: Ationta, Chlugo.'
Derwer, fort Worth, Kenaos City, Los Angoles, Now York, and Sosttle.

21
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Tablé 1.--Data about accidents and vehicles'investigated
for study on crashworthiness of 24 small poststandard
- school buses, 1984-88

Item Numter Item ) _ Number
Type of vehicle:? Qther vehicle(s) or --- -
1 q .C
“Type A Ecﬁool'busb_i.__ i5 _object(s) involved: _ .
Type 8 school bus 5 Passenger car or van 9
. ~Light truck -3
T : Ll e .. _. Hec¢'y truck 2
Manufacturer of : Other school bus 1
school bus body: ’ ’ Oaher'cbjg;: 7
"~ Collins Bus Corp. .3 '
,.;sshz-céi;urd’vaﬂ) cn - :g . Type(s) of.accident: . . :
8lue Bird Body Co. 2 Collision T 21
Carpenter Body Works . doncollision S -3
%2GChi& Eguipment ) Rol1 e 15
ortivan ollover” 2
Van-Con, Inc. 2 Nonrollover . 17
Sheller-Globe 1 -
Superior Coach Int'l. 1 - -
Thomas Built Buses 1 Principal direction of
AmTran (Vanguard) 1 impact in collision
‘Other - R 5 accidents: - D -
Manufacturers of school - ;:g:tal ' g
bus chassis: Rear 1
Chevralet 13 Multiple 6
Dodge R
GMC 2 -
ford 3
3 yenicles are classified by the school bus industry system (adopted at

the Mational Minimum Standards Conference 1980) that. takes into account
both gross vehicle weight rating (GVWR) and vehicle configuration,

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

€ some accidents did not involve other vehicles or an object, and some
accidents involved multiple vehicles or prects.

d A1l noncollision accidents were rollovers.

€ All but three of the rollovers were precipitated by a collision, Safety
Board accident criteria undoubtedly resulted in a higher proportion of
rollover accidents than would be found in accidents involving small school
buses nationwide.

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

Federal Motor Vehicle Safety. Standards (FMVSS) specify for school buses

with a 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 "1ight" school buses by FMVSS. NHTSA proposed a "combination of requérements
for light school buses that d1ffer from those for heavier buses, “because the

crash pulse experienced by smaller vehicles is more severe than that of larger ‘

vehicles in similar 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, 1ike al passenger cars and mhltipurpose vans, are

required by FMVSS to be manufactured with at least a lapbelt at 2avery occupant

‘seating positidn. 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 FMVSS to have passenger

lapbelts installed and, {f they do, they need not. meet Federal seatbelt.

;tandards.

Type ‘A school buses are not~required by FMVSS-te 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 FMVYSS 221,"School Bus Body
Joint Strength,” NHTSA found "no evidence that the mode of (joint) failure
found in larger traditional school buses also occurs in smaller, van-type school

" buses currently manufactured by automobile manufacturers for use-as 11- +to 17-

passenger s3choolbuses....Until -information to the contrary appears. or . is
developed, these vehicles should not be covered by the requirement" (41 FR 3872,
January 27, 1976). The Safety Board believes this report presents such
information. The application plate used in roof performance .tests in -small
school buses was increased in siZe when some industry commenters stated they
would find 1t necessary to discontinue production of small school buses if the

same testing requirements a: 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

school buses: compartmentalization 4s -incomplete. When Federal -rulemaking

regarding school bus seating was first proposed, the seats of all size schoo
buses were required to meet identical requirements in terms of seat spacing 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 carrv,” 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, 1975).

These are not the only differences in standards for Type A school buses and =
other types of buse;.ﬁ.Figqye 4_providgguadditiona1.examp]es. -
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Exterior Requirements -

Smali Scn.ool Bus

Emorgency Exits (FMVYSS 217) — Rear
emergency exit must comply with

Roliover Protection (FMVSS 226) --
Test requires a vertical orre equal to
1' times the unlcaded vehicle weight
be applied 10 r00!. Force application

provisions of standard for smali
school buses. Dimensions and
clearance of side emergency exils

piate 1s wider and longer than roof,

resulting n large luad-apsorting
surface.

not specified.

- Joint Strength — Not required 10 meet any Federat -
e - - Standard; exempt from 3choo! bus cint strength
standard (FMVSS 221).

Large School Bus

Emergency Exits — Same number of
- oxiis required as small schoo! bus.- - R
but rear exit must have twice the
clearance and be slightly larger
Dimengions and clearance of s.de

Fuel Tenk Integrity (FMVSS 301) — Same werlsimance

dnd 18t reaurements 3 Mt renuired f0r 31 Duses and
MUIiPUIPOsR viehglnes: o frantal Darnies c:ash e, arcar
moving flat hafree tist, o iateral moving Hat bareer tee1,
708 0 SLALC rollover test, aith-fuet sgnllage nnt 1o ¢rcead
certan himity,

Rollover Protection — tore stringers
test requirements rosutl 1 greates

roof streng:h, Force application platg ——— .-

.18 narrowor and shorter than roof: the
Iatiar asniuct stresses the roof

structure more than the test for small

emorgency exit specified. school buses,

Joint Strength — Must meet Fedoral 3Ehoo! bus
J01NL Sirongth standardIFMVYSS 221).

Fuel Tank tntegrity ~ Standard specifias difforent testing
foquirament. one 10si onty, 8 Moving contoured berrier
crash Same fuel spillage imitations.

) (Note: FMVSS distinguish schoo! buses on the Dasis of gruss vehiclo weight rating
Small school buses havo 8 GYWR = 10,000 Ibs . large scnooibuses - 10.000 e |

: Figure 4.--Structural differences affect both the exterior and
interior of small and large school buses.
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" - Seating Requirements (FMVSS 222)

Small School Bus

Q!

&
2

‘ > Seatscan be
. ) as far as

desirea

At least a lapbelt required at every

occupant seating position. Must meet installed, no spacing or size
same standards as belts in
multipurpose passenger vehicles

{FMVSS 208, 209, 210).

requirements or any of the restréining
barrier requirernents of FMVSS 222

- apply. Head protection zone -

requirements in force, though.

. Large School Bus

sean o

‘ No more than
24 inches

No seatbelts of any kind required for
passengers. |f instaited, do not have
" to meet any Federal requirements,

Frontal barriers required. Must meet
specific requirements for size, spacing
and crash performance.

Note: SRP is the Seating Reference Point, pivot point of hip.

Fiqure 4 (continued).
Q .
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OVERVIEW OF RESTRAINT USE
AND INJURY ANALYSIS

A case study, like this report, can provide data that are not usually
2vailable and that are needed before "discussion of the iniury outcome for
restrained or unrestrained passengers on small cchool buses can be discussed.
‘Before analysis can begin, certain questions must be answered:

0 Where was the occupant seated in relation to crash B
forces and deformation of the vehicie?
0 Was the occupant restrained at the tim;-of the crash?
‘e If restrained, what kind of restraint was used? _ =
° . Was the féstraint correctly insta11ed.and worn proper]yf-“-- - ;
° What was the severity-and location of .injury?
o o .e' ' wnéi w;; (we}e) thé agent(s) of injury? N

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 iliustrates differences between data
collected by the Safety Board and the data available from official. repcrts of .a.
school bus accident. :

-There are several - reasons - for the  discrepancies between severity of
injuries reported in police accident records and the severity determined by :
Safety Board investigators. The priority ot police at.the accident scene is to '
have the injr~ed transported to hospitals as quickly as possible and to establish
traffic cor- 01, not to code injury severity. Pclice cenerally receive jitt®

_-training in coding and evaluating injuries, and the injury scales they use ar.
simplified. In addition, certain types of injuries may no:. be readily apparent
immecd:ately after the accident. . . S L

[

Reports of belt use are usually higher than actual use. Nearly all States
and local school districts have statutes or regulations requiring t*e school hus
driver to be restrained when the bus is in moticn. Failyre to wear tne 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
lapoelts be buckled up whenever the school bus is in motion. deral Highway
Safety Program Standard No. 17 currently recommends that passengers in school
vehic® .5 that carry 16 or fewer pupils shall be required to wear lapvelts when
availaole and whenever the vehicle is in motion. Furthermore, some school buses
have adult aides on board charged with ensuring that students buckle-up.

S N VRNV TSP L. X S,
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Analyses of restraint use and injury outcome are discussed in the fullowing
chapters. The analyses also discuss differences between the Safety Board’s
findings and official accident reports.

i
i
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Table 2.--Differences in restraint use and injury
status coded for case 15, Perrysburg, Ohic
; Determined by investigators
Coded on State police of the fational Transportation
[tem coded : accident form o Safety Board?
Restraint use. S -
Passengers 17 were wearing lapbelts 1 was unrestrained
: 14 were wearing lapbeits®
) - _ 1 was restrained in a .
IS o ; S misused chilg safety seat®
. 1 status undeterninedS
Oriver -+ Was wearing lapbelt Restrained by a loosely ) -
: adjusted lapg/shoulder belt
{the only belt avatlabie
- ~at the seating nosition)
Injur; status:® =T -
Passengers 1 was uninjured 1 was uninjured '
R 15 received miner injuries 11 received minor injuries
"~ 1 received serfous injuries 2 recefvea moderate injuries
- - - 3 received serious injuries
Driver Pecefved minor injuries Received moderate injuries
(including two fractyred -
—— - ——— - B ribs) — . N
3 2ased on pnysical evidence, reconstruction of the accidént, and sta.ement of
witnesses and vehicle occupants. .
b A1Y but one of the Tapbelts were adjucted with excessive slack considering the -
small size of tha occupants.> The lapbelts thus provided little restraint, :
€ The ro11ce reoort {ndicated. the pas enger was lapbelted and received minor o ‘ i
‘injuries. The passenger was actually restrained in an improperly secures child — . . -
_safety seat with nalf of the safety seat's harress 2round her body.  Tne child : : i

received 8 serfous injury, 8 fractured femur,

¢ The police report {ndicated this 5-year- -0ld passenger was wearing & laabelt The
psssenge’s seating position was actually occupied by an unsecured chilg safety
scat lying on its side. The lapbelt at the position showed nc physical evidence

of having been in use at the time of the accident.

€ The Chio State police use the KABCO injury scale, which provides five injury codes
from which to choose: fatal, serious, minor, no visible injury, or not injcred.

“National Transportation Safety Board 1nvesticators use the AlS injury scale, whicn

provides nine classifications: .uninjured, minor, moderate, serious, severa, critical,
maximum (virtually unsurvivable), injured (unknown severity)}, unknown if injured.

The differances in injury severity shown in the table are not necessarily the

result of inaccurate coding by the police; they may just reflect the Yimitations

of the KABCO injury scale compared with the AlS scale,

BEST COPY AVAILABLE
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. RESTRAINT USE

Restraint use-waé high among the drivers of schoo) vehicles in this study.
Nzarly three-fourths of the drivers were wearing the lap or_lap/shoulder belt
available at their seating positions at the time of the crash. '

Restraint use among passengers in the study wac Jower than that of the
drivers, but stil) high. Two-thirds of the passengers with restraints available
at their seating positions were determined by the Safety Board to have been

- restrained in some fashion at the time of the crash. (Resiraints included child
- -~ - safety seats; properly and improperly used lapbelts and lap/shoulder belts; and
. substandard, jury-rigged "belts” and secured wheelchairs.)} Data were collected

on 111 lapbeited 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 Stzte in 1988, the onaly )
State to require that all_new school buses, regardless of size, be equipped with

" "lapbelts for passcngers.?/  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 busas had
been vandalized.18- ' .

" Many of the school vehicles in the Safety Board’s study are the type in
wnich belt-use is required by State or local policies, contributing to the higher
belt use rate in this study compared to the Mew York survey. The higher rate
also occurred because the school buses carried few passengers, passengers were
ww. _usually young (grade school age or younger), 9~or handicapped, or because aiuis
were aboard vehicles to encourage passengers to buckle-up. MNot surprisingiy, — =~ =~
restraint use was higher in the six buses with ajides aboard than in buses without - '
aides. Only one of the seven aides, however, was restrained at the time of the
accident.

' of tre 20 restraincd -school bus drivers, 31 wore lapbelts ond 9 wore lap/shoulcer bolts. This wes_ 4o
axh higher telt use rate than obaorved in the Safety Board's study of largr school buses: ot 43 crawnes,
neorly holf the achool bus drivers wero unrostrained.

v torge school buses ordered for use in New York $tate sre also required tc have more sestbock poading
od, since 1968, higher seatbscks than required by Foderal stondards. Seatbscks n New York achool bDues
ore 28 inchos from the Seoting Reference Point; Federal standards spocify o minimum of 20 inches.

3 Only 13 percent of tho school. districts reported no problems with seotbelts. Of the districts
reporting prebloms, 15 percent had cut belts, 19 .percont hed buckies removed, 12 percent hod breten
tckles, 18 percent had improper odlustment, 30 percent had belts tied together, ond 34 porcent had eultigds
problems. According to the osurvey, repoir costs and down time related to sostbelts on buses has crested
added experve including replocement parts, labor, ond loss of-.vohicle use. This cost factor is projocted to
excend 31,000,000 por year across the State. ;

1 Grode school puwpils ore more Likely to buckic up than high school pupils (U.S. Department of
transportation, Hational Wighwoy Traffic Safety Adninistrotion 1984),
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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
restraint status in the police report, but rather 1ooked for physical evidence of
use. Reconstruction of the crash events, information on the fit of the belt ang
size of the occupant, and medical records on the injuries sustained assisted the
Safety Board investigators f{n evaluating restraint use.. In some cases, the
restraint status reported by the school bus occupant was directly contradicted by
physical evidence; in others, the status reported was questionable. Four

examples follow:

]. The school bus driver’s lap/shoulder belt was fouiig
. pinned. behind - his deformed seat, with {its latchplate
- =x--.. . splattered.with blocd. 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 Z5.)

Z. 7 A1] ‘lapbelts on “the school bus were unusable: 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 stairwell following the crash; her pelvis was
fractured. The adjusted length of the lapbeit at. her
seating position was 22 inches. (Case 15.}

4. The school bus driver refused to start the bus unless
al) passengers were lapbelted, so to give the appearance
‘of being belted, the paszenger 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. Deficiencies in accident reports of other cases are documented in
the case summaries (appendixes B and D). }

Police may be inclined to take occupant statements about restraint use at
face value, or to 1ist uninjured occupants.as restrained and injured occupants as
unrestrained. In cases 4 and 24, for example, all passengers were listed as
lapbelted in the police report although there were no lapbelts available for yse
at their seat on the bus. Restraint use is probably overstated in most of the
official reports. .

Restraints incorrectly coded as lapbelts.--Not all lapbelts reported in use
were actually lapbelts. Police reported other devices as lapbelts: a child
safely seat, a lap/shoulder belt, a large belt formed by Joining the latchplate
of the aisle-side lapbelt with the latchplate of the lapbelt at the window
seating position, and a jury-rigged “restraint® consisting of two car Tapbelts
tied together and slipped over the top of a bench seat. 3
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- ]mproper use of lapbelts.--Police reports do not indicate whether the

~ lapbelt was being worn properly. The Safety Board investigators found instances

of lapbelts that were being worn improperly 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 are "static®
lapbelts, the type commonly found in airplanes and the center seating position of
cars. Static belts are not equipped with retracters that automatically tighten
the belt around the occupant; instead, the schosl bus passenger must manually

‘adjust the belts--shorten or lengthen them--to ersure proper fit.

Safety Board investigators often found that the lapbelts had excess slack
(cases 2, 5, 13, 15, 17, 19, and 25). A Toosely worn lapbelt cannot provide the
same level--of protection as -a snugly worn belt and ‘exposes the occupant to
injury: in the Safety Board’s cases, passengers slipped out from the restraint
in a crash, incurring injuries from contact with components of .the vehicle
interior normally not reachable. toose fit also increases the chance of
ejection, and an occupant with a lousely fitted lapbell may be at more risk of
abdominal or spinal. injury. =~ T ' B

 Unusual Configurafion 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 fnstallation (FMVSS 208, 209, -and-210) apply only to
belts provided by the m%nufacturer in motor vehicles required by FMVSS to be
provided with seatbelts. The owner can alter the seatbelts, even cut them.
out of. the_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
violate established installation guidelines 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 occupant to danger of injury from the belt itself, 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 could have been harmed in an accident by contact with the meta) plate
and protruding bolts. The children within the loopbelt also were in danger of
injury caused by their bodies slipping around in this lirge belt and interacting
forcefully with one another., Moreover, because the loopbelt was not secured to
the seat or floor, it could move upward, beyond the children’s chests, and
position itself near the neck. ’ -

20 goe case 15, for easmplc.

2' the Typo A school buses in the study originally were oguipped by the manufacturer with (apbeits
meeting foders! stendards, o8 required by fFedersl roguletions, The Typo B school tuses in the study were
rot roquired by federst regulstions to heve factory-instelied lapbolts; (f iapbelts wers instellod by the
school district, they did-not have-to-moet-fedoral seatbett standards. ;

]

i
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Jable 3.--Examples of unusual passenger restraints ana installations
in small school buses

Tvpe of school bus ~ ' ' -

and case number Jnusual restraints and installetions
- Type A:®
Case 3 Lapbelts were available for every passenger, but

two types had been installed. Some lapbelts had
A ST pushbutton release latciipiates, like those commonly
found on passenger cars; others had 1ift-type release
_ buckles like those in airplanes. This mix was found -
- S . AR throughout the vehicle, even on the same bench seat. ..

" Case 15 ° - A cihild safety seat was improperly installed and . -
misused: the right side shoulder strap of the
e o harness was not attached toc the safety seat, and the
e R e m =+ - vehicle lapbelt was improperly routed around the .
- : : . . T restraint. : -

Case 17 “Two lapbelts had been shortened by looping over the
. webbing, punching a hole tnrough the looped-over
. webbing, "and then remounting the belt to the seat
using a bolt, The "adjustment” had been done to
~-meet parents' complaints.that the belts were too
Yarge to fit smail children.

C Ipe s’ — - - —

Case 21 . : The driver nad “knotted” the webbing of two of the
a available lapbelts, in an attempt to shorten the:
) belts. One belt was too long because it was anchored
| . to the wh2el we!l rather than to the floor on one
. side, adding 9 inches to the belt webbing (the wheel
well was higher than-the fioor); this effectively .
prevented the child from securing the belt snugly
around his body. A chfld safety seat was also ]
: secured by a knoted belt. (Other cases in the study
, - also had knotted delts.)

- Case 22 A pussenger was restrained by a lapbelt and an

: : improperly installed E-Z-ON vest: only the two upper
loops of the vest were secured to the school bu
floor. The lower loops were loose. -

O - -

el | R

Aruitoxt provided by Eic:
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of unusual passenger restraints and installations
§n small school buses (continued}

~ Type of school bus -
and case number

Unusual restraints and installations

Type B (cont'd):
Case 24

Yan not built to
Federal school bus
standards:*

Case 27

Passenger seatbelts were not installed, but the school

 bus contractor had jury-rigged two unusual restraints’
on two of the six bench seats. The first consisted of _
two 1apbelt assemblies, 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
around three children. Two children shared this .

- “1oopbelt” and an unrestrained child sat next to them

“on the same bench seat.

The second restraint consisted of two belts: one was
a form of shoulder strap and the other a large loop-
belt. The shoulder strap was wrapped horizontally
around the seat; the other belt was placed over it, .
like a large lapbelt encircling the seat. The lap

" portion of the restraint fit across the occupant's
upper torso.

Neither restraint was anchored to-the-seat frame or
floor: they were merely wrapped around the seat
frames.

Lapbelts demonstrated a variety of unconventional.
fnstallations: two belts shared an anchor point;
lapbelts were all different lengths; and buckle-to-
latch configurations were irregular.

3 Type A school buses
with at least a lapbe

school buses are exempt from the lapbelt requirement,
often are ordered with passenger lapbelts

b Type 8
however,
belts.

€ The National Transportation

are required by Federal standards to be manufactured
1t at every passenger seating position, :

Type B buses,
or are retrofitted with

Safety 8oard has urged that only vehicles built

to Federal>school;bus-standards be used to transport pupils.
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ERIC

Aruitoxt provided by Eic:

Figure 5.--Such "restraints” pose danger to the occupants.
The jury-rigged loopbelt (A) and unusual three-point restraint
(B and C) were found in case 24. Neither was secured to the
seat or floor. Other examples of improper installation were

shared scatbelt anchorages (D) and unusual configuration of
buckles and latchplates (E).
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figure 5 (continued).



Figure 5 (continued). -

A restraint, by definition, is designed for use by one person -only. Crash
tests performed at University of Michigan Transportation Research Institute
(Weber and Melvin 1983) have demonstrated 2 substantial increase in f{njury
potential to occupants who share a seatbelt as they collide violently with one
another. Wwith a shared restraint, proper fit--crucial for good restraint
performance--i1s impossible: the loopbelt cannot be properly positioned over . the
pelvic areas of two children. . : . o

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 consequénces of the-
unusual restraints and installations documented in these cases, the Safety Board
belfeves that the National Association of State Directors of Pupil

“ Transportation, the National Association of Pupil Transportation, and the

National School Transportation Asssociation should -alert their members 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.



passenger was uninjured.
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INJURY OUTCOME
Overall Passenger Outcome

Restraint use cannot guarantee that an occupant will be uninjured ir 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

Fortunately, when school bus passengers were injured, minor injuries were

usually 211 that they received. For example, 122 of the 167 passengers in the

case vehicles built to Federal school bus standards were known to be injured, but

. of these .122, 100 sus;ained minor injuries only. Few passengers, regardless of

~

thair restraint status, received more than moderate injuries (table 4),24

Minor Injuries o \

The most common minor injury was a faciai 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, {n
some situatifons more violently than an unrestrained passenger due to the
jackknife effect. - Lapbelted children also received minor abdominal contusions
from the belt in several cases (cases 5, 6, 7, 12, 13,17, and 22) (see footnote
22).

Moderate and Above Injuries : : -

Only 22 of the 167 passengers received more than a minor injury. Moderate

injuries accounted for half of these injuries. Unrestrained passengers were not
overrepresented in these injuries. Of the 12 passengers sustaining moderate
injuries, 7 were restrained, 4 were unrestrained, and restraint status was

_unknown 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 1ﬁjury outcome for

‘restrafined versus unrestrained passengers, the reader {is referred to. the case

summaries in 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 in injury outcome. For example, one accident

involved 2 1/4 revolutions in which 1] passengers were unrestrained; another case
involved a minor head-on collision and 9 lapbelted passengers. These cases are
too dissimilar 1in severity and crash dynamics to draw_any comparisons about the

2 ynis outcome was not true in the cases involving school wvehicles not built to Federst echool bus
standards (soe oppendix D), These croshes were gencrally more severe than those In which vehicles were built
to schoot bus standords, and lapbelted students fsred worse, somotimes incurring fotal lapbelt-induced
injuries (case 26).

3¢? -
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~~"pifferences Beiween Safety Board and Police Accident
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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 on restraint status can be misleading if the
occupant’s seating position and its relationship 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_influence injury
outcome in most of the accidents investigated for this study.23  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 unrestrained
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. -

Report Data on Injury Severity

Many law enforcement officials use injury classification systems that have ™
very -broad classifications for injuries, tuch as the KABCO scheme.. In KABCO, for
example, a broken arm and a broken skull are both coded as "A" _(incapacitating)
injurfes, 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. 1In case 19,
for example, the lapbelted school bus driver was listed in police records as
having sustained minor injuries: the driver stated such to police immediateiy
following the accident. These "minor" injuries ultimately prevented the driver
from working for 48 days. Safety Board investigators determined that the driver
had sustained at least moderate {AIS 2) injuries.24 - .

The KABCO coding classification also obscured important differences in
injury severity among passengers. Ffor 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 1nis study collected dato on lopbelt performonce in the crashes fnveatigated for the study; it did not
ottempt to determine whother lapbelts could cause or prevent injury in noncrash situstions, The 1989
survey of New York State school districts found that lapbelts can couse injuries- in-noncrash situations: 204
injuries resulted from seatbelt use--seatbelts were used 88 weapons, used to trip passengers, and motsl
splinters coused injuries. Seotbelt-related injuries increased 460 percent since the 1988 New York survey
while the nurber of buses with seatbelts increased 38.6 percent.

% The driver had sustoined deep contusions on her face from contact with tho- rearview--mirror -and docp

contugions on her abdomen induced by the lapbeit (she had slipped off her ceot during rollover but remained
suspended by the belt webbing; the schocl bus had cume to rest on its right side).

40
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Safety Board investigators found that injuries, particularly minor -

injuries, 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 unin“ured. - In
other cases, injury information on the police reports was inconsiste. with the
evidence: cases 1, 2, 5, 12, 13, 15, and 16. Minor injuries sustaired 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 cchool bus passengers involved in a crash, regardless -
of observed injury status, must be transported to an—emergency room for

examination. - The hosital emergency room 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 tcok their child

home or. to the family physician for. examination; injury. information for such

!

fnstances- may- not find-its-way into official school records. Then too, some
injuries, such as muscle sprains or- abdominal bruising, may not manifest
themselves unti) days after the accident. - .

Uniform School Bus Accident Repprting Form

The reporting' problems documented in this study are part of .2 larger

concern: school bus accident and injury statistics, overal), are less than

adequate for research purposes and hamper analysis of what safety countermeasures
are needed and would prove most effective. . For example,—there s no standard
definition of "school bus accident” or."school bus-related accident.” - Iniury
reporting is also widely divergent. For example, in 1987, Maryland reported. :nat

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 Cruncil
1989) pointed out, the Secretary of the U.S. Department of Transportation
outlined the problem in 1977: : '

Wholly relfable information on school bus accidents is not
readily available on a national basis. . This is particularly
true for nonfatal 1injury accidents, and even more so for
accidents in which no injury 1{s 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.

f@s‘
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Solutions do exist to some of the problem. The 1985 .~jonal Conference on
School Transportation--a conference of State Pupil- Trar )urtation Directors,
tocal school district personnel, contract operators, and advisors from the school
bus 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 is 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, riationwide, produce
serious injuries to school bus passengers. (It will be vital that trained
personnel complete the accident forms to generate accurate data.) Had this form
been in use throughout the United States, the Safety Board would have been able
to compare the performance of the Type A and Type B school buses in’ its
investigations to the universe of accidents involving school buses of those
types. - e - - . ’ '
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RESTRAINING BARRIERS

~ The forward portion of the interior of a school bus has many eiements that
can cause injury if contacted in a crash, including the stairwell, dashboarc,

_windshield, 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 front row passengers from being thrown into this hostile
environmant, Federal standards mandate a restraining barrier, sometimes called a
modesty panel, to be installed on a school bus with a GVWR 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
barrier §s substituted 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 thedsame performance requirements under testing conditions specified in the
standard. . -

Compartmentalization has-been required on all Type B, C, and D school. buses
manufactured since April 1, 1977. Because compartmentalization is supposed to
provide the crash protection neecded by passengsrs, these buses are not required

" by Federal regulations”to have Tapbelts fnstalied. : :

At least a lapbelt, however, is required to be installed by the vehicle

_ manufacturer— at every seating position in__Type. A school  buses.

Compartmentalization {s not required on Type A school buses, and hence is
fncomplete or lacking on many Type A school buses. 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 seats. _ .

~ In contrast, Canadian 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 compartment1§ization. and seatbelts for passengers are nut required
on any size school bus.? ’

The result of the U.S. standard fs that front seat occupants of Type A
school buses have little, if any, built-in crash protection. Some Type A schocl

-buses have no ggonta1 restraining barrfers. Some manufacturers provide one or

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

25 canada doos not recommend that lapbolts bo instolled for passongers. Crosh tests conccted for
fransport Canada in 1984 and 1984 suggest thot lopbalt use by passengers, in oll sires of scnocl buses,
increascs the chance of head injuries (Transport Canada 1985; Davis Engincer ing Limited 1985). i

26 pestraining barriors ore required by many Stotes an. ero written inte thelr school bus apecifications,
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The -Safety Board’s 19 cases involving Type A school buses provided a

variety of barrier configurations. Some buses had only one barrier, on the right
side; pasz;ngers 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 anc stanchion only. Barriers also differed ia the amount and
lccation of padding (some were not padded, others were padded only on the lower
portion of the barrier or on the guardrail on1y5 and in size and shape (some
barriers were narrower and lower than the seats) 8_;(£ig. 6). The presence of
such_objects directly in front of a seated passenger--either unrestrained or
lapbelted--can present a hazard {and did in some of the accidents investigated
for this study). '

Crash Performance nf-Barriers -

vences 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 design of the frontal barrier s most crucial when frontal impact is

" javolved 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 pascengers
seated in the front rows of Type A school buses in accidents where frontal impact
was the prinsgpal event. Of these passengers, 19 were restrained, and 11 wer?
unrestrained. 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 compare directly the
experience of lapbelted versus unrestrained passengers on the same front seat
regarding .interaction with the barrier.

When fronta) barrieis were present in Type A school buses, their design and
placement allowed closed head injuries, sometimes of a serjous nature, to-occyr
to both Jlapbelted and wunrestrained 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 findicates 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 Board
estimated that only two to three passengers are killed annually while riding
on a small schooi bus (Transportation Research Board, National Research Council
1989) (appendix L). The Safety Baard’s study presents data for six fatally
injured 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 fnteraction with a
frontal restraining barrier. Details of the accident follow.

'

27 in sxh o case, the driver's seatback would have to meot performance requirents  feor  the besd
protection tone.

B |0 som lype A school buses with two rostrainitg barriers, the Darriers were of a1°‘srent he'pls
(case 16, for enample), '

29 postraints included tegbeits and chi'd safety ceats. - ;

i
30 ciosed head injury is the most Common serious neurologic disordor in the United States, ond even sinos
or moderate head treuna can cause 1ong-lasting symptoms (Frener 1989). -
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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
received facial and head injuries.
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Both fatalities_occ%rred fn the same accident (case '7). A lapbelted and
an unrestrained passenger3l were seated next to one anoth¢- 'n 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 about
~9 inches away-from the seat and was considerably Tlower 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 fioor. The barrier was 28 inches wide; the seat was

~39 inches widg, A barrier so designed would not meet Federal standards for large.

school buses.32

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). During the crash, a 7-year-old in the front seat by the right window
Jjackknifed over -his lapbelt and.struck the_left side-of his head and neck on 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-01d boy .in the
center front seat recefved critical (AIS 5) injuries, including a head injury

and fractured left femur and right tibia. He "died~ several days later. This:

passenger was found in the stafrwell by rescuers; Safety Board fnvestigators
determined that he had struck the left side of the restraining barrier while
moving forward and to his left, catching his right leg on the abbreviated barrier
and pivoting around it. The barrier could not contain him. He then cont inued
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 fhe left side, of
different design. It had no panel but only a 1ightly padded stanchion post and

korizontal bar, level with the top of the driver’s seatback. An unrestrained 3-

ycar-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
driver's seat following the crash. Fortunately, the child received only minor
fnjuries. :

Casc i7 was the only accident investigated by the Safety Board in which the
design of the restraining barrier contributed to fatal injuries. However,

survivors in olher cases were injured by fnteraction 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 aide

3' throwgnout this report, discuasion Is based on the restraint stotus end body movements of injured
studonts &y determined by the Safety BSocerd investigators. Restraint status frequently differed from thet
reported by police oanG the modia. for eample, in case 17, ome of the fatally injured passengers,
originally reported in official sccounts os urbelted, was determined by the Safety Bosrd as restrained. The
coroner reported lagholt-induced bruises on the victim’s pelvis. In sddition, this fatally injured T yvour-
old wes reported by media as Doing found in the stairwoll; he was actually found seated in g bernch sest,
restrained by Nis (apbelt.

» Restraining barriers in Types B, C, ond 0 school bDuses are required to be equal to, or larger, than
the facing seat.
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Figure 7.--Damage to the small school bus {n case 17 was
mainly to the left front, 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 outcome for passengers on the left side.

Figure 8.--Artist’s sketch of body movements of the two

fatally injured passengers in case 17 at the moment of initial , '
f.v ¢, !
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" to sustain a fractured pelvis. Like the 17-year-old boy in case 17, the

driver’s aide was found in the stairwell following the crash.- A metal panel,
framed by 1lightly padded tutular steel, was positioned between the right front
seat and the stairwell, but it did not .extend far enough to prevent the
unrestrained aide, seated on the aisle seat of the right front row, from being
thrown forward during the frontal impact. She struck the boarding door control
and fell into the stairwell. :

Risk of head ipjury.--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 consistent with the crash dynamics
for a ‘lapbelted passenger versus an unbelted passenger in a frontal crash. 1In 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 ¢r she:

“Jackknifes forward. In contrast, thé whole bodv of an unrestrained passenger
-would move forward and impact the barricr.  In general; when forces of impact are

spread out--rather than concentrated on one area of the body, they are 1less
injurious. . L

- -In addition to the fatal head injury-in case 17, nonfatal head injuries
were aiso sustained by lapbelted passengers in Type A school buses fnvolved - 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 contusfons to
his forehead and left side of face from contict with the restraining barrier, He
Jackknifed into the abbreviated barrier in front of him when the small school bus
struck a passenger car with its left front, at an estimated speed of 50 mph
(fig. 9).. A- lapbelted 5-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 only an inch of styrofoam padding .

"covered the woocden frame on the side facing ‘the passengers. When the school van

struck a. fixed object head-on (21.7 mph Delta V) and then rolled onto its side, a
S-year-old lapbelted passenger seated on the afsle in the right ‘ront 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, recefived -
abrasions and contusions to- his head, and one of the two lapbelted passengers in

the left front row also sustained minor head injuries from contact with the
barrier. -

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

In still other accidents, lapbelted and unrestrained passengers sustained
minor head and facfal injuries from contact with the restraining barriers. Most
fnvolved 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 serious 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. '

. wa

Canadian crash tests on risk of head injury.--Crash tests conducted for
. Transport Canada also suggest that lapbelted passengers seated behind a~
restraining barrier, regardliess 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. in 30-mph
fronta) crashes. Llapbelted anthromorphic dummies registered higher head injury
scores (usually three times higher) than unbelted dummies, especially on the
smaller school 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 ot
buses also met the same standards for barriers in large school buses.) The
lapbelted anthropomorphic dummies also showed severe rearward neck flexure after
striking the seatbacks or restraining barriers with their heads.

