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School Bus Passenger Protection

Derwyn M. Severy, Harrison M. Brink, and Jack D. Baird

THREE THOUSAND SEVEN HUNDRED CHILDREN were in-
jured in school bus aceidents during the year 1965, repre-
senting an increase of 75% over 1960. During this same
period, there wag only & 45% inerease in the number of pupils
being transported by school buses. Prior to these experiments
no organized research program had been established to de-
termine design criteria for school bus body structures and
for safety equipment included within the bus 1o reduce pas-
senger injuries during eollision

During the past sixteen years, ITTE-UGLA has conducted
ninety full-gcale automobile collizion experiments and sev-
eral hundred related laboratory experiments; additjonally,
the Research Staff has investigated school bus and passenger
bus aecidents during the past ten years (1)* for the porpose
of gaining background information on the factors accounting
for passenger injuries, aswell as accident causation.

A series of school bus crash tests using store-type manne-
guins without instrumnentation was condueted at Little Rock

*Nurnbers in parentheges designate References at end of
paper.

ABSTRACT

Institute of Transportation and Traffic Engineering,
University of California, Los Angeles

and Conway, Ark. in 1984. This pioneering work provided
only generalized observations swing to lack of instrwmenta~
tion and the application of research techniques. In another
effort, a commercial intercity bus was crashed by General
Motors (2) and carried a moderate amount of instrumenta-
tlon; this GM test represents the only known sophisticated
experimem conducied on bus collision performance prior

1o the UCLA stdy, but did not concern school bus condi-
tons. .

OBIECTIVE

The purpose for conducting a series of school bus collision
experiments was to provide specific and practical solutions
for those responsible for sthool bus passenger safery, to wit:
the federal and state legislators, state and local law enforce-
ment agencies, local school distriets, bus manufacturers,
school bus transportation agencies, and the many organiza-
tions here and abroad actively seeking safer ways to trans-
port school children.

This paper contains findings from the first series of com-
prehensive school bus collision experiments. Three full-
seale collision experiments involving a school bus were
conducted using research techniques and engineering meth-
odology designed to provide realistic and objective find-
ings relating to school bus passenger safety. The experiments
conducted were: A head-on collision between twe fully
loaded, moderate-sized school buses, each traveling 30 mph;
a stationary bus rear-ended by a passenger car traveling 60
mph; a stationary bus impacted on its right side by a pas-
senger car traveling 60 mph,

The following categories relating to passenger injury
causation were studied: locarion and type of impacrt, stne-

tural integrity of vehicles, vehicle size, seat design, type
of restraint or force moderator, type of safery glass, passen-
ger size, standing versus seated passengers, passenger kine-
matics and interactions, forces sstained by passengers, and
many related factors,

Electronic insttumentation consisted of €1 transducers
positioned in the amhropometric dummy passengers, on the
safety belts, and on the vehicles to record accelerations
and forces during collision. Photographie instrumentation
included thirty-three high speed motion picture cameras
and speeial photographic devices that were arranged within,
around, and above the colliding vehicles to provide derailed
observation of all aspects of these collision cxperiments.
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FAGILITIES AND EQUIPMENT

The field station, utilized by ITTE-UCLA for collision
reséarch during the past ten years, consists of the north-south
moway of 4 decommissioned alrsrrip at the U. §. Naval Sta-
tion, Long Beach, Calif., An aluminum monorail guide track
was installed on the level asphalt runway to provide means
for controlling the direction of the crash vehicles.

Other operarional techniques, incorporated in recentyears,
are reported in prior publications (3-5) relating to head-on,
intersection, and rear-end type collision experiments. Four
mobile vans provided research support facilities as follows;
machine shop, electronic shop, photographie shop, and proj-
ect control cemter.

The 1944 Mack- Superior Coach 60-passenger school bus
was donated by the Los Angeles County Board of Supervisors:
the 1868 GMG-Soperior Coach 60- passenget school bus was
donated through the National Safety Couneil, Chicago, The
1960 Plymouth used to rear-end the schoeol bus, two record-
ing instrnment station wagons and two 1866 Plymouth tow
vehicies were donated by Chrysler Corp. The 1866 Chev-
rolet used in the intersection collision was donated by Gen-
eral Motors Corp.

Orher equipment and facilities required for this research
were provided by the University of California’s continned
support of this project, facilitated by a contribution of funds
through the National Safety Council and, insubstantial meag-

ure, by a research grant from the U. S. Public Health Service.

METHODOLOGY

RESEARCH TECHNIQUES AND ENGINEERING METHODOL-
OGY - Procedures were devised that provided the opportunity
to abserve as many phenomena as practicable for each ex-
periment. This approach was necessary becaunse of the high
cast in research time and funds required for each full=scale
experiment. Methodologies not involving full-scale colli-
sions may provide constructive findings but their usefulness
is limited both as to their reliability and their scope. Whetre
findings govern the life and safsty of school bus passengers,
more economical or expeditious approaches appear inadvis-
able.

High-speed photography, electronic transducers, and auto=
martic recording systems were used to smdy the injury-pro-
ducing movements and forces for the anthropometric dummy
passengers during collision.

TYPES OF ACCIDENTS STUDIED - Bus collisions that
frequently occur relate to impacrs with fixed objacts,
such as utility poles, bridge railings and trees, as well as
head=on impact with other vehicles, For this experiment,
the 1965 GMC~ Superior school bus was traveling 30 mph
when it was struck squarely head-on by a1944 Mack- Superior
chool bus also traveling 30 mph (Fig. 1 (a)).

Owing to the many stops rnade each day by school buses,
the rear-ond eollision is the most frequently occurring type
of school bus accident. For this experiment, the 1965 GMC-
Superior sehool bus was stationary as though stopped on the
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highway for passengers and was squarely impacted in the
rear by a 1960 Plymonth 4-door sedan traveling 60 mph
(Fig. 1 (b)). Thisis the second experiment raported in this
PEPEI'.