D T L Y T ey
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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 criteria (HIC) 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 suggest that lapbelted
passengers in the front seat run the risk of head injury from contact with a
restraining barrier.

Anchorage strength for restraining barriers.--In the Transport Canada crash
tests, researchers documented that the frontal barriers in Type A school bussz
tore loose from their anchorages or became dislodged (Transport Canada 1985).
In the Safety Board’s study .on small school buses, this occurred in cases 7, 10,
16; and 17 (fig. 11). The-anchor points of restraining barriers. in Type A

 schoo) buses 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 FMVSS 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
11 172 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 is less than 1,000. -

33 u1c is o meesure of the forces the hosd oxperiences during the cresh., It does not messure injury to -

the nmeck or “faciel toceration. The higher the WIC ecors, the grester the likelihcod of serious or fetel
fnjurfes. The Federel Goverrment requires that cars oquipped with sutomstic restraints not exceed & WIC of
1,000 in 30 sph crash tests. Individuals, however, have o wide rangs of tolersnce to injury. Consequently,
sithough there sre relationships between dmry test results and actusl injuries, there is no single cutoff
point for serious injury or deeth, Wigher scores indicete a higher potential risk and lower scores indicete
o lowar potentisl risk. [n addition, even o moderats head injury cen have long-term effects on semory ond

- leerning ability.

3% tne enthropomorphic oGummy in the school ven wied in the tests contacted the forwerd reostrsining
berrier, the barrier‘s enchorsge bolts pulled out of the floor, and the dummy was then hurled forwerd into
the dssh and windshield, and come to rest in the stairwell. Transport Caneds concluded the dumsy would hewve
been contained within the seating compartment had the borrier rot pulled (oose from fts anchors.
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Figure 11.--A sharp projectile was exposed (arrow) when the
anchor point for a restraining barrier in the Type A ‘school
van separated (case 10). lo unrestrained passenger,
fortunately, struck the area of the roof during the 2700
rollover (10 of the 11 passengers were not using the avajlable
1apbe1t‘s at the time of the crash). ’ :
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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. A1l 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.

Lack of criterja for thorax or abdominal injury.--In contrast to head
injuries, the Federal Government currently has ro criteria for abdominal, spinal,
or thorax injuries. Researchers do not know what 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 III dummy can
measure thoraic forces, but what it means in terms of human injury is unknown.
No dummy currently has been approved by the Federal Government..for recording -
abdominal pressure. The lack of appropriate anthromorphic dummies and injury
criteria hampers researchers in discussion of neck, spinal, and abcomen injuries
{n relationship to lapbelt use and barrier design. For example, the fatal neck
fnjury sustained by the lapbelted passenger in case 17 probably could ‘not have
been predicted - from available crash data: the Canadfan crash tests” did not -

- measure thoraic forces.

One manufacturer, Thomas Built Buses, has conducted a series of crash
tests using a Type A school bus that suggest lapbelts on small school buses may
have the potential to inflict serious abdominal injuries, whereas 1lap/shoulder
belts do not. In May 1986, Calspan, the company Thomas contracted to conduct. the
tests, crashed a 1986 Minotour bus into a frontal barrier at about 30 mph. " In
this test, two 6-year-old dummies and one S5th-percentile adult dummy were used.
One of the 6-year-old dummies was secured only by a lapbelt; the other 6-year-old
dummy and the adult dummy were secured by lap/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 laphelt only, tension forces in the
1apbelt 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 investigation -

fnvolving 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 inte "lap
abdominal pressure 44G at peak and above 300 poundc for a significant period of
t’me‘u

In the Safety Board’s cases involving school buses built to Federal <chool
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 built 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 injuries. Cases are too limited in
number to draw conclusions. The crash test conducted for Thomas Built Buses
using a Type A school bus with abdominal sensor on the belted anthromorphic dummy
suggests that further testing is needed.

i
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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 heid 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.

Removal of restraining barrier.--Although removing the barrier may appear,
at first glance, to be the easiest solution, the Safety Board does not considcer
this an option. Unrestrained passengers need a barrier for crash protection, and
there will be unrestrained passengers in -small school buses despite the -

“"availability of seatbelts.” Some passengers in the front rows will not wear the
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 from New York and
other States suggest that vandalism is not an isolated occurrence. :

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

Redesign of barrier.--The 1984 Canadian crash tests suggest that merely
requiring the restraining barriers in Type A small school buses to meet the same
standards required for restraining barriers in larger school buses (essentially
the same performance and design requirements as for seatback) will not suffice.
Lapbelted passengers- sustained unacceptable head ‘injury scores. The Safety
Board’s accidents involving Type B school buses do not shed light on the prooblen.
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 in a fronta) crash
because of the "jackknifing" reaction of lapbelted passengers. -

Changes in Spacing. Changes in seat spacing conceivably would l2ssen the
possibility of  harmful interaction for  lapbelted passengers, but
compartmentalization, which relies on closely spaced seats and clo~ely spaced
restraining barriers to provide built-in protection to unrestrained passengers,
could be compromised. It is not clear by how much distance the spacing could-ba
increased. |

:
!
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3 fairton County, Virginia, for example, reported the vandalization of seatbolts and the theft of tackles
o8 2 major problom: “Wundreds of betts have already been reploced, over S00 in.the last two months stone,
(Lotter from C., frank Dixon, Director of Transportation ‘Sorvices, Fairfox County Pubtic Schools to the
Transportation Research Board, 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 school 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 ameliorate 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 (Transpori 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 III anthromorphic dummy with jts greater biofidelity and

that researchers used the adult--Head -Injury Criterfon (HIC) of 1,000 as-—the---
threshold for serious and above head injuries. The Safety Board is 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 I1] dummy is currently-an option only in -
certifying compliance with FMVSS 208; no date has been set by -which the Hybrid

TII 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 Canadianh tests have suggéstéd“ihaf_é HfC of é,bﬂb; {;;Eead
of "1,000, would have been more reasonable for children (Transportation Research
Board 1989). The U.S. Governmgnt currently uses a HIC of 1,000 as injury

to age (Dejeammes and others 1984, Foust and others 1977, Snyder 1969, Snyder and i

others 1977, stiirtz 1980). ‘Allowing~ a higher HIC than 1,000 could have
potentially fatal consequences to teenage passengers who have adult tolerances;
adult aides on board schoo) buses also would be at risk of head injury. The

Safety Board also notes that New York--the only State to mandate that all “schos] ..A'

buses, regardless of size, be equipped with lapbelts for passengers--has required

i

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. (and seats)
may amelforate chances of head injury. What thickness, material, and location of
padding 1{s necessary is not clear. In 1986 tests for Transport Canada, the

thickness of energy absorbing foam in the head impact area was increased to see.

if increased padding would reduce the severity of head impacts for lapbelted
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 fnner 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
instrument-equipped lapbelted anthomorphic dummies (Sth-percentile adult femaje
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 ;s necessary
to determine if this approach has promise. The 1986 Canadian sled tr.sts tested a

- less aggressive seatback in combination with a lapbelted anthromophic dummy and .
found the HIC remained essentially the same (Transport Canada 1987) (see figure
13). (Peak head acceleration was, however, substantially lower and chest
acceleration al<o somewhat lower than for the unaltered seat.)- :

77 Height. Height of the: barrier is dnother factor_ that neseds 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. SR TeoRTE T
Examination of Entire Seating System. The entire seating system must be

examined as a unit to provide maximum protection for a passénger. The

Transportation Research Board study. (Transportation Research Board, National

Research Council 1989) summarized the problem as follows: -

Any attempt to characterize the safety of school hus seats by -
a single factor (e.g., seat back height or seat spacing) is
overly simplistic.

FMVSS 222, as now written, does not appear to provide the same level of
protection for passengers in the front seats on a Type A school bus as i*
provides for passengers in the front seats on larger school bus (Types B, C, and
0). This holds true whether the passenger is Tapbeltad or unrestrained. The
1984 and 1986 Canadian tests-suggest to the Safety Board that all aspects of
restraining barriers--location, size, spacing, "and anchorage strength--should be

o reconsidered in light of their interaction with the body movements of Tapbelted-

— passengers (see figures 10 and 13).

Research clearly is needed to determine the optimum design of restraining
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.
Restraining 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 fron! row, or at all seating
positions, would immediately 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/sho:ider-belted passenger will

. not jackknife forward in a frontal crash: the upper body is restrained.
_Lap/shoulder belt use would also lessen the chance of abdominal injury compared
- to lapbelt use, because the restraining force #s*spread out over a larger portion

of the body. f
1
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. Rulemaking is underway that may result in lap/shouller Ealts being
available for certain™ school bus passengers. In response to the Safety Goard's
Tapbelt study (National Transgertation Safety goard 1287}, the Hational Highway
. Traffic Safety Administration (NHTSA) has issuea an Advance Hotice of Proposed
Rulemaking. to .require lap/shoulder belts at all outbnard seating positionz in
passenger vehicles. This requirement would include iype A school. buses. "The
Safety Board is pleased that rulemaking is underway. If lap/shoulder belts are
_installed and used, some of the danger of interactinj with school bus restraining
barriers (and seatbacks) will be lessened for window seat passengers. Passengers.. _
sitting in the middle or the aisle positions, however, will still have only a
Japbelt available. : - - '

_ Research is needed to explore whether it is tecknically feasible to instal)
lap/shoulder belts at al!l seating positions. It may be that current Federal
standards mandating school bus seat design, seatbelt- anchorage and installation,.
and school bus joint strength will have to be somewhat modified to permit ‘instal-
“lation of lap/shoulder belts. Certair questions will have to be “answered,

including:
- e Where can.the shoulder harness be mounted? _

) If 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 geométry of -the shoulder belt attachment

points be maintafned?
- e Wil bus -seating capacity be altered? - . I

Multipoint restraining systems--that is, four- or five-point harnesses--do
not, at first glance, appear to be suitable alternatives to lap/shoulder velts
in terms of restraint for able-bodied passengers. Instaliation problems w-uld
exist and passengers may be less 1fkely to use the restraint beciuse harnesses
can be cumbersome and difficult to put bOn 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 (Transpart Canada 1987). A new development, a form of -
restraining bar manufactured by Transportation tquipment Corp., offzrs promise.

-The chest-high padded restraining” bar functions as a “mechanical air bag" and
appears to offer increased protection against head injury ‘for . 1apbelted and
unrestrained passengers in a frontal crash.

Rear-facing seats.--Rear-facing s2ats, perhaps with slightly more padding
and higher seatbacks than currently mandated by U.S. or Canadian standards,
appear to be a promising solwuiion ¢ problem of providing crash protection to
both lapbelted and unrestrain-: passengers. In a frontal crash, laphelted and
unrestrained passengers in rear-facing seats would accelerate backward at inftial
impact into the seatback, ~absurbing crash forces over their entire back.
Although lapbelted passengers might experience head contact with the seatback in
front of them on rebound, this fcrce is considerably less than the f{initial
impact.
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. No revision in 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 and
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-facing
seats in all recorded injury criteria compared to the standard, unaltered schou
bus seat (Transport 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 governmer: began-

a demonstration program that involved.three school buses.equipped with rear-
facing seats. The buses were operated in four cities during the 1987-88 <chool

“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
information from students or parents. that might aid in the evaluation of the
system. The published findings from these:-field tests are .not yet available.

Discussions with Eepresentatives of Transport Canada indicate-that the two -

major concerris associated with rear-facing seats--motion sickness and pupil
managemen.--did not become major problems. Although some of the older children
complained of motion sickness when riding {in rear-facing seats, the ycunger
children did not, which suggested that rear-facing seats might be phased into
school bus fleets beginning with buses serving elementary grades. - o

" Summary

This study'cannot provide a clear answer for how to resolve the restraining

barrier problem. The accidents i{nvestigated for- this study document that a
problem exists in Type A school buses, but they do not pirovide 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

‘cises and many varjables that {influence finjury outcome. (for -example, crash
- configuratfon and severity, barrier design, restraint status, -seating position,.

passenger size and age), a case study cannot i{solate. the varfables. All
variables interact to influence injury outhme. .

_ 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, t.hey often
varied widely in design. Barriers differed in configuration, heignt, - width,
spacing from the front scat, and amount of padding. The front seat sften is not
the first choice of student passengers as a desired seating position, so few
passengers faced the restraining barrier. Even {1f 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 files do not record seating position (hence, the
resear-ter - 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 tracing
the Vehicle Identification- Number (VIN), a researcher cannot know what type of

_ 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
local school districts often order small school buses with custom options; for
example, a specific type of frontal barrier. . 7
Hence, the Safety Board bélieves that the NHTSA should conduct research to
determine the relationship between restraining barrier design and injuries to

unrestrained and Yapbelted passengers of different sizes. Research should focus:

on the height, width, location, and ancharage . strength of - the ‘barrier, and the

_spacing between the barrier and front seats. (Resvitant data should . help

determine the -optimum design for seating throughout the bus.)

Computer simulation may be needed to manipulate the many variables that

{nfluence 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 injury outcome. However, variables such —

as barrier spacing, height and width, and passenger restraint status and size can
he easily manipulated in Computer simulation. oo

 Little crash test data are available for poststandard school buses of any

size. The Safety Board acknowledges the high cost of conducting full-scale bus '

crash tests using instrument-equipped anthromophic dummies. Sled tecsts offer a
less costly . alternative and. an opportunity to test whatever bLarrier design

appears most promising. Hybrid IIl 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 results can influence future rulemaking on occupant seating
and crash protection for all sizes of school buses.

The Safety Board also believes that NHTSA should determine the feasibility

of installing some form of restraint that provides upper torso restraint on- - -

school buses. Current Ffederal regulatiuns applicable to Type A schocl buses
require that at least a lapbelt be provided for each passenger, and other Federal
guidelines state that these belts should be worn. If 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, if 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 mirrors may be necessary to

allow the school bus driver to observe passenger behavior.

60
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STRUCTURAL INTEGRITY

_ An occupant’s chances of surviving a school 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 if the belt is worn
loosely, or if "the seat or seatbelt anchors are compromised. In addition,
available seatbelts are not always worn.

In the cases investigated for this study, the Safety Board documented

that the front windshields in school buses-became dislodged, side boarding doors
opened, roofs deformed, and body Jjoints separated. Not only did this damage
- expose passengers to the possibility of ejection, but the deformation- and exposed -

meta) edges created potential for injury if contacted: o

'Hindshields

Regardless of the size bf the school bus, all windows, except windshields,

in the vehicle. must meet specific retention standards set by the Ffederal’

Covernment. These standards were established to minimize the 1likeiihood -an
occupant would be thrown from the.bus because the window opened or was dislodged
from its mounting. (The glazing materials used in a school- bus windshield,

however, must satisfy FMVSS 205, "Glazing Materfals,” which was established to

minimize the possibility of occupants being thrown through the windows.)

Windshields in large school bises (GVWR more than 10,000 pounds) are

specifically exempted from the retention performance criteria set by FMVSS 217,
*Bus Window Retention and Release.” - In .the .Safety Board’s study  on Type C and
Type D large schoo) buses,  windshields had popped out or broken. out in six cases
(National Transportation Safety Board 1987b). In two of the six cases, school
bus occupants were ejected out of the windshield opening. In one (Hecla,
Oklahoma), the unrestrained 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 dislodged 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 (NTSB field case
DEN-89-FHO03). ’

The windshields of small schoc) huses with a GVWR of 10,000 pounds or less
also are exempt from window retention standards set by FMVSS 217. By virtue of
their GVWR, however, Type A school buses fall under another Federal standard:
FMVSS 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 fatalities by providing for retention of
the vehicle windshield during a crash...and preventing the ejections of occupants

{;Ei
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from the vehicle.” However, almost all Type A school buses are exempt from

“FMVSS 21% because - they are "forward control vehicles,” as defined by the
standard, 6 a type of vehicle specially excluded from this standard. ~(Note:
Type A schodl buses are built on the same type of chassis as many multipurpose
vins. 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 investigations involving
forward contro! vans,”the Safety Board found that the windshields of 10 of- the 19
vans were not retained during the crash. Two drivers were ejected through the
windshield and a third was partially ejected. Two passengers in front seats and
a passenger in a rear seat were also ejected through the windshield. As a result
of its safety study on muitfpurpbse‘yans_(Nationa1 Transportation Safety Board
1979), the Safety Board recommended that NHTSA consider extending FMVSS 212 to
forward control vans. NHTSA did rot agree, and FMVSS 212 stil] exempts. forward
control vehicles. . o . T R y

Hence, most small school buses are not required to meet Federal standards |
for windshield retention, although _ome may voluntarily do so. o /

In this study, the front windshield was dislodged or shattered during: the
crash in seven cases. Fortunately, no occupant was ejected through the Jarge

opening created in the front of the bus. In = few cases, the opening served gé -

an amergency exit for the driver and some passengers after the crash.

'. Windshields, however, are not designated emergency exits and are not required to

meet any of the emergency provisions of FMVSS 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 2
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 function as emergency exits. then
they should be required to meet federal standards for emergency exits.

Inadvertent Coor Opening
~1f a schodl bus deor opens during a crash, unrestrained’ or improperly’
restrained occupants seated nearby can be ejected through the opening created.
The controls for opening and closing the right front door in some small school
buses appear to be ‘poorly designed. gllowing the door to oper. during-a crash.

3 the WAISA defines @ forword control vehicle as “8 configuration In which wmoro than halt of the engine
loemth is rearwsrd of tha forommst pnint of the windshield bose #na the stegring whoel AD (s (n tho fcrware
ausrter of the vehicle length.® .

7 Coses 10, 12, 13, 16, ond 26 in spperdis 8; also cases 25 #nd 28 'n appendix D.

38 in public hearings comected with & 1988 church bus accident in urrol(tm.'tmtmty, the WWISA

mntioned use Of the winoshield ares 88 an emergency exit; it, howsver, is not -dosignated -as on emorgency
exit in Fecersl 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

T
3

-
k1

bus on a wet gravel road; the bus rotated 180° and overturned onto its right .
side in a ditch. The 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 - -

door either opened during the crash or was found with damaged controls after the
crash. - :

The design of the opening contro) appeared to be relatively similar in all

cases in which the boarding door was a safety issue (fig. 14). The door control .

in case 8 was described in the investigator’s report as follows:

The passenger loading door latch consists of a handle near the
center of the vehicle which is connected to the door by a long

rod. The handle latches the door closed by being swung past -
center in an arc.. This handle is 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 door from opening. The unrestrained school bus-driver may

.. have either bumped or grabbed 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 restrained by a lapbelt can also inadvertently .open a door

control without a positive latch. Because it provides no upper torso restraint, —

a lapbelt wil)l 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, {n certain accident -

configurations, open the door by sliding 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 .investijators also documented that unrestrained passengers

~ controls (cases 15 and 17;.

The DOT has identified boarding door latches as a schoo) bus safety
problem.. A report issued in 1973 stated the fo)lowing: :

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, in some
cases, unlatched, allowing doors to open. Better operating
door mechanisms are available and new ones are being developed
by at least three manufacturers under contract to UMTA (Urban
Mass Transportation Administration] in 1{ts 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 door 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 tonl in determining the
parameters to be.traded. (U.S. Department of Transportation,
National Highway Traffic Safety Administration 1973.)

i
3

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 remsined open after the vehicle had come to a standstill (Transport
Canada 1985)."39 .

39 4 school ven (& Type A vehicle) tested for Transport Conada did not eshibit this problem. The boerding
door wWas operable after the crosh, .
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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
it can easily be crushed or Jjammed, 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-it was
jammed, in some manner. The school bus usually had experienced a frontal
impact followed by rollover.

Some of the Safety Board’s cases also contained examples of a related
safety concern: the stairwell area, immediately in front of the boarding door,
was deformed following the accident. The crash performance of the boardang 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. : o '

—School buses currently are exempt from FMVSS 206, "Door Locks and Door
Retention Components,” which sets performance requ1rements for side doors in -
passenger cars, multipurpose passenger vehicles. and trucks. :

Joint Separations

Deficiencies: in school bus Joint strength were aming -the safety
~shortcomings Congress directed the DOT to correct in the. 1970s. __In 1977, 007
enacted FMVSS 221, “School Bus Body Joint Strength,” to establish the minizum
strength of body panel joints. However, small schoo)l buses with a2 GVWR of 10,000
pounds or less were exempt from this standard. As a result of this exclusion,
Type A schoo) buses do not have to meet Federal standards for joint strength,
which were instituted to “reduce deaths and injuries resulting from the
structura) collipse of school bus bodies during crashes.”

The Safety Board is concerned about this exclusion for three primary
reasons. First, in most crash scenarfos, 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 consiéirations in crash severity. for
example, in a collision between a school bus weighing 20,000 pounds and passenger
car weighing 4,000 pounds. 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 large school bus.

40 cages S, 8, 11, 13, 15, 17, and 19 in oppendia 8; also s case 23, which {nvolved o Type B school “Bus;
In case 14, the reor emergency door opencd during the crosh and was torn from its hinges. This wos the only
study case irvolving insdvertent roar door opening. In case 6, both the left and right front doors jommed,

“ 80couse pastengor cq:u ore the most common type of motor vehicle on the road, this king of acciommt
would be the typical mn‘}i vehicle croeh involving o school bus,

i
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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 roof deformation is consequently a concern even in school
buses equipped with lapbelts. Federal tests for roof rollover strength are less
stringert f~- 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 gscidents involving Type A school
vehicles (cases 10, l;."l3. 14, and 16); five of the six were van
conversfons (fig. 16). In two of the cases (cases 13 and 14), the joint
separations probably stil1.would have occurred if-the vehicles had been required

to meet the joint strength standards for large school buses. One of 'the_,- '
“accidents involved. an 810° rollover “and multiple impacts,  events that -are

outsid: the parameters of Federal test requirements. The other case involved
separation of a maintenanfe access panel, and such- panels are exempt from
compliance with FMVSS 221.44 . . S s

" Safety Board investigators found joint separations in ore of the five cases
investigated involving a Type B school vehicle. Type B school buses, although
considered small (Type I1) 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 fo,lowed by 90° rollover. One of the six panel seams fin the
ceiling toward the back of the bus separated in two places; the. separations were
6 inches long and 1/4 inch wide. : :

Passenger 1{njuries- were attributed to joint separations——in—only one -
acciden: (case 16). In the other accidents, the separations clearly had -the
potential to cause injury, but occupant kinematics were such that the occupants’
bodfes 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.rastrained and .unrestrained occupants alike, and because the
integrity of the structure {is thereby compromised, they increase the chance of
ejection for unrestrained passengers and-for passengers with loosely fitted-
belts. - - : : . :

L2 Joint separation may have also occurred in case 17._

3 Separotions of resiraining barrior attachment points are discussed in  the section *Rostraining
Barriors.” B

“ gvon for large school buses, maintenance oaccess paneles are specifically oncluded from current foderal
stendards for joint strength. As o rosult of s fatal accident involving a large school bus in St. Louis,
Missoury, in 1985, the Safoty Board recommended that tho NHTSA fncl.ae 0. ntenance accoss ponels in the
Joint strongth standard (National Tronsportation Safety Board 1987s). Rulemoking to amond FMVSS 221 s
under consideration, .

)
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FMVSS 220 o
" FORCE "APPLICATION PLATE SIZE

SMALL SCHOOL BUSES

RO DG RLD 1 HOCS FORCE APV, ICATION MATY

=

Figure 15.--A larger force application plate is uced 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

* LARGE SCHOOL BUSES

P T TR -

)Fi;w 2 15 (continued).
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SEPARATION

Figure 16.--Sharp metal edges were exposed in the roof of the
Typ- 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 preveﬁt the passengers’ f{njuries, and may have

contributed to the severity of some injuries, as lapbelted passengers pivoted
forward around their belts, striking the seatbacks before them with their heads.

H
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"~ The Safety Board investigator, however, determined that at least two of thesz
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Figure‘l7;--Joint separation occurred on the left side of the
small school bus in case 16.

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 iheir left.

The  other two were not ejected because the side pane]s cf the school bus body.
were deformed around them, blocking their access to the outside. WKhether their.

“injuries would have been more severe had they been ejected is not known.

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 joint separation poses for passengers, the Safety Board believes that
the NHTSA during its ongning review of school bus FMVSS, should review FMVSS 229.
“School Bus Rollover Protection,” to determine if roof performance tests of smal)
school buses should be identical to the tests required of large school buses.
Similarly, NHTSA should consider extending FMVSS 221, “School Bus Body Joint
Strength,"” to small school buses. ;
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EVACUAT ION

Sciiool bus evacuation has emerged as a topic of increased concern following
the May 14, 1988, fatal crash of a church bus near Carrollton, Kentucky (Mational

Transportation Safety Board 1989). Twenty-six passengers, all but two of whom

ware 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 additional cases
involving school bus fires. The first case, occurring in March 1989, fnvolved a
Type A school bus (NTSB field case AYL-89-FHO01). A fire started in the engine
compartment of a school. van outside Memphis, Tennessee, that was transporting
wheelchair-bound studentz. Because of the van’s configuration, the engine was
partially within the passenger compa,-tment, near the driver’s seat. The fire was

not contained within the engine, spreai-to the van’s interior, and was fed by
~ the material used for seat constructiosn. The forward portion of the bus was
- engulfed in flames. Evacuating the studcnts was difficult: the -electrical system

controlling the wheelchair 1ift was aimaged by tihe fire. Only with the help of
passersby were the students evacuated beforé the fire consumed the interior of
the van.  The other case, also sccurring in March 1989, {nvolved a large

poststandard school- bus near Kansas City, Missouri, damaged -when it. struck a.

stopped tractor-trailer (NTSB field case DCA-83-SH-001). The impact pushed the
fuel tank rearward and the fuel lines of tne school bus fuel tank pulled loose; a

- fire started. The finterior of the school bus was consumed. Fortunately, no

st'idents were aboard; nowever, the driver was pinned in and sustained burn
injuries over 10 percent of her body and suffered smoke inhal;tion.:

Fire was also involved in an earlier investigation conducted by the Safety
board involving a_small school _bus _in_ 1921, outside Hermanville, Mississippi-
(National Transportation Safety Board 1982). A schos). 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 could be evacuated in -time: S of the 32
occupants (the van was overloaded) perished in the fire. As a result of the

accident, the Safety Board fssued the following safety recommendation to the -

NHTSA:

H-82-

Examine the crash performance of vans in rollavers and al)
accident ‘types, through f{ts crash testing and accident
investigation programs, to determine if there {s any tendency
for doors and other escape areas to unnecessarily jam or be
blocked 1in low-speed ‘crashes. If necessary, establish
&dditional crash perfermance standards for van escape areas,
especially those used for public transportation.

The NHTSA responded that it could not 1deniify.any specific instances ofl

exits Jamming because of crash dzmage; the Safety Board closed. the

recommendation (Closed--Acceptable Action). In its 1979 study of the performance .

of multipurpose vans, the Safety Board had previously asked NHISA to “study the
extent to which doors iam in collisions and to determine if corrective action is

-
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needed to prevent ejection and enhance escape (Mational Transportation Safety -~
Board 1979). In this study on small school buses, <ihe Safety Board has
documented instances of exit doors being jammed from crach damage and doors
opening inadvertently. Emergency exit availability remairns a concern.

Proposals to amend Federal school bus standards for emergency exits, fuel
tank fintegrity, and interior flammability have focused on large school buses
since the fatal crash in Carrollton, Kentucky, which prompted media attention and
ré-examination of these fssues by DOT. Large school bus:s (Types C and D)
comprise the majority of schocl vehicles in the public school bus fleet.
Nonetheless, small school buses, by virtue of their design and use, deserve
specfal 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 school buses are almost never located on the right side of

----- the school -bus, near the boarding dour, as §s the .case with most

- ~large school buses. Instead, the fuel-- tank of a smali c¢chool bus is

"~ located between the chassis rafls, a safer location.- The tanks do
not have protective tank guards or “cages” as are found on large =
school buses. 1In addition, the fuel tanks of Type A school buses
must meet the same perfurmance tests required of "a passenger car, -
multipurpose passenger vehicle, or truck van, not the performance
tests specified for a school bus. R : — .

2. Small school buses may have a smaller ratio of passengers to -
emergency exits than do-large-school buses, but—the vehicle itself §s._____
not required to meet the same structural integrity requirements as a
large school bus. Hence, the exits on a small school bus may be more
1ikely 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 school bus in a similar
crash, the body of a Type A .school bus §s not required- to be buflt 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 busec, and the boarding door may be more 1ikely
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 compare¢ to larger school buses: only a 6- by 22-inch
unobstructed clearance compared to 12 by 22 inches in a larger school
bus.

3. Small - schov)l buves are often used for special transportatics
purposeés, 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-

L -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 [NTSB
field case FTW-88-HFR05]). :

4. Small school buses customarily are equipped with at least a lapbelt
at every passenger seating position; large school buses are nct. 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 2bility 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 eévacuated,
how many were injured during the evacuation itself, and what exits were
inaccessible or jammed. Evacuation data are not available from State or national
school bus accident data banks, and accident reports filed by local' cchool
districts rarely include such information. This report supplies such data.

‘Fire and Fuel Tank Leaks

Fires in school buses, regardless of the vehicle’s size,. appear to be
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
Avajlable data suggest that when -a fire does occur -fn -connection -with a

vehicle involved than from the school bus itself. 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. S - .

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

small school buses did not leak following the crash, and there were no postcrash

fires.

- Umergency Exits

Small school buses frequently have more exits than large school buses have,
although they generally transport fewer passengers.
have a door on the left side hy the driver or a side exit, sometimes with double
doors or equipped with a wheelchair 1ift. -The additiona) exits are
in about half of the study cases, occupants reported 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 driver’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, finvolving rollover--as well as deficiencies
in boarding door design, 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 school buses transporting Head Start or
physically handicapped students. Seven other cases involved school buses
transporting passengers classified as emotionally 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
exception involved transport of deaf students in case 13. The driver--who iad
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 identification to alert rescuers that
deaf children were aboard. Fortunately, no passenger received more than minor
fnjuries, so no one suffered because of delays in treatment. - - : o

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 rather_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
drivers had instructed passenyers to remain in their seats until rescue personnel
arrived. -

Lapbelt Release )

. Some school authorities have expressed concern about whether lapbelt use by
schovl bus passengers would hinder evacuation, specifically, if lapbelted school
bus passengers would be able ‘to release themselves—from their belts..—Not all -
schoo] buses have adult aides on board, and the driver 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 -even
unable) to release their belts and fall to the lower side.

In the Safety Board’s study cases, most passengers did not release
themse'ves from . their lapbelts. Adults, either bus occupants .or _ rescuers,.
released the belts for the children (cases 1, 9, 13, 16, and 19)..  This may
reflect the type of passengers often carried by small school buses--the
handicey,ed 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.9 In two cases, students were injured when they released their belts

- and fell to the lower side of the bus, striking seatbacks; only mincr injuries
resulted.

————

45 1ne scnool tus driver in case 23 was ol6o suspended by his belt.
; |
! BEST COPY AVAILABLE
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Lapbelt use substantially-deléyed-
investigated, "a ‘nonrollover - accident.?
lapbelt because hot asphalt,

‘van, had spilled onto his seat, burying the seatbelt latchplate.
subsequently cut by the truck-driver and the student was freed. ;

% cose 23, apperdix O,

|

L

ga

ssenger evacuation in only one accident

A student was unable to release his_ .

from the dump truck that collided with the school
The lapbelt was

/i
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o .. CONCLUSIONS

1. Because of the differences (size, mass, exterior and interior features) _
between a small school bus and large school “ bus, findings based on
investigations of accidents involving large .school buses cannot Dbe
extrapolated to smaller school vehicles.

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

3.  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 unrestrainaed passengers. _ = -

. T4, seating “position was a more important factor than restraint status in .

determining injury severity. o : -

5 Accidents in this study offered examples of Uotn the‘-adQSﬂtaQQSA 2nd
_ . disadvantages of lapbelt use. o -

6. ' Restraint status, fnjury 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.

1. 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 schoo) vehicles wear the avafilable 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. -

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

9. The school bus drivers and bassengers sometimes did not wear Athéir
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. :

10. In soume passenger lapbelts and other restraints-had been insta]]éd
aro ster {initia)l purchase of the vehicle by employees of the
schog. .. - or bus contractor in a manner {inconsistent with federal

standards for seatbelts, diminishing crash protection and increasing the
potential to induce injury. :

70



.

- 11

12.

13.

14.

15.

16.

17

18.

19.

67

Passengers seated.in trne front rows of Type A school buses are at special
risk of injury 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 in

other types of school buses. The Safety Board has documented the danger of

being unrestrained in a school bus without a frontal barrier as well as the
danger of being lapbelted and interacting with a barrier in a frontal
crash. ' -

Restraining barrier supports and anchors in Typé A school buses sometimes
came loose during tne crash. Sharp metal edges were sometimes exposed, and
the separations allowed the barrier to move rearward -into passenger seating
space. ’ T

Data from Canadian crash tests suggest that-merely requiring that Type. A
schoo)l buses have frontal restraining barriers identical to those mandated

“1in larger schoolbuses (Types 8, C, and D) will not provide a solution for

head protection. Lapbelted anthromorphic dummies seated in the front seats
of Type A school buses equipped with large schocl ‘bus barriers registered
unacceptable head injury scores, more than twice the allowzble 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 fata)l or serfous injuries to these regfons of
the body of lapbelted and unrestrained occupants. . Hence, .performance
standards for restraining - barriers and seatbelts regarding ubdominal,

-spinal, or thorax injuries do not exist.

In multivehicle crashes and other crash scenarios, smal) 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 buces to -be
built with roofs less able to withstand rollover forces than larger .school

buses. Body joints in Type A school buses are exempt from federal Jjofint

strength standards.

Joint separaiions were docuﬁented- in 6, poésib)y 7, of the 19 cases

involving Type A school vehicles; 5 of the 6 were van conversions. Joint:
separations were documented in 1 of the 5 cases investigated involving Type.

B school buses. :

In some accidents, the right side -boarding doors opéned .1nadvertently

during the crash, and front windshields were displaced.. Retention within
the vehicle s advantageous to survival, so any opening in the school bus
body poses danger to an unrestrained or improperly restrained occupant.

School bus windshieids are exempt from FMVSS 217, "Bus Window Retention and
Release.” ,

The boarding door controls of some small school buses have -no- positive
latch locking mechanism.
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20. In 7 out of 24 cases, the passenger-boarding door was unavajlable. 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. ‘ .

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

22. Lapbelt use usually did not hinder evacuation efforts, even in rollover
crashes when the schoolAbus came to rest on its sidei

23. In the Safety Board’s cases, the fuel tanks of the small school bﬁses.(bdfﬁ -
Type A and B) did not leak after the crash, and there were no postcrash o
fires. : S - - T . Lt .

24. The definitions of “"small” versus "large” school. bus used in the Federal
Motor Vehicle Safety Standards, in Federal program "guidelines, by
Congress, by State and local school transportatfon officials, and by the ~ - -
school bus industry, are not uniform. IR R

8 R
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RECOMMENDATIONS
As a result of this étudy, the .Mational Transportation Safety Board
recommends: : - : A

;-to the National Highwéy Traffic Safety Administration:

Determine the feasibility of regquiring 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, Pricrity

Action) (H-89-46) .

Conduct research, including computer simulation and sled crash
tests using Hybrid IIl 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

bu.2s. (Class II, Priority Action) (H-89-48) '

Cus1lect and avaluate accident data on the crasn performance of

the ronof any emergency exits on small school buses (gross

vehicle weight rating of !9,000 pounds or less) in ruilovers.

Data should not be limited to van-based buses. Based on

analysis, ascertain whether it {is appropriate to amend Federal -

Motor Vehicle Safety Standard 220, “School Bus FKcllover . .
“Protection,” to make roof performance tests for small school - .. . . ‘
buses (gross vehicle weight of 10,000 pounds or less) to be
identical 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 tne
present force application plate test does. (Class I,
Priority Action) (H-89-49) : .
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Collect and evaluate accident data involving small schoo) -

buses to ascertain whether school buses with a gross vehicle C ~
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
I, Priority Action) (H-89-50)

Specify in new rulemaking or in an amerndment to Federal Motor
Vehicle Safety Standard 206, "Door Locks and Door Retention
Components,” a requirement for a positive latch Tocking
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.. Work with school bus. and school ) T
van manufacturers to develop the performance standards. ' T
(Class-1II, Priority Action) (H-89-51) - - - - . :

Urge manufacturers to provide means to retrofit positive latch
-locking mechanisms on existing door controls of small school .
buses (gross vehicle -weight rating of 10,000 pounds or less). -
(Class II, Pricrity 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 T

== - - == rating -of 10,000 pounds or less- to eliminate the possibility - T e

. of {inadvertent door opening during frontal or rollover crash.

(Class II, Priority Action) (H-89-53)

Provide retrofit kits for small school buses (gross vehicle
weight rating of 10,000 pounds or 1less) currently without
positive latch door control locking mechanisms. (Class II,
Priority Action) (H-89-54) : . -

--to the National Associdtion of4S£ate Directors of Pupil Transportétion..
the Natfonal Association of Pupil Transportation, and the National
School Transportation Association: - . : -

Alert your members to the dangers {nherent in improper
installation of seatbelts and/or {nstallation of restraint
systoms rot meeting Federal standards or guidelines in school
buses and -urge them to correct cvch installations. Also alert
your members of the need to instruct students to wear lapbelts
properly. (Class II, Priority Action) (H-89-55)

lf]{J!:‘ : g 20 : . . o




71

BY THE NATIONAL TRANSPORTATION SAFETY BOARD -

s/

/s/

/s/

)

Henber

/s/

October 11, 1989_

T T N R TN T

JAMES L. KOLSTAD
Acting Chairman .-

JIM BURNETT
Member -

JOHN K. LAUBER
Member -

JOSEPH T. -NALL -

" LEMOINE DICKINSON, JR.
‘Hember



72

REFERENCES

American Association for Automotive Medicine. 1985. The abbreviated injury scale.
Arlington Heights, IL. 80 p.

Calspan. 1986. Crash testing of Thomas Minotour vehicle, 1986 Thomas bus,
~ intermediate school bus. 3uffalo, NY; Rep. 7481-1; final report for Thomas
Built Buses. [Not paged]._

N Carpenter, K. 1973. Injury reporting reliability. Report from the Mew York State
Department of Motor vVehicles, Albany. [Pagesvnot known].
Carroll, P.S.; Scott, R.E. 1971. Acquisition of information on exposﬁre and on_

non-fatal crashes. In: Vol. 2--Accident data inaccuracies. Report from the
Highway Safety Research Institute, University of Michigan. [Pages not known].

'Céssri, D.; Ramet, M. 1979. Evaluatioa of human tolerance in fronta) fmpacts. -

In: Proceedings of the 23d Stapp car crash conterence. Pap. 791032. Warrendale,
PA: Society of Autcmotive Engineers: 873-911.

Davis Engineering Limited. .986. School bus seat development study. Ottawa, ON;
final report; Transport Canada contract 0S285-00139. 186 p. :

Dejeammes, Maryvonne; Tarriére, Claude; Thomas, Christian; Kallieris, Dimitrios.
1984, Exploration of biomedical data towards a.better evaluation of tolerance
for children involved in automotive accidents. In: Advances in belt restraint
systems: design, performance and usage: Proceedings of the international
congress and exposition; 1984 February 27-March 2; Detroit, MI. P-14].
Warrendale, PA: Society of Automotive Engineers: 427-440.

Evans, Leonard [Operating Sciences Department, General Motors Research
Laboratories]. 1989. Restraint effectiveness, occupant ejection from cars, and
fatality reductions. Pap. No. 880596. Presented at the 68th annual meeting of
the Transportation Research Board; 1989 January 22-26; Washington, DC. 15 p.-

Fisher, Jerid M. 1985. Cognitive and behavioral consaquences of closed head
injury. In: Seminars in neurology. Pap. 85-010. Southborough, MA: Natfonal Head
Injury Foundation. 4 p. : - o

foust, David R.: Bowan [Bowman], Bruce M.; Snyder, Richard G. 1977. Study of
human impact tolerance using fnvestigations and simulations of free-falls, In:
Proceedings of the 21st Stapp car crash conference. Pap. 770915, Warrendale,
PA: Society of Automotive Engineers: 3-51,

Huang, L.C.; March, J.C. 1978. AIS and threat to life. In: Huelke, D.F., ed.

~ Proceedings of the American Association for Automotive Medicine 22nd
conference, and the International Association,for Accident and Traffic Medicine
7th conference. Morton Grove, IL: American Association for Automotive Medicine.
Vol. 1: 242-254. [

i

I

82




73

Hutchinson, T.P. 1987. Sevééity classification by American police. In: Road
accident statistics. Adelaide, South Australia: Rumsby Scientific Publishing
(p. 190-191). 292 p. ) ’

National Safety Council. 1987. Accident facts. Washingtor, DC. 104 p.

National Transportation Safety Board. 1979 Special study ~safety of multipurpose
vans. NTSB/HSS-79/1. Washington, DC. 44 p. -

National Transportation Safety Board. 1982. H1ghway accident report: Pattison
Head Start Center school van run-off bridge and fire near Hermanv111e,
Mlssi551pp1, December 17, 1981. NTSB/HAR-82/5. 24 p.

-Nationa1 Transportation Safety Board. 1986. Safety study: performance of Iap
belts in 26 frontal craches. NTSB/SS-86/03. Washington, DC. 236 p. -

National Transportation»Safety-Board. 198]3. Highway accident report: Schoolbus
Toss of control and collision with guard rail and sign pillar, U.S. Highway 70
near Lucas and Hunt Road, St. Louis County, Missouri, November 11, 1985.
NTSB/HAR-87/02. 45 p. - o LT

Hatfonal Transportation Safety Board. 1987b. Safety study: Crashworthiness of
large poststandard schoolbuses. NTSB/SS-87/01. Washington, DC. 474 p.

Hational Transportation Safety Board. 1989. Highway aécidént.feport Pickup
truck/church activity bus head-on collision and fire near Carroliton, Kentucky,
May 14, 1988. NTSB/HAR-89/01. 87 p.

VSchool.Busmﬁleet. 1989. [School bus statistics]. Redbnqp Begch,ACA: gobit
Publishing; 34(6): 11, 14, 58, 60.

School Bus Manufacturers Institute. 1989, Congress!ona1 briefing for the House
Surface Transportat1on Subcommittee. May 17.

Scott, R.E. 1972, Evaluatfon of severity codes in"accident data. HIT Lab Reports
- Ann Arbor: Highway Safety Research Institute, Unfversity of Mich1gan [Pages
not known]. , -

Shinar, D.; Treat, J.R.; McDonald, S.T. 1983. The validity of police reported
accident data. Accident Analysis and Prevention. 15: 175-191.

Snyder, Richard G. 1969. Impact injury tolerances of infants and children {n
free-fall. In: Proceedings of the 13th annual conference of the American
Association for Automotive Medicine; 1969 October 16-17; Minneapoiis, MN.
[Place of publication unknown]: [Publisher unknown]: 131-164.

Snyder, Richard G.; Foust, David R.; Bowman, Bruce M. 1977. Study of impact
tolerance through free- fall investigation. UM-HSRI-77-8. Ann Arbor, MI: The
University of Michigan, Highway Safety Research Institute. 140 p. plus
appendixes. . i

H

I
I
1
i

83




74

St. Laurent, Andre. 1983. School bus accidents and passenggr”{;jbries:'é
literature review. Ottawa, ON: Biokinetics and Associates; Doc. R83-14;
prepared for TES Limited. 40 p. ‘ ' oo ‘

[

-, G. 1980. Biomechanica1 data of children. In: Proceedings of the 24th

. car crash conference. Pap. 801313. Warrendale, PA: Society of Automotive
. neers: 514-559, : _ : -
Transport Canada. 1985. School bus safety study. TP 6222E. [Place of publication
unknown}. 2 vol. :

Transport Canada [Farr, G.N.]. 1987. Sckool bus seat development study. TP 8445E.
_ {Place of publication unknownl. 37 p. . _

'¥ransportation Research Board, Nationai Resea.ch Councit. 1989. Improving sqhoqi
-bus safety. Spec. Rep. 222. Mashington,” DC. 214 p. - - o o

U.S. Department of Transportation, National Highway Transportation Safety
Adniinistration. 1973. Pupil transportation safety program plan. DOT HS- 820-267.
Washington, DC (p. 3C). [Total pages not knewn].T oo oo T

U.S. Department of Transportation. Naticnal Highway Traffic Safety
Administration. 1986. School bus safet belts: their use, carryover effects and
administrative uses. DOT-HS-806-965. Washing*on, DC. 60 p. "

“Weber, K.; Melvin, J.w. 1983. Injury potential with misused child restraining :
systems. In: SAE child injury and restraint conference proceedings; 1983 ‘ :
October 17-18; San Diego, CA. SAE/P-83/135. Warrendale, PA: Scciety of o
Automotive Engineers: 53-T9. - .. - - -7 T

[P

84




75

 APPENDIX A

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

This appendix 1ists the 24 case summaries in appendix- B by type of school
vehicle. The types are classified by the schsn) 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 Natjonal
Minimum Standards Conference of 1980. Both Type A and Type B school buses were
fornerly referred to as Type Il school buses.

Type A tchool buses are grouped by van conversfons and smal) school buses.

Within each group, nonrollover accidents are 1isted first, then rollover

accidents, in order of increasing severfity.. The 1ist also -identifies the
accident location and date, chassis manufacturer of the school vehicle, make and

mode]l of the body, and the type of accident in terms of the schoo) vehicle: -

Type A Schoo] Vehjcles (19 cases) -

designed for carrying more 10 persons.

Van conversfons (Type A)

Humber of cases: 14 .
Type of accident: Honrollover 7 (all frontal impact)

_ Rolicver 7 (3 noncollision)
Case nymber Data
| I - Bedford, New York

September 23, 1986 " .
1983 Dodge chassis-with 16-passenger body by Ram Van
Left front impact » . g, .

2 : Laurel Holiow, New York !
T . February 5, 1987 : : :
1980 Chevrolet chassis with 16-passenger body by
-Van Con, Inc. -
Left front impact

3 New Castle, tew York

February 2, 1987 :
1?83 9MC chassis with 16-passenger Sturdivan body by

teft front impact

A Type A school ‘vehicle §s a van conversion or body constrﬁcfed.on i vén- .
type compact truck or front-sectfon vehicle with a GVWR of 10,000 pounds or less,

e
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4 Carson, California
: . May 18, 1987
1981 Dodge chassis with 16- passenger body by
Collins Bus Corporation
Multiple frontal impacts

5 Lake Zurich, Illinois
’ October 10, 1985
1984 Chevrolet chassis with 16- -passenger fortivan body by
Coach and Equipment Manufacturing Corporation
Head-on collision

6 : Pomona, California - -~ -

’ June ll 1987

1987 Dodge chassis with 16-passenger Bantam body by
Collins Bus Corporation
Frontal impact

7 a " Allegan, Michigan
: ) Oecember 5, 1984
1978 Chevrolet chassfs with 16- passenger body by
Sheller-Globe Curporation
Head-on collision

8 ) Fort Dodge, lowa
o Co March 15, 1984 '
1980 Chevrolet chassis with 16 -passenger body by
Superior Coach International -
Noncollisfion rollover (900)
9 - " Los Angeles, California Tt T
April 8, 1987 ' : ’
1976 Ford school van configured for 16 passengers
Noncollisfion rol]over (509)

10 - New-York, New York
' April 19, 1985 ’
1978 Dodge chassis with 16-passenger Fortivan body by
Coach and Equipment Manufacturing Corporation -
Noncollisfon rollover (1700)

13 o Denville, New Jersey
: : March 9, 1987
1986 Chevrolet chassfis with 15- passenger body by
Van fon, Inc.
- ) L Multiple frontal impacts, followed by rollover (90°)

12 ~ Gresham, Oregon
January 14, 1987 '
}$73 ?odge chassis with 14-passenger Sturdivan body by
: Frontal impact, followed by rollover (909)

Bb




77 " APPENDIX A

13 - . Houston, Texas i
Februar/ 25, 1986 X
~ 1980 Dodge chass1s with 16- passenger body by -
Collins Bus Corporation : '
Frontal impact, fo11owed by rollover” (3600)

14 ' Westchester, Mew York
March 25, 1987 '
1982 Ford chassis with 16-passenger Sturdivan body by
- T.p.1.
Rollover (3100), followed by multiple impacts

Small School Buses (Type A)

Number of cases: 5 ’ - ' o : R S

- Type of accident: Nonrollover - 3 - _
T B ~  Rollover 2
Case pumber-- -  -Data . .. - I )
15 Perrysburg, Ohio

April 6, 1987 )
1981 Chevro1et chassis with 23-passenger Busette Body by

Wayne Corporation

Left front co11ision. fol1owed by secondary impact.

16 * Elmhurst, I1linois : '
- Febrvary 7, 1986 - - e —_—
1982 Chevrolet chassis with 23 passenger Vanguard body by
American Transportation Corporation
Left side impact, followed by secondary impact

17 - Chester County, Pennsylvania
February 26, 1988 -
-1983 Ford chassis with 22-passenger Busette. body by
Wayne Corporation
Head-on collfisfon, followed by secondary side impact

18 - Vista, California
December 3, 1986
1985 Chevro1et chassis with 20- passenger Micro-Bird body
by 8lue Bird Body Company
Left side impact, fellowed by rollover (900)

19 San Antonio, Texas

February 5, 1985

1981 Chevro1et chassis with 20-passenger Busette-body by
Wayne Corporation

Left sfde impact, followed by rollover (909)
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Type B School Vehicles (5 cases)

A Type B school bus is a van conversion or body constructed and installed
on 3 van or front section vehicle chassis or stripped chassis, with a2 GYWR cf
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 s behind the front wheels. Note: Type B vehicles must meet the
Federal standards for large school buses although they also are considered small
{Type II) schoo) buses. The gross vehicle weight of these vehicles may be under
10,000 pounds but their GVWR is over 10,000 pounds. “The-rating -includes -
passenger load. '

Number of cases: 5 T - T SRR
—-- -—Type of accident: Nonrollover .. 2-(all multiple collision) .. ‘
o SO 3

Rollover all collision rollovers)
20 - L Eiar;sfon. 6éor§ia-__ : ’
May 8, 1987 .

. 1982 Chevrolet chassis with 18-passenger Cadét body by
- Carpenter Body Works, Inc. T
Head-on collision, followed by rear-end collisfon

21 . Williston, Vermont
Novemi-cr 21, 1987 C
R . 1972 Chevrolet chassis with 18-passenger Min{-Bird-body by
: - Blue Bird Body Cocmpany . _ - .
Multiple collisfon: sideswipe, followed by head-on impact

22 Greensboro, North Carolina
 January 14, 1986 ' . '
1980 Chevrolet chassis with 2C-passenger Mighty Mite body
by Thomas Buflt Buses (bus reconfigured to 10-passenger
"~ capacity) ’ ’ ‘
Right side "impact, followed by rollover (90°).

- 23 Little Rock, Arkansas.
May 2, 1983 :
1981 Chevrolet chassis with 15-passenger Cadet Body by
Carpenter Body Works .
Head-on collision, followed by rollover (900)

24 Flower Hill, New York

. January 24, 1986
1979 GMC chassis with l4-passenger Coachette body
Rear-end collision, followed by rollover (90°)
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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-SBO2
Location of Accident ' Pea Pond Road; outgkde Bedford, Hew York
~ Date and Time September 23, 1986; 8:04 a.m.

Description of School Vehicle Type A van conversion: 1983'Dddge'Ch$s§i§ with =
16-passenger body by Ram Van

Severity of Accident Delta V estimated to be less than 10 mph

Summary of Events T —

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

school van negotfated a left curve, a 1984 Buick LeSabre station wagon, traveling.

in the opposite direction, crossed the centeriine 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 ,.ssenger exited -the—bus
unassisted. Tha 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 cohfined to the
exterior of the bus, except for a radial fracture of the left fruont passenger
window. Slight rearward deformation was found at the left fron* front bumper,
and grill. C T : :

Outcome. of Occupants of School Vehicle

Passengars

0f the 2 passengers, ages 7 ard i0:
2 sustained MAIS 1 (minor) injuries.

Both passengers were wearing static lapbeits anchored to the seatframes. Each
restraint system was equipped with adjustable, cinching latchplates and-
pushbutton release bucklesy :

The lapbelted passenger s?ated en the left side in the front seat next to the
window received a contusion on the bridge of his nose, from contact with the ieft
side window. At impact, he most likely pivoted around the belt, moved forward
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The driver of the school van was wearing the available lap/shoulder belt; 't was .. ..

APPENDIX B Y,

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 stiil 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 Jower abdomen, caused by the lapbelt. Had

he been unrestrained, he probably still would have received only minor injuries.

The use of lapbelte, like all forms of seatbelts, cannot assure that the occupant
will be uninjured. :

equipped with an emergency locking retractor, a cinching latchplate, a sidewall-
mounted D-ring, and a pushbutton reiease 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.prob2bly 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 interfor of the school van-had a padded roof.
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Case No. 2 cafety Board Investigation No. NYC-87-H-SB04

Location 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 it 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 unrastrained at the time
of the crash; two students and the driver claimed they were restrained, but
evidence proved otherwise. .

A 13-year-o01d student made an unsuccesfullattempt to .open the rear emergency

exit. A1l 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
- parénts 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 finner 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. - : . S -

Outcome of Occupants of School Vehicle
gggsgnge}g '

Of the 6 passengers, ages 7 to 13:
~ 2 were uninjured, and ;
4 sustained MAIS 1 (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
yorce 1cading scars or defects. The adjustmept lengths, 42 inches for the 9.year-
old girl and 41 inches for the 8-year-old 'boy, would be too loose to provide
proper fit for the two passengers. I '

4
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Four of the students received minor contusions and lacerations to their faces and
upper 1limbs. Had the passengers been lapbelted, these injuries would still

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 lying in the aisle of the passenger area following the crash, indicating she

had not been restrained. 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 cercbral 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 ;an conversion was equipped with heavily padded modesty panels forwa~d of
both the left and right front seats; no stanchions were present.

~The student who attempted to opea the rear emergency door did so. by trying to
push dcwn on the door releas: 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 .lower -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 dons by Van Con, Inc. Van Con was notified of the circumstances’

of this accident and agreed to place decals in the immediate vicinity of the door
handles on_future conversions. They also agreed to implement a retrofit program
for their school vans currently in use.
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Laurel Hollow, New York

Case Number 2
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Case No. 3 Safety Board Investigatidn No. NYC-87-H-5B03
" 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.I.

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

Summary of Events e

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. : . A :

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, aid the van body was scratched
along the left side- behind the driver’s door. This roststandard school van
performed well in this collision: all of the damige was confined to the
exterior, and there was no.intrusion into the passenger compartment.

Outcome of Occupants of School Vehicle

Passengers

Of the 5 passengers, ages 7 to 13:
2 were uninjured, <nd -
3 sustained MAIS 1 (minor) injuries. -

Two unrestrained passengers were seated cn 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. Most
likely they still would have made contact had they been wearing the available
lapbelts because lapbelts provide no uppe- torsc 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

injuries. Hence, evaluating the benefit of lapbelt use 1is 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 iront seat been wearing the available lapbelt, her injuries would most 1ikely

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 v - ' ) T -

Thefdrivé} of the van was restrained w}tﬁ a iap/shou]der belt and received a'

bruised left forearm and a laceration on his left knez, both minor (AIS 1)
fnjuries. 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
fnjuries if unrestrained.

Notes About the Accident

The passengeks’ bench seats were equipped with manually adjustable lapbelts; some
belts had pushbutton release buckles, and others had 1ift relea:e type buckles.

‘This mix of buckle releases was—sometimes .found installed on the same-bench

seat. The belts were anchored to ‘he seatframes and werc routed beiwcen the seat
cushions and the seatbacks.

The school van was equipped with a padded restraining barrier with 1ightly padded
stanchions in front of both froni seats. The unrestrained passenger seated in
the left front seat sustained a laceration to the lower gum and a contusion to

‘the Tleft -eyebrow, both .from contact with the barrfer. 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 facia) or
head injuries, could have been sustained. Head dand face injuries are not
eliminated by lapbeit wuse. In a frontal crash, lapbelted passengers would
Jackknife over their lapbelts, and contact the restraining barrier.
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Case No. 4 Safety Bo:rd Investigation No. LAX-87-H-SB1l ----
Location of Accident Normandie Avenue; Carson, California ~
Date and Time May 18, 1987: 7:59 a.m.

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

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

Summary of Events

students -to school. The van was equipped with seatbelts for only some seats.
Ail 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 fimpacted 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 pcwer pole.. :

No information was available on exits or evacuation. The damage to ihe van was
concentrated on the- right front, with a maximum deformation of 33 inches of

. A school van traveling about 45 mph was transporting: seven. special- education "

rearward crush. Most of the damage to the ‘interior was {n the area of the.

stairwell. MNo interior panel separations were noted. No passenger secats were

within the. area of deformation; This - poststandard van performed . vell
considering the severity of the collision. - ‘

Outcome of Occupants of School Vehicle

P enger

0f the 7 passengers, ages 8 to 22:
] was uninjured,
5 sustained MAIS | (minor) injuries, and
! sustained MAIS 2 (moderate)} injuries. -

A1l passengers were -unrestrained. Lapbelts were not available at 1)) seating
positions; only the two front benches had lapbelts installed, which had eithes
been vandalized or stowed beneath the seat cushisn.

The passenger sitting on the left side in the front seat ne«t to the windov
received only minor (AIS 1) injuries: contustons and abrasfons tc richt head,
right knece, and elbow. These or similar minor “njuries migiht also have beeu

sustained had the passenger been wearing & lapbelt.
)

o8

3
N PP
s i



APPERDIX §
89 -

The .passenger sitting on the right side in the front seat next to the windew
received a fractured leg (probably AIS 2) and miltiple contusions and abrasicns;
detailed descriptions of the injuries were unavailable. Because the impact was
from the front and concentratred on the right front corner, the passenger was
probably thrown furward: no barrier (modesty panel) was present to Timit fcrward
movement. Had the passenger been wearing a lapbelt, or had 2 fronta! barrier
been present, he probably would not have fractured his leg.

The passenger seated on the left side in the fourth seat rext to the aisle was -
uninjured. The remaining passengers (a1 seated adjacent to windows), received
minor . injuries: lacerations, abrasions, and contusions. Had Japbelts teen
available and been worn, these passengers ‘would probably-still have sustained
minor injuries: the lapbelts would not have prevented. their contact with the

sidewalls and windows.

_ _Driver
The driver was not wearing thre available lapbelt. He complained cf pain to ike
chest and right leg; the injuries could not be coded due to lack uf medical
diagnosis. Deformation of the uoper steering wheel rim was roted. The outcome
for the driver would unlikaly have been much different had he been recstraized
because the lapbelt would not have restrained his upper torso. ’

Notes About the Accident

Only the driver’s seat and the two front scats were eGuipped with any fore of
'seatbelt. Two of the four lapbelts on the two front sea“s had been disabled by
students. Of the eight possible attachment peints for che four lapbelts, s
had been rendered unsafe by tampering. Students had removes the webbing
stitching that attached the latchplates. :

The school van was not equipped with restraining barriers.
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Case Ro. S ‘ Safety Board Investigation No. CHI-86-H-ORC]
Location of Accident Midlothian Road; Lake Zurich, I1linois
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 Equipzent
Manufacturing Corporation .

Type of Accident Head-on collision, with principal direction of
T force at about the 1 o’clock position— - - -

Severity of Accident " Delta V unknown

Suzmary of Events

A school van, equipped with lapbelts for all Passengers and a lap/shoulder bdeit
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-lane, two-directicn wet road when, to avoid a vehicle
stopped in her travel lane, the school van driver veered to the right onto the
gravel 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 into oncoming traffic. The school van, traveling at a Tachograph- -
recorded speed of Z9 mph, struck the front of a Honda Civic CRX traveling toward -
the van. After impact, the school van traveled about 40 feet before coming to
rest upright. .

The driver of "the van exited through the left side door. All eight passengers
exited the van through the rear emergency oxit without assistance. '

The school van recefved extensive damage to its exterior right front structure, -

with rearward collapse reaching over 20 inches at the bumper level. The fraze,
axle, suspension, and sheetmetal moved rearward. The right side service door vas
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; .

Outcome of Occupants of School Vehicle

Passengers J

Of the 8 passenge}s. ages 8 to 12:
2 were uninjured,
4 sustained MAIS 1 (minor) injuries, and
2 sustained MAIS 2 (moderate) injyries,

|
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The lapbelts Qere - equipped with pushbutton release buciles. One of the
restrained passengers, however, had created a huge lapbelt by combining the.
latchplate from one belt system with the buckle of anether on the same seat.

Both passengers sitting on the left side in the front seat were wcaring
lapbelts: they received minor (AIS 1) contusions and abrasions. Had neither
been wearing his restraint, each oprobably wouid 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. All components were padded, but
some minor injuries probabiy would still hive resulted. (Note: The passenger
seated next .to the window indicated to medical _perzonnel 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 moderate (AIS 2), unspecified closed head injuries fro:
pivoting forward at the hips and hitting. the'r heads on the stanchion crossbar
that provides “the upper frame for the modesty panel. Had neither been
restrained, each would have been thrown forward inte the modesty panel and
probably would have received at least 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 been lessened.

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

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

The passenger sitting in the last seat 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 lapbelt with excessive siack. He
received minor (AIS 1) injuries (two bruises and a laceration.to his head). from
pivoting forward at the hips and striking his head on the seatback in front of
him, Had he not been wearing the -restraint, he probably still would have
received some minor injuries from being thrown against the seatback in front of
him, :

Priver

The driver of the schaoibus was wearing a lap/shoulder belt equipped with dual
retractors and a windowshade tension relief feature. She received minor (AlS 1)
contusions and abrasions. from the driver's descripiion, 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 arca probably lower
than that usually considered proper, Had the driver not been restrained by the
lap/shoulder belt, she would have been thrown forward into the steering wheel and
instrument panel, probably receiving additional minor and perhaps moderate

injuries. . )
1
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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 ro
formal direction or education regarding the. proper placement or snugness of
restraints. The students are told by the driver to use the lapbelts and pull
them “tight.”

" This school van was equipped with restraining -tarriers forward of both front -
seats. The panels were csupported by stanchions and crossbars which, though

padded, present a cont.act surface to passengers in the front ceats.
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Lake Zurich, Bhinois
Case Number 5
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panel and asie sisncthiion "~
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Case Ko. 6 Safety Board anestigation No. fTH-B?-F-SBlS

location of Accident Intersection of Garey Avenue at Grand; Poména,
California

Date and Time June 11, 1987; 2:40 p.m. ~

Description of School Vehicle Type A van conversion: 1987 Dodge chassis with 16-
passenger Bantam body by Collins 8us Corporation

Type of Accident frontal impact

Severity of Accident Delta V unknowd-”"“ -

Summary of Events

A small school van was transporting_nine special education students on 2 five-
lane city street. The driver and all nine student passengers were restrainad by
the lapbelts installed in the van. Witnesses stated that the van was trave:ing
at about 35 mph when it veered from the second traffic lane and struck the curb.
The - students reported that the 72-year-old diiver grasped his chest, and then
slumped behind the steering wheel. The van rode along the curb for about 250
feet before overriding the curb and striking front first into an 18-inch-dizneter
utility pole.

No. information is available on evacuation.

The poststandard school van received substantial damage to the front and left
front. The 18-inch utility pole penetrated more than 20 inches into the driver’s
seating area. The steering column was displaced rearward, and the floor and
firewall -around the driver’s seat were buckled. The driver’'s seat was also
forced rearward and dispiaced from its mounting tracks.” Induced damage was found
all about the van’s body; both the left and right front doors were Jammed. The
rear emergency exii doors and the double doors on the right side remained
operational. ‘

Outcome of Occuparts of School Vehicle
Passengers '

Of the 9 passengers, ages 6 to 12:
9 received MAIS | (minor) injuries.

All passengers reportedly we: wearing the lapbelts available at their seating

positions at the time of the crash. The Safety Board investigator was not able
to confirm their restraint 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
with lapbelt use. Most passengers probably would have -

pain, are consistent
sustained injuries of

similar severity had they been unrestrained, except for

the passengers in the front seats. This van conversion did not have barriers

installed forward of t

he 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: o

Qr!vgr

The lapbelt-restrained driver received critical (AlS 5) injuries thdt'broved"

fatal: flailed chest,

laceration of the Jeft Tung, a_cardiac contusion, and

multiple abrasions and lacerations. Because of the severe fntrysion into -the

driver’s compartment,

reduced his injury level.

the use of a Iap/shoulder belt probably would not have

Notes About the Accident

This school van was not equipped with padded restraining barriers, or any type of

barrier, forward of

the front seats. Conseauently, unrestrained passengers

would be free to be move forward into the fronta) interfor and door " stepwells.
On the other hand, had restraining barriers been present, lapbelted passengers
could have sustained neck a - head injuries from contact with the barrier as they

jackkgifgg.forqggg_dyr

ing the frontal collision. _ .-

A review of the “?-yeér-old driver’s medical history revezled that he had Been

diagnosed in 137y ;s
heart disease. The
descending branch ¢f t

having chronic pulmonary nbstructfon and atherosclerotic

autopsy report revealed 8% percent occlusicn of the anterior

he left coronary artery, 75 percent occlusion of the right

coronary artery, a~' 1£.15 percent occlusion of the circumflex coronary artery.

At the time of t.: ace
driving a school Sus

ident, the driver possessed a valid medical ceftificate for.

o~
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Case No. 7 Safety Board Investigation No. CHI-85-H-OR0G
" Location of Accident 128th Avenue and 26th Street; Allegan, Michigan‘5
Date and Time December 5, 1984; 12:15 p.m.

Description of School Vehicle Type A van conversion: 1978 Chevrolet chassis w{ih
16-passenger body by Sheller-Globe Corporation

Type of Accident " Head-on collision

Severity of Accident Delta V unknown

Summéry of Events

A school van was transporting seven Head Start students. A1l passengers were
restrained: three by lapbelts and four by child safety seats. Tha 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 get 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 axle of the fractor and crushing
in the entire front structure of the van. At impact, the van’ rotated
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 remcved by emergency response personnel and
other persons assisting at the accident scere.

The front structure of the school van was destroyed,” with structural collapse

reaching a depth of more than 35 inches at the exterior left 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 just behind the
driver’s seat and the loading door were displaced rearward at their bottom

attachments due to the buckiing 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 fared well. From severity of the crash and difference in vehicle
weights, the van driver had little chance of survival; she was fatally injured.

}
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Cutcome of Occupants of School Vehic]e_

‘Passengers
Of the 7 passengers, 2ges 3 to 4: _ -

4 sustained MAIS 1 (minor) injuries,
2 sustained MAIS 2 (moderaiz; injuries, and
1 sustained MAIS 3 (serious) injuries.

Threerf the passengers‘were restrained by lapbelts; four others were in child
safety. seats secured to the bench seats by lapbelts. , '

The major impact forces of this c¢nllision acted at the extreme front of the van. -
- While the front stopped in a very shert 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. ' T -

The most seriously 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 rear of "the van, the portion of the passenger

compartment that experienced iess 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 left 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. o ’

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 rectraint 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 seat next to the window
sustained minor (AIS 1) injuries: contusions and abrasions. His injuries might
have been more serious had he beer 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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Driver

The driver used the available lapbeit. Because of the structural collapse that
sccurred at impact, the driver received multiple traumatic injuries that proved
fatcl. Specific injuries 1listed by emergency room reccrds .included near
amputation of the left arm and left leg (AIS 3), multiple jacerations about the

- abdomen and tace, and facial contusions. Restraint use was irrelevant for tha
driver because no survivable space remained at his seating position.