Because of the number of intersections passed each day
by sehool buses, it is not surprising that the side impact
accident occurs frequently. The third experiment reported
in this paper concerns a stationary school bus impacied in
the side by a 1966 Chevrolet 4-door sedan tmveling 80 mph
(Fig- 1 (c)).

Essentially the same seating and passenger assignments
were made for each of these three experiments, so that con-
clusions could be reached on the peneral collision protec-
tion afforded passengers by the many different protective
sysiems under evaluation.

EXPERIMENTAL PROCEDURE - The methed of controlling
the vehicles so they will crash in the manner plammed and
at the desired speeds has been described in detail by prior
publications. (3, 4) Therefore, it will only briefly be men-
tioned: Each vehicle Is directionally controlled by a front-
bumper mounted phenolic-shoe that slides within a 600 ft
monorail guide track, secured to the asphalt pavement.
Speed control of the colliding vehicles and synchronizarion

RV T ,
X=-86 165 GMC_SUPERIOR
ZERQ
0 MPH
¥
le— 565 GMC-SUPERIOR X-87
BUS

1960 PLYMOUTH
4 OR. SEDAN

-+—|544 MACK-SUPERIOR
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{a) HEAD-DN GBS GMO=BUPERIOR
B ;
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] %90 ZEROc:’}
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Q | WHEED 5'rmoﬂ

IBSS CHEVROLET
LU, 4 DR SEDAN

{c) SIBE-VMPALT,

Fig. 1 (a), (b), {¢) - Collision configurations
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of their relative positions was achieved by means of steel
cables from the tow vehicles passing about an appropriate
theave arrangement as shown in Flg. 2. Two high perform-
ance Plymourhs owing in tandem were required to acceler-
ate the crash vehicles 1o the assighed impact speeds for the
three experlments.

The recording oscillograph for the Mack school bus was
mounted in a shock attenuating chamber Jocated ingide the

_ bus at the rear seat. In a similar manner, the shock mounted
recording oseillograph was located in the tupk of the strik-
ing passenger vehicles for the rear-end and side-impact
collision expetiments. In order 1o accommodate the exten-
sive and complex inscumentation for the head-on collision,
both buses moving, two station wagons, each with recording
oscillographs, werez required to pace the new bus (Fig. 2).
For the other two collision exposures, the new bus was sta-
tionary.

Remotely controlled brake systems were installed on the
crash vehicles for emergencies arising during the experiment.
To provide additional operational safety, radio communica-
tion was maintained between master control and all mobile
units. This communication link was also useful during the
preparation period,

VARIABLES UNDER STUDY = Full scale collisjon experi-
ments are complicated and expensive to conduct. However,
they provide z realistic basiz for studying 2 multitnde of
conditions taking place during the crash. For these reasons,

INSTRUMENT CA
.
rad
CRASH BUS ——1
1965 GMC-SUPERIOR | | 130 meu

* ———CRASH BUS
1944 MACK-SUPERIOR

SOUTH SHEAVE —
Fig. 2 -~ Vehicle control systems
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as many variables as practical are introduced into the ex-
periment, with preference given to those factors régarded as
most l{kely to provide nssful inforrmation. The inrroduection
of dependent variables should follow sound methodological
procedures so that the investigator doesn't unknowingly im-
pose secondary or rertiary variables govemning a single phe-
nomenon under observation. When this occurs, conclusions
cannot be 2aid to ralare to a spacific factor under observa-
tion but, rather, to several wjthout 2 basis to judge their
relative influence.

The larger seating capacity of buses, as contrasted to
passenger cars, clearly provides an opportunity to study many
more areas of interest. The authors were especially gratified
at the number of different factors that could be studied simul-
taneously during the bus collision (Table 1).

1. Deseription of Seats - Seats were assigned type desig-
nations (5eat Type Code, Tahle 1), to facilitate identifica-
tion and comparisons.

a. Seat Type A, & conventional Superior seat (Fig. 3 (a)).
This sear was the standard reference for the seating configura-
tion in the bus when other variables, mich as dummy sjze,
restraint type, and proximity to impaet, were to be evaluated.
Some of these standard seats had crash pads installed along
the top of the backrest. However, this padding did not change

Fig. 3 (a) » Seat type A, conventional
Superior seat (Fart #612247), This seat
was the reference standard for these buos
collizion studies

Fig. 3 (b) - Seat type B, a fiberglass
seat (Part #12136), manufacrured by
Superior Coach Corp., Lirna, Ohio
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the configuration sufficlently to designate them as a separate
seat Lype.

b. Seat Type B, a fiberglass Superior seat (Fig. 8 (b)).
It is slightly smaller rhan the standard, Type A seat, and is
a one-pjece shell molding reinforced with a metal frame,

¢. Sear Type C, a high back Superfor seat (referred to
as an activity seat) is similar to the Type A sear, except
that it has a backregt that extends 6-1/2 in. above that of
the Type A conventional seat. A handrail extends our from
the back of the seat (Fig. 3 (¢)).

d. Seat Type D, the ABC Unifled School Disrict seat,
is a conventional design having & thinner backrest cushion
than Type A (Fig. 3 (d)). It was manufactured by the LeVan
Specialty Co., Whirtier, Calif.

e. Seat Type E, the Rapid Transit seat, manufactured by
the American Seating Co., Grand Rapids, Mich. It is a low
back seat gimflar in design to the Type A sear, except that

Fig. 3 (c) ~ Seat type C, a highback
seat (activity seat Part #31718), manu-
factured by Superior Coach Cotp.
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Table 1 = Variables Under Study

category

Gpecific Degeription

Reference
Figure

Number of
Variations

Crash Experiment Configuration
Impact
Type of Bus Construction
Superior
Seat Types and Assignment Types A through K*
Surface Padding
impacted
Safety Glass
Restraint Types
Passenger Size
Passenger Interactions