Notes About the Accident

This school van was equipped with well-padded restraining parric forward ‘of
both front bénch seats. . - - : .

o : ?
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Case No. 8 . Safety Board Investigation No. MKC-84-H-SB21
Lccation of: Accident An unnumbered Webster County road; outside Fort -

Dodge, lowa

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

Descnption of School VYehicle Type A van conversion: 1980 Chevrolet chassus‘\‘nthﬁ

16-passenger body by Superior Coach Internatwnal
Type of Accident Nonc_olhnon ro]lover (900) '
Severity of Accident _ . Delta Y not calculable
Summary of Events

A schoo) van, equipped with lapbelts for a‘.l occupants, was transporting iwo
kindergarten students home from-school on a wet, two-lane, two-way gravel road.
Al1-occupants were unrestrained. The driver aﬂowed the van to travel to the
left edge of the road and then back across the road to the r1ght edge. The van
then veered back to the left, rotating counterclockwise 1200, and overturned

onto its right side in a ditch. The driver was partially eJected and crushed.

The two passéng'zrs opened the rear emergency door and exited the van.

The interior of the poststandard school van was not damaged, and on1ywmhor
damage occurred to the exterior. The boarding door, which had been partiaily

open as the bus rolled—over, was damaged as was the right rear corner of the--—
s:hool 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

0f the 2 passengers, age 6:
2 were uninjured.

One passenger had been 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 slid to the right side during the rollover. Neither of them was
wearing the available lapbelts. The passengers told the Safety B8oard
investigators they had never been instructed or encouraged to use the available
belts. (The school district policy, as stated by the bus supervisor, {s that if
a seatbelt {s available, it is to be worn.) Because both passerngers were
uninjured, their lapbalt use in this accident would not have been of benefit.
j
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rivar

The driver of the school van received injuries that proved fatal: chest
compression syndrome. As the van rolled to the right, the uarestrained driver
probably fell out of her seat and against the boarding door. The driver was

partially ejected and then crushed under the door frame as the bus came to rest . -

on its right side. If the driver had worn the avzilable lapbelt, her ejection
and resulting death could have been prevented.

"~ HNotes About the Accident . SEERI

The school van was equipped with padded restraming barriers forward of the froat
row of seats. ' : .

The passenger loading door latch consisted of a2 handie near the center of the
vehicle that is connected to the docr by a long rod. - The handie lztches the dosr
closed by being swung past center in an arc. The handle {s easily bumped or
jarred past center, allowing the door to open: several other drivers -in the:
school district stated that, on rough roads, the Tatch did not keep the door from
cpening. The Safety Board found that the door handle on the accident van mowed
easily out of the locked position. A positive latch-on the decor handle could
prevent this occurrence

The unrestrained driver either may have bumped or grabbed the door hamﬂe of the
passenger boarding door as she fell against the door. Thus, she may hzie
‘unlocked the door, pernntting her ejection. :

" See also cases 11, 15, 17,7and 19. oo T e
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Case No. 9 - safety Board Investigation No. LAX-87-H-SB08
Location of Accident - State Route 134; Los Angeles, California '
Date and Time April 8, 1987; 8:30 a.m. “

Description of Schocl Vehicie Type A van conversjon: 1976 Ford school van
configured for 16 passengers

Type of Accident Noncollision rollover (900)
Severity of Accident Delta V not calculable

Summary of Events

A school van, transporting three special education students, was traveling onm 2
four-lane freeway at a driver-estimated speed of 35 mph. AVl occupants werz.
reported to be restrained by the lapbelts available at each seating position.
The driver had to brake suddenly, the van skidded forward, and the driver made 2 .
sharp right turn to avoid collision with a vehicle ahead. The school van rotated:

180° clockwise and overturned onto its left side.

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

‘Damage to the poststandard school vehicle was slight and was limited tO“miﬁof; —

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 rollover.

Outcome of Occupants of School Vehicle

Passengers

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

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

Reliable information 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 similar in this low speed rollover, but analysis is hindered by-lack of
information about seating pogition.
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Driver

The lapbelt-restrained driver was not injured, but she did experience neck bain.
Had she not been restrained, injury outcome probably would have been similar.
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Case Ho. 10 ’ Safety Board Investigation No;'NYC-BS-H-SBIO

Location of Accident Southern State Parkway; outside New York Clty. New
York
Date and Time April 19, 1985; 3:30 p.m.

Description of School Vehicle Type A van conversion: 1978 Dodge chassis with 16-
. passenger Ffortivan body by Coach and Equxpment

Manufacturing Corporation

Type of Accident ~ Noncollision rollover (2709)

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

Summary of Events

A school van was transporting lO learning disabled $tudents and an adu1t axde
home from schoo! on a rainy day. Only one passenger and the driver were

restrained. As the van negotiated a curve, at a driver-estimated speed of 45
mph, the driver lost control and the van struck the curb of the center median.
The van rolled over onto fts left side in the median, continued te 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 portlon of the poststandard van was shffted slightly to the right and
showed scratch marks from the rollover. Two 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. The seatbacks on the left side were

pushed slightly inboard. The left side window frames were displaced toward the -

center-about 7 inches and were up against. the seatbacks. The padded restraining
barriers were dislodged from their anchors. .

Outcome of'0ccupants of Schopl vehicle

Passenqgers

Of the 11 passengers, a 26-ycar-old aide and 10 students, ages 9 to 13:
2 were uninjured,
8 sustained MAIS 1 (minor) injuries, and
1 sustained-MAIS 2 (moderate) injuries.
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Only 1 of the 11 passengers was restrained although 'a Tapbelt was available at
every seating position. The lapbelted passenger was 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 aisle received a moderate (AIS 2) injury
(a fractured left clavicle, contact point unknown) and a contusion on the left
shoulder (Al1S 1) from contact with a window frame. Lapbelt use might have
reduced the moderate injury to a minor one, because the fractured clavicle most
1ikely occurred when the passenger fell from the left to the right sjde 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

1802, passengers sitting next to the windows will likely strike their heads .,
arms, and 1egs against the veh‘~1e interior, rven nf IapbeIted

The adult aide received the most extensive assortment of minor (AIS 1) ‘nJur*es
of any passenger: lacerations to the right side of head, abrasions on left
wrist, contusion to left leg, contusion near-right—eye.-and laceration to left
elbow. She had been seated on the right sice in the first row next to the
window.

The inftial 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.

riv

The driver of the schoo] van was wearing the available lapoeIt and recefved minor

(AIS 1) injuries: contusions on abdomen (from lapbelt) and laceration on bridge
of nose (contact unknown). It is difficult to determine whether the injuries
would have been different had the driver not been wearing the belt.

- Notes About the Accident

Ana]ysis of inJuries based on official police reports 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 uninjured seven had
minor injuries, and one sustained moderate 'AlS 2) injuries.

An adult afde had been provided by the schoo) district to ride the school van to
assist the driver with the special education students. One of the aide’s duties
is to instruct the children to buckle up (the atde ic¢ not asked to physically
fasten their seatbelts). Despite this charge, the aide and-9 of the 10 students
were unrestrajned at the time -of the -accident. Because the lapbelts on this bus
were manually adjustable, students would nave 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 school bus standards, held up relatively well
during the rollover. Although the roof panels ceparated, exposing edges of sheet
matal, they apparently did not injure any of the passengers. Such panel
separations pose a hazard to passengers.
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Case No. 11 Safety Board Investigation Nd. NYC-87-H-SBO5
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 chaséis with
16-passenger van body by Van Con, Inc.

Type of Accident , ?glg;p1e frontal impacts, followed by roi]over
_ v 0 . . -
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 contro) _of _the vehicle. The van .
traveled onto the left shoulder, struck two utility poles, rolled over onto its -

right side, and came to rest. Four of the passengers were restrained oy
Tapbelts; the driver was restrained by a lap/shoulder belt.

After the crash, the driver unbuckled his lap/shoulder 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 students then waited at the
side of the road for the police to arrive. ;

'The "poststandard van sustainédLhabdé}ate ‘démage to the left and ribht“‘front

fenders from contact with the utility poles. Only minor damage occurred to the
van body from the rollover. There was a minor separation of the inner sheet
metal from the window frame of the rearmost window on the right side and at the
right front behind the -passenger ‘loading door. The boarding door had opened
during rollover. The flooring was buckled underneath the drijver’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 Occupanis of School Vehicle

Passengers

Of the 6 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 lapbelts. Of the
two passengers that were {injured, one was wearing a lapbelt 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. IPassengers on the
Jeft side of the vehicle (the high side of .the vehicle during the rollover), were
uninjured; two were lapbelted and one was unrestrained. :

122
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There appears to be no correlation between belt use or nonuse and the injuries
sustained. in this accident.

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

Notes About the Acc1dent

The passenger seats were equipped with manually adjustable ]apbe;ts that - had
cinching-type, 1ift release-type buckles.. _The_ belts. were anchored to the seat.
frames and were routed between the seat cushions and seatbhacks.

It .appears that the right side passenger loading door opened during the

collision; the door control arm did not have 1ocking 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, Iowa.)

123
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Case No. 12 _ Safety Board Investigation No. SEA-87-H-SBOS
Locatfon 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 145

passenger Sturdivan body by T.P.l1. (van was painted

brown)
Type of Accident - Frontal impact, followed by rollover (900)
Severity of Accident Delta V 21.7 mph SR

" A school van, equipped with lapbelts for all occupants, was transporting 1i Head
Start students home from school, traveling at a witness-estimated speed of 40.
mph. Of .the ‘11 passengers, 1i0 were wearing 1lapbelts; the driver was ~

unrestrained. The driver lost control of the van on'a two-lane asphalt road: the

‘vehicle crossed over into the opposing Tane, left the road, and jumped a curb.

After it struck a large brick and concrete pillar, the van slowly roiled over
onto its left side and came to rest.

A passerby saw the van turn over, went to the bus, 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 other students

“were in such position.

The van sustained most of its 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. Considering tha severity of the impact, this
poststandard school van-performed well.. A1l of the damage was confined to the
exterior of the vehicle. The entire windshield was displaced during the
accident. ' ' T oo :

Outcome of Occupants of Schoo) Vghic]e

Passengers

* Of the 11 passengers, ages 4 to 5:

1 was uninjured, -
9 systained MAIS 1 (minor) injuries, and
1 sustained MAIS 2 (moderate) injuries.

Of the 11 passengers, 10 were wearing lapbelts; the unrestrained passerger -was
the only one uninjured.

)
|
{
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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 likely caused by
hinging forward at her hips.and striking the restraining barrier with-her head;
the other, seated next to the aisle. received a laceration on his left hand and
abrasions on his left hand and right knee. He probably hit *he restrairing
barrier and his knee. Had these passengers not been wearing lapbelts, treir.
injuries probably still would have been minor. - o
The front seat on the right side was occupied ty 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 n 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 3ip,

and a bruise on his right arm. He aiso had abrasions on his abdomen from the ... ...

lapbelt: Had he not been wearing the lapbelt, he most likely would have hit the -
vestraining barrier with his entire body. The forces would have been distributed
over a larger portion of his body, and his injuries might have heen only minor

- (MAIS 1). -

The other passenger in the front seat on the right side, next to the wirdow,
sustained bruises and a minor abrasion to the head and complained. of abdominal
pain for S5 days after the accident, probably from the lapbelt. Had this
passenger been unrestrained, the injuries might have been different but prodably
still would hav> been minor. '

Both lapbelted passengers in the second seat on the left side received =indr
injuries. The passenger next to the window had abrasions on the right sife of
his head, probably from hitting the back of the seat in front of him. Ine
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 lapbelts, they =

most likely would have been thrown forward into the seat in front of thes and

"sti1] would have received at least minor injuries.

The only unrestrained passenger, sitting in the second seat on the right side
next to the 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 31so had no abdominal bruises or pain. Had he been wearing the available
1apbelt, he might have experienced some abdominal pain or bruising.

The other passenger in the seat, next to the window, received abrasions oa 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 lapbelt. her injuries might have
been different but still would have been @inor.
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The remaining lapbelted passengers were sitting in the third seat: one on the
Jeft side next to the window, and two on the right side. All three received
bruises around the abdomen, .caused by the Jlapbelts. Other injuries -were
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
stil! would have received minor injuries, )

Priver

The driver was not wearing the available lapbelt. She was thrown- forward- ¢n
impact and most likely contacted the windshield and/or steering wheel, causing
AIS 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 fron
hitting the engine cover. Had she been wearing the lapbelt, she probably stil:

_ would have received some minor injuries. —

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, 2nd that no
parents ride on this run (on other runs, parents ride alony, which helps with
discipline). This van was equipped with lapbelits and all passengers but cne were
belted at the time of the accident. The driver, however, was not wearing her

"The schoo!l vah was equipped with padded restraining barriers.
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Case No. 13 : : Safety Board Investigation No. FIH-BG-H-SBO3
Location of Accident Alternate U.S.'Highway 90; Houston, Texas

. Date and Time February 25, 1986; 3:35 p.m.

Description of School Vehicle lype A van conversion: 1980 Dodge chassis with 16- '
passenger body by Collins Bus Corporation_

Type of Accident Frontal impact, followed by rollover (3609)

 Severity of Accident Delta VY not calculable (van was probably traveling _  _ .
less than 25 mph when it vaulted from the guardrail - -
into 3600 rollover) '

Summary ofAEvents C T

A school van, equipped with lapbelts for all occupants, was transporting 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. o
The van left the roadway, struck and overroad a metal 4-beam guardrail, and =
rotated 900 clockwise over about 30 feet. It then vaulted from the guardrail,.
rotated 1800 degrees about its vertical axis and landed on its 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 fcrces 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 obstructions.
The driver and students reported no probiems in disconnecting their lapbelts.

The van body sustained exterior damage to the left front, extending 24 inches
laterally with approximately 6 inches of rearward crush. -The roof was co1lepsed
inward and down 8 inches at the riaht front and 12 inches at the left front.
Buckling of the roof and door frame sbove the passenger loading door rendered the
door inoperative. The windshieid was displaced from its frame during . the

- rollover— The interior of the bus body sustained moderate crushiny 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 seat, was displaced about 2 inches, posing
a potential hazard to passengers. ' :

The poststandard van performed well in this moderate speed impact .and full
rollover. The only major -structural faflure occurred at the right front and
resulted in the disablement of the passenger loading door.

129 |
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Outcome of Occupants of School Vehicle
Passenger

Of the 9 passengers, ages 14 to 19:
9 systained MAIS 1 (minor) injuries.

K11 passengers were restrained by lapbelts. Only one passenger, on the left side
in the front seat on the aisle, received an abdominal contusion attributed to
Tapbelt-use.

Injury outcome in this accident, in which every passenger was restrained, was
similar to accidents investigated ty the Safety Board in which passengers were
unrestrained. The lapbelted passengers were prevented from being thrown about

. the bus interior but wers not prevented from interior contacts. that caused their
minor (AIS 1) injuries: abrasions and contusions. Lapbelts are not designed to

-prevent, nor are they czpable of preventing, minor. (AIS -1} injuries. ~lIn this
particular accident, however, lapbelt use probably prevented additional injuries
during the vault and subsequent 360° rollover. . :

Priver i BC T o T

The lapbelted driver received minor (AIS 1) injuries: a laceration of the 1lip
from contact with the rearview mirror and multiple contusions of the left aram.
The driver 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 buckie was adjusted out 30 inches. '

Notes About the Accident

The driver was the first person to be taken from the scene by 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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Case Ko. 14 Safety Board Investigation No. NYC-87-H-SB06
Location of Accident Saw Mill River Parkway; Hesfchester.‘ﬁéﬁ'york

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

Description of School Vehicle Type A van conversion: 1982 Ford chassis with 16-
passenger Sturdivan body by T.P.1.

. Type of Accident Rollover (8100), followed by multiple impacts

Severity of Accident Delta V unknown

- Suzmary of Events

A school van was transporting 11 unrestrained, learning -disabled students on a

schedcled route from Bedford to Irvington, New 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,
. struck a signpost and two trees, and came to rest on its 1eft ‘side. A 14-year-
old passenger who had been seated in the left front aislie seat was partnally“‘

ejected through a left side window and was pinned under the bus.

After the crash, all of the passengers, except the student who was partially
ejected, walked urassisted out of the vehicle through the rear emergency exit and
waited at the side of the road for the police. Rescue personnel cut the seatbelt

restraining the driver and assisted her from the vehicle. They were also able to -

pull the partially ejected boy from underneath the overturned van without having
to 1ift the vehicle.. . . ... .

The tops of both front fenders of the poststandard van were pushed downward. The
front of the roof, both A pillars, and the window frames of both side doors were
pushed downward and rearward. The remainder of the roof was dented and scraped,
and both side doors were buckled; the windshield, right side door window, and
second passenger window on the left side were all shattered.” The right rear

-emergency exit door was detached from the vehicle, its hinges still attached to

the door but pulled from_the door frame anchors. Both rear passenger seats were
twisted and pushed rearward, whereas the right front passenger seat had pulled
away from its sidewall anchor and was tilted leftward. The front ceiling had
been pushed down into the drlver s compartment, and it was buckled with several
seam separations.

Outcome of Occupants of School Vehicle
Passengers

Of the_l1 passengers, ages 13 to 17:
6 were uninjured,
4 sustained MAIS 1 (minor) injuries, and
] sustained MAIS 2 (moderate) injuries.

e e
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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 (AIS
2). Had the passenger been wearing the available lapbelt, he would not have been
ejected and pnssibly would have sustained 3 izsser injury; his specific injury, a
fractured " pelvis, could not have occu.red 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
(A1S 1) injuries.

Driver

“The driver was wearing the available lap/shoulder belt and sustained only minor

(AIS 1) finjuries.. Had the driver not been restrained, she could have sustained

more serious 1njuries from being propelied into the sheet metal of the collapsing
roof . .

Notes About the Accident L ST

‘A witness stated that the -van "weaved®; the driver stated that the van *wobbied™

until she Tost control.

" During the rollover, the right rear emergency exit door opened and ués

subsequently torn from 1its hinges. This provided another for a possible
passenger ejection. No substantial deformation occurred to the door frame or to
the left rear door; hence, the two rear emergency doors should have remairec
closed throughout the crash sequence.

A

The driver had been hired 5 days before the crash and had not previously driven &
school van. She had received no training in operating the van, and had drivem
the van only once 2 days before the accidént. "When hired, she passed a six-
question written test and a road test administered by another company employee.
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Direct crush force
on top from rollover
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Right Side of Bus -
Row 1D

M.14, MAIS 0

Row 2C

M.16, MAIS 1

R[Row 20
M-14, MAIS 0
Row3D
M-13, MAISO
Row 4D

M-17, MAIS 1

The school bus shown

is represantations! only.
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Case NHn. 15 Safety Board Investigation No. CHI-87-H-SB12

Location of Accident State Route 199 at Dunbridge Road; Perrysburéi Ohio
Date and Time - April 6, 1987; 11:55 a.m. '

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

. Type. of Accident Left front collision, followed by secondary impact

Severity of Accident _ Delta V unknown

Summary of Events

A sma]] school bus -was transporting 15 students and 2 -ajdes -home from a Head
Start day-care program. Of the 15 preschoolers, 13 were wearing loosely adjusted
static lapbelts,- 1 was seated in a misused child safety seat, and restraint
status for the other was unknown. One of the afdes was restrained by .a 1ipbelt,

"and the driver was wearing the available lap/shoulder belit. As the school bus

" crossed ‘an intersectfon, at a driver-estimated speed of 50 mph, it struck 2

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 upright.

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 ifeft frbnt

side from the impact with the passenger car. Damage was also noted from the

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 finto contact with the driver. .The

floor in front of the driver s position buckled. rotating the top of the driver 3

“seat rearward. .

Outcome of Occupapts of School Vehicle
Pagsengers

Of the 17 passengers, a 16- year -01d aide. a 35 -year-old aide, and 15 students.
ages § and 5:

1 was uninjured,

11 sustained 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 Jlapbelts used. by
passengers were not adjusted properly.

The 4-year-old pussenger 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 lapbelt was not routed in
accordance with the instructions provided with the seat. The right side shoulder
strap of the safety seat was not attached to the system. The passenger received
a serious (AIS 3) fracture of her left femur and multiple minor (AIS 1)
contusions. The serious 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 secured to the bench seat, the .

- passenger’s injuries would 1ikely have been reduced.

The S5-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

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
slack 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 i{nto
the stajrwell 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 serfous (AlS 3) fractured
pelvis and moderate (AIS 2) lacerations sustained by the aide. It’s unlikely

that the lapbelt’s adjusted length of 22 inches wouid have fit the aide, who,..
- -according to medical records, was 65 inches tall and weighed 190 pounds. The
_Safety Board belfeves 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 Jloose: the cinching
latchplate was 22 1/2 inches from the junction with the seat cushions. The
passenger’s serious (AIS 3) closed head injury 1ikely resulted from contact with
the 1ightly padded frame of the restraining barrier forward of this seating

‘the cinching latchplate adjusted to 22 inches from the function of .the. seat ..

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 wiﬁaow
was also wearing a lapbelt with excessive slack: the cinching latchplate was
adjusted to 18 1/2 inches from the Jjunction with the seat cushions. The

passenger received a moderate (AIS 2) fracture of his right lower leg, probably"

from contact with the lower framework of the seat in front of him. It is unknown
what difference a properly adjusted lapbelt would have made. At 41 inches in
height, the passenger would have been decelerated entirely by the 2-inch-wide
webbing of the lapbelt; serious injuries might have resulted.

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

~ The remainfng passengers received minor (AIS 1) contusions, abrasions, and

lacerations. A1l were reportedly wearing the available lapbelts. 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 afde. The latchplate adjustment length of 20 1/2 inches probably

provided some degree of restraint to this person.
riv

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 received 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 sustafned multiple.minor (AIS 1) contusions. and lacerations of her face and
1imbs. Considering the intrusion 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 shal]lbus'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 tubular steel, was positioned between the front ceat 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 deor
components. Some of the serious (AIS 3) injuries sustained by the passciigers in
the front seats might have been prevented had larger, padded barriers been
fnstalled. in the bus. "

The floor of the bus forward of and underneath the driver’s seat buck}ed ffdm the

impact, resulting 1in the rearward rotation of the driver’s seat at its top. The
rotation was beneficial to the driver, because it _moved_her rearward away. from
the collapsing structural components.

The lapbelts on the bus had pushbutton release latchplates and were anchored to
the seatframes.
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Perrysburg, Ohio
Case Number 15 -

- Principal Direction

of Force

Left Side of Bus -

Oriver . = . -

F-43, MAIS 2
- Fracture, left 7, 8, & Sth ribs
© 7. Maxilla fracture

Row 1A

- F4,MAIS 3
Fracture - left femur
Multiple contusions - face
{misused child safety seat)

Row/ 1C
M-5, MAIS 2

Cerebral concussion )

Row-2A. -
-M-4, MAIS2 . .
Fracture - right tibia .

_ Row 28
F-5,MAIS 0

Row 2C
F-5, MAIS 1

Row 3A
F-5, MAIS 1

Rovs 38 '
75, MAIS1 .

row 3C
F-16, MAIS 1
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Row 2D
F-4, MAIS

Row 2E
F-5, MAIS1

Row 2F
F-4, MAIS

Row 30D.
M-4, MAIS 1
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Row 4D
M-5, MAIS 1

Row 4E
M-4, MAIS 1

RowdF
M-5, MAIS 1

medasty panegl -

- Right Side of Sus
Row 1D
F-35, MAIS 3
-Fractured pelvis
Large laceration
above left eye

"“Lace: ation above.

right'eye
Multiple contusicns

Row 1F

M-S, MAIS 3

Serious cuncussion -
_Contusion - forunead
Contusion - ieft side of facc
Atrasion - left leg
Contusion - leit pelvis

Special Notes: -

All lapbelts worn,
except the one worn by
the passenger in 3C,
were so locsely
adjusted relative to -
the occupant’s size

that they provided
iittle restraint.

Tha school bus shown
I$ 1epresentationsl only,
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Case No. 16 - .. Safety Board Investigztion No. CHI-86-H-$B07
Location of Accident Interstate 294; outside Elmhurst, I11incis
Date and Time _ Fecruary 7, 1986; 2:30 p.m.

a

Description of School Vehicle Type A school bus: 1982 Chevrolet chassis with 22-
: passenger Vanguard body by American Transportatisn

Corporation ’
Type of Accident Left side impact, followed by secondary left sice
) impact : : o

Severity of Accident Delta V unknown

Summary of Events ___. -

A small school bus, equigped with restraints for all accupants, was transporting
an adult aide and eight emotionally disturbed stucdents home frim school.  The
aide was the only unrestrained occupant. The driver lost control of tha vehicle -
and swerved to the left, striking a cection of efght unanchored New Jorsey-styie’
concrete median barriers. The unanchored barriers were pushed out af ‘their

positions, allowing the bus to strike the end of the permanertly anchores

section. Witnesses reported that as the bus was deflected Lo ko riaht, bach
into traffic, it was struck near the rear axle cn the left side by a 1981 Jodee’

St. Regis.

According to the aide, two of the studerts opened the right front passenger
Joading door-and exited onto the roadway folicwing. the. accident. One student-was
trapped betwe:n deformed seats for a time, but all other passengers were zither
evacuated from the bus by emergency porsonzel or were able te leave the bus
without assistince. The aide stated that she was not able ts open the reer
emergency exit.

Contact damage occurred from the left front corner of the bus back to the rear

axle. The sheet metal from the 8 pillar to the loft rear axle was peeled back t9

the rear axle and extended well outside the eriginal width of the bus., The left
side structural supports for the rcof were torn away, allowing the roof on the

left side to collapse dewnward to near the tops of the seatbacks. The body of |

the bus was torn lsose from the chassis along the right side and across the reer.
The seats in thiz bus were attached to th2 sidewalls on the outboard ends and
supported by two pipe legs per seat at the inboard end. Al four seats on {*e
left side of the bus were torn loose from their outboard anchor peints ané
rotated counterclockwise. The left side modesty panel was displaced rearward tc
contact the front seat on the left side. -

The portions of the poststandard bus that contacted the exposed end of tre
anchored. barriers were badly damaged. Most of the left side to the rear of the &
pillar was torn away, destioying the outboard anchor points for 211 of the leit
side seats and exposing those occupants to greater hazards. Of the [five
passengers seated on the left, four recei!ed moderate (AIS 2) to serious (AIS 2;
injuries and one -had minor (AIS 1) injuries. Of the four seated on tha rignht,
two were not injured, one had minor {AlS 1) injuries, and one had moderate
(AlS 2) injuries. i
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Outcome of Occupants of School Vehicle

“O

assengers

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

A1l passengers except ihe adult ajde were restrained by lapbelts. Passengers oa.
the left side in the first two rows next to the window were prevented fros
sjection by use of the lapbelts. Use of their lapbelts, however, resulted ir -

some head and facial injuries ard did nof prevent cther serious injuries.

The lapbelted passenger on the left side in the fron't'-seat‘nex'. to the window
sustained a serious {AIS 2) injury. She was.seated at the -beginning-of the major

jntrusion. 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 matal. The.

frame for the restraining barrier ir front of her seat was found protruding back
intc her seating position. The fractured femur was probably caused by eitwir
contact with the side wall as it was torn awdy or by the restrairing barrier :¢
it was pushed intc her position. The fractured an¢ the dislocated wrist like.:
resulted- from contact with the displaced components. Her concussion and 6
minor facia} injuries probably occurred as she "jackknifed” cver her Yaphelt; Lée
head contzcted the frame of the restraining barrier as it was moving back foward
her. Had she not been restrained, she could have been ejected because (he
cidewall had been torn away. Had she been ejected, her injuries might have bzen
more.severe. . .._._ :

The lapbelted bassenge? on the l2ft side front seat next to the aisie received 3

moderate (AIS 2) concussion and abrasicns on her face. At fmpact, she 2155 wouid
have "jack&nifed” forward, exposing her head tc greater injury. She probably

struck the frame of the restrainirg barrier in front of her. B8ecause she was not
seated directly next to the area of impact,-she did not come in Contact with the

sheet metal as 1t was tern away. Had she not been wearing the lapbeit, she wouid

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 Vikeiihood than for the passenger on her loft.

The lapbelted passenger sitting on the teft 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, AIS 3. injuries), which
probadly contacted the moving sheet metal and possibly the concrete barrier. (he
closed fracture of her left fesur coutd have resulted when the seat in front
of her pushed back into her scating area. She could have been ejoected 2ad
sustained even more serious injuries had she not been wearing the lapbelt.

The Vapbelted nassenger on the left side in the third seat next to the window
received a fractured left femur and 3 closed head injury that left him
unconsrious for more than an hour (both serivls, AIS 3 injuries). He was in the
area of major impact, and shest metal from the side had been oushied hack to his
seat. His head injury probably occurred as hJ‘ violently pivoted forward from the
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hips over the lagbelt and struck the back of the .seat in front of him. The
fractured left femur could havec resulted from the displaced metal around him. He
grobably wouid not have bemn ajected nad he been unrestrained because he was not
next to the opening. Without tha restraint, he probably would have received some
minor to moderate injuries, but his head injury probably would not have been as
severe: the impact forces would have been more evenly distributed over his
entire body rather than concentrated on his head.

The laptelied passenger on the left side in the last seat next to the window was
just beyond the area of major impact. His injuries were not serious: &
laceration on hic sczlp and on his left leg. Had he not been wearing the
- - Yapoelt, he probably would have received some minor injuries. N .
. Iwo l2pbeiied passengers were or the right side in the front sezt. The passenger
. next to the aisle was uninjured, and the onc next (o the -window received ecaly
_ abrasfons. These passengers were seated cut of the area of intrusion and impact.
Aad they not. been wearing the lapbelts, they might have received some minor
injuries. .

No injuries were reported far the lapbelted passenger on the right side in the - -
second seat next 1o ine window, Because she was not in the area of intrusics,
she was not expsced to the deforming sheet metal. She might have sustained soze
atror fniuiries had she not been wearing the lapbelt.

A 21-year-cid aide was on the right cide in tne third seat next to the window.
Cne cf her dutiec was to makc certain that all of the students were wearing their
lapbelts. Although she stated that she was wearing the avaflable lapoelt, she’
also states that she fell onto the flcor, which resulted in a dislocated left
shoulder. Safety Poard investigators determined that an occupant in that seating
position could rot have fallen to the floor, even with an improperly adjusted’
lapbelt. A properly worn lapbzit might have prevented the dislocated shoulder,
but maderate injuries could still have resulted. '

Priver

. The driver, restrained with a 1lap/shoulder belt. recefved a moderate (AIS 2)
concussion. Lven though he was in front of tie ares of intrusion, the roof
collapsad above him and probably came intn contact with his head, producing the
concussion, Without the restraint, he probably would have been thrown forwacd
and tc the laft, sustaining minor to moderate infurfes. - .
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‘(uA‘ 444
Mot MAIS 3

)

" The 8choul bus shown
s Jonreventalional oply

I

'

14z

Heavily pa«dded
modesty panei e

Right Side of Bus

F~1{4, MAIS 0

M-11, MAIS 1
£-9, MAIS 0

s - F-21. MAIS 2
Disiocated left shuulger



g e

o et e o iy b 4 p——— = o ———— o, i e vm o e e e

133  APPENDIX B
Case No. !7 : Safety Board Investigation No. NY(-88-H-5BO8
Locatiern of Accident Route 13, West Pikeland TONHShlp, Chester County,

PPnnSyT«ania
Date and Time February 26, 1583; 8:10 a.m.

Description of School Yehicle Type A school bus: 1983 ford chassis with
22-passenger Busette body by Wayne Corpcration

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

Severity of Accident Delta V unknown

Sumnary of Events . e . )

A small school bus, equipped with lapbelts for all occupants. was tran:porting

eight students and the driver’s 3-year-old son.to school on a two-lare highway,
Four of the nine passenjers were restrained by -lapbelts, and the driver.was.

wearing a lap/shoulder belt. As the small school bus traveiad southbound, it was
struck in the front by a northbound truck that was out of control and
overturning. The initial impact was followed by a secondary impact at the left
side of the school bus as the truck rotated counterclockwise on its right side.

The collisfon sequence pushed the school bus rearward for several feet before it
came to rest on tiie west shoulder against a meta) gquardrdii. Four vehicles were
involved ir this accident: however, only the truck collided with the <choo! bus.

The driver of a passenger car—invelved in the accident entered the. school bus
nrouqh the rear emergency door, released several of the students’ iapbelts. 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 onboerd until evacuated by emergency rescue personnel. The
driver was trapped from a massive structural collapse at her sealing position;
the .right front passenger loading door was jammed by crush damage The driver.
was freed arter several hours by fire rescue personnel.

The front structure of the poststandard school bus was destroyed, with mcre than
4} inches of rearward coilapse 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 left side A pillar were pushed rearward and
down into the driver’s compartment, and the instrument ~panel and steering
assembly were pushed rearwsrd toward the driver’s seat. Buckling of tke floor
occurred in the forward area of the bus. The support leg of the righc modest
panel was dicplaced from its lower mounting bracket, and the wall mounting
bracket for the panel was partially 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
substantfal deformation to the seatback and frame assemblylor the second and
third bench seats on the left side.

143



APPENDIX B 134

Outcome of Occupants of School Yenicle o : SRR
Passengers

Gf the 9 passengers, 8 students and the driver’s son, ages 3 to 18:
7 sustained MAIS 1 {minor) injuries, :
1 sustained MAIS § (critical) injuries that proved fatal .
- 1 sustained MAIS 6 (maximum injury, virtually uncurvivable} injuries -~
that prcved fatal

- Four of the passengers wer¢ wearing the static lapbeits available at their
seating positions. The laphelts were mounted to the individual seat frames and -
wove furnished with puchbutton rzlease bucklec, 8n inspection revealed that one

- of the lapbelts in use had been aitered by the school district; the altera‘ions--
which compromised the belt--did not, however, affect the outcome of “injury.
Another lapbelt not in use aiso had been modified.. -

Six of the passengers raceived only minor (AIS i) contusfons, abrasions,
Yacerations, and strains. Of that number, thiree were restrained and three were
--.unrestrained. A1l were seated behind the front seats and._thus were afforded ..

o compartmentalization by the high backed, padded seats in front of their

positions.

The other passenger with minor injuries was the 3-year-old son of the driver
ceated directly behind the driver on the front bench seat next to the window. An :
attorney for the child’s family indicated that the driver had tapbelted 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 en%ered only seconds after the crash..
-------- — - _Examination of the latchplate-portion of the telt revealed that the cinching type
latchplate was adjusted to 26 1/2 inches from its anchor point on the sest frame,
and that the belt was tucked into the srea between the seat cushion and the seat
back. Rased on this evidence, Safety Bcard investigators determined that the
child was not wearing the lapheit at the time of the crash. Given the ninor
injuries sustained by this child, neither restraint use nor a padded mudesty
panel could have improved the outcome. The child’s forward travel was contained -
by ihe rcar of the driver’s ceatback, thus allowing him to decelerate into 2
*friendly" surface. — :

The two fatally injured passengers were seated next to each other on the rigat
side in the front seat. The 7-year-old next to tie windew and wearing a static
lapbelt received AIS 6 injuries from contact with an abbreviated mocesty panel in
front of his seating position. He died fiom these injurtes. An unrestrained 17-
year-nld, in the certer of the seat, received critical (AIS 5) {injuries, which
also were fatal. The 17-year-old struck the left side of the modesty panel
while moving forward and to. the left; the amount of barrier. deflection is
unknewn. lie was found in the stairwell; Safety Board investigators determined

- that after striking the left side of the resiraining barrier with his right leg,
he pivoted around the barrier and continued forward. He hit the boarding door
control, fracturing his left leg, and centinued into the windshield header where
he sustained a fatal head 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 meck on the tubular frame of the modesty
: panel. He sustained a lacerated larynx, fractured and dislocated cervical

spine, crushed spinal cord, and brain hemorrhage. The modesty panel- was about 1l

1/2 inches shorter than those installed in large, poststandard school buses; it

was also much lower.

Driy

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

baen restrained by the lap/shoulder belt.” o

" Motes About the Accident ' - S

i Yhis. sma)l 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 pane)l was located on the right side of the bhus, placed 7

.: __ between the front seat and the stairwell. This barrier was surrounded by a
‘ 1ightly padded, tubular steel frame.

_ gxamination of the lapbelts iastalled 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 cutlined in

FMVSS 209, "Seat Belt Assemblies.” .
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Cnester Co . Pennsyivan.a
Case Number 17

Pracipat Direction
of Force

Sl

i Lightly padded
- stancthion post

S gt S8
O on ved e T
e & i
O" e Centen 6":9‘ Iz
O rm s @ oo toan

s bhe,

AT 8 AN W e e ram ot e Weniee
A 0~ o e &Y

Lobreviated Mmosesty panet -

. anid hurizuntat win hgntly padceeg— -— -
ST cross bar . A - tebuler lrame
\\\ ~4///
Left Side of Bus Right Side of Bus
Criver Row 1E
F-29. MAIS ¢ M7, MAIS 5

ANlyncardial cortus.n
Fractured left femur

mm———Feactured left patella
Fractuted 1efl acetadulum:
Fractured rght pubnc 1arms

Quern nasa! fracture

Awvision of left sctilies tangun
Open fractuze left humarus
Cerenral concussion

F-acturea spreen
Open irazture, left hbu'a

Fffm}égé]

Row 1A : T
M3 MASH

Head injury
Fractured left teyr
Fraciured ngnt s:a

-Row 1F

N T MAIS S

‘Fracture.dislgeasaen of
cervical spine

Crushed medulia & sprnal
cnrd

Suboural hemo-1naye

Subarachnoig ~eriurrnage

Contused lung -

Lacerahion of 1ar¢na .

Row 2A
TR IS MAIS

Row 34
M8 S Y

Aove 44
[ IRV SR AP Y

ERIC

Aruitoxt provided by Eic:

148

Row 2 F
- M 10, MAIS 1 .

Row 3E
£.17, MAIS 1

Row (&
F1Y. MAIS Y. T

The scheol Dus shown
" eepieventalane! Only



(”f‘f”..‘ EEME
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Case No. 18 Safety Board Investigation No. LAX-87-H-SBO3
Location of Accident - Intersection of Escondido Avenue and Pala Vista

_ , Drive; Vista, California
Uate and Time December 3, 1986; 1:15 p.m.

Bescription of Schkool Vehicle Type A small school bus: 1985 Chevrolet chassis
with 20-passenger Micro-Bird body by Blue Bird Body

o ; 7 R Company
Type of Accident _ Left side impact, followed by roilover (90°)
Severity'of“Accident_ " "Delta V unknown

; Summary of Events g o : . A

A small school bus transporting four Head Start students home from school was
crossing an urban intersection when it was struck at fts left 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 {mpaci, the van
rotated counterclockwise abour 450 bafore slowly overturning onto its right
side and coming to rest. .

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 90° rollover. The mirrors and some of the metai
joints on the right side had been deformed. No evidence of any interior damage
was found. The poststandard van neld up well in the collisfon and rollover. Mcst
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 Schoc) Vehicle

passenqger

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

Tha driver and a witness confirmed that all four passengers were wearing the -

available lapbelts: - the passengers’ seating positions were unknown. A1l
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 cculd not analyze the valve of
lapbelts in this crash. Ffor example, had the passengers’ been seiated 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 . S : T

" 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 kave been injured as the
van rolled to its right sidé. She would have fallen out of her seat, hit the
gear box, and fallen to the right side ints the stairwell. The driver’'s

environment is move "hostile” than that of the passengers because no ccntainment
is provided. -

Noteﬁ—ﬁﬁout fhe Accident.

There was no barrier between the driver and the front passenger seat on the Jeft
side. On the right side, between the door stairwell and the front seat, was 2
metal modesty panel and stanchion. The cross support bar and stanchion were
Tightly padded; the panel itself was bare metal. I'n a frontal__crash, . these

design aspects could significantly affect injury outcome of Goth unrestrained and
restrained passengers.
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Vista, California
- Case Number 18
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Case No. 19 Safety Board Investigation Nec. FTW-SS-H-Ode.

Lccation of Accident _Intersection. of Groos Street at Hermitage Street;
o - San Antonio, Texas

Date and Time ' February 5, 1985; 3:25 p.m

Description of School Vehicle Typ2 A small schoo! bus: 1981 Chevrolet chassis
: with_zo-passenger Busette body by Wayne Corporation

Type of Accident © Left side impact, follcwed by rallover. (90°)

~ Severity of Accident ' Delta V 11.5 mph, followed by rotaticn,

then by slow rollover

Summary of Events

-A small- school bus, equipped with lapbelts for all occupants, was transporting
seven hardicapped students and an 2ide tome from scheol on a two-way residential
street. Al1l occupants were restrained. A 1978 Ford F-150 pickup truck (4,300
pounds) ran a stop 3ign and collided into the left side of the school bus. The
schocl bus rotated 7C° counterclockwise, cortiniued another 34 feet before
striking the concrete curb with its right rear tires, and turwed over onto its
right side. The school bus then s1id 31 feet before coming to rest.

The driver of the schcol 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 reported that the boy, excited

by the rescue efforts, rejeased his own belt and fell from the high side of the ™>

overturned hus into contact with the lower side s2ats; facial ~hrasions resulted.
No other difficulties during evacuation were repcrted. o :

The ‘poststandard bus raeceived moderate damage on the left side neai the rear dual

wheels and moderate damage -on the right side ‘where the bus slid on its side.

Much of the damage occurred during the roilover. Several—of the interfor seat
cushions wera displaced into the aisle during the rollover sequence.  Another
seat cushion, although it remained on the seat, was completely freed from its
mount ing brackets. o h - : -

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

(utcome of Occupants of School Vehicle
Passengors

0f the 6 passengers, an adult aide‘(age unknown) and 7 students, ages 3 td 10:
& were uninjured, end , :
& sustained MAIS 1 (minor) injuries.

|
i
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A1l passengers reportedly were wearing the lapbelts available at their seating
positicns at the time of the crash.

Injuries, if sustained, were minor {(AIS 1), and primarily occurred during the
roilover. 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

The lapbelted driver received moderate injuries: AIS 2 contusions cn .her face
when she contacted the rearview mirror, "and AIS 2 contusions on her abdomen
induced by the lapbelt. She alco 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 dua) astomatic retractors. From the appearance and
length ¢f damaged webbing on the latchplate side of the system, the retractor
anparently .allowed .5. to 6 inches of webbing to spool out. The driver reported
she s1ipped of f ner seal but remained suspended by restraint webbing,

Had a three-point lap/shouider belt been available and used, the driver’s
fnjuries would have been reduced. Had she not used the lapbelt, her injuries
would probably have remained the same, or been less serious bec2use her upper
torso would not have pivoted forcefully over the iapbelt. The lanbelt-induced
abdominal contusions caused the driver to miss 48 days of work.

Notes- About the Accident——- - : ) e e e

This small bus was furnished with a 1ightly padded ctanchion post and horizonta{

bar, at the level of the driver’s seatback top, betvween the front seat on the

left side and the driver’s seat. The 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 harrier was surrourded by a 1ignily
.padded tubular frame.... . - . ' : _

The driver’ and a1l‘ pascengers were restrainéd acbbrding té_ischoo1 distriét
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 Jjob. Pesponsibility for enforcing the policy {s shared by to the driver

and by the aide who is furnished for each bus.

The lapbelts on #the bus had pushbutton rélease lalchplates and were anchored to
the seatframe. Lcading marks were found on some the lapbelts to substantiate
use.

The driver told police that she -had sustained minor injuries; this {nformation
was entered in the poifce report. These "minor” injuries resuited in the driver
losing weeks of work. During an interview conducted the second day foliowing the
accident, Safety Board investigators determined that the driver had sustained
moderate or greater injuries. . :

'
i
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San Antonio, Texas
Case Number 19
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Case No. 20 ~ Safety Board Investigation Mo. ATL-87-H-3817
Location of Accident Horth lndian Creek Drive; Clarkston, Georgisa
‘Date and Time May 8, 1987; 3:00 p.m.

Description of School Vehicle Type B schsol bus: 1982 Chevrnlet chassis with 18-
passenger Cadet body by {arpentur Body Works, Inc.

Type of Accident Multiple fmpacts: head-on <ollision, followed by
: rear-end secondary collision

- Severity of Accident " Delta V unknown

Summary of Evants '

"A small school bus was transporting five deaf students to Lheir homes. The

driver and all passengers were reportedly wearing the lapbelts instalizd on the

_bus. As the bus traveled northboun’ at a driver-estimated speed of 1G nph, a

southbound 1-ton truck veered across the «centerline_and struck the bus head-on.
Following this coliision, the bus wazs struck in the rear by a°Z2-passenger ccheoi
bus. The second collisfon did not produce passenger injuries.

information 2n evacuation is not available, '

The poststandard schoo) bus received damage primarily to fts front structure:

the front bumper, right side frame, grill, hood, and radfater were deformed. The

fnterior of the bus was undamaged.

. Outcome of Occupants of Scnnbl Yehicle

Pacsengers

Of the 5 passengers, age 6 to 11:
2 were uninjured, and
.3 received MAIS_| (minor) injuries.

The passengers were restrained by static lapbelts equipped with pushbutton
reIease buckles. . R

The passengers who received minor (AIS 1) injuries were reportedly scated in  the
two front seats and the second scat on the left side. Information on cpecific
seating positions, injury descriptions, and restraint adjustment is not
available. The seating positions of -the two uninjured passengers {s rot
available. Use or nonuse of lapbelts {in this relatively low spred collision
1ikely had 1ittle effect on injury outcome for the passengers. Al passengers
had the additional benefit of well-padded barriers, either restraining harrierc
or seatbacks, in front of their seqsting positions.

)
|
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Driver

The driver of the

144

school bLus was restrained by a lapbelt and receives nmirce

“(AIS 1) contusions and abrasions about her abdomen, sroulJer, and limbs.

Notes About the Accident

-~ This school bus was equipped wtth padded restraining varriers in front of l42

- first row of seats.

- ‘The lapbelts provided for the student passengers were mountad to the
and passed between the upper and Yower seat cushione.

were furnished.

caal frares
Pushbiuttnn rejcace by
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Clarkston, Georgia
Case Number 20
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Case No. 21 Safety Board lnvestiaation No. NYC-87-H-SBO1.

tocation of Accident West Oak Hill Road; Williston, Vermont
Date and Tiwme November 21, 1987; 7:50 a.m.

Bescription of School Vehicle Type B school bus: 1979 Chevrolet chassis with 18-
- pascsenger Mini-Bird body by Biue Bird Body Company

Type cf Accident : Multiple collisicn: sideswipe, followed by head-on
impact

Delta V estimated at 10 to 15 mph for head-on

Severity of Accident
. fmpact

Summary of .Events

A small schcol 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 ériver and two of the three passengers were restrained in ‘some fashfon. "A

'1924- Chevrolet Citatfion, traveling ir the opposite direction, crossed the

centerline and sideswiped the left side of the bus. The bus then veered to the
right, left the road, and struck a_tree head-on befcre coming to rest. -

After the crash, the passengers remained in their seats unti) cﬁecked by
ambulance parsonne}. The bus driver theri unlatched the lapbelt securing the
child safety ceat used to restrain one passenger and carried the child, still in

his safety seat, from the bus. The driver also unbuckled the other restrained

pascenger from her tapbeit: this passengér and the unrestraired passenger exited
through th2 side door. ' -

The left front corner of the bus had an inward crush of 10 fnches. The front
left side of the hody was deformed toward the center from 3 tc 5 inches. Damage
fron the tree was found near the center of the front of the bus where-the bumper

. was pusheo back 6.5 fnches. A1} window glass was intact.

The poststandard school bus performed well. Damage was confined to the exterfor
bocy panels and front bumper.

Outcome of Occupants of School Vehicle

Passangers

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

Two of the three passengers were restrained: one in a chiid safety ceat and one
by a static lapbeit. Determining the value of restraint use is difficult
because all passengers were uninjured. The passenger in the child safely saat
probably bonefitted most from restraint use because he was not thrown forward
into the restraining barrier or onto the floor. Use or ronuse of? 1apbelts
probably had little effect on the injury of the other passengers. i
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Priver

The oniy injured occupant in the bus was the lapbelted driver who received a
minor abrasfon (AIS 1) on the right side of his hip, most Tikely caused by the
lapbelt. . _ ‘ /

Motes About the Accident

The lapbelts on this bus were an aftermarket addition by the schooi district.
Safety Board investigators determined that the lapbelt used by the passenger in
the second - seat on the right side was installed and used improperly. Tha
uebbing with the buckle end was anchered to the wnzel 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. Te take up the slack,
the-driver-had knotted the belt webbing. Had this collisfon becen more violent,

. the knot might have caused an 1injury because the passenger would have
*Jackknifed® ovar the belt and the knot. The child safety seat was also secured ~
with a knotted lapbelt. - )

© A
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Case MNo. 22 Safety Board Investigation No. ATL-26-H-5804

Location of Accident Intersection at Wautuga and Casczde Drive;

_Greensboro. North Carolina
" Date and Time ' January 14, 1986; 3:30 p.m.
Description of School Vehicle Type B school bus: 1980 Chevrolet chassis with 2C-

-. passenger Mighty Mite body by Thomes Built Buses.
The bus had been reconfigured to 10-passenger

DU N " capacity.
Type of Accident _Right side impact, followed by rollover (909)
Severity of Accident - Delta V unknown (bus speed estimated at 25 mph;

and ‘car speed 2stimated at 5 mph) .

Sudﬁary of Events

" 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 inciuded a
- misused harness, secured wheelchair, and lapbelts). As the bus crossed an
- ~ {ntersection, a 1980 Oldsmobile 98 sedan <truck 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 rctation of the bus as it continued to travel
away from the {mpact. After a 950 clockwise rotation over 6C feet, the bus
overturned onto its left side and came to0 rest.
The driver unlatched her lapbelt and began to organize the evacuation, assisted
by the atde. Paramedics, the driver, the aide, and an unidentified passerby
assisted some of the student: to release their restraints; the two students on
the right side of the bus remained suspended for oniy 3 few minutes. The reor
emergency door - was easily opened by a passer<by: all entries .and exfits were made
through this door during the rescue. ‘

" The pqifstabdar& schoo) bus received minor exterior damage on its right side and

moderate damage to its crive axle. Minor buckling of the interior roof occurred
at the left side; howaver. no pana) sepsaraticns occurred.

Outcome'cf_0ccypants of Scliool Vehicle
" Rassenqers
0f the 7 passengers, a 39-year-old aide and 6 students, ages 5 to 13: I /
1 was uninjured,

5§ suystained MAIS 1 (minor) injuries, and
1 sustained MAIS 3 (serious) injuries.
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Six of the seven passengers were restrained in some fashion; the unrestrained
passenger was the driver’s aide who was squeezed onto the third seat on the

right side, which was already tilled to capacity, so she could assist the

handiczpped student seated next to her. Because the aide was not in a cesignated
seating position (the bench seat was designed for oniy ore person), no Japbelt
was available for her. The unrestrained 3ide received the most serious (al1s 3)
injuries: a displaced fracture of her right wrist, which occurre¢ when she
struck the left side of the bus, possibly contacting the wheelchair secured to

the left side, as the bus overturned. She also sustained abdominal ¢raumz that

threatenad her pregnancy.

Of the six passengers whoe were restrained, four were secured by lapbelts, one was
szcured by the ugper torso straps of an E-1-ON vest and lapbelt, and anotiher was

in a special wheelchair equipped with - several ‘straps. The whe2lchais was -
_ secured by two lapbelts. ) .

.fhe 1$pbé1ted passenéer on the left side in the front row next to the window was

reportedly not injured. The lapbelted pascengzr on the left side n2xt to the
window in the second seat received minor injuries: a smail bruise on left knee
from contact with the side wall or another passenger. The lapbelted passerger on

the left side in the second seat next to the aisle received a small abrasion on
the left side of his abdomen frem the lapbelt. Passengers on the left sige af
the bus probably received less benefit from their restraints curing.the rollover

than those seated on the right side: the bus came to rest on its left side.

‘The passenger seated oa the right side of the bus in the second seat was
rostrained in a special harness, an E-1-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 cther
attachments. The passenger received a minor injury: a small bruise on his right
forehead from hitting the seatback in fron! of him. .Hid_he not._been restrained,
he would have been thrown to the left curing the rollover and probably cculd have

_received additional minor irnjuries.

One piascenger was in a special wheelchair secured to the third seat on the left
side with specizlly adapted straps. The passenger was severely disabled and could

not sit-or held his head erect; the restraint device was necessary to keep the
“passenger in-an upright position. He received a minor contusion: a bruise on

nis eyelid. Had he not been restrained, .he could have received adcitional
injuries.

"Tne Japbelted 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 leg adrasion from centact with the seatframe. Had she not
been restrained, she. might have fallen to the left during the rcllover and
received other injuries. ”

Driver

The lapbelted driver received multiple minor (AIS 1) bruises and abrasions frem
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 hack and headaches.

160



e v oy ——rr——

151 i APPENDIJ B

Notes About the Accide;i

The school bus had been reconfigured for the trancportation of disabled students;
fts original 20-passenger seating capacity was reduced to allow 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 buc; 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 ailowed greater access to an automated wheelchair Vift installed on the
right side of the bus.

The improper installation of the €-2-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 lapbelt, camnot be
done with certainty. - E .

/.
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Greensboro, North Carolina

Case Numoer 22
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APPENDIX B
Case No. 23 Siféty Board Investigation No. FTW-83-F-HCO1
Locatior of Accident Colonel Glenn Road; outside Little Rock, Arkansas
Date and Time - © May 2, 1983; 3:50 p.m.

Descripticn of School Vehicle Type B school bus: 1981 Chevrolet chassis with I5-
passenger Cadet body by Carpenter Body Works

Type of Accident Yead-on collision followed by rollover (900)

Severity of Accident """ Delta V unknown -(bus speed at 1ﬁpact was about 30
mph; pickup speed at impact 20 mph)

. Suimary of Events - ‘ - ’ o

A small ‘school bus, eduippéd with lapbelts for all occupants, was transporting™ -
five physically handicdpped students from school. Four of the five passengers and
the driver were restrained. The bus was travelirg 30 mph in a heavy rain on a

“ two-Tane road. - When the bus approached 2 saarp right curve, the driver appiiad
the brakes; the rear began to sideslip, ‘and the bus rotated clockwize out of

control. The school ‘bus 'slid across the road center and collided right front to
right front with a 1977 Chevrolet pickup truck. The ccllision puchzd 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
pickup, causing the bus tc lean to the left and overturn slowly onto its left
side.” ST ) .

Yvacuation of the schocl bus went smoocthly, aithough the pasengers had never
practiced™ evacuation. Two ~passéngérs required assistance ‘reledsiny  théir
lapbelts. One student was- hanging from the upper side of the bus and was
reluctant to release nis latchplate until the bus driver was there to cushion his
fall; another student needed assistance to walk, so he waited fer heip. After
assisting the passengers, the driver opened the emergercy ccoor, and the
passengers helped 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 axit
~door. This door was jammed and the students were evacuated through the rear

exit, which was not damaged.

No interior domage occurred,

Outcome of Occupants of School Vehicle

Passengers :
Of the 5 passengers, ages T4 to 18:

2 were uninjured, and
3 sustained MAIS i {minor) injuries.
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Four of the Five passengers wer: wearing lapbelts.

Two of the four passéngers -wearing lapbelts and the unrestrained passenger
sustained - minor (AIS 1) contusions -and abrasions. - Lapbelt use made little
difference in this accident: both restrained and unrestrained passengers received
minor injuries. Both of the uninjured passengers, however, were wearing
lapbelts. fc student complained of soreness from the 1apbelt.

Priver

The 35-year-old lapbelted driver received minor (AIS 1) contusidns to her hip,

attributed to the lapbelt because she was suspended by the wabbing Ctefore

releasing the belt. The use of the lapbelt 1ikely helped to reduce the number

Notes About the Accident

front. row seats.

" _.This bus was aquippgd_with_:?-inch-high restraining barriers in front of both

The bus was transp&rting'a-aéafimute passenger and a pazssenger who, although able
to move with crutches, normally used a whe2lchair. A1} passengers were s2ated on
the bench seats-at the time of the accident; nc passenger was in a wheelchair.
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Case No. 24 - Safety Board Irvestigation No. NYC-86-H-SB24
Accident Location ) In{ersection of Port Yashington Boulevard and
- Bonnie Heights Road; Fiower Hill, New York
Date and Time ' January 24, 1936; £:45 a.m.

Description of School Vehicie fype B school bus: 1979 GMC chassis with
14-passenger Coachette -body

~ Type of ‘Accident - Rear-end collision, followed by rollcver (90°)
severity of Accident ~ Delta V unknown- (bus was jus{"acce1e;ating from

o _ " . stop.)

summary of Events

-~ A small school bus was transporting .three preschocl and eiementary students -to

schoo!. Two of the three passengers were -sharing a substandard belt. The schcol

bus stopped at_an intersection and-then prcceeded across.a four-lane, twe-way,
divided highway when_it was struck in the right rear by a passenger car. At
impact, the school bus rotated clockwise and rollad over onto its left side.

After the schoolbus came to rest, the driver unbuckied 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
left side of the body, from the windows to the roof, was displaced inbcard 2hout

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 dislodged from its frame. ~The doors_- - -

on the right rear for the wheelchair 1ift were rendered inoperative.

Outcome of Occupants of School Vehicle
Passenger

Of 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 under *“Notes About - the
Accident"). These passengers were seated on the left side in the frent seat at

~ the window and center pesitions. One received a bone bruise (AIS 1), and one was

]
i
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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 i{njuries. The
passeriger on the left side in the front seat next o the 2isle was uprestrained;
he received a minor laceration (AIS 1) to his chin from the window frame. Had
he been restrained, his injuries probably would have been about the same because
of the dynamics of the btus and his close proximity to the side onto which the bus
rolled. :

Even if all of the passengers had beer restrzined by pruperly installed lapbelts,
‘injury outcome would not have improved over the minor to no injuries that were
actually sustained. . R

riv

The lapbelted driver received minor (AlS . 1)-injuries. The contusions- to the

~driver’s ‘1eft shoulder could have been caused by the clockwise rotation of the
~ bus when ft was stuck in tne right rear or by the driver striking the left
_fnside wall of the bus as it overturned onto its left side.

ANotes About thne Accident

The Jury-rigged restraints, erronecusl!y reported to be lapbelts, were fnstalled

by employees of the bus company, 4ot the school bus manufacturer. Bus company
policy for the last 5 years staies that the driver is to fasten the belt around
prekindergarten passengers and to siggest to kindergarten and oider pascengers
that they wear the belt. i ,

Each of the six passenger seats had a 29-fn£hitall-ﬁeatback, Only tuo bé]zs ;are
provided: for the first and third .seats on the left stde. Both improvisesd belts
created potentfal injury-producing hazards.

~ The belt on the front seat was made up from two sets of laphelis joined togzther

J.

by two metal plates, each about 7 inches long, and feur bolts, each about 1 3/8 ‘

{nches long. The belt wac looped around the Juncticn of the .seatback and seat
cushion rather than anchored_-to the floor or seatframe. The instaliation a)lawed
up to three children to be restrzined by the belt. The exposed metal piates and
prctruding bolts presented 3 hazard for any occupant coming in cuntacl with Lhem,
A passenger restrained-by the device would -prohably sustain a serious -injury
during a crash {f the bolts and plates were in front of or alongside the
passenger’s torso. .

The device on the third seat had been installed in a manrer similar to the one on
the front seat. It consisted of two belts: one wrapped herizontaliy around the
seatback about 8 inches above the top of the seat cushion, and one lcoped around
the cushion. The Tlooped oelt, w«ith padding stitched to 1{t, served as -the
lapbelt. This device also compromised the safety of an occupant restrained by it.
The lap portion of the belt would fit around the upper torso, not iow snd across
the hips. Because the lap portion of the belt wrapped around the belt on the
seatback, it could slide to the inboard and outboard positions of the:seat.

|

]
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pccording to the label on the belts, the webbing latches ard buckles conform to
Fedoral Kotor Vehicle Safety Standards 209 and 302. Neither of the belts however,
conform to the federal standards. For example, FMVSS 210 stipulates that
nanchorages for an individual seatbelt assembly snall Ue located at least €.30
inches apart laterally, measured betweern the vertical centerline of the halt
noles”; the jury-rigged restraints were not anchored at all. Secticn 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 seatbel! shall be capable of
adjustrent to fit the occupant. The devices did not meet these requirements.

In the Society of Automotive Engineers book entitled "Motar Vehicies Seat Belt
- Assembly Installations,“ section SAE-JEOOC states that attachment parts shall be

spaced laterally co that the lapbeit portion of the seathelr assembly essentially

forms a "U*-shaped Toop when in use. The standard staies that in no case shall
_both -ends of one assembly be comnected at the same ancliorag: or attachment point.

| | 188
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APPENDIX D

~ INDEX TO AND CASE SIZOWARIES OF SMALL SCHOOL VEHICLES
’ NOT BUILT TO FEDERAL SCHOOL BUS STANDARDS

Humber of cases:
Type of accident:

aymoer

25 -

26.

27

28

Nonrollover .3 _.
_Rollover 1

ata

‘Wallingford, Connecticut --

November 10, 1987
1985 ford E-350, 15-passenger vdan (not built
to Federal school bus standards)

Frontal collision -

Schaumbura, 111inois

 “Aoril & 1985

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

" gedford, New Hampshire

October 1, 1985 .

1381 Docdge Van Space Porter Custom SE (previously used
for airport service; retrofitted to meet New Hampshire -
schooi bus standards; van not built to Federa} school
bus standards) ’ ' '

Left side impact

Odessa, Texas

~June 23, 1984 )
1980 ford Superwagon, 15-passenger van (not buiit

to federal school bus standards)
Noncollision rollover (7200)
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“Case No. 25 Safety Board Investigation Nc.: NYC-88-H-5B04 -

Accident Location Durham Road; Wallingford, Connecticut
Date and Time _ " Novenmber 10, 1987; 2:45 p.m.

Description of School yehicle 1985 Ford E-35C, 15-passenger van {painted blue,
not school bus yellow). The van was not built to
Federal schenl bus standards.

Type of Accident ... Frontal collision

Severity of Accident ' Delta V 13 mph

Ll gumry of Eveniﬁ

A Ford- van being used as a school ‘vehicle was transporting 14 passengers (an
adult aide and i3 junior high school students) hkume from school ¢n a rural road.
© 7. . 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 Chevroiet dump truck, traveiing {n the opposite direction, lost
control on the snow-covered road and crossed into the wvan’s lane. The cump
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 to
spill onto the van’s roof and into the van through the broken side wirdows.

0f the 14 passengers, 13 safely evacuated the bus. The passenger seatec
- directly behind the driver was unatie to release his lapbelt because hot asphalt
e had spilled_onto his.seat, buryirg_the_latcnplate. 7The lapbelt was subsequently
“cut by the truck driver, and the student wis freed. The unrestrained driver of
the school van was trapped in the vehicle untii extricated by rescue personnel.

The left front of the van was crushed rearward 17 finches and 13 inches rightward
at maximum collapse. The windshield.was fractured at the eft A pillar,. and the .
_driver’s door and “he middle left side window were bruken. The dsshboard and
steering wheel -were pushed rearward towards the driver’'s scui. The roof buckled
rearward of the B piliar.. S ’
Concidering the difference {in mass between the dump truck and the van, the van
performed well {n the crash. Most injuries were caused by the spiliage of hut
asphalt into the van, not by the crash 1tself. ‘ v .

Outcome of Occupants of School Vehicle
Passengers
Of the 14 passengers, one adult and 13 students, ages 11 to 15:

13 sustained MAIS )} {minor) injuries, and
1 sustained MAIS 2 (mocerate) injuries.

fRIC ~ 173
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0f the 14 passengers, 8 were wearina lapbelts, 1 was wearing & lap/choulder belt
available at his seating position, and restraint use fcr ! was undetermined. Tne

adult aide was unrestrained.

The passenger wearing the lap/shoulder belt was seated in the bucket seat to the
right of the driver. The shoulder portion of the belr wac equipped 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 more forcibly and sustained more
serfous injuries. .Information was not available on the adjustment of his

__lao/shoulder -belt; ‘some slack probably -was present 1in the- shoulder portion

bec;use-he contacted the dashboard in this Celta V 13 mph collision.

The lapbelted passengér‘by the window in the front row of bench seats received

. the - worst injury (moderate, AIS-2) sustained by a passenger: a fractured

cheekbone from contact with the door frame on.the driver’s side, which was
dislodged during the crash. He also sustained minor ferehead and 1ip lacerations
(AIS 1) from contact with ~the door frame and first-degree burns on hards 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 = se€ated in the middle of the front row received minor
(AIS 1) injuries: contusions on his left knee from contact with the ceatback in
front of him and multiple minor burns from hot asphalt. The outcome probably

T would have been similar had he beenunrestrained. ) e

“The adult aide seated next to him, on the right side -of the front row, was not
using the avajlable lapbelt and sustained minor (AIS 1) injuries: contusioas on
her left shoulder, her chest, right knee, and left foot. If lapbelted, she still
probably would have sustained minor injuries. . ' o

The lapbelted passengar 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 Trom

asphalt. Lapbelt use could not prevent these injuries because upper and Tower -

extremities are free to flail about in a cirash. - .

Lapbelt use alc: did nst prevent the passenger in the middle of the second row
from ztraining his ieft wrist or from sustaining first-degree burns on his hands,
forecrms, and left cheek from hot-- asphalt. Lapbelt use did not prevent the
passeng2r on the right side of the secord row from spraining his left ankle.

At least two of the three passengers on the third bench sea’ wore the available
Japbelts. The passenger in the -middle claim:d to have been re:trained, but
examination of the beit’s iatchplate adjustment indicated that, ¢f worn, the
webbing would have provided no restraint: the belt was extended to its maximum
length. A1l three sustained minor (AIS 1) injuries: contact-induced contusions,

180
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- strains, and burns from the asphalt. The occupant in the middle also sustained

e nose 2nd forehead abrasions aad knee abrasions from contzct with the seatback,

T and abrasions to the hip area. The other two sustained neck or back sprains,
erigin unknown. . : : .

The fourth bench seat was equipped with lapbeits for the fdur seating positions.
Only one of the four students seated on the bench was rectrained at the time of
the crash. Al four students, however, received only minor injuries.

Uriver
©-_< -+, - The. driver was unrestrainad, but restraint” status probably had little effect
C because of the intrusion at his seating position. He sustained mederate (Af5 Z)
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 roliision. He
also received a kidney injury of unkrown severity (AIS 7). Hot asphalt caused
first-degree burns of both hands? jeft forearm, back, and left thigh.

_The driver was trapped in the vehicle 2s a result of the vehicle ccllapse at his
- seating” position and the ‘hot asphalt that had spilled on top of him. He was
freed by fire rescue personnel. -

Notes About the Acé}dent

Passenger injuries, for the most part, were causad by the hot asphalt that
spilled into the van through the broken windows. Restraint use could have
provided 1ittle benzfit in those circumstances. S2ating position, rather than
_restraint status, was the major: factor in injury oufcome. The two passengers

receiving the worst injuries were seated™in the impact Zone. e
Although the driver stated he was wearing the lap/shoulder belt available at his
position, Safety Board investigators determined that he probably was
unrestrained. The shoulder portion of the three-point velt was found wedged
behind the driver’s seat with blood splattered on the latchplate, and asphalt
concrete filled the buckle latchplate slct.