Types 1 through 5**

Head~On, Reat~-End Collision, Side~ 3

Padded or unpadded surfaces to be
Laminated and Tempered

Adult, 18 yr, 6 yr, 3 yr, and Special
Adjacent restrained or more remote un-

restrained passengers

Proximity of Seated Passengers
to Impact

for side impact

Proximlty of Standing Passengers Close - Remote

to Impact

Number
*Code For Seat Types Used

Adjacent - Remote, long, axis; aigle- 6
window, at or opposite striking car

Fig. 1(2)~«(c)

1944 Mack-Superior versus 1966 GMC- 2

11 Fig. 3(a)~ (k). 4(2)~(c)

2 Fig. 8
Pig. 8

Fig. 8(a), (b)

B 0y 1D

Fig. 8

2 Fig. 8

Number

**Code For Restraint Types Used

Conventional Superior 1
Fiberglass Superior 2
Highback Superior 2
ARG School District 1
Rapid Transit 1
National 5ear Co. 1
Armnerjcan Seating Co. 1
Cox Safery Seat 1
Unired Airlines 1
Martin Air Seat 1
No Seat

FErEemmOOwy

1. No Resuaint 1s
2, Lap Belr Only 11
3, Lap Belt and Diagonal

Shoulder Strap 3
4. Air Bag 2
5. Restraint Bar 8

Fig. 4(a)-(c): Fig. B

Fig. 4 (a)~(c), 5(2)-(h)
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it has a handrail that extends above the back of the seat
(Fig. 3 (e)).

f. Beat Type F, manufactured by the National Seat Co.,
is a high back seat, with integral seat belts, individually
adjustable backrests, and with armrests on theaisle and win-
dow sides (Fig. 3 (f)). This seat is primarily designed for
use in the large, cross-country buses.

g Seat Type G, manufactured by the American Seating
Co., is similar in design and purpose to the Type F seat.

It alzo has ipdividually adjustable backresis, built-in seat
belts, and armrests on both sides (Fig. 3 (g))-

h. Seat Type H, the Cox-Hilwon seat (Fig. 3 (h)), is an
automotive-type "bucket” seat with headrest and integral
three- point, shoulder-lap belt restraint system. This system
has an inertia reel inside the backreet and iz attached
o upper end of the diagonal chest swap.

1. Sear Type I, Unired Alrlines Sjesta seat, wag manufac-
tured by Douglas Aireraft Co. (Fig. 3 (i)). It has a high
backrest, individually adjustable, with armrests provided
for each passenger.

j. Seat Type J, Martin Air seat, is an inflated air-bag
dasignmh restraint sewn into the seat material

Fig. 3 (d) - Seat type D, the ARC
Unified School District seat, Model
539-137, manufactured by the Le
VanSpeeialty Co., Whittier, Calif.

Fig, 3 (e) - Seat type E, the Rapid
Transit seat, manpufactured by the
American Seating Co., Grand
Rapids, Mich. (Medel 1748)

LA =)
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Fig. 3 (f) - Seat type F, manufac-
tured by the National Seating Co.,
Mansfield, Ohio (Model 1030)

Fig- 3 (g) - Seat type G, Model
6602-C, manufaetured by the
American Seating Co., Grand Rap-
ids, Mieh.

Fig. 8 (h) = Seat type H, the Cox safety
seat (G. T. Cortina seat) manufactured

by Cox of Watford Ltd., Watford, Hert-
fordshire, England
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(Fig. 3 (i)). The absence of structural members in the seat-
back tmade Ir necessary to position the occupant in an up-
tight seated postire because the seatback did not provide
support as a backrest,

k. Designation Type K refers to positions where seats
were not installed. Thit condition applies to standees and
seat ahead designations for driver and other occupants be-
hind apen spaces.

The driver's seat (Fig. 8 (k)), was not agsigned a seat
type because it was not included for passenger seat compar-
isons. Ten different seat types were assigned to specific lo-
cations for the purpose of evaluating their performance with
tespect to the following variables: proximity to impact,
interactions by passengers, and structural performance for
various seat anchor and safery belt restraint systems (Fig. 4
(2)-(c)). For purposes of identifying locations of seats, prox-

Fig. 3 (1) ~ Seat type I, the United Air-
lines Siesta seat, manufactured by
Douglas Aircraft Co., Santa Monica,
Calif,

Fig. 3 (j) - Seat type J, the Martin Aix
seat, prototype model, manufactured
by Martin Co., Baltimore, Md.

P.av

295

imity of passengers to impact, etc,, the bus was assigned
reference stations, These stations were marked with tar-
gets at one foor increments, starting with zero feer at
the front bumper. One of the principal variables under
study was the influence of seatback height on passenger safety.
Accordingly, seats were positioned to provide optimum pag-
senger interactions with zeats having high and low baek-
rests, The methodology used was based on prior collision
experiments and accident investigation data.

For the head-on collision experiment (Table 2), the seat-
back ahead was the primary consideration because it pener-
ally was the object initially contacted by both the unrestrained
and the partially restralned passengers. Inthe rear-end colli-
sion experiment (Table 3), the seatback height was the princi-
pal variable governing the occurrence of whiplash injuries.
Side-impaet collisions usually force passengers into direct
contact with compartment structures or side-window glass.
Therefore, in the side~impact experiment, the presence or
absence of restraint systems and armrests represented the
most important consideration (Table 4),

2. Description of Restraint Systems - Any structure in-
corporated in a vehicle that inhibits in some manner the
movements of passengers, other than the usual s2atg and
enclosure structures, Yepresents a restraiping device. Some
devices are obviously ineffective, either because they im-
pose Injury-producing forces on the occupant or they pro-
vide inadequate fupctional restraining forces, Restraint sys-
tems considered practical for school bus passengers wete
evaluated in this study,

a. Designation Type 1, Table 1, indieates that no restraint
was used. Standing passengers were also jncluded in this
catagary.