The laptelts provided at 13 of the 14 passenger seating positions- were General
Motor lapbelts, with pushbution veiezse iatchplates, requiring manual adjustment
to ensure a snug fit. - Safety Board investigators suspect at least one of thase
lapbelts had not been adjusted properly: the student seated in the third hench:
seat, middle position, claims to have beer wearing the 2avaflable lapbelt but
s1id forward under the seat in front of her-during the crash. The lapbelt at her
ceating position was found extended to its maximum length. If worn, it probably
had not bean adjusted to fit j-eperly and 3)lowed the student to s1ide under the
belt and onto the floor. . '

The lapbelts on “u= .itar .ehel, seats were equipped with pushbutton release

latchplates. Lapbe:t i e U7 oench Seat were anchored to the floor; the
others were ncnosml to the redtfraze,
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Wallingford, Connecticut -
Case Number 25

Left Side of Van .
Driver
M-68, MAIS 2 ]
Fracture of left knce _
Fracture of five adjacent
ribs on left. :
Kidney iniury, unkncwn severity
- First degree burns on both
hands, left forearm, lower
._ .back,and reft thigh e

Row 2A .

M-i1, MAIS 2

Fracture of left cheek bone

Laceration of forehead and lips

First degree burns on hand
and both ugper thighs - - -

Row 28

M-13, MAIS 1
Pow 3A ]
£:12, MAIS 1
flow 38

F-11, MAISH
Row 4A

F.12, MAIS 1
Row 48

F£.13, MAIS
(rastraint status unknown)
Raw SA

M- 14, MAIS 1
Row &8

M 13, MAIS 1
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Right Side of Van
Pow 1D

-M-11, MAIS 1

Row 2C

£-63, MAIS 1
Row 2C
M-13, MAIS 1
Row 4l

F-13, MA!IS 1

"Row 5C S

M-15, MAIS i
Row 5D
M-15, MAIS 1
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- Type of Accident Head-cn collision -

169 APPENDIX D
Case No. 26 Safety Board Investigation No. CHI-85-H-0R18
.Accédent Location o Schaumbérg Road and Plumyrove Road;

Schaumberg, I1Vinois
Date and Time “ppril 5, 1985; 12:43 p.m.

Description of School Vehicle 1984 rord 19-passenger Eccnoline van. The van was
not built to Faderal schoo! bus standards.

Severity of Accident Delta ¥ 25-28 mph

Summary of Events

- 7 :
A van used as_a school vehicle was transporting 12 students on an activity trip.
While.traveling eastbound on a four-lane roadway divided by a 16-fout-wide fiush
divider island, -the driver lost contro). The van <rossed over the median
divider, entered the opposing “traffic-.lames,. and struck .a 1884 Lincoln
Continental sedan head-an. After impact, buth vehicles came to ‘rest in the

westbound left lane still en@aggd in the impact position.

Of the 12 passengers in the van, 7 were wearing lagbelts and 5 were unrestrained.
rie driver was-also unrestrained. - . o e -

Coilicion damage was found across the entire front of the van, with maximum
rearvard -crush reaching 20 -inches at the right front.- there was no intrusiun into
the passenger compartment of the van. Interior damage occurred to the steering
assembly and- instrument panel forward and inboard of the driver’s seat position.
The lower framework and the seatback of each bench seal were substantially
deformed. A spare tire and wheel, stored but unsecured beneath the rcarmost bench
seat, was displaced forward during the fmpact. :

The wvan performed well in th{seicrash;fiiﬁdﬁing -the--passenger compartment to
maintain 4ts structural integrity without contributing to passenger injury.
Aithough the vehicie did not conform to Federal school bus standards, this dees

‘not appear to have affected the crash outcome. Many injuries wore attributable
‘to jaghelt use rather than to the interior features of the van.

QOutcome of Occupants of School Vehicle

P3ssengers

nf the !Z passengers, ages 6 to 7: '

sustained MAIS 1 (minor) injuries, e

sustained MAIS 3 (serious) injuries, v ' -

custained MAIS § (critical) injuries (the injuries for one proved fatal),
and

1 sustained MAIS 7 {(unknown severity) injuries,

W W Un
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Although the passenger in the front bench seat {berch 1) niext to the left window
said that he was wearing the lapbelt provided, evidence indicated that he was
unrestrained. He received minor (AIS 1) abrasiens and 3 laceration. Considering

the injuries sustained. by the Japbelted passengers in this van, this pascenger

might Save received a greater level of injuries had he been restrained.

The passenger in bench 1 in the second seat from tha la,{ was restrained by 2
static lapbelt and sustained a hilateral pelvic fracture (AIS 2), contusions and
abrasions on and above the bridge of his nose (#1S 2), a clcsed nead injury with
~~uralgic defect {AlS 3), and abrasion of the left-and right flanks -(AIS 1). The

- - - eger’s ipjuries can he attributed directly to his -wearirz the lapbeit.

idering the location and type of his pelvic iniuries. the lapbelt was-
w..7ently worn in what fis usuaily considered to be- a proper mannei. The

bilateral pelvic.fracture was caused by decelerating into the belt webtbing while.

the upper torso jackknifed aver bzlt causinc head wntict with the rigid base of
the ‘driver’s seat. Had a lapbeit not been wern, this child’: 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 forces distributed over more

- of his body; scme level of moderate to.serious injury could hava cccuvred.

The passenger in bench 1 in the right seat ‘was.vestrained by a luipbeil and
sustained a serious [AIS 3) comminuted fracture of the left iliac wind and mincr
(15 1) contucions and abrasions to his abdomen and limbs. Because his hefght
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
seathback deformed forward, allowing a--controiied or conza‘sed deceleration.
Although the serfous pelvic fnjury was the result of his wea~ing the Tapbeit, the

_ passenger did not recefve a serious head injury, unlike h's seztmate.

The passenger in bench 2 next to the left window was not wearing the static
lapbelt available and sustained & minor (A'S 1) coatusicn to his lower left leg,
wnich did not require medicai attention. He was fully contained by the seaiback
directly in front of him. Extensive forward displacement occurred in ‘the
seatback along with multiple scuffed areas. :

The passenger in bench 2 next to the'righ;-windo;.wa: not wezring the static
lapbelt available at that position and also- sustained only minor (AlS 1)

injuries: abrastons and contusicns. Extensive rorward deformation occurred tu -

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 uphclstered rear surface.

The passenger in bench 3 next to the Jeft window was wearing the ctatic iapbelt

available at that positicn and suctained serious (AIS 3) injuries that “inciuded a
fracture of the left iliac crest, a nead injury, and a bladder contusion. The
passenger was hospitalizad for 4 days. Her serfous injuries can be attributed to
her wearing the lapheit. The location and nature of her pelvic injuries strongly
suggest- proper helt placement. The bench seat dirsctly in front was extensively
deformed: the lower framework was disp’ ‘ed forwari several inches and ihe back
cushinn was Diuched ferward into contac. with the 1o cushion., Scuffed areas
were observed on the upholstered roar 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 positions. Both passengers
sustained minor (AIS 1) contusions 3nd abrasions, and were both <centained by the
seatbacks 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 ctatic 1spbelt
available at that position and sustained critical (AIS Sy injuries that gproved
fatal. This passenger suffared a contusion (6 x 6 inches) on the left hip
(AIS 2), bilateral pulmonary contusions (AIS 3), retroperitoneum hematcma
(AIS 3), subarachnoid hemorrhage (AIS 3), serosal tear (Al5 4}, torn mesentery
(AIS 4), subdural hematoma (AiS 4), laceration of the, colon [AiS 5}, lzceration
of the smal) bowel {AIS S), and loss of conscisucresse [AlS 5}, The gassenger
never regained consciousness following the crash. She was treated with the aid of
1ife support equipment for 2 days before peing proncunced dazd. The injuries
resylted from jantelt.use. The zeverity of the fnjurfes was increased Sy th
presence of an unsecured spare tire and wheel that moved forward at ‘mpact to 2
pocition beneath and forward of the passenger. The ~jackkniting action cver the-
lapbelt accelerated her head into violent contact with the tire and wheel,
resulting in brain and spinal fnjury. The iapbeit 1tzelf peneirated her abdomen,

. resulting in massive internal teauma. The movament af the cpare tire blocked. the

downward coilapse of the Jower seat cushion, presenting a rigid surface that - -

resglted in compression of the passenger’s chest and pulmonzry contusions. Had
the lapbelt not been wurn, the passenger’s head would not have acceierated
‘downward into the spare tire and wheel or inte the lower framework of bench 3.

The passenger in bench 4 in the second seat from the left was wearing the static
lapbelt available and sustained critical (AI5 5) injuries: a bilateral fracture
of illac crests (AIS 2), a subarachrioid hemorrhage (A5 3), and severe brain stem
injury (AIS 5). The passenger received initial care .t an area hospital for

“2 days before being transferred fur Tong=term are.- dis-injuries, like those of-
the passengrr to the left, are attributed to the Tagbelt being wern. These
fnjurfes prubably would have been Jess  tevere had tihe 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 critfcal (AIS 5) injuries: a contusion
with hematoma of the forehcad (AlS 2), . abrasion/contusion of the lower abdomen -
(A15 3), contusion with hematoms of the cecun (AI5 3), subarachnold hemdrrhage of
the cranial/cervical junction (A5 3), subarachncid hemorrhage of the posterior
fossa (AIS 3), perforation of small bowel {AIS S), and a spinsl cord contusion

(quedriplegic) (AIS S). The passenger spent extended time at a local hespital --

and was then transferred to an extended-care facility. The passenger would not

have received such serfous injuries had he not been lapbelted.

“The passenger in the bench 4 next te the right window seat was wearing the static

lapbelt available. Several inches of forward deformation occurred at the right
side lower framework of bench 4. The tubular frame members were bent forward tc 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 disclaced Jorward by
sevaral inches at its top. This passenger sustained -3 moderate (AIS 2) injury. 2

. |
| |
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full-depth laceration of the tongue. She was afforded some deqgree of deceleration

by the interior sidewall of the van and the forward deformation of the lower - --

framework of the seat: she did not sustain serious to critical injuries
comparable to the other lapbelted-passengers, :

Driver
The driver of the van, who was not wearing the availatle lap/shoulder belt,
custained severe injuries: a largz laceration of the left thigh (AIS 2),
contusion of the upper left chest (AIS Zj, multiple facial contusions (AIS 2),

. .corcussion with. amnesia (AIS 3), avulsien fracture of the right elbow (AlS 3},

and a bilateral pulmonary centusion (AIS 4).

Witnesses ctated that the driver apparently passed out just befere to the

collizion and- leaned over to the right. Had the driver had been wsaring the
Jap/shouider belt, her leaning to the right would have taken her out- of the

*shoulder belt and left her restrafned by the lapbelt only.

188



ERIC

Schaumberg, ithnois
Case Numiar 26

Drivas o

£.24, 14815 4
Blaters! guimengry

contusions . -

Concusson .
Avuismn {1 ctuze ot nont elbow
Multizie contusiuns tu the face
Contusion - uoar Izt chest
Large laceraton - left thigh
. Multiple srr:all 1ace:atiuns - tacy
Fracrires -ief side 15t & 2nd ribe
© Cortumor. - f.ght c1avicle are s
© Multiple contusions - 184 teg -
Nultiole cortus:ons - aght ley
Abras:ans - nght haed
Abrasons - left nang

>4

. fiow 1A
WG MAS Y-
How 18
M-7, MAIS 3
o Closes head injuty wisth
neqrciogical gofett
Conius:rir. 8prasicr - .
- Dritygis 0f 2OV 51O ALDVE
Bilaterat pelvie tasturee
Abrason - ie* Hare
ABrgiyn F 1gnt fiara
Pew 1) T
M1 MAS Y
Cornminutin s lute -
igft 1)-8c v ng .
Cortusiun - vt faret.eas
Cantuvnn . iCwes 3DYOIn
BT A IArLEY L
ALras.ur - lowgr le% 16y
TAutavinn R a1t
" Rowve JA s
- . A6 MAMS
Aow 20
M MAS
- Row JA
Fh MAS )
Closui AGas (Ayyry
Flagree contusor
Fractarn gt it g7 (raen
Contusion - rgrt g
Contusinn 367 &3 L1yt
ABIGSILNS LONIYL-DNY -
lowrar ngre ey
Contusiais tuwnr 1o Lug
famtisnns fghi haoy
Conts.cny ol 2ang

O .

Aruitoxt provided by Eic:

173

Frincioa: Duract:on
of Furcs

1%
S

=1
‘ [}

A._B_ [ )

iy 3

v |
Y ;
3 .;}"-,-) st 3|

o st o s & {

O PRI B

T e

O Satemr

#ogtvoay

Co) Hrar Geer

© s e e

T

L LR

teonse

e benty ey

€ A0 s 00 Rty
e mien
Fretoat b N 00

L L PN YYD T A e T A VR ERR
Attnre i1 byt S0 A

APPENDIX D

Row 28
F-6, MAIS 1
How 20
M€ VA
Row 44
F.6, MAISS
Cervicadl ax1ai Gislocanon
Closesd head inyury
Lacaration - amall howel
Lareranon - colinn
Subcural henztoms - —- . -
- Torn mesentery
Serosas tear
Sutarschng:c Femorrhage
Retzagertoneam hematoms
Bilateral puimonary cortutions
Cortusion « 8 x 6 « lef1 hip
Contusion - 158 chaak
Comusiun - lower giivir area
Cortusiun - lett srm
Contusien - lamsr left lpg
ADIaisor: - tyaet r-g.'44cg
Puw 48
46, MAIS S
Severe broin slens injury
Suharachino:d hamorihagy
Buatarz) feactiute - Wing crest
Toritsienvinlh hymatoma 10 10rohes 51
Cauntisson - 1Cvy foft stdurmen
Contuvnn Cizwgr uynt shauinen
Cuntuann . nght drale
ADLALGH - LGRS WIS 316D
Anrbziur < luft ik ey
LUT Y e
M.€ MAIS S
Sonet cord cuntution
 Purtoranon of swioll bowei
. Subiarachingd ngmor g
cosMenns (4esd
Sutiararhngis nemor rhage -
CIAn gk Crvaa) ;anCnon
TGN wilts Bgmgtomd - Canuni
Cortus.on vitt Lornatoma « foraheay
ADI4Gran eurIc SIun - LOWSI BUSGMoNn
Raw 4k
F 1, MAIS T
Unspoucified Isg 1mury
Cult gegin licerguon ol 1onque-
ALrasiur . g s of luretend
ANracon - 10 Bge of tace
Contus-an - 1ght §.96 of poiv.s
Corvtusnr - 109 s.ae of patys

The cen ehawn 1
Ispigseriatlingd) nunly

187



Accident Location

. Summary of Events

APPENDIX D 174

Case No. 27 Safety Board Investigation No. NYC-85-H-SBOl

Route 101 at Wallace Road; Bedford, New Hampshire

_ Date and Time _ “October 1, 1985; 6:50 a.m.

Description of School Vehicle 1981 Dodge VYan Space Porter Custom SE. The wvan,
previously used for airport.limousine service, met
- New Hampshire standards for 2 multi-purpose schoo)
bus; it had not been retrofited to meet Federal
) - school bus standards. (The van was painted white,
- not school bius yellow.)

Left side . impact, with principal direction of

Type of Accident
S . force at the 10 o’clock position

Severity of Accident Delta ¥ unknown

7 B . ) - ~—_- —

A- van,  equipped with seme form of seatbelt at ali seating positions, was”

transporting two urrestrained students to school. The driver was vestrained by a
lap/sheulder belt. When the driver attempted o turn from one roadway to ancther
in heavy fog, it was struck in the ieft front side by a dump truck, whicio was
traveling at 35 mph. Tne dump truck pushed the van across the center of the road,

.where the truck struck a 1984 Chevrolet sedan.

The van raceived extansive damage on the left side, with maxiﬁum 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 requiremenis of the Federal Motor Vehicle
Safety Standards (FMVSS) for school buses; tnerefore it cannot be eveluated by
these standards. The var, which was rated at less than 10,000 pounds gross
vehicle . weight rating, was struck on tre left side by a loadged dump truck that

. weighed 51,90C pounds traveling at about 35 mph. The differances in weight ang in

structural rigidity between the two striking vehicies makes irrelevant any
discussion of crash performance of vans conforming to federsl schooi  bus
standards versus ronstandard conforming vans.
Outcome of fNccupants of Vehicle

aqe
0f the 2 passengers, ages 15 and 18:

1 sustained MAIS 3 (serious injuries), and
i custained MAIS 9 (critical injuries).
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The unrestrained passenger in th2 right front seal received critical (21S 5)
:njuries:  interventricuier and intercerebrz) wemorrnzaes: e was unconscicus for
aore than 24 hours. The contact points for the paisenger were not confirmed. Theo
dynamics of the coilisfon maoved him forward and to the left at impact, into the
area of maximum intrusion. The use or nonuse of restraint probabiy did not affect
the injury outcome for this passenger because of the massive intrusion into the
forward area of the van. .

The other unrestraired passenger was in one of the three rows of bench ceats; the
exact position is nrot Xnown,  The passenger was ejected out of & left side
window. (The windows <id not conform to federal cchool bus standards). She

sustained serious (AiQ3 3) injuries: 2 comminuted pelvic fracture, clocted head

injurias, and a massive lower leg injury that necessitzted amputation of the
1imb. 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
an. the schoo) van was on the left front, away from this pazsenger’s seating arca.
The forces, however, would remain extreme, and had she been lapbelted, she would

probably have still sustained serious irjurfies.

- .
priver

The driver was wearing the lap/shoulder belt provided. She systained savere

- {AIS 4) fnjuries that proved fatsl: skull fractures; brain .hemorrhage; fractured

ribs, femur, and pelvis; and lacerated liver, spleen, kidney, and lung. The
injuries were caused by imp2ct forces and severe {ntrusien into the driver’s

seating 2rea. The impact force and peretration by the dump truck into the
driver’s door. 4t belt line reight, resuited fn an unsurvivable criash for the

driver, belted or_not.

Notes About the Accident

tapbelts were installed tn the van, but the installation -and configuration was
unusual and not fn compliance with the Federal Motor “ hicle Safety Standards,
The lepbelts were different lengths, ranging from 3 to ¢0 inches tu the cushicn
junction. The Safety Board investigator cal in various ceats in the van and tried
to fasten the seat helts: belts often would not it around his body. '

In the rearmost seat, buckle-to-latch configurations wore irreqular. Two huckles
lay next to each otker ‘on ane side of tnc seat, twc latchplates together on the
ather side, and a huckle/Tatchplate combination on each of the outboard locations
(the configuraticn should be buckle/latchplate acrcsz the + “ire <ceat). At
another positicn, tws belts were-anchered by one bolt. Feder. “otor Vehicle
Safety Standard 209 specifies that seatbelt anchorages for an individual bhelt
assembly shall be located at least 6.5 inches apart laterally, measured between
the bolt holes. A passenger restrained in such a belt in a frontal collisten
would pivot forward and would be forced to the Jeft cr right, depending on the
side of the bus he or she was sitting on.
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The Dodge van was previously used for airport limousine service. The school
district leased the van and made certain modificaticre <o it could be certified
3s a multipurpose. school vehicle. The modifications, according to the State’s

regulations regarding school . transportation, do not require the vehicles to-

conform tc Federal schoo1 bus standards. -
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Aruitoxt provided by Eic:

_ Bedford, New Hampshire

Case Number 27

- Principel Direction
of i crce o

Left Side of Van
Driver .
-F-40. MAIS 4
Subdural hematoma

(right cerebrai)
taceration of liver
Laceration of left kidney
Subarachnoid hemorrhage
Laceration ¢f spieen
Collapsed left ung
Ratroperitoneal hemorrhage
Fracture of right temur- -
Skult hairline fracture

{left temporal)
Skull kairline fracture

{right temparal) ~
Froctured pelvis ileft ischium)
Fracturad pubis
Fractured loft 7th and 8th ribs
Fracturad left tbia
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‘Severity of Accident
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Case Ko. 28 - Safety Board Investigation No. FTW-84-H-SB1l
Accident Locaticn _ State Highway 158; outsida Odessa, Texas
Date and Time ’ Jure 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 --. Honcollisfon rollover (7200)

Delta V not calculable .

‘Summary- of Evehis»' R ’ o -

‘An overloaded church van,}not built to school bus standards, was transporting 21

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, hut -rone of the

passengers was restrained. The driver was also unrectrained. As the van traveled
at about 50 mph on a two-lane, two-way, straight and level rura)l road, the left
rear tire blew out and the driver lost control of the venicle. The van continued
660 feet, veering onto the shoulder and back fnto opposing traffic lanes. When
the van rotated clockwise ahcut 110, the exposed ieft rear wheel rim dua into
the asphalt, causing the van to turn over onto its left side. The van completed
two revolutions (7200) covering a distarce cf 90 feet before it came *o rest on
it?1 wheels. Three passengers were ejected and fatally ‘injured during the
rollovers.

Damage to the van was typical of a wehicle rollover,- confined principally to the

sheetl metal body with 1ittle structural deformation. Striations found on thz van
body were ccnsistent with ground scars found at the accident scene, indicating
two complele rollovers. All 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. Yhe van’s body structure performcd well in the double
ro;}over.,The cccupants’ injuries were not caused by the structure defcrmation or
collapse. : -

Ouicome of Occupants of School Vehicle
acsengers

0f the 21 passengers, ages 3 to 40:
3 were uninjured,
11 sustained MAIS | (minor) injuries, :
4 sustained MAIS 3 (serious) injuries or greater, and
J sustained fatal injuries (AIS coding not possible due to lack of
medical records). j . '
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Ho passenger was restrainad. lapbelts were available al 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. .

Propar use of the lapbelts would have preverted or reduced some of the injuries

received in this accident. The three fatally injured passengers were ejected from

the vehicie as it rolled over. These ejacticns and the fatal injuries would have

been prevented had the restraints been worn. Mo major structural collapse of the

vehicle occurred; the passengers not ejected received injuries mainly due to
- their freedom to be thrown about the interior of the vehicle.

Q[ivg

The driver of the van was not wearing the 1ap/shoulder belt nrovided at nis
pocition. The driver sustained at least minor injuries, but specific information
is not available. He was not hospitalized. Medica) information is not available
so he §s coded as injured, unknown severity {AIS 7).

Hotes About the Accident " ST -

Of the .15 lapbelts furnished by the vehicle manufacturer, 7 were lying on the
floor of the. van, out of pesition for passenger use.

The van, with the exception of its left rear tire, 'was in good mechanica)
condition. The tire probably had been used as a spare until recertly. An
1n.pection before the trip would have ident!fied the poor conditicn cf tre tirp




APPENDIX G

‘(Odessa, Texas

- Case Number 28

Driver

. M-20, MAIS 7

Row 1B
F-1€. 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 Y
Rowz2gC
F-29, MAIS 7

Specific injuries unknown

Row 3A

M-8. MAIS - 3

Specific injuries unknown
Row 2B :

F A1, MAIS = 3

Spacific injuries unknown
Row 3C

F-40, MAIS 7
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Row 3CX
M-2. MAIS 7

. Row 4A
- -M-13. MAIS §
" RowdB

M-27. MAIS 0

Row 4C -
M-11, MAIS 1

"Row 4AY, -

M-6, MAIS = 2
Specific injuries unknown

"Row 4BX

M-3, MAIS 0
Row 4CX

M-2, MAIS
Rows 5A

M-i1, MAIS 1
Row 58

M-17, MAIS 0
Row sC

M-14, MAIS - 3. -
Specified injuries unknown
Row 5D
M-12. MAIS 1

The van show.n‘ _
is repressntational only,
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APPENDIX E

EXAMPLES OF CONFLICTING CLASSIFICATIONS OF SCHCOL BUSKS

... . Case 16 (EImhurst, I1¥ingis) -

School Vehicle:

Classifications:

School Yehicle:

Classifications: -

1982 Chevrolet van chassis with 23-passenger Vanguard body
Dy American Transpcrtation Corporation.

Federal Motor Vehicle Safety Standards.--Classcified as a

small school bus because its-gross vehicle weight rating is

less than 10,000 pounds. At Jeast 'a laphzit for svery
passenger {s required at manufacture; the -lapbelts muct
meet ail Federal standards - for beits on multipurpose
vehicles. The bus s required to meet Federal requirements

_ for smali schosl buses: no minimum Joint strength s

specified, and no frental barrier fs required. The. bench
seats do not have to/meet any seat spacing requirements,

Federal Highway Safzty Proaram Siandord Mo. 17.--Classified
ac a Type 1 large school bus because fts passenger capacity
is more than-15. Pzassengers of Type [ schan) buses are not
required to wear their seatbelts (if seatbeltc are present).

National - Minimum _ Stapdards  Conference  {Schgol  PRuys
. Industry),.--Classified as a Type A small school bus’
-(formerly cailed a Type 11} because its grocs vehicle weight

rating 1< less than 10,000 pounds and its passenger capacity

s more than.lo.

case 23 (Little Rock. Arkangas)

198! Chevrolet chassis with 15-passenger Cadet body by
Carpenter Body Works.

faderal Motor Yahicle Safety Standards --Classified as a
Yarge school -bus E2cause its gross vehicle weight rating is
over 10.000 wounds.. Llapbelts for passiengers  are  not
required; if installed, they do not have to meet federal
requiremenis for seatbelis, The scheol bus muyst meat al)

design and performance standsrds for large schoel buses,

including compartmentalization,

foderal Highway Safety Proqram Standard tig, 17.--C)assified
as a Type Il small school bus because its passenger capacity
i less than 16. Passengars on a Type 1! school bys must

-wear their lapbelte whenever tha vehicle ts in motian,

National __ Minimum __ Standards  {onference  (Schogl Bus
Industry) --Classified as a Type B small <cchool bus
(formerly called 3 Type I1) because its gross vehicle weight
rating i5 more than 10.000 sounds and Its capacity is mure
than 10 personc. !

t
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APPENDIX F-

DATA ON -PUBLIC SCHOCL TRANSPCRTATION, 1986-87

The following table presents data for school buses classified as Type 1
and Type II school buses. Type [ buses are classified by the school bus .
industry (National Minimum Standards-Conference of 1980) as Type C and Type D
large scihool buses. Type 1! 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.

Transponation

Pupits ! Bus Ownership Totsl Yot |
Stste  : Tranep : Mumber | Mites | Espendiures(s)
i spublic | District : Contractor of b | Inctucing .
i‘ Expense - ! Type | Type - Tousl i Type! Type il Total Buses ! Servica Crotst Ovtisy | .
' ! [ i .
T T Aaters | “rtrs 6360 T 116 65M 0.0 [ 6.538 53,815,108 45,061 209 -
- EE Alases . @ sre 107 5 112 454 - 88 540 652 $.805.000 2ZIan2re -
- AMuyons 0,00 70 308 Jass or [} 87 3sn 32,961,729 40,189 619
Arvenses 24474 N/A N/A N/A A A N/A 4179 38 222.000 48 625 ¢
Caidorne 1004367 10969 2586 11455 3,447 3314 876 20318 277.9¢9.°08 5493 12, T
Caoan = T 2841 4023 X9 sz T wa A A wn “ewmwr T T 1M o
I Connecca “ A 762 A TWA - NA 365 1002 05 058 s 110.900 0OC
SDeignre L3 X720 b5 ] 0 9 o8 L1} 0. t X8 18 427,508 27 142 107
Fords 79388 ACA2 X0 832 649 2 249 ¢ 1221912 74 3% et
Sorpe 1 %08 202 YA ik 10331 A A [ ] 10340 - M 119080 141 855 ean
[Sypre @237 [T 0 15 <08 240 748 763 7260450 17 6%e /12 -
Cane 122 40 tary 10 1458 20 10 338 2084 20 8¢5 380 75481 83C
[ W 978 200 Y73 tiA 8702 wA WA 12480 21230 | 240004 303 32 2
wiang T 7507 166 7 s67 2404 WA 240 959 5 796 194 180 260 00
owe 144 618 5018 A0 S eed b 1] 242 6007 42,384 262 P 2 a09 -
“arem 162 433 58 )es2 400 A WA 1280 M 41671007 5190082 -
nontucry [TV T R @ 18k e N 183 7819 78 83° 900 $7 033 38
vt ers LE BN ¥l 129 3%e 31 160 1882 7200 65 108 94 23079 13
Vare P0G 260 W 178 . 19 ) ) L1 29 e are 0 449 08
Verpeong “IYn e i 2402 257 47 264 813 X 0] 132 e
) Vatta:susety 408 AN A A 2288 WA wa 3208 7 498 %6 431 109 150 /A2 ST
- Vchgen (AN 3 NA NiA 1) 480 wA WA 00- 1350 128 420 000 2% S0 WL
Vanevty 0547 IMH 707 648 s%L 94 5888 10210 116 473 0008 1716t 008
Vs co . iR NiA WA S 200 2 (4 2 3202 41 322 2e9 L 4% ere
Vs A% 48] 1129 s942 IO ™ 487 10 109 107,787 .08 145074 133
MoAtang 80 0% .32 . 660 %) 7] 641 tan 16 676 157 g7 "]
* Notrasey ) 88 A A A NA WA WA 3%%2 »nrn 12 434 190
§ Nevase a0 878 "wm 827 Sot 0 [ [ 988 13813422 26 17% Ade
I Now raninie’ 1G5 000 » » L0 137 383 1680 2000 1) 50 000 20 820 Yo »
Now ey 810248 3547 1 7er 9% s 33 7940 13.7% 119 191 000 704 798 N>
Now Meico 13 192 0) n L3} P 260 03 1543 .17 29 200 07¢* b2 X-# TS ]
New vore 197899 11339 A 19 202 wA WA 12,0000 27 202 300 U39 00* $08 248 779
; R wAr Caoring A8 089 1) 133 oty 8y -] 4 [ 13193 119 429 080 19438 182
K . Nonn Seseng 1969 12 08 1399 s (1} “00 1008 2876 000 28 343 00
Ono LM e08 10848 Y 100 “0 p ] e 1954 162 371 000 203 A8 Iy
Ovtgroma oy 6101 o7 8708 A ~/A WA 6708 58,59 408 o 39 009
Cragon 298 | 2842 Y 29 1415 129 1640 463 43170 ape* *1 41337
Ponrssving ‘33763 a9y 22 $ta7 1299 2930 15442 2 2297002 W2 4%e 718
Ancde vand ¥ 000 A A Fig] WA WA 1.080 1350 A wa
Souin Coroing 43078) 490 9 9 9n) " 228 »s 4319 8730057y w82 mQ
$oumn Desots 47 o8 t1e 101 12% » 27 LAl ] 1657 19 707 420 . ML 28 Led
Tonnesess - 9298y 4000 9 S0t * 300 150 ) 500 [ 3 1) 1427380 70:3 22
Tosns t010000 22932 1550 24 400 83 » 56 75.148 200 #99 300 1 110 490
san - 19327 ca 67 va00 e ] 2 0 157¢ 16176 0% 20 988 a7
Vormore - - AR 1 LY %0 107 ar 20 (3] 1848 1953 «™ 60 G
vegre 73598 8 0es ©Ho 9316 » [] m 9567 84198 110 193 650 238
Weshngon MNP0 § 20 ) 3589 650 1951 [A)] 6,400 02787 132 832 06
Wasragon OC $ 160 A A N/A A WA A L] 2 020 000 wa
Was! Vegag 2130 2.1 e J0r? [ [N ] Q J o080 37.748.9%0 84132 950
WrLoren “whed WA WA 1971 A A 3112 708 1 508 02 170252428
Wyomeg @2 AR ) 3 1510 2 1 L] 1.556 15,146 940 20208 24
ol . jRMLAE NN BT M0 MM NN 1 e 3.000.9 523 14 300 ¥ £
SOURCT The Wat0nat Asscx-aton of Uate Ovaciors of Pups */ara0otaton Servces and Bot Putishag Resasrch Deparmen
ﬂo—vamm-fuwumn £ wmaten oy NYOOT ‘onge #Om 4% © $0% OF 48 KD Dvesn 9 LV AKF e, VO Y § 208 Ve

I
Source: Reproduced from School Bus Fleet magazine.
December/January 1989 1{issue, with permission from
Q . BobitIPublishing Co., Redondo Beach, California
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APPENDIX G

SCHOOL .BUS SALES BY BODY TYPE, 1974-88

U.S. School Bus éody Sales 1974-198%8

Typo A .
Type B %Hapd'ca.p/speaal pu!;\ose. (formerty T_y.pew_ln

Type C l: :j Conventional 24-76 passengars (formerty Typa 1)

IS.DOQ— . Type O m‘hanm style 78 « passengers (formerty Type 1) .
: 4027 aopRr T -
e 40,000 S i — . . J7.l70§ 2,482
) 15,000 . 36,898
. - * . 33.203 31948 - ‘ 7',,””'m
130.000 27,585 27,792 ml ﬁ 26.900 - -
- 24478 26.762 25.002 ‘
§- -—25.000 Naw | 'Q |- N\
@ . 0 15,924 31.242
H 20,000 — N )
15,000 - ' . N
10,000 d
L - 1143 -
5,000 ;7 ;7- ?7 ;a . -
7 5.272
199 1% 9 dn %5997
o 1 T LR o1 i
e e . 1974 18781976, 1977 1978 1979 1930 1981 1502 103 4 1SS 1966 1987 1988 .

Cslander Yesr
Accoraing 1o the ediiors of SCHOOL BUS FLEET. tho 1988 calendar yoar witl see Ihe second aghen! number 0! sChoo! buses v
built Bus dory and cnasss duilders manufaciured 40.097 school buses. nearty maichung ING record Number buitt m 1974. Figuwes
for 1988 wore collactod lrom many‘acturers and Component SUPPhers 5:x woeks rior 10 the end of the calonda’ yesr and thus ek
031imat0s 'or Docompbar’s pronuct.on. the margin of 61701 18 MINISCUIO a5 MaNUTaCIurers ars adle to AcCuratety Droject producthion raes
16,1 twO 01 MOY MONING SOURCE SCHOOL BUS FLEET Research Depanimes

“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 H -
‘SCHOOL BUS TYPE DESIGNATIONS

School Bus Type Designations

At the AN Lia e A o AN L e 0 SCOA Tansirtaton o 198) (e 201 ndre 160 SCROO! DUSES #2i® (NANGEO
e s tpe B e At S DL 42 “yre il Thow rew sianderCs and 16006 10 40Dl Dnmanty 1 new vencied
1 A0 0 5 AAR S LY A AL ET T =191a0 G DSt gers Cannot Le Len '»«d 3 Krord Luses unoor inderdl ‘eQuidtons

. e, . - - © pammsasam e
CIMPANY Paritc > : "E ; I —‘
520 -9 —Fo -
IYPE A Tvee B : TYPEC Tvego © !
‘ﬂ‘”." : H ' - —‘—' o T
YA srient
Hara
anuad — = . -
© Pres.gestt
Btwe Birg dady Co.
o0 Aa o Gualy
1 s g ’
(cosrramtt Gt a1
A 1]
A Ao gt rar
Tiyat Fiar .
A A rqcan
fin 1 Par B -

{continued)
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School Bus Type Designations (continued

i H

COMPANY : ,—'%—E:_L :"?39.

" Carpenter Body Works o i - .
" Cupcer e Ovsy :
' Caaet

e e e et e et et e e
Consentionst R [
[ U PR, . . e e - e

Corvan ¢ . . I P

S S D S 3
" Coftins Bus Corp.
i Supe Bantam

! Bartam 1

i Crown Cosch Int'l

e |, Supmcomn e
- : ! Gtig Corp.
Agranced 083N Bud L. e e oo P
- . Migtve
. Superor e e e m -
Winteman R

Notioned Cosch
w0 .o

THe Mew Bus Co.

C“‘.“M - * - - - — - ne e . - . - . -

TWCoulc im - . .

Patewl o - e i = - [ SRR —
" Thomas Bustt Buses ‘ . .
1 Minctour v ©Ovey

T Mgny Uie . i o A - . -

et emm—a—rn 4 v = st e

v o v — e ——————

. Corwamora
— - P, . ~ a1 LiLines
' | Meuinsv el
wye

Rid } : )
b Sturgeean e LI . .. e e i s am e e e o
; ’ Guper SturGvan .. e e e e e e e .._..._.,...._.._.__.._...._...-:

U T o (Duen) '

- .- e e mn - e - v o § = e e e e

6 Pass . oo ; ! !

- ————— = s m = @ P e - e o e R e iy ]

——————— _—
[P B

Cheoerene T e

Busens RO 17 (USSR
Cragerono 1L s (Duen '

rae + o v o . = — w—— ¢ or

C e e

Tt A oo A AN Db 4§ COMETLA (F SOy (f A Ae) Lo mmm.mwnﬂmumw“m
lvmmumvammnm-,-momﬂn | gengred N7 Larrng wore Ten 10 Doreond A oF D enre 0 & R
oyt 1mag # V000 (A o @ JGAED W LB WG O LS & No SAGINI] DAG NG SRBACE GO O B -7 N0 VON S
0 perers

1940 AVpn B WS CVE 4 § LVErsOn & DOy CIETUONd and
- AUABT DU § SOA O VO MICION WA (ROWA ¥ 10030 (RESES.
-ooqoumatav‘alnqdmm'ow)mm 10 pwne The ong Behed pae e Aby AP
@ g Mre A 0 2Nvne Pt of T SAQRE & DBNOEDH IR o moy oo ot
1arnd NG AR 70 DILOR he Paw § 10e The ot/ane duv &
DOFAG the OM aneers e wom wheohy

TPE C: A Npo C wnao tha & 8 Doy aveted yor 8 A Dacs

Source: Re)produced from School Bys_Fleet magazine,
December/January 1989 issue, with permission from
Bobit Publ!shing Co., Redondo Beach, California
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APPENDIX I : C ' -
ABBREVIATED INJURY SCALE (AIS) -

Injuries of school bus occupants were coded in this study according to the
1985 Abbreviated Injury Scale (AIS) (American Association for Automotive Medicine
1985).% Injuries are described in the case summaries (appendixes B and D) in
terms of the maximum AIS injury (MAIS) sustained by an oOccupant. Hence, if an
individual sustained two AIS 3 injuries, one AIS 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 multiple injuries would be properly assessed using theiy
most severe injury as an index (Huang and March 1973). Identification of each
injury incurred by a school bus occupant with an MAIS 2 or more is included on

the bus seating. charts in the case summaries,

Als-cbdg Description ’ Examples
0 Uninjured _
1 Minor Bruises, abrasfons, superficial lac-

erations (less than 2 fnches on face
or 4 inches on body, provided they
do not extend 1{into subcutaneous
tissue), fractured finger, sprained
wrist, fractured nose. ’

e 2 Moderate . Deep  laceration, .mild  concussion, -~ ~——
: head injury with amnesia about .

accident and no neurological damage,
fractured clavicle, sprained knee,
fractured foot, fractured ulina.

3 Serious - Fractured femur, dislocated hip,
brain swelling, contused . bladder,
fractured pelvis, crushed forearm,
hand amputation, head {injury with
prior wunconsciousness with neuro-
logic deficit. ?

4 Severe- Ruptured spleen, amputation of ‘leg
above knee, brain hematoma less than
100 cc.

(Continued)

Voals is o standardized, universslly accepted systom for assessing the severity of injuries from impacts’

by coding individual injuries. The first AlS was published in 1971 under sporsorship of a joint comittee
of the Americon Medical Association, the Americbn Association for Automotive Modicine, ond the Society of
Autorotive Engincers. ' Since 1973, the American Associstion for Automotive Medicine has been the sporsoring
orgenization,

1
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A1S Scale {continued) B ' | -

AIS Code  Description
5 Critical
6 Maximum injury
7 Injured, unkﬁown

Aruitoxt provided by Eic:

Examples

APulmonary artery laceration,complete

spinal cord lesion (gquadriplegia or
paraplegia), ruptured liver, uscon-
sciousness more than 24 hours or
perietrating skull injury, brain
hematoma more than 100 cc. - _.. -

Torso transection, massive skull
crush, .spinal. cord crush witht otal =
transection C-3 or above, crushed
brain stem: Tl ‘

Insufficient information is avail-
able or outcome rather than -iajury

-is -described;--i.e,, arm trauma,

closed head injury, kidney injury.

Medical report states “"redness over

_eye," "suspicion of .. oor. .

no information is available,
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COMPARISON OF KABCO AND AIS INJURY SCALES

The KABCO injury scale is commonly used in police accident reports.
AIS scale is used by accident investigators with the

Safety Board and by highway researchers.

KABCO Seale

The KABCO system has § opt1ors
for coding .injuries:d

Code - Qgscrigpion
K Dead before report was made
A Bleeding wound, distorted

member, or had to be
carried from scene

B Other visible injury or
bruises, abrasinns,
_._swelling,.or limp .
c - Possible injury

0 Ho indication of injury

3 Definitions as used in I11inois polics

The‘AIS system has 9 options:

ey
(=]
O
[s]

repor-s,

AIS“Sane

Severity

Uninjured

Minor

Moderate

Serious

Severe

Critical

Maximum, virtually
unsurvivaple

N _Injured, unknown ..

severity
Unknown if injured

The
National Transportatxon
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An injury can can be coded differently, depending on _the injury scale
used. The KABCO system has broad classifications that can be misleading about
the actual severity of injury. -The following examples, using cases from this
study on small poststandard school buses, illustrate differences in coding.
The full summary of each case is given in appendix B or D.

| Case 13 {Houston, Texas): 9 passengers

KABCO Scaleb AIS Scale
Humber of Injury : Number of .-..Injury
passengers code passengers code

2 A - t g AlS 1

7 . c

Case 16 (Elmhurst, 111inois): 9 passengers

KABCO Scal: “AIS Scale .
Humber of Injury Humber of  Injury
pass ngers  _code _ passengers _code
9 .. A 2 ALS 0

: 2 TAIS 1
2 AIS 2
3 AIS 3

b The KABCO system is defined differently in Texas police reports: K =

Killed. A = [ncapacitating injury--severe injury that prevents continuaticem

of normal actions; includes broken or distorted limbs, internal injuries, an<

crushed chest. B = Nonincapacitating 1njury--evid§nt fnjury such as bruises.

. abrasions, minor lacerations that do not incapacitdte. C = Pogsible injury--

. fnjury that is claimed, reported, or indicated by behavior without visible
: wounds.

ERIC | 209
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Case 26 (Schaumberg, I11irois): 12 passengers

- KABCO Scale . - AIS Scale
Number of  Injury Number »f  Injury
B passengers  code passer s code
1 K 5 ALS 1
10¢ ’ A 3 AlIS 3
) ] 1 c- ‘ 3 AIS 5
1 AlIS 7

C The 10 passengers coded as receiving "A" injurtes did not 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 5 (critical);
1, AIS 7 {injured, unknown severity). i
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APPENDIX X
LIMITATIONS OF THE KABCO INJURY CODES

The fcllowing discussion about the KABCO injury coding'system has been
- excerpted from a University of Adelaide publication (Hutchinson 1987).-

8.10.1 Thé_ codes 8.10.2 Iuter- and mtra-state varin-~

. ) tions in usayge
tAost American police forces use the K, A, B, C, 0 et

code recommended by the National Safety Coun- - Carroll and Scott (1671) and Scott (1972) roticed
¢il. The wording of the definitions of these codes -—- - enormous differences between states of the US.A. .
varies in minor ways from place to place. Very brief " as to the proportions in which the A, B, C ccdes
descriptions are as follows: ; were used: the proportion of A injuries varied from

ied from 9% 10-75%, n-a samgle of 17 states.
The authors thought that much of the variation
) must be attributed to non-uniforrity of scale in-
B Non-incapacitating (evident) injury. terpretation and use. |-have compiled some m=re
recent data--see Table 8.22. -

A Incapacitating injury.

C Possible injury.

0 Mo indicaticn of injury.

The K, A, B, €. 0 scheme permits rapid evalua-
tion urder adverse circumstances and with min-
unal exarnination of the victim, But obviously
many injuries in ithe A category are minor, such
23 superficial Jacerations accompanied by moder-
ate but easily controlled bleeding, and conversely
tha C category could.include severe and potentially
his-threatening injuries such as a ruptured spleen.
Further doubt is cast on the validity of this classi-
fication by the finding (Carpenter, 1973) that in.
surance payments (in what was admittedly a small
sample) for severity C were higher than for 8 which -
in turn were higher than for A, In the course of a
wider investigation, Shinar et al (1983) found that
a substantial aumber of injury- azcidents-in Indi-
ana were recorded by the police as damage-only
(grade 0). ] )

211
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Table 8.22: Percentuge distribution of severity of injury in thirteen states.

A B c
South Carclina 1985 36 22 42
Massachusetts 1981 32 32 36 L
Illinois 1983 27 26 47 o -
. A South Dakota 1983 .  _ .20 47 33 .
; . - ) Idaho 1983 . 1T 40 44
' Washington 1982-83 15 41 45
S ‘Michigan 1983 . 14 ° 31. _ s5. .
Delavare 1983 13 48 - 39— R e -
- - _ Texas 1983 12 ‘44 T 44
States -hat may not be comparable:
Alabama 1983 59 26 15
.Arizona 1983% 20 47 33
Ohio 1984+ 8 41 51
California 1983+ .5 46 49

° Rural accidents only,. ) ) ~
# U.S. and state highways only. ST
+ These 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 “serious visible injury”, and is defined as “An injury other than fatal that prevents the injured
person from working, driving, or continuing ncrmal activities that he {she) was capable of performing
prior to the accident.” -

- 212 o
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[.PPENDIX L :
- DATA ON FATAL SCHOOL BUS ACCIDENTS ' 4 '

Tne table that follows is from a study on schaol bus safety published in 1959
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, Naticnal Highway Traffic Safety Adminis:ration.

i

TABLE 32 ESTIMATED ANNUAL SCHOOL BUS ACC'DEN -
FATALITIES (FARS 1982-1986)

Yehicle Type
Vehicles
) " Persons Used as —— -
- - Fatally School School - - Other - . -
Injured Buses? Busesb . Vehicles Total
Drivers 1.6 . 08 62.6 65.0
Pedestrians :
. Students¢ 24.0 18 11.6 374
Adulisd 4.4 1.0 . 1.8 7.2
Passengers
_____________ ) . Students 96 24 80 20.0 ' ‘
~ Adults 24 0.6 o116 14.6 - -7
Bicyclists a
Students 1.8 04 1.0 32
Ads 12 02 02 _16
i - 450 - - 7.2 : 96.8 149.0

Notes: Average values derived from S years of iatal accident data. Drivers
and passengers were occupants of the vchicle type indicated. Pedesiians and . . .
bicyclists were struck by the vehicle type indicated.
3“School bus™ refers to a vehicle designed and built as a school bus, excluding
. van-uased buses. These vehicles are predominantly Type I buses with
GVWRs greater than 10,000 Ib. .
&Vehicle used as 8 school bus” refers 10 a vehicle that is extemally
identifiable as a school bus, but not originally designed and built as a school
bus, for example, station wagons, standard vans, and vans modified to serve
as school buses.
€Swudents are defined as persons under 20 years old.
dAdults are defined as persons 20 years old or olde..

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)

H371.206 StunGard No, 206; Door locks

" and door retention compunenis,
S1. Purpose and scope. This siand-

ard specitles requirements for side’

door locks and ‘side door retention
components including latches, hinges,
and other supporting means, to mini-
mize the likelihood of occupants being

* thrown from the vehicle ‘as a result of

impact, :

S2. Application. This stardard ap-
plics to passenger rars, rnultipurpose
passenger vehicles, and trucks.

83. Definitions. “Cargo-Type Door™
means a door designed primarily to ae-
commodate cargo loading including,
but not limited to, a two-part door
that latehes Lo itself,

“Side front door” means a door that

_In a side view, has 50 percent or more
Tol itk opening area forward of the

rearmost point on the driver's seat-
back, when the driver's seat iy adjuse-

382
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ed to its most vertical and rearward
position.

~Side rear door” means a door 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 is ad-
justed to {ts most vertical and rear-
ward position.

84, Regquirements. Components on
any side door leading directly into a
compartment that contains one¢ or
more seating accommodations shall
conform to this standard. However.
components on folding doors. roll-up
doors, doors that are designed to be
easily attached to or removed from
motor vehicles. manufactured for oper-

ation without doors, and side doors’ ~

which are equipped with wheelchalr
lifts and which are linked to an alarm
system consisting of either a flashing
visible signal located in the driver's

compartment or an alarm audible to -

the driver which is activated when the
door is open. need not conform to this
standard.

S4.1 Illinged Doors, Except Carqo-
Type Doors. : .

S4.1.1 Door Latches. Each door
lateh and striker assemtly shall be
provided with two positions consisting
ol— .

() A fully latched position: and

(b) A secondary latched position,

§£4.1.1.1 Longitudinal Load. The
door latch and striker assembly. when
in the fully latched position, shall not
separate when a tongitudinal load of
2.500 pounds s applied. When in the
secondary latched position, the door
fatech and striker assembly shall not
separate when a longitudinal load of
1,000 pounds ix applicd. .

$4.1.1.2 Tranarerse Load. The dour
lateh and striker asembly, when in
the fully Iatehed position, shall not
separate when i LFANSVerse load of
2.000 poungds is appticd. When in the
secondary atehied position, the door
latch and striker assembly shall not
reparate when o transverse load of
1,000 pounds is applicd.

S4.1.1.3 Inertia Logd. The  door
latels shall not disengage from the
fully 1atehed position when a tongitu-
dinal or tranaverse inertia load of J0g
is applirg to the door lateh system dn-
cluding (he latel and its actuating

!

§571.206

mechanism with the locking mecha-
nism disengaged).

S4.1.2 Door [IHinges. Each door
hinge system shall support the door
and shall not separate when a longitu-
dinal load of 2.500 pounds is applied.
Similarly, each door hinge fystem

shall not separate when a transverse

10ad of 2,000 pounds is applied.

S4.1.3 Door Locks. Eacls door shall
be equipped with a locking 1aechanism
with an operating means in the inten- .
or of the vehicle.

S$4.1.3.1 Stde Front Door Locks. -
When the locking mechanism_is en-
gaged, the outside door handle or
other outside latch release controt
shall be inoperative. - - -

S4.1.3.2 -Stde Rear Door Locks. In
passenger cars and multipurpose pas-
senger vehicles, when the locking
mechanism is engaged both the out-
side and Inside door handies or other
latch release controls shall be inoper-
ative, . N

S§4.2 1linged Cargo-Tiype Duors.

S4.2.1 Door Latches. '

84.2.1.1 Longitudinal Load. Each
lateh sysiem, when in the latched po-
sition. shall not separate when a longi-
tudinal load of 2,500 pouncs IS applied.-

§4.2.1.2 Transverse load. Each
latch 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 is
used on a single door. the load require-

‘ment may be divided among the total

number of latch systems.,
8422 Door Jlinges. Fach door
hinge system shall support the ‘door
and shall not separate when a longitay.
dinal load of 2,500 pounds is applied.
and when a transvense load of 2.000
pounds Is apolled. .

S4.3 Sliding Doors. The track and
shide combination or other supporung
menns for each sliding door shall not
separate when A total transverse load
of 4.000 pounds s applied. with the
door in the closied position,

SS. Demonstration Procedures,

85.1 Hinged Doors, Eicept Cargo-
Type Doars.

85.1.8  Door Latches.

$5.1.1.1 Longntudincl and Trans.

rerse Loads. Comphance witl, para-
graphs $4.1.1.1 and S4.1.1.2 shall be
demonstrated in acrordance with para.

i 383
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graph 4 of Soclety of Automotive En-
gineers Recommended Practice J839b.
~Passenger Car Side Door Latch Sys-
tems,” May 1965.

85.1.1.2 [Inertia Load. Compliance
with 84.1.1.3 shall be demonstrated by
approved tests or in accordance with
paragraph 5 of SAE Recommended
Practice J839b. May 1965.

85.1.2 Door Hinges. Compliance

with 84.1.2 shall be demonstrated in ..
accordance with paragraph 4 of SAE

Recommended Practice J934, ““Vehicle

- Passenger Door Hinge 8ystems," July -
. 1885. For plano-type hinges. the hinge

spacing requirements of SAE J934
shall not be agplicable and arrange-
ment of the test fixture shall be al-

tered as required so that the test load

will be applied to the complete hinge.
85.2 Hinged Cargo-Type Doc:s.
85.2.1 Door Latches. Compliance
with 84.2.1 shall be demonstrated In
accordance with paragraphs 4.1 and
4.3 of SAE Recommended Practice
J83isb, ~Passenger Car Side Door
Latch Systems,” May 1965. An equiva-

lent static test fixture may be Jubst)-

tuted for that shown In Figure 2 of
SAE J839b, if required. ;
85.2.2 Door Hinges. Compliance

" with $4.2.2 shall be demonstrated In~

accordance with paragraph 4 of SAE
Recommended Practice J934, “Vehicle
Pasasenger Door Hinge Systems,” July
1965. For piano-type hinges, the hinge
spacing requirement of SAE J934 skall
not be applicable and arrangement of
the test fixture shall be altered as re-
quiired 80 that the test load will be ap-
plied to the complete hinge.

88.3 Sliding Doors. Compliance
with 84.3 shall be dumonstrated by ap-
plying an outward transverse load of
2.000 pounds to the load bearing mem-
bers at the opposite edges of the door
(4,000 pounds total). The demonstra-
tion may be performed cither in the
v2hicle or with the door retention
components in a bench test {ixture.

(36 PR 22002. Dec, 2, 1071, as amended at 37

PT: 284, Jan. 8, i972; 50 FR 12031, Mar. 27,
1985}
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‘bles, arid for éach designated seating
position for which a Type 2 seat belt

#571.210 Standard No. 21t Seat belt as-

sembly anchorages.” — T o
S1. Purpose and icope. This stand- -

ard establishes requirements for seat
belt assembdly anchorages (o Insure

their proper location for effective oc-
cupant restraint -and to reduce the . .

likelihood of their fatlure.

82, Application. This standard ap-
plies Lo passenger cars, multipurpose
passenger vehicles, trucks, and buses,

83. Definition. “Scat belt anchor-
-.age” means the provision for transfer-
ring seat belt assembly loads to the ve-
hicle structure.

54, Requirementas.

84.1 Type.

S4.1.1 Seat belt anchorages for a
Type 2 seat belt assembly shall be in-
stalled for each forward-facing  out-
board designated seating position in

assembly is required by §571.208 in ve--
hicles other than passenger cars.

. 84.1.2 Seat be!t anchorages for a
Type 1 or a Type 2 seat belt assembly
shall be installed for-each designated -
reating position; except a passenger
seat in a bus or a designated seating
position for which seat belt anchos-
ages for a Type 2 seat belt assembly
are required by 84.1.1.

84.1.3 Notwithstanding the require-
ment of paragraph 84.1.1, each vehicle
manufactured on or after September
1. 1987, that is equipped with an auto-
matic restraint at the {ront right out-
board designated seating position that
cannot be ysed for securing a child re-
“straint system or cannot bé adjusted
by the vehicle owner to secure a child
restraint system solely through the
use of attachment hardware installed
as an item of original equipment b;
the vehicle manufacturer, shall have,
at the manufacturer's option, either
anchorages {0r a Type 1 seat belt as-

passenger cars other than converti- sembly at that position or a Type 1 or

-432
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Type 2 seat belt assembly at that posi-
tion. The anchorages shall consist of,
at a minimum. holes threaded to
accept bolts complying with S4.1¢(1) of
Part 571.209 of this chapter.

$4.2 Strength.

S4.2.1 Except for.side-facing seats,
the anchorage for a Type 1 seat helt
assembly or the pelvic portion of a
Type 2 seat belt assembly shall with.
stand a 5.000-pound force when texted
in accordance with 85.1.

$4.2.2 _The anchorage for a Type 2
seal belt assemnly shall withstand
3.000-pound forces when tested in ace
cordance with 85.2.

$4.2.3 Permanent deformation or

rupture of a seat belt anchorage or its
surrounding area is not considered Lo
be a failure, if the required foree is
sustained for the specificd time,

S4.2.4 Except for cominon seat belt

anchorages for forward-facing and
rearward-facing seats, fioor-mounted
seat belt anchorages for adgrent des-
ignated  seating  positions shall  be
tested by simuitaneously joading the
seat belt asserabhes attached to those
anchorages,
- 84.3. Locafton. As used n this see.
tion. “forward” means in the direction
in which the seat faces, and other di
rectional references. are to be inter.
proeted accordingly. Anchorages  for
automatic atd for dynamically tested
gseat belt assembhies that meet e
frontal crash protection requirement
of 85.1 of Standard No, 298 (49 CFR
571.208) are exempt from the location
requirements of this section. .

S4.3.1 Seat belt anchorages for Tupe

1 seat bell ussemblies und the pelvie

portton of Tupr 2 seal belt axaemblies,

S$4.3.1.1 In ananstallation n which
the seat belt -does et bear upon the
seal frame, a hne from the seatng ref.
creace point to the nearest contact
point of the belt with the hardaare at-
taching it to the anchorage for a non
adjustable seat, or from a pant 2.50
inches forward of and 0,355 ineh above

the seating reference pomt 1o the

nearest contact point of the e it with
thie hardware attaching it 1o the an
chorage for an adpustable seat mnoits
rearmost  position, shall extend for
ward from.the anchorage at an anile
with the horizontal of not lexs than
20 and not more than 75 .

§ 571.216

$4.3.1.2 1n an installation in which
the beit bears upon the seat frame,
Lhe seat belt anchorage, if not on the
seat structure, shail be aft of the rear-:
most beit contact point on the seat
frame with the seat in the rearmost
position, The line from the scating ref-
vrence point Lo the nearest belt con-
tact. point on the sezt frame shall
extend forward from thar contact
point.at an angle with the horiznntal

of not less than 20° and not more than

95 .

S4.3.1.3 In an instaliation in whirh
ti:e seat belt anchorage is on the seat
structure, the line from the seating
reference point to the nearest contact
point of the belt with the hardware at-
taching -it to the anchorage shall
extend  forward from  that contact
point at an angle with the horizontal
of not less than 29 and not more than
15 .

$4.3.1.4 - Anchorages for an individ-
ual seat belt assembly shall be located
at least 6.50 inches apart laterally,
measured between the vertieal center-
hines of the bols holes.

$4.3.2  Scat belt anchorayrs fur the
upper torso portion of Type 2 scat belt

assemblies: With- theseat In its fall-

rearward and downward position and
the seat back in its most upright posi.
tion. the seat belt. anchorage for the
upper end of the upper torso restyaint
shiall be focated within the acceptable
ranee shown in Figure 1, with refer.
ence 10 a two dimensional mantkin de-
seribed in SAE Standard JE26 « Novern.
ber 1962) whose “H” point is at the
seating  reference  point - and whose
torso Line is at the same angle from
the vertical as the seat back.

S5, Teaf procedures, Each tehicie
shall meet the requirements of 812
when teated according to the following
procedures, Where a range of values i
speeticd, the vetnele snall be able 1o
meet the reguirements at all pointa
witlnn the range,

- 8H.1 Sedals with Tupe 1 oor Type 2
seat helt anchargees, With the seat i
1x rearmoat position, apply a fouree ot
5.000 ponnds in the dircetion i wineh
the seat faces 1o a pelvie body Bock as
deseribed in Figare 2, restraiied by a
Type 1 ar the pelvic portion of a Type
2 et helt azsembly, as apphieable, i a
plane parallel te the fonwitudinal cen-

433 |
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§ 571.210

terline of the vehicle, with an initial
force application angle of not less
than 5° nor more than 15° above the
horizontal. Apply the force at the
onset rate of not more than 50,000
pounds per second. Attain the 5,000-
pound force in not more than 30 sec-
onds and maintain it for 10 seconds.
85.2 Seais with Type 2 seal belt an-
chorages. With the seat in its rearmost
position, apply forces of 3.000 pounds’
in the direction in which the seat faces
simultaneously “to ~pelvic and upper
* torso body blocks as described in Fig-
ures 2 and 3, restrained by a Type 2
seat belt assembly. in a plane parallel
to the longitudinai centerline of the
vehicle, with an initial force applica-— -
tion angle of not less than 5° nor more
than 15° above the horizontal. Apply
the forces at the onset rate of no

434
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more than 30.000 pounds per second.
Attain -the 3.000-pound forces in not
more than 30 seconds and maintain
them for 19 seconds.
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§6. Owner’s Manual Information.
The owner’s manual in each vehlcle
with 8 GVWR of 10,000 pounds or less
manufactured after September 1, 1987
shall Include:

(8) A section explaining that all -

child restraint systeme are designed to

be secured in vehlicle seats by lap belts

or the lap beit portion of a lap-shout.
der beilt. The section-shall also explain
that chlldren could be endangered Ina

435

crash if their child restraints are not
properly secured In the vehicle.

(D) In a vehicle with rear designated
seating positions, a statement alerting
vehicle owners that, according to accl-
dent statistics, children are safer when
properly restrained in the rear seating
plo:‘sulom than in the front seating po-
sitions. :

" (e)In each passenger car, a dlagram

or dlagrams showing the location of
the shouider belt anchot;ues required

|
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§ 571.210

by this standard for thee rear outboard
designated seating positions. if shoul.
der belts are not installed as items of
original e~quipinent by the  vehicle
manufacturer at those positions.

87, Instaliction Instructions. The
ocwner's manaad in cach vehicle manu.
{facturerd on or after September ),
1987, with an automatic restraint at
thee front righe outboard desiznated
sceating position Lthatl cannot be used to
sectee 4 clnld restram! systemn _when

the automatic restraint is adjusted to

meet the performance reguireme-nts of
55.1 o1 Standard No. 208 shall have:
ta) A slatement that the automatic
restraint at the front nikht cutbnard
degivnated seating position cannot be
used (o secure a ehld restraimnt and. as
appropriate, one ol the following
thirere statements: )

(11 A statement that the automatic
restraint at the front rikht outboard
designated sealing position can be ad-
justed to seeure a child  restraint
system Using attachment hardware in.
stalled as ornginal equipment by the
vehiuele manutacturer;

12y A statement that anchorages for
installation of & jap belt to séeure a
child restraint system have been pro-
vided at the front right outboard des-
iknated seating position: or

(3) A statement that a lap or manual
lap or lap/shoulder beit has been in.
stalled Ly the vehicle inanufacturer at

the front right outboard dessgnated -

seating position te secure a child re-
straint, = )
(b In each vehicle in which a jap or

lap/shoulder belt §5 not installed at

the front zight outboard designated
seating posnition as an item of original
equipment, but -the automatic -re-
straint at that position can be adjust.
¢d by the vehicle owner Lo secure a
child restraint system uxing an item or
Hems of original equipmernt instalied
in the vehicle by the vehicle manufac.
turer, the .owner’s manual shall alsn
have;

1) A diagram or diagrams showing

the location of the attachment hard. -

wure provided by the vehicle manufac-
turef,

(2) A step-by-step procedure with a
diagram or diagrams slivwing how to

modify the automatie reatraint system -

to decure a child restraint system, The

49 CFR Ch. V (10-1-88 Edition)

instructions shall explain the prcper
routing of the attachment hardware.
(¢) In each vehicle in which the
automatic restraint at the front right
otitboard designated seating position
cannot be modified to secure a child
restraint - system  using  attachment
hardware installed as an original
equipment by the vehicle manufactur-

+r and a manual lap or lap/shoulder-

belt is not installed as an item of origi-
nal_equipment by the vehicle manu-
facturer, the owner’s manual shall also
have: - ’ :
1) A diagram or diagrams showing
the locations of the lap belt anchor-

akes for the front right outboard des- -

ignated seating position.

(2) A step-by-step precedure and a2
diagram or dlagrams for installinz the
proper lap belt anchorage hardware
and a Type 1 lap belt at the front
right outboard designated. seating po-
sition. The instructions shall expiain
the proper routing of the seat belt as-
sembly and the attachment of the seat

belt assembly to the lap belt anchor--

AKeS, B

(38 FR 22902. Dec. 2. 1971, as amended at 37
FR 9323. May 9. 1972; 43 FR 21892, May 22,
1978. 43 FR 53442. Nov. 16. 1978 50 FR

41350, Oct. 10. 1983: 51 FR 9813. Mar. 21,

1986, 51 FR 29555, Aug. 19, 1986
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" 8571.217 Stardard No.' 217: Bus window

retention and release,

81. Scope. This standard establishes
requirements for the retention of win-
dows other than windshields In buses,
and estabiishes operating forces, open-
ing dimensjons, and markings for
pushout bue windows and other emer-
gency exits.

82, Purpose. The purpose of this
standard 18 to minimize the likellhood
of occupants belng thrown from the
bus and to provide a means of readily
accessible emergency egress.

83. Application. This standard ap
plies to buses, except buses manufac-
tured for the purpose of transporting
persons under physical restraint.

84, Definitions, Push-out window"
means a vchicle window designed to
open outward to provide for emergen.
cy egresa.

“Adjacent seal’” means a deslgnated
seating position lorated so that some
portion of its occupant space {5 not
more than 10 Inches from an emergen-
cy exil. for a distance of at least 15
Incnes measured horizontally and par-
allel o the exit. . .

“Occupant space”_means the space

’ directly above the seat and footwell,

bounded vertically by the celling and
horizontally by the normally pos!-
tioned seat back and the nearest ob-
struction of occupant motion In the df-
rection the seat facex.

885. Requirements, . .

83.1 Window relention. Except as
provided in 88.1.2, each plece of
window glazing and .each surrounding
window frame when tested In accord.
ance with the procedure In 85.1.1
under the conditions of 86.1 through
88.3, shall be retained by Its surround-

_Ing structure In a manner that pre-

venta the formatlon of any opening
large enough to admit the passage of a

APPENDIX M
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4-inch diameter sphere under a force,
Including the welght of the sphere, of
5 pounds untll any one of Lthe follow-
ing events occurs:

(a) A force of 1,200 pounds |g
reached.

(b) At least 80 percent of the glazing
thickness has developed cracks run-
ning from the load contact reglon to
the periphery at two or more polints,
or shattering of the glazing occurs. -

(¢) The Inner surface of the glazing
al the center of force application has

- moved relative to the window frame,

along line perpendicular to the un.
disturbed Inner surface, a distance
equal to one-half of the gquare root of
the minimum surface dimension meas-
ured through the center of the area of
the entire sheet of window glazing.
85.1.1 An increasing force shall be

"applled to the window glazing through

the head form specified in Figure 4,
outward and perpendicular to the un-.
disturbed Inside surface at the center
of the area of each sheet of window
glazing, with a head form travel of 2
inches per mintte, .
85.1.2 The requirements of this
standard do not apply to a window

-whose minimum surface dimension

measured through the center of It
area is less than 8 inches, :

88.2 Provision of emergency esita.
Cuses other than schoolbuses shal!
provide unobstructed openings for
emergency exit  which  collectively
amount, in total square Inches, to at
least 87 times the number of designat.
ed seating positions on the bus, Ag
least 40 percent of the total required
area of unobstructed openings. com.
pried In the above manner, shall be
r - vided on each side of a bus. Howev.
et. In determining the total unob-
structed openings provided by a bus, -
no emergency exit, regardless of ita
area, shall be credited with more than
536 square (nches of the total area re-
quirement. S8choo! buses shall provide
openings {nr emergency exits that con-
form to 85.2.3. Ce e

85.2.1 Buses with GVWR of more
than 10,000 pounds. Excepl as provid.
ed In 85.2.1.1, buses with a GVWR of
more than 10,000 pounds shall meet
the unobstructed openings require-
ments by providing side exits and at
least one rear exil thal conforms to

464
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85.3 through 85.5. The rear exit shall
meet the requirements when the bus {3
upright and when the bus is over-
turned on either side, with thc occu-
pant standing facing the exit. When

the bus configuration preciudes instal- -

~ lation of an accessible rear exit. a roof

exit that meets the requirements of
85.3 through 85.5 when the bus s
overturned on either side, with the oc-
cupant standing facing the exit, shall
be provided in the rear half of the bus.
© 85.2.1.1 A bus with GVWR of more

" than 10,000 pounds may satisfy the

unobstructed openings requirement by -
providing at least one side door for

each three passenger seating positlons
In the vehicle.