b. Restraint Type 2 refers to the two-point, lap belt (Fig.
5 (a)). The method by which a particular lap belr was an-
chored, however, is not specified by this code number but
may be determined by referring toFigs. 4 (a-¢). Some of
the restaints had conventional floot anchorages. Other
methods of seat belt attachment are shown In Figs. 5(b)and
5 (e).

|

Fig. 3 (k) - Pedestal mounted driver’s
seat, Superior Coach Corp. (Part #G
11588)
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HEAD ON COLLISION, X-86
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SIDE-IMPACT COLLISION, X-90
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c. Resrraint Type B (Fig. 5 (d)), refers to the three-point,
diagonal shoulder strap and lap belt combination. The
method of attachment is pot specified by this designation.
However, this information can be determined from Figs. 4
(a=c).

d. Restraint Type 4 refers to single and double passenger
preinflated air bags which were placed between the pas-
sengers and the seatback ahead (Fig. 5 (e)). The problems
agsoclated with quick inflation of these bags were not in-

P.11

288

vestigated. However, it may be possible 1o inflate them
during the period between onset of collision and significant
occupant displacement without injuty from the abrupt in-
flation action,

¢. Restraint Type © includes all special restraint bars
that were used in these experiments (Figs. 5(f) and 5 (g));
in addition, a special padded armrest-restraint was added
o one of the stapdard seats for the side-impact collision
experiment (Fig. 5 (h)). Some of the seats had conventional

Table 2 - Passenger Assignment Variables, Head-On
Collision Experiment

Occupant Restraint  Seat Type
Seart Station Type Seat Type Type Ahead

Driver A A 1 K
1L Window (1LW) ] A 2 A
1L Alsle (1LA) 13 A 1 A
21, Window (2LW) 13 A 2 A
2L Aisle (2LA) 13 A 2 A
3L Window (3LW) € F 1 A
3L Aisle (3LA) 18 F 2 A
4L Window (4LW) 13 c 3 F
4], Aisle (4LA) 13 C 2 F
ol, Window (SLW) 18 A 4 c
5L Aisle (5LA) 13 A 1 c
6L Window (6LW) A H 3 A
L Window (7LW) A B 1 u
TL Alsle (TLA) 3 B 2 K
8L Window (BLW) 13 E 4 B

8L Aisle (BLA) 13 E 4 B

9L Window (9LW) 1z A 1 E
9L Aisle (9LA) 3 A 1 E
1R Window (1RW) A J 2 K
2R Window (2RW) 13 A 1 !

2R Alsle (2RA) 6 A 1 J

3R Window (3RW) 13 D 1 A
2R Cenrer (3RC) A D 1 A
3R Aisle (3RA) 13 D 1 A
4R Window (4RW) 13 G 1 D
4R Afsle (4RA) 13 G 2 D
5R Window (5RW) 13 A 3 G
BR Aisle (5RA) 13 A 1 G
6R Window (6RW) 13 B 5 A
6R Aisle (BRA) 3 B ] A
TR Window (7RW) 13 A 2 B

TR Center (7RC) 3 A 2 B

TR Aisle (TRA) 13 A 2 B

8R Window (8RW) 13 I 2 A
#R Aisle (8RA) 18 I 1 A
9R Window (BRW) 3 C 5 I

9R Aisle (9RA) 13 cC 3 1

2§ Stapdee 13 K 1 K
65 Standee 13 K 1 K
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Table 3 - Passenger Assignment Var{ables, Rear-End
Collision Experiment

Occupant Restraint  Seat Type

Seat Station Type Sear Type Type Ahead
Driver - (Removed)* - -
1L window (1LW) - {Rermaved) - -
1L Aisle (1LA) - (Removed) - -
8L Window (2LW) 18 A 2 K
3L Window (3LW) 6 F 1 A
3L Aisle (3LA) 13 F 2 A
4L Window (4LW) 13 c 3 F
4L Aisle (4LA) 13 c 2 F
5L Window (5LW) 13 A 1 c
5L Afsle (5LA) 13 A 1 -
6L Window (6LW) A H 3 A
7L Window (7LW) 18 B 1 H
1L Aisle (7LA) 3 B 1 H
&L, Window (BLW) 13 D 1 B
8L Aisle (8LA) 13 D 1 B
9L Window (9LW) A A 1 D
9L Aisle (9LA) 13 A 1 D
1R Window (1RW) A ] 2 K
2R Window (2RW) - (Removed) - -
2R Alsle (2RA) - (Remaoved) = -
3R Window (3RW) 13 D 1 i
3R Center (3RC) A D 1 i)
3R Algle (3RA) 6 D 1 1
4R Window (4RW) 13 G 1 D
4R, Center (4RC) - G - D
4R Alsle (4RA) 13 G 2 D
SR Window (5RW) 13 A 3 G
5R Center (6RC) - A - G
SR Aisle (BRA) 13 A - G
6R Window (GRW) 13 B 5 A
6R Center (6RG) - B - A
BR Aisle (6RA) 3 B 5 A
7R Window (7RW) 13 A 2 B
TR Center (7TRC) 13 A 2 B
TR Aisle (7RA) 18 A 2 B
8R Window (8RW) 13 I 2 A
BR Aisle (BRA) 3 I 1 A
9R Window (9RW) A C 5 1
9R Aisle (ORA) 13 c 8 I
25 Srandee 13 K 1 K
58 Standee 13 K 1 K

¥3ears were removed owing to collision intrusion from prior head-
on collision experiment
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armrests as a part of their original design and these acted these vehicles. A selection of dummy sizes was made to
as restraints for the side-impact collisions, represent this variation (Table 5y, These anthropometric
8. Passenger Size - The nature and severity of collision  dummies correspond to the ages of 3-, 6-, 13-year-old and
injury is size dependent, whether it relates to the sizes of adult. It is evident, with respect toarear-end collision ex-
the colliding vehicles or to the sizes of oceupants within posure that a seat providing satisfactory head support for a