85.2.2 Buses with a GVWR of
10,000 pounds or less. Buses with a
GVWR of 10,000 pounds or less may
meet the unobstructed openings re-
quirement by providing:

(a) Devices that meet the require-
ments of 85.3 through 85.5 without
using remote controls or central power
systems.

(b) Windows that can be opened
manually to a position that ptovides
an opening large enough to admit un-
obstructed passage. keeping a major

. axls horizontal at all time, of an ellip-

sold generated by rotating about its
minor axis an elli;se having a major
axis of 20 inches and a minor axis of
13 inches: or .

(c) Doors. |

85.2.3 School buges.

85.2.3.1° Each school bus shall
comply with cither one of-the follow-
ing minimum emergency exit provi-
sions, chosen at the option of the man-.
ufacturer:

(a) One rear emergency door that
opens outward and I8 hinged on the
right side (either side in the case of a
bus witiy a GVWR of 10,000 pounds or
less). or

(b) One emergency door on the vehi-
cle’s left side that Is in the-rear half of
the bus passenger compartment and is
hinged on its forward side, and a push-
out rear window that provides a mini-
mum opening clearance 16 inches high
and 48 inches wide. This window shall
be releasable by operation of not more
than two mechanisms which are locat.
ed in the high force access region as
shown in Figure 3C. and which do not

8 571.217

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 scheol bus shall not operate if any
emergency exit is locked from either
inside or outside the bus. For purposes
of this requirement, “locked” means
that the release mechanism cannot be
activated by.a person at the door with-
out a special device such as a key or-.
sfeclal information such as a combina-
tion. .

85.3 Emergency exit release. .

85.3.1 Each push-out window_ or
other emergency exit not reo-:ired by
85.2.3 shall be releasable by perating
one or two mechanisms located within
the regions speciffed in Figure 1,

Figure 2, or Figure 3. The lower edge

of the region in Figure 1, and Region
B in Figure 2, shall be loca‘ed 5 inches
above the adjacent seat, or 2 inches
abcve the armrest. If any. whichever is
higher,

§5.3.2 When tested under the con-

+-ditions of 86., both before and after
- the window retention test required by

§5.1. each emergency exit not required
by 85.2.3 shall alicw manual release of
the exit by a single occupant using
force applications each of which con-
forms, at the option ¢f the manufac-

turer, either to (a) or (b). The release.

mechanism or mechanisms shall re-
quire for release one or two force ap-
plications, at least one of which differs
by a 80" to 180" from the direction of
the initial push-out motion of the
emergency ¢xit (outward and perpen.
dicular to the exit surface).

ta) Low-force application,

(1) Location. As shown in Figure |
or Figure 3.

(2) Type of
straight.

motion. Rotary or

3) Maoni!udf. Not ‘more than 20

pounds.

th) High force application.

(1) Location. As shown [n Figure 2
or Fikure 3.

(2) Type of motion. 8traight, perpen-
dicular. to the undisturbed exit sur-
face.

(3) Magnitude. Not more than 60
pounds,

465
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- 85.3.3 When tested under the con-
ditions of S6., both before and ai:er
the window retention test required by

-85.1, each school “us emergency door

- shall allow manua. /elease of the door

by a single person, from both inside

and outside the bus passenger com-

partment, using a force application

that conforms to paragraphs (a)

through (c) except a schon] bus with a

" GVWR of 10,000 pounds or less does

not have to conform Lo paragraph (a).

. : : Each release mechanism shall operate

' without the use of remote controls or

tools, and notwithstanding any faflure

-of the vehicle’s power system. When

-- -the release mechanism 8 not {n the

R . . closed position and the vehicle iznition

- is in the “on” position. a continuous

warning sound shall be audible at the

driver's seating position and in the vi-

cinfty of the emergency door having
the unclosed mechanism,

(a) Location: Within the high force

access region shown in Figure 3A for a

side emergency door, and in Fis_re 3D

for a rear emergency door.
(b) Type of motion: Upwar? {rom

manufacturer from ou’side the bus.

Buses with a GVWR of 10.000 pounds
or less shall provide interior release
mechanisms that ops.-ate by either an
upward or pull-type motion. The pull-
type motion shall be used only when
e the release mechanism 8 recessed In

-such a manner that the handle, lever.

vk

or other a~stivating device does not

T - protrude beyond the rim of the-re.
cesaed receptacle,
(c) Magnitude of force: Not more
than 40 pounds.
854 Emergency exit extension.
88.4.1 After the release mechanism
has been operated. each push-out
window or-other emergency exit not
- required by 85.2.3 shall. under the
.- conditions of S6., before and aftes the
window retention test requlied by
83.1, using the reach distances and
corresponding force levels specified in
' 85.3.2. be manually extendable by a
single occupant to a position that pro-
vides an opening large enough to
admit unobstructed passage. keeping a
major axis horizontal at all times, of
an ellipsold generated dy rotating
about its minor axis an ellipse having

207

ingide the bus: at the discretion of the™
. transverse plane tangent to the rear-

49 CFR Ch. V (10-1-88 Edition)

a major axis of 20 inches and a minor
axis of 13 inches.

85.4.2 School bus emergency exil ex-
tension.

85.4.2.1 School bus with « GYWR of
more than 10,000 pounds. After the re-
lease mechanism has been operated,
the emergency door of a school bus
with a GVWR of more than 10,000
pounds shall, under the conditions of
S8.. before and after the window re-
tention test required by S5°1, using the
force leveis specified in 85.3.3,. be
marnuJaliv  extendable by a single
person /. a position that permits—

(2) In the case of rear emergency

door, an opening large enough to ™ .

permit unobstructed passage of a rec-
tangular parailelépiped 45 inches
high, ?4 inches wide, and 12 inches
deep, ceping the 45-inch dimenszion
vertical, the 24-inch dimensfon parallel
to th2 opening. and the lower surface
fss contact with the floor of the bus at
all times: and - :

(b) In the case of a side emergency
door, an opening at least 45 inches
high :and. 24-.inches wide. A vertical

most point ¢f a seat back shall pass
through the forward edge of a side
emergency door.

" 85.4.2.2 School bus witha GVWR of
10.000 pounds or less. A schoo! bus
with'a GVWR of 10,00 pounds or less
shall conform to all the provisions of

85.4.2, except that the parallelepiped . .

dimension for the opening of the rear
emergency door or doors shall be 45
fnches high, 22 Inches wide, and 6
inches deep.
_ 835 Emergency exit:identification.
85.5.1 In buses other than school
buses. exceptl for windows serving as
emergency exits in accordance with
85.2.2(b) and doors In busec with a
GVWR of 10,000 pounds or less, each
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 descriding each motion necessary
to unlateh and opeén the exit, located
wluhln 8 {nches of the release mecha-
nism,

. ,, 466

ERIC

Aruitoxt provided by Eic:

224

APPENDIX M

BETEPY

ry

- Ry T Sl 1w v

e,



B miiacqucaialync

APPENDIX M

National Highway Traffic Safety Admin., DOT

-- Examrirrs

(1) Lift to Unlatch. Push to Open
- (2) Lift Handle and Push out to Open

When a release mechanism is not lo-

- cated within an occupant space of an

adjacent seal, a label meeting the re-

) quirements of 85.5.2 that indicates the

. location of the nearest release mecha-
’ ) "nism shall be placed within the occu-

pant space.

) EXAMPLE ]

é Emergency exit instructions located next
to seat ahead.

Examrir: “EMERCENCY EXIT INSTRUCTIONS
J— LocaTID NEXT TO BEAT ANZAD

o i 85.5.2 In buses other than school
. buses. Except as provided in S5.5.2.1,
each marking shall he legible, when
the only source of light i3 the normal

-

208

§snia7

$§5.5.3 School Bus. Each school bus
emergency exit provided in accordance
with 85.2.3.1 shall have the designa-

" tion “Emergency Door” or “Emergen-

nighttime illumination of the bus inte- -

rior. Lo occupants having corrected

visual acuity of 20/40 (Snellen ratio)

- - " seated in the adjacent seat. seated in

the seat directly adjoining the adja-

cent seat, and standing in the aisfe lo-

cation that s clogest to that adjacent

- seat. The marking shall be legible

from each of these locations when the

other two corresponding locations are
occupled.

85.5.2.1 If the exit has no adjacent

seat, the marking must meet the leg-

ibility requirements of £5.5.2 for occu-

pants standing in thc alsle location

nearest to the emergency exit, except

- . - for a roof exit, which must meet the

- legibility requirements for occupants.

- positioned with their backs against the
floor opposite the roof exit.

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:
ating instructions aescribing the mo-
tions necessary to-unlatch-and open

-- the emergency .exit, i~ letters at least

three-eighths of an inch 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.

ExampLy

(1) Lift to Unlatch, Push to Open
(2) Lift Handle, Push Out to Open

88. Test conditions.

S8.1 The vehicle is on a flat. horf-

zontal surface.
- 86.2 The Inside of the vehicle and
the outside environment are kept at
any temperature from 70° to 85’ Fahr-
enhelt.for4 hours immediately preced-
ing the tests, and during the tests.

86.3 For the window retention test,
windows are installed, ciosed, and
latched (where Jatches are provided)
in the condition intended for normal
bus operation.

S6.4 For the emergency exit release
and extension tests, windows are In-
stalled as in 86.3, seats, armrests, and

- Interlor objects near the windows are

installed as for normal use, and seats
are in the upright position.
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#571.220 Standard No. 220: School bus
rollover protection.

S1. Scope. This standard establishes
performance requirements for schoo!
bus rollover protection.

S2. Purpose. The purpose of this
standard is 10 reduce the number of
drathis and the severity of injurics
that result from failure of the school
bus body structure 1o withstand forces
encountered in rollover crashes.

S3. Applicabilsty. This %tandard ap-
plies Lo school buses.

S4. Requirements, When a  torce
equal to- 1% times the unloaded vehi:

cie weigh'. is applied to the roof of the,

vehicle’s body structure through a
force application plate as specified in
85., Test procedures—.

ta) The downward vertical move.
ment at any point on the application
plate shall not exceed 5% inches: and

ib) Each emergency exit of the vehy.
cle provided in accordance with Stand.
ard No. 217 ¢4 571.21%% shall be.capable
o opening as specified in that stand-
ard dunng the fill application of the
force and after release of the force,
except tiat an emergency exit located
in the roof of the vehicle is not re-
quired 1o be capable of being openied

- —durtng the application of the force. A

particular vehicle (Le., test specimen
need not meet the emergency  exit
opening requirement after release of
force if it is subjected to the emergen:
cy exit openini requirements Auring
the full application of the force.

8S. Test procedures. FEach vehiele

shall be capable of meeting the re:
quirements of S4. when tested in ac-
cordance with the procedures set forth
below. .

85.1 With any nhon.rigid chassis-to-
body mounts replaced with equivalent
rikid mounts, place the vehwele on a
rikid horizontal surface so that the ve-
hicle is entirely supported by means of
the vehicle frame. If the vehicle Is
conutrueted without 4 frame, place thie
vehicle on its body aitls,. Remove any
components which extend upward
from the vehicle roof.

85.2 Use a flat, rigid. rectangular
foree application plate that s meas.
ured with respect o the vehicle roof
longitudinal and lateral centerlines,

(21 In the case of a vebicle with a
GVWR of more than 10,000 pounds, 12

" §571.220

inches shorter than the vehicle root
and 36 inches wide; and

tb) In the case of a vehicle with a
GVWR of 10000 pounds or- less, 5
inches longer and 8 inches wider than
the vehicle rool. For purposes of these
measurements, the vehicle roof Is that
structure, scen in the top projected
view, that coincides with the passesn.
%er and driver compartment ol the ve-
hicle.

85.3 Position the force application

plate on the vehicle roef so that its— -

rigid surface 18 perpendicular to a ver-
tical longitudinal plane and it contacts
the roof at not less than two points.
and so that, in the top projected view
its longitudinal centerline coincides
_ withs the longitudinal centerline of the
vehicle, and its front and rear edges
are an equal distance insidé the front
and rear edies of the vehicle roof at
the centerline,

554 Apply an  evenly-distributecd
vertical force in the downward direc:
tion to the force application plate at
any rate not more than 0.9 inch per

second. untit a foree of 500 pounds hax
been applied.

$5.5 Apply additional vertical foree
in the downward direction to the torce
application plate_at a rate of not. more
than 0.5 ihch per second until the
force specitied {n S4. has been applied,
-and maintain this application of force.

$5.6 Measure the downward move-
ment of any point on the force appli-
cation plate which occurred during the
application of force in accordance with
S5.5.

$5.7 To test the capability of the
vehicle's emergency exits to open in
accordance with 84.(b)—

‘a) In the case of testing under the
full application of force, open the
emergency exits as specificd in S4.b)
while maintaining the force appiied in
acrordance with 85.4 and S5.5; and

(b)) In the case of testing after the
release of all force, release all down-
ward force applied to the force appli-
cation plate and open the emergency
. exits as apecified in 84.(b),

86. Test conditions. The following
conditions apply tn the requirements
specificd in 84.

88.1 Temperature, The ambient
temperature 5 any level between 32°
F.and 90" .

J
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S6.2 Windows and doors. Vehicle
windows, doors. and emergency exits
are in the fully.closed position., and
latched but not locked.

141 FR 3875. Jan. 27. 1976. a» amended at 41
FR 3€026. 36027, Auk. 26. 1976)
§571.221 Standard Ne. 221 School bus
body joint atrenyth.
81. Scope. This standard establishes

requirements for the strength of the .

body, panel joints in school bus bodies.
82. Purpose.. The_purpose. of this
..standard is to reduce deaths and inju-
ries resulting from the structurai col-
lapse of school bus bodies during
crashes. L

83. Application. This standard_ap-
plies to school buses with gross vehicle
weight ratings of more than 10.000
pounds.

84. Definitions. *Body component”
means a part of a bus body made from
a single piece of homogeneous materi-
al or from a single plece of composite
material such as plywood. )

“Body panel” means a body compo-
nent used on the exterior or interior
surface 10 enclose the bus’ occupant

= .-gpace.” "

“Body panel joint” means the area
of contact or close proximity heixeen
the edges of a body pancl and =nother
body cumponent, exciuding spaces de-
slgned for ventilation or another fune-

- tlonal purpose. and excluding doors.
windows, and maintenance access
panels.

“Bus body” means the portion of a
‘bus that vncloses the bux's occupant
space, cxclusive of the burnpers, the
chassis frame, and any structure for-
ward of the forwardmost point of the
windshield mounting.

49 CFR Ch. V (10-1-88 Edition) ~

85. Requiremenl. When tested i™ ac-
cordance with the procedure of S6.,
each body panel joint shall be capable —
of holding the body panel to the
member to which it is joined when
subjected Lo a force of 609 of the ten-
sile strength of the weakest joined
body panel determined pursuant to
58.2. : :

86. Procedure.

$6.1 Preparation of the tesl speci.
men. . S e -

S$6.1.3 If a body panel joint is 8
inches long or longer, cut a test speci-
men that consists of any randomly se-
lected 8-inch segment of the joint, to-
gether with a portion of the bus body
whose dimensions, to the extent per-
mitted by the size of the Joined parts)

T are those specified in Pigure 1, so that

the specimen’s centerline is perpendic-
ular to the joint at the midpoint of
the joint scgment. Where the body
panel joint is not fastened continuous-
ly. select the segment s0 that it does
not bisec! a spot weld or a discrete fas-
tener. *

$6.1.2 If a joint Is less than 8 inches
long. cut a test specimen with enough
of the adjacent material to permit. it
to be held in the tension testing ma.
chine specified in S6.3.- -

56.1.3 Prepare the test specimen in
accordance with the preparation pro-
cedures specified in the 1873 edition of
the Annual Book of ASTM Stlandards,
published by the American Soclety for
‘Testing and Masterials, 1916 Race
Street, ——Philadelphla, Pennsyivania
19102, : -
.58.2 Determination of minimum al-
lowable strength. For purposes of de-
termining the minhnum allowable
Joint strength, determine the tensile
strengths of the joined body compo-
nents as follows:

500
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FIGURE 1

Jodnt conterting l
Soecimen mmmno— ) ) _?_- -

~N
-~

AR dimers.ons i inchey

(a) If the mechanical properties of a
materia; are apecified by the American
Society for Testing and Materiais, the
relative tr.nsile strength for such a ma-

terial Is the minimum tensile strength-

specified {or that material in the 1973
edition of the Annual Book of ASTM
Standards. .

(b) If the mechanical properties of a
material are not specified By the

-American Society for Testing and Ma-

terials. determine its tensile strength
by cutting a specimen from the bus
body outside the area of the joint and
by testing it in accordance with 86.3.

86.3 Slrength test

88.3.1 Grip the joint specimen on
opposite sides of the joint in a tension
testing machine calibrated in accord.
ance with Method E4, Verification of
Testing Machines, of the American So.
ciety for Testing and Materials (1973
Annual Book of ASTM Standards).

86.3.2 Adjust the testing machine
gripa sa-that the joint,-under load. will
be {n streas approximat |y perpendicu-
lar to the joint. .

86.3.3 Apply a tensile force to the
specimen by separating the heads of
the Lesting machine at any uniform

rate not lens than % inch and not:

more than %-inch per minute until the
specimen separates.

(41 PR 3872, Jan. 27, 1976, as amended st 41
FR 36021, Aug 26. 1976)

501

235

B 2.

Ky
\
Y

#571.222 Standard No. 222; School bus

passenger sealing and crash protection.

S1. Scope. This standard establishes,

occupant protection requirements for
school bus passenger seating and re-
straining barriers. .

82. Purpose. The purpose of this
standard is to reduce the number of
deaths and the severity of Injurfes
that result from the impact of school
bus occupants against - structures
within the vchicle during crashes and
sudden driving maneuvers.

S3. Application. his standard ap-
plies to school buses.

84. Definitions. “Contactable sur-
face” means any surface within the
zone specified In §.5.3.1.1 that is con-
tactable from any direction by the test
device described in 86.6, except any
surface on the front of a seat back or
resiraining barrier 3 inches or more
below the top of the seat back or re-
straining barrier, )

“8School bus passenger. seat’” means a
seat In a school bus, other than the
driver’s seat or a scat Installed to ac.

commodate handicapped or convales- .-

cent paasengers as evidenced by orien-
tation of the seat in a direction that is
more tran-45 degrees to the left or
‘right of the longitudinal centerline of
the vehicle.

84.1 The number of serting posi-
tions considered to be in a bench s~at
is expressed by the symbol W, and cal-
culated as the bench width in inches

)
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dividd by 15 and rounded to the near-
est whole number,

S5. Requirements. (ay Fach vehicle
with a gross vehicle weight rating of
more than 10,000 pounds shall be ca-
pable of meeting any of the require-
ments set forth under this hieading
when tested under the- conditions of

© 86. However. a particular schoo! bus

passenger seat (i.e., test specimen) in
that weight class need not meet fur-
ther requirements after having met
85.1.2 and $5.1.5, or having been sub.

jected to either S5.1.3, S5.1.4, or.85.3..
(b) Each vehicle with a gross vehicle -

weight rauing of 10,000 pounds or less
shall be capable of meeting the follow-
ing requirements at all seating posi-
tions other than the driver's geat: (1)
The  requirements  of  §%571.208,
5§71.209. and $571.210 (Standard Nos.
208. 209. and 210) as they apply to
multipurpos: passenger vehicles: and
(2) the requirements of $5.1.2, 85.1.3,
$5.1.4, 85.1.5. and S5.3 of this stand-
ard. However, the requirements of
Standard Nos. 208 and 210 shall be
met at W oseating positions in a bench
seat using a body block as specified in
Figure 2 of this standard, and a par.

ticular school-bus passenger geat .e., .

i test specimen? in that. weight class
need not meet further requirements
after having met $5.1.2 and S5.1.5, or
having been subjected Lo either S5.1.3.
§5.1 4. 85.3. or §571.210 ¢Standard No.
210). .

85.1 Sealing requirements. School
bus paxsenger seats shall be forward
facing.

85.1.1 [Reserved)

$5.1.2 Seal back height and surface
area. Each schonl bus passenger seat
shall be equipped with a seat back
that, in the front projected view, has a
front surface arca above the horizon.
tal plane that passes thruigh the seat-

IR reference. poinf, and below the

horizontal plane 20 inches above the

" seating reference point, of not less

than 90 percent of the sea bench
width in inches multiplied by 20.
85.1.3 Scal performance forward.
When a school bus passenger seat that
has another seat behind it is subjected
to-the appllcation of -force-as specified
in 83.1.3.1 and 8$5.1.3.2, and subse-
quently, the application of additiona)

49 CFR Ch. V (10-1-88 Edition)

force to the seat back as specified in
$5.1.3.3 and S$5.1.3.4;

‘a) The seat back force/deflection
curve shall fall within the zone speci-
ficd in Figure 1;

by Seal back deflection shall not
exceed 14 inches; (for determination
of (a) and (b) the forcesdeflection
curve deseribes only the force apnlied
through the upper loading bar, and
only the: forward travel of thie pivol at-

tarhment point of the upper loading

bar, measured from the point at which

the-initial application of 10 pounds of -

force is attained.)

() The seat shall not deflect by an
amount such that any part of the seat
moves o within 4 inches.of any part
of another schnol. hus passenger. seat -
or restraining barrier in its originally
installed position;

(d) The scat shall not separate from
the vehicle at any attachment point;
and .

t¢1 Seat components shall not sepa-
rate at any attachment point.

$5.1.3.1 Position the loading bar
specified in $6.5 so that it s faterally
centered behind the seal back with
the bar's longitudinal axis IHh a trans-
verse plane of the vehitele and in any-
horizontal plane beiween 4 fackes
above and 4 inches briow the seating
reference point of the school bus pas.
senger seat behing the test specimen.

853 3.2 Apply a force of T00W
pounds horizontally in the forward di-

- rection through the loadifiig bar at the

pivol attachment point. Reach the
specified load in not less than 5-nor
more than 30 siconds, . .

$5.1.3.3 No sooner than 1.0 second
after attaining  the required force,
reduce that foree to 350W pounds and,
while maimtaining the pivot point posi-
tion of tie tirst Joading bar at the po-
sitlon where the 350W pounds Is at-
tained, position a second loading bar
described in $6.5 g0 that jt iy laterally
cenitered behind the seat back with
the bar’s longitudinal axis in a trans-
verse plane of the vehicle 'and In the
horizontal plane 18 inches above the
seating reference point of the schaol
bus passenger seal behind the test
sprcimen, and move the bar forward
against the seat back until a foree of
10 pounds has been applicd.)

502 ' ,‘
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S5.1.3.4 Apply additional  force
horizontally in the forward direction
through the upper bar until 4.000W
inch-pounds of energy have been ab.
sorsed In Adeflecting the seat back (or
restraining barrier). Apply the addi-
tional load in not less than 5 seconds
nor more than 30 seconds. Maintain

" the pivot attachment point in the

maximum forward travel position for

.not less than 5 seconds nor more than

10 seconds and release the load in not
less thian 5 nor more than 30 seconds.

- (For the determination of S5.1.3.4 the

force/deflection curve describes.only
the force applied through the upper
loading bar. and the forward and rear-
ward travel distance of the upper load-
ing bar pivot attachment point meas-
ured from the position at which the
initial application of 10 pounds of
force s attained.)

85.1.4 Seat performance rearward.
When a school bug passenger seat that
hag aitother seat behind it is subjected
to the application of force a3 specified
in 85.1.4.1 and 85.1.4.2;

(a) Seat back force shall not exceed
2.200 pounds;

(b) In the case of a achool bus manu-
factured on or after-April 1,:1978, seat

back deflection shall not exceed 10 _cushion welght, applied in any period

inches. (For determination of (a) and
(b) the force/deflection curve de-
scribes only the force applied through
the loading bar. and only the rearward
travel of the pivot attachment point of
the loading bar. measured from the

. point at which the initial application
- 0f 50 pounds of force i3 attained.

(c) The seat shall not deflect by un
amnount such that any part of the seat
moves to within 4 Inches of any part
of anuther passenger seat in Its origi-
nally Installed position:

(d) The seat shall not separate from
the vehicle at any -attachment point;
and . .

(e) Seat components shall not sepa-
rate at any attachment point.

85.1.4.1 Pos{tion the loading bar de-
scribed In 86.5 so that It ls laterally
centered forward of the seat back with
the bar's longitudinal axis in a trans.
verse plane of the vehicle and In the
horizontal plane 13.5'Inches above the
seating reference point of the test
specimen, and move the loading bar

WY, () ew -7
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rearward against the seat back until a
force of 50 pounds has been applied.
S5.1.4.2 Apply additional force
horizontally rearward through the
loading bar until 2.800W inch-pounds
of energy has been absorbed in de-
flecting the seat back, Apply the addi-
tional load in not less than 5 seconds

nor more thar 30 seconds. Maintain -

the pivot attachment point in the
maximum rearward travel position for

not lezs than 5 seconds nor more than .

10 seconds and release the load in not
_less than 5 seconds nor more than 30
seconds. (For determination of S5.1.4.2
the force/defiection curve ‘describes
the force applied through the loading
bar and the rcarward and forward
travel distance of the loading bar pivot
attachment point ‘measured from the
position at which the initial appiica-
tion of 30 pounds of force is attained.)
385.1.5 Seat cushion retention. In
the case of school bus passenger seats
equipped with seat cushions, with all-
manual attachment devices between
the seat and the seat cushion in the
manufacturer's designed position for
attachmer.t. the seat cushion shall not
separate from the seat at any attach-
ment point when subjected to an
upward force of five times the secat

of.not less than 1 nor more than $ sec-
. onds, and maintalned for 5 seconds.
83.2 Restraining barrier require-
ments. Each vehicle shall be equipped
with a restraining barrier forward of
any designated seating position that
doss not have the rear surface of an.
other school bus passenger seat within
24 inches of (ts seating reference
point. mesasured along a horizontal
longitudinal line through the seating
reference point in the forward direc.

- tion..

85.2.1 Barrier-seat separation. The
horizontal distance between the re-
straining barrier’s rear surface and the
seating reference point of the seat in
front of which the barrier is required
shall not be more than 24 inches meas-
ured along a horizontal longitudinal
line through the seating reference
point in the'forward direction.

85.2.2 Barrier position and rear
surface--area. The position and rear
surface area of the restraining barrier
shall be such that, In a front p;olcctcd

503 f
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view of the bus, each point of the bar-
rier's perimeter coincides with or lies
outside of the perimeter of the xeat
back of the seat for which it s re-
quired.

85.2.3 Barrier  performance for.
ward. When force i3 applied to the re-

straining barrier in the same manner.

as specified In 85.1.3.1 through
85.1.3.4 for seating performance tesis:
(a) The restraining barrier force/de-
flection curve shall fall within the
zone specified in Figure 1;
(b) Restraining barrier deflection

- shall not exceed 14 inches; (For com-

putation of (a) and (b) the force/de-

flection curve describes only the force -

applied through the ugper loading

" bar, and only the forward travel of the

pivot attachment point of the loading
har, measured from the point at which
the fnitial application of 10 pounds of
force Is attained.)

(c) Restralning barrier deflection
shall not Interfere with normal door
operation:

(d) The restraining barrier shall not
separate from the vehicle at any at-
techment point: and

(e) Restralning barrier components
shall not separate at any.-attachment
point.

85.3 Impuct zone requirements.

S5.3.1 Head prolection zone. Any
contactable surface of the vehicle
within any zone specified {n 85.3.1.1
shall meet the requircments of 85.3.1.2
and 85.3.1.3. However, a surface area
that has been contacted pursuant 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 seat
which are not occupied by bus side-
wall. window, or door structure-and
which, In relation to that seat and its
seating reference point, are enclosed
by-the-following planes.

(a) Horizontal planes 12 inches and
40 inches above the seating reference
point; ’

(b) A vertical longitudinal plane tan-

gent to the Inboard (aisle side) edge of .

the seat;

(¢)-A-vertical longitudinal plane 3.25-

inches Inboard of the outboard edge of
the seat, and

(d)  Vertical transverse planes
through and 30 inches forward of the
reference point.

85.2.1.2 Head form tmpact require:
menl. When any contactable surface
of the vehicie within the zones speci.
fied In 85.3.1.1 is impacted from any
direct'an at 22 fect per second by the
head form described in $6.8. the axial
accs'eration at the center of gravity of
the ficad form shall be such that the
expression : .

shall not exceed 1.000 where a is the
axlal acceleration expressed as a mul-
tiple of g (the acceleration due to gray-
ity), and t, and t, are any two points in
time during the impact.

85.3.1.3 Head form force distribu-
tion. When any contactable surface of
the vehicle within the zones speclficd
In 85.3.1.1 is impacted from any direc-

-—— ’. .
Tme— . adt . gy
imind. (et

tion at 22 feet per second by the head -

form dencribed In S6.6, the cnergy nec-
~-es8ary- to deflect the impacted materi-
- al shall “be not less than 40 Inch-
pounds before the {orce level on the
head form excecds 150 pounds. When
any contactable surface within such
zones 18 Impacted by the head form
from any direction at 5 feet per

second, the contact area on the head-

form surface shall be not less than 3
square Inches.

85.3.2 Leg prolection zone. -Any

part of the geat backs or restralning -

barriers in the vehicle within any zone
specified In 85.3.2.1 shall meet the re-
quirements of 85.3.2.2.

8§5.3.2.1 The leg protection zones of
each vehicie arc those parts of the
school bus passenger seat backs and
restraining barrlers bounded by horl-
zontal planes 12 [nches above and 4
inches below the seating reference

\

point of the school bus passenger seat '

immedlately behind the seat back or
restraining varrier.

85.3.2.2 When any point on the
-rear surface-of that-part of a seat back
or restraining barrier within any zone
specitied tn 85.3.2.1 {a impacted from
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any direction at 16 feet per second by
the knee form specified in S6.7, the re-
sisting force of the impacted material
shall not exceed 600 pounds and the
contact area on the knee form surface
shall not be less than 3 square inches.

86. Test conditions. The following
conditions apply to thé requirements
specified in S5.

86.1 Test surface. The bus i¢ at rest
on a level surface.

S8.2 Tires. Tires are inflated to the
pressure specified by the manufactur-
er for the gross vehicie weight rating.

S6.3 Temperature. The amblent
temperature {8 any level between 32

. degrees F. and 90 degrees F.

S6.4 Seat buck position. If adjusta-

‘ble. a seat back is adjusted to its most

upright position.

S68.5 Loading bar. The lnading bar
is a rigid cylinder with an outside di-
ameter of 6 inches that has hemi-
spherical ends with rad!l of 3 inches
and with a surface roughness that
does not exceed 63 micro-inches, root
mean square. The length of the load-
ing bar is 4 inches less than the width
of the seat back in each test. The
stroking mechanism appiies force
through a pivot attachment_at_the
centerpoint of the loading bar which
allows the loading bar to rotate In a
horizontal plane 30 degrees in either
direction from the transverse position.

S$68.5.1 A vertical or lateral force of
4.000 pounds applied externally
through the pivot attachment point 6f
the loading bar at any posiilon
reached during a test specified In this

standard shall not deflect that point -

more than 1 inch. —

S6.8 Head form. The head form for
the measurement of acceleration is n
rigld surface comprised of two hemi-

- gpherical shapes, with total equivalent

weight of 11.5 pounds. The first of the
two hemispherical shapes has a diam«-
ter -of- 8.5 Inches. The second of the
two hemispherical shapes has a 2 inch

" diameter and Is centered as shown in

Figure 3 to protrude from the outer
surface of the first hemispherical
shape. The surface roughness of the
hemispherira! shapes doés not exceed
83 micre-inches, root mean square.
S6.6.1 The direction of travel ¢f the
head form Is coincidental with the
straight Hne connecting the center-

§571.222
points of the two spherical outer sur-

_{aces which constitute the head form

shape.

S6.6.2 The head form Is {nstru-
mented with an acceleration sensing
device whose output is recorded in a
data channel that conforms to the re-
quirements for a 1,000 Hz channel
class as specified in SAE Recommend-
ed Practice J211a, December 1971. The
head form exhibits no resonant fre-
quency befow three times the frequen-
cy of the channe! class. The axis of
the acceleration sensing device coirn-
cides with the straight line connecting
the centerpoints of the two hemi-
spherical outer surfaces which consti-
tute the head form shape. ’

S6.6.3 The head form is guided by a
stroking device so that the direction of
tra~el of the head form is not affected
by impact with the surface being
tested at the levels called for in the
standard.

S6.7 Knec form.. The knee {orm for
measurement of {grce is a rigid 3-inch-
diameter cylinder, with an equivalent
weight of 10 pounds., that has one
rigid hemispherical end with a 1%
inch radius forming the contact sur-

. face of the knee form. The hem!spher-

fcal surface roughness does not exceed
83 micro-inchey,, root mean square.
-86.7.1 The directfon of travel of the
kn«e form 8 coincidental with the cen-
teriine of the rigid cylinder.
86.7.2 The knee form is instrument.

.ed with an acceleration sensing device

whose outpul is recorded in a data
channel that conforms to the require-
ments of a 600 Hz channel class .-as
specified in the SAE Recommended
Practice J211a, December 1971, The
knee form exhibits no resonant fre-
quency below three times the frequen-
cy ¢f the channel class. The axis of
the acceleration sensing device is
aligned to measure acceleration along
the centerline of the cylindrical knee
form.

86.7.3 The knee form is guided by a
stroking device so that the direction of -

travel of the knee form s not affected
by impaet with the surface being
tested al the levels called for in the
standard.

86.8 The head form, knee form.
and contactable surfaces are clean and
dry during impact testing.
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(5, 1000%s]

SEAT BACK FORCE/DEFLECTIDN CURVE
SHALL NDT ENTER SHADED AREAS

AMAOUUUAMLVL ALV

OEFLECTION [INCHES)

FIGURE 1 - FORCE/DEFLECTION 2ONE
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