Table 4 - Passenger Assigntnent Variables, Side-Impact
Collision Experiment

QOcenpant Restrajnt  Sear Type

Seat Station Type Seat Type Type Ahead
Priver - (Remaoved) * - -
1L Window (1LW) - (Removed) - -
1L Aisle (1LA) - (Remnoved) - -
2L Window (2LW) 13 A 1 K
5L Afsle (3LA) 8 A 1 K
8L Window (3LW) 13 F 2 A
3L Aisle (3LA) 13 F 1 A
4L Window (4LW) 13 c 1 F
4L Aisle (4LA) 13 c 3 F
5L Window (5LW) 13 A 1 c
5L Aisle (S5LA) - 13 A 1 c
8L Window (6LW) A H 3 A
7L Window (7LW) 13 B 1 H
TL Aisle (TLA}) 13 B 1 H
8L Window (BLW) 13 D 1 B
8L Aisle (SLA) 13 D 1 B
9L Window (9LW) 13 A 1 D
9L Aisle (SLA) 3 A 1 D
1R Window (1RW) A ) 2 K
2R Window (2RW) - (Removed) - "
2R Aisle (2RA) - (Removed) - -
2R Window (2RW) 6 D 1 I
8R Alsle (3RA) A D 1 J
4R Window (4RW) 13 G 2 D
4R Aisle (4RA) 13 G 2 D
oR. Window (5RW) 13 A 1 G
5R Aisle (5RA) 13 A 1 G
BR Window (BRW) A B 5 A
6R Aisle (BRA) 13 B ] A
7R Window (TRW) 13 A 1 B
TR Alsle (7RA) 13 A 2 B
B8R Window (8RW) 13 1 2 A
BR Alsle (BRA) 13 I 3 A
9R Window (9RW) A c 5 I
9R Alsle (9RA) 13 o 5 1
28 Srandee 13 K 1 K
58 Standee 13 K 1 K

*Sears were removed owing to collision intrusion from prior head-
on collision experiment




JAN-11-1996 19:14 P.14

302 D, M, BEVERY, ET AL,

Fig. 5(a) - Type 2 lap belt
installation with passenger
car floor attachments

Fig. 5(d) - The three-point belt
provides head and upper torso re-
straint

Fig. 5(b) - Seat belt manifold anchor
bar; a useful device if the seat legs are
sufficiently strong to sustain the added
siresses

Fig. 5(e) - Air bag restraint. The bag would not be
inflated until the collision was underway, The com~
plication air bags could add to expeditious evacua-
tion in the event of post-crash fire should not be
overlooked

Big. 5(c) - Floor supported manifold anchor
bar provides the required strength withont Fig. 6(f) - Floot side-wall anchored
need for modifying seat restraint bar
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3-year-old, may present a compromise for a §-year-old and  of a new rechnique was made resulting in development of
provides no whiplash protection for the majority of school a prototype 6-yeat-old solid-pour anthropometric dummy.
bus passengers represented by the 13-year-old as well as Subsequenrly, based on the favorable performance of
larger sizes (Fig. 6 (a)) this prototype dumimny, the solid-pour technique was selected

The Experimental Findings, 2 later section of this paper,  as the procedure for manufactuting twenry-gix 13-year-old
also provides data Indicating that there are problems of 2 golid- pour anthropomertric dummies (Fig. 7 (a))-

scrious mature relating 1o seat deslgn when considering passen- The development and mamufacturing procedure, briefly
ger size, variation in restraining devices, and so forth, stated, was as follows: Considering the lower size range,
Sixteen million school children are transporied daily by ~ kindergarten child’s weight of 40 b, and the upper range
buses aver the city streets and rural highways of our country,  of high school young adult’s weight of about 190 1b, it was
The range in size of this very specisl population is from pre- determined that a 115 1b child was most representative of
kindergarten (mirsery school) to young adults. Realistic
simulation of this exreme size range, as typified by Fig.
6 (b) was necessary. Description of eonsmuction of adult apd
small child dummies is provided by Ref. 6. A pllot smdy

Fig. 5(h) - Special padded armrest restraint added to one of
Fig. 5(p) - Sear backrest anchored restraint bar the standard sears shown in Fig. 3(a)

Table 5 ~ Anthropometric Dummy Passenger Specifications

Ref. No. Manufacturer Model No. Ht,,in, Wi, 1b Age Group
1 Sierra Engr, Co, 120 2 195 Adult
2 Sierra Engr. Co. 18 68 200 Adult
3 Sierra Engr. Co. 15 68 200 Adult
4 Sierra Engr, Co. 135 68 175 Adult
) Sierra Engr. Co. 262 69 170 Adult
6 Sierra Engr. Co. 292 72 195 Adylr
7 Sierra Engr. Co., 292 72 195 Adult
1~26 UCLA 13-5p* 61 115 13-yr
1 Sierra Engr. Co, 452-08 46 42 6-yr
2 Sierra -- UCLA  492-8P 48 55 G-yT
1-4 Sierra -- UCLA 492-01 38 a2 3-yr
1 UCLA Simiulation - 173 Special
(konMan)**
Sandbag** -- 100 Special

*13-5F, 13-year-old, Solid-Pour construction, arthropometric dummy
**Nonanthropomertric
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these extremnes. This weight is representative of a 13-year-
old.

After determining the required size and weight categories,
a review of publications on anthropometrical data by the
project’s medical seientist provided necessary raeasnretnents
for accurate construction of a 13-year-old dummy (Table 6).

Fig., 6(2) - Comparison of passengey size range
to reference srandard seat for anthropometric
dummies wsed in bus stndy

P.15
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Using these meamrements, 4 commercial sculptor was re-
tained to develop the corresponding human form. Subse-
quently, the limbs were dismembered from this clay figure
and, following certain modifications necessary 1o provide
accommodation for & skeleton, molds were made for the
head-torso unit and each of the litmbs, The aluminum molds
were designed to facflivate hand- pouring operations of heated
polyvinyl-chioride thermoplastic. While these operatfons
were underway, arrangements were made for production of
the required limb skeletal components, as well as thair torse
anchor plates. Collectively, the 13-year-old dummy compo-
nents before agembly appeared as shown in Fig. 7(b)).

The exceptional performance of this dummy in more
faithfully representing forced human kinematies indicates a
sbgtantial advance in the field of human simulatdon (Fig.
(e,

4. ProXimity to Impaet of Passengers - In general, other
factors ramaining the same, the more remote a passenpger
is from the pointof impact, theless likely he is to be injured.
The basis for this assertion concems the intervening action
of collapsing structures hetween two passenger posftions.
Thus, in head-on collisions, deceleration rates for passengers
toward the resr tend to be lower than for passengers in the
front, owing to the intervening of buckling strucrures between
these locations. Where no significant collapse action of
passenger compartment occurs, as in many rear-end colli=
sions, the acceleration exposure of all subjects is approxi-
mately uniform; an exceprion wonld be a spectalized con-

ADULT

13 YR

6 YR 3 YR

Fig. 6(b) - Anthropometric dumrmy passengers in UCLA school bus experiments




JAN-11-1996 19:15

SCHOOL BUS PASSENGER PROTECTION

dition encountered by the rear-seated passengers exposed
to collapsing structures.

Owing to the lack of symmeiry characteristic with side-
impact exposures, the proximity of the passepger to the
impacting vehicle does have a significant bearing on the
direction and magnitude of his forced movements. Thus,
at the rear of the bus direcrly in lne with the suiking ve-
hicle, tangential acceleradons are very high for adjacent
passengers, ¢ausing them to be pirehed sideways. Contrasted

P.1%7
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10 this, unrestrained passepgers near the front would be hurled
forward and 1o the side less violenrly, due ro lower rota-
tional forces. A mathematical analysis of vehicle rorarfonal
dynamics influencing passengers’ force magnitudes is de-
scribed in a prior publication. (7)

To control against the variable of proximiry 1o impact,
the standard referance 13-year«olds and conventional supa-
tlor seats wera disuributed throughout the bus (Fig. 8).

o. Categorias of Data Recorded - The large number of

Fig. T(a) - Assembly line for twenty-
six 13-year-old dummies

Table 6 - UCLA-ITTE Anthropometric Data for 13-Year-Old Dummy

Measurement,
in. Location
10.8 Top of head to shoulder pivot
117.8 Shoulder pivot to hip pivot
14.7 Hip pivot to knee pivot
13,9 Knee pivot to ankle pivot
3.8 Ankle pivot to bottomn of foot
28.7 Top of head to hip pivot ("H" point)
32.7 Top of head to base of buttocks (sitting)
21.8 Crotch to heel
15,0 Width batween shoulders
5.8 Transverse diameter of skull
12.5 Transverse diameter between shoulder pivots
11.0 Transverse diameter of chest
12.3 Transverse diameter of hips
3.5 Transverse diameter of knea
107 shoulder pivot to elbow pivot
15.6 Elbow pivot 1o p of fingems
2.8 Transverse diameter of 4 lateral fingers compressed together
6.6 Longitudinal diameter of chest
9,0 Long diamater of foot (heel to toe)
60,8 Height, in,
115.0 Weight, b
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wansducers and cameras used for these experiments, as well
as other provisions made for scientific obsarvations, account
for the many categories of data possible for each collision
experiment; these are indicated In Table 7.

Fig. 7(b) - Component parts of UCLA-ITTE 13-year-cld an-
thropomettic dumrmy

P.18
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6. Instrumentation - A photographic record of the se-
quence of events oceurring during the collision experiment
was obtained using speclalized photographic sysiems soate-
gleally positioned (Fig. 9). Owing 1o the exwemely shore
duraiion of the collision event, umally less than 1/4 sec,
it was necessary to use high-speed photography, operared
auromatically by elecuonic timing devices; motion picture
photography was valuahle in determining collision phenom-
ena that would otherwise be lost. Therefore twelve mod-
erately high-speed motion picture cameras, positioned along
the roof rail of the new bus, viewed the passengers while
four high-speed exterior carneras recorded structural collapse

Table 7 - Categories of Data Recorded

1. Kinematies of passengers with respect to the following
variables;

a. Size of passenger.

b. Type of seat,

¢. Form of restraint.

d. Proximity to impacting vehicle, to other pasengers,

to seatbacks and other fixed objects.
e, Seated without restraint versus standing in aisle.
I, Type of safety glass.

2, Forces sustained by passengers.

3. Loading of restraint systems.

4. Relative injury exposure for passengars in different
seating arrangements undergoing the same collision,

5. Vehicle collision dynamics,

6. Vehicle structural performance,

Fig. 7(c) - Realistic whiplash acrion of 13-year-old passengers
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Table 8 = Inscrumentation

Device To Provide Location Q Specificarions
High Speed Motion Fleture Vehicle collision dynamics Gameras 1, 2, 8, and 4, Fig. 9 , 2-Eastman, High speed; 2-Fastax
Cameras and passenger kinematics * WF-8:i 600~1700 frames/sec;
1emm Kodak FR 7257 Film
Moderately High Speed Vehicle collision dynamics Cameras 5-20, Flg. 9 15-Photosonics 1B, Traid, Engr:
Motion Picture Cameras  and passenger kinemaries 1-GSAP MBH 200-16, high G

tolerance 200 f/s 16mm Kodak
Ektachiome 7257

Standard Motion Pleture General photographic cov= Cameras 21-24, Fig. 9 1-K100 @ 64 FPS; 1-Amiflex
Cametas erage 16mm, Model 18 §; 1-Bolex,
18mm: 1-GSAP, 16mm
Special Motlon Picture Sequential, large format Cameras 25-28, Fig. 9 2-Huleher Model 102, 20 {/s
Cameras photographs of collision 70mm (Camerarotated 90 deg
events to permit cine-reduetion):

1-Bell & Howell Eyemo, 48{/s

Ekrachrome ER 5257: 1-Foton

35mmrapid fire, Bell & Howell

still Camera Precision-timed photo- Cameras 29-33, Fig. 9 o=Super Speed Graflex 4 X 5

graphs Ektachrome 1/1000 sec elec-

tronically controlled to fire

at pre-calculated msec

after contact

Calfbrated References Fixed ground reference Near the impact center 8 ft longitudinal reference boards
points for micro-mo- and 47t vertical posts ealibrated
don analysis with yellow and black at alter-

nate 1ft increments

Reference Targets Precizion photographic At strategic positions on the  Diamond shaped yellow and black
references for micro- vehicles and their occu- targets
motion analysis pants

Elzcrrical Accelerom- Acceleration measure - Within dummy paszengers, B & F-LF 80-50 aod LF 50-100;

eters mentg body of bus at two locations,  Statham A 382-60-350, A6-100-
and on striking vehicle 350, A743~100-350, F 100-300,
F 50=350 and A6 9TC+-500-350

Seat Belt Tensiometers Measurement of beltloads  On belt webbing Thread -through type, special UCLA

constryction

Recording Oscillograph Amplitude-time records of Cattled by instrument record- 2-18 Channel Consolidated Type
transducer signals ing vehicles 5-114 P2; 1-50 Channel CEC,

Type 5=119; 1-12 Channel CEC,
Type 5-118

Electronic Time Delays Precision timing for still Eleetric pressure pads near 100, 200 and 500 msac time de-
photography impact center lay devicesbuilt by UCLA

Photographic Oscillo- Zero time (vehicle con- Pressure switches batween con- Foil contacts with spacers

graphic Synchroniza- tect); flash bulb for film  tacting surfaces of vehicles,
tion Units and pulse for oscillo- photocell and flashbulb on
graph vehicle

Strain Gages Measurement of passenger  On side-windows near position 5R-4 bonded strain gages
inveracrion with zafety of impact
Blass

Pulse Generators Timing for high~speed and Berween camera and power Wollensak, 100 cps, 1000 cps and
moderate-speed cameras source special 100 cps solid-state devices

Auxilfary Timer Backup timing Near impact center in view Rotating yellow-black drum; con-

of all cameras stant speed 1740 rpm motor

(cont'd.)
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Table 8 - (cont'd)

Device To Provide

P.21
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Location Specifications

Speed Counter Car speed data

Tira-Skid Mark Tracer 1dentification of skids

Position data for ve-
hicles frora point of
impact to positions of
rest

Folar Coordinate Grid

On guide yoke

On each tire-rib, 1/4 in.
from road surface
On asphalt surface at test
site

Induction pickup for oscillograph,
Measures time-displacement of
vehiele

Artist~type oil paint deposits

Yellow rraffie marker paint on
asphalr, per Fig. 9

CAMERA LEGEND

1,2 EASTMAN~HIGH SFEED
34 FASTAX - HIGH SPEED
5,6 PHOTOSONICS - GROUND
T-19  PHOTOGSONICS ~ VEHICLE

t?

20 G.5.A.P ~ MODIFIED
2l=24 STANDARD SPEED
25-28 SPECIAL. SEQUENCE
29-33 SPEED GRAPHICE

Fig. 9 - Location of photographie instrumentation

of the vehicles. In addition, three regular speed motion pic-
tre cameras provided backnp docurnentary coverage. Other
precision-timed still cameras and rapid-fire, sequential-
frame cameras accurately portrayed specific events and re-
lated observations.

In addition to the extensive photographic coverage, effec-
tive evatuarion of the varlables under study required strate-

gic positioning of the numerons electronic sensing deviges.
Accelerometers were placed In the chest of unrestrained
pagsengers to monitor their violent interactions with inte-
rior surfaces, seats, and other occupants; the more limited
displacements of restrained individuals made it advisable
to use head accelerometers, to determine the magnitude
of head contact with injury=prodticing structureas, for those
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situations where a lap-belted passenger would jeckknife

and slam his head againsr improperly designed sear stiuctures.
Exact specifications and functions of the numerous fnstru-
mentation systems are described in Table 8.

FINDINGS - HEAD-ON COLLISION

EXPERIMENT 86 - A head-on collision was conducted
berween a 1944 Mack bus and a 1965 GMG busg, each ve-

Pig. 10(b) - Pealtion of buses at contact

P.22
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hicle traveling 30 mph at fmpact (Fig. 10 (a)). The 1944
Mack and the 1985 GMC chassis each carrfed Superjor school
bus bodies. This initial inquiry into school bus passenger
safety is identified a¢ Experiment 86, The front ends of the
buses were in line and directly opposing each other at im-
pact (Fig. 10 (b)). As the collision intrusion progressed,

the front end of the 1965 GMC bus was pushed inwards by
the overriding structure of the 1944 Mack (Figs. 10 (c)-10
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(¢)). This unbalanced condition was intensified by slippage 1. The 1944 Mack Superior Bus Passenger Corapartment -
forward, relative to its frame, of the 1965 Superior bus body. Becanse of the cost of anthropometric dummies and their
Within the first 1/10 sec after contact, the front engine compart- instrumentation, only two adult-type occupants were used
ment of the new bus had been entirely crushed in. Further in the old bus and unrestrained sandbags (see Takle 5) were
discussion concerning the swuctural performance of the buses  positioned in the remaining seats (Fig. 11). Although these
will be ressrved for a later section of Findings. sapdbags simulated the load condition of & fully occupied
bus, their nse was not intended to provide seat collision pet-
formapce ipformation,

a. Drivet s position was occupied by an adult-type anthro-
pometric dummy (No. 2, Table §), secured in a chair-type

HEAD-ON
COLLISION

Fig. 10(d) = Centinuing encroachment of old Mack-Superior
bus (rght) into engine cowl structure of 1965 GMC=-Superior
(left)

DRIVER
(ADULT NOI

B8

PASSENGER M
(ADULT NO. zi 2

PASSENGER LOAD
ULATED BY SANDBAG

Fig. 10(e) ~ Maximnm collapse of two bus structures Fig. 11 - Sear assipnment, 1944 Mack-Superior bus

S e

&
2l

Fig. 12 - (a) Driver of Mack bus crushed against steering wheel, at 137 ms: (b) nonrestrained
passenger forced agalnst driver's seathack. at 250 ms
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HEAD ON COLLISION, X-86
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1A TIVR ANDAIADINY), SHOWN ON HEADR.
NOTE:
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Fig. 13(a) - Passenger assignment, 1865 GMC-Superior bus, showing also seat types, restraint systems, and peak ac-
celerometer values
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seat by a 1ap belt. The passenger, adult No. 1, zeated on a
bench-type seat behind the driver, had no restraint. As
collision iptrusion progressed, the steering wheel was not
extended toward the driver at all; instead, the driver's chest
was thrown against the steering wheel to collapse the lower
portion of the whee] ritm downward, This action is seen at
the right side of Fig. 12 (a). The relatively small amount of
front-end collapse for this older bus explains why the steer-
ing eolumnn remained fixed for this head-on collision. Next,
the driver's head flexed forward and sttuck the top rim of
the steering wheel, while his right arm flailed against the
instamenr panel. These injury-producing forces were aug-
mented by the unrestrained passenger, seated directly be-
hind bim, who was thrown forward against the driver's seat-
back, thereby crushing him between it and the steering wheel
(Fig. 12 (b).

b. Passenger, adult No. 1, was thrown against the hori-
zontal separation bar between him and the driver's seat-
back. The vertical handhold that anchored this separarion
bar was likewise collapsed forward. The passenger's head
then pitched to the left of the driver and snapped dowtward
as he flexad ovet the driver's seatback; his knees buried into
the seatback causing him to pivot past the driver with his
head close to the windshield.

The passenger’s geat and backrest cushions were loosened

HEAD-ON
COLLISION
ATAT IO
Ireer}
IR0 —— 1 -
[ s LEGEND
| i SEAT POSITION
1 I=3... BEAT PORITION
[ X-86 | FROM FRONT
| | R........RIGHT SIDE OF
) FIREWALL INTRUEION us
’-l | LEFT SIDE OF
BUs
. SEAT TYPE
BENWER p— y u TABLE 1
TYPE~ BND FIGURES
BRIVER g =3k,
SEAT#IL, i PN
w o X .~ AND 4 (ADULT),
TYPE-A A 1] EdwN ON HEADS,
SEATSL YvPE-J RESTRAINTS
TYPE-2 %, ...LAP BELY
- SEAT-2R .
SEaT=N TYPE-A ... 3 POINT BELT
by TYPEF G
i T BEAT-BR wrrwrya -PAODED OAR
— 0 TYPE=D
TYPE-C (v
SEAT—4R
AV oy —y ” 8 | TYPE-G
, BEAT-3L 1 K
) ~
] SF.AE-SR
1 TYPE-A
SEAT-6L
TYBE-H A SEAT-ER
gl [— - | Tvee-B
™ ey [
. 3E4T-TR
P C TVPE-4
e
EEAT-BL ’ -
f TYPEE et
™ erar-m
TYrE-a | i Y

Fig. 13(b) - Forced movements of passengers in new bus dur=
ing collision along with their positions of rest
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during the initial phase of the impact and added additional
forees to both him and the driver, One of the saudbags be-
hind the passepger's seat was hurled through his seatback
and continueq forward into the driver's compartment. Other
sandbags ruprured and propelled thefr contents forward during
the latter phases of the collision.

The passenger's seat frame remained partially fastensd
to the floor, although the back yielded substantlally forward
during the impact,

2. The 1865 GMC- Superior Bus Compartment - The as-
signment of passenger types, seat types and restraint sysiems
complate with peak accelerometer values for the passengers
of the new bus is shown by Fig. 13 (a). In addition, each
passenger s foreed movements and positions of rest were
plotted for this head-on collision (Fig. 13 (b)); these and
other related findings will be discussed individually for each
seat location.

a, The driver, unrestrained adult No. 3, was seated In
a bucket type seat (see Fig. 8 (k)). As the front-end collapze
commenced, the steering column was thrust axially rear-
ward, and the lower rim of the steering wheel buried into
the driver's abdominal area. This penetration wasmoderated
for the dummy because of his stiffer abdominal structure
which grossly deformed the steering wheel rim. The horn
button was then projected rearward to strike the right side
of the driver's face above the temple. At this instant, the
steering column was deflected upward and the wheel hub
struck the base of the nose, shearing it from his face (Fig. 14
(a)). Thepeak chest deceleration of 38 G occurred 120 ms
after the front bumpers contacted each other (Fig. 14(b)).
At 145 ms, the ititrision by the swiking bus andthe forward
movement of the driver had proceeded sufficiently to close
the 301in, gap, bringing the insoument papel foreibly againar
his chest. As the driver was pitched forward, his seathack
was forced forward by the 13-year-old thrown against i
(Fig. 14 (c)). All indicators for infarred injury precluded
the possibility of survival for this individual.

Fig. 14 (a) - Driver struck above mouth by steering wheel
hub at 100 ms after vehicles contact
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The action of the entire seat unit rotating forward was an erect posture as he slammed against the back of the driver,
augmented by floorpan distortion immediately behind his sustaiping a 60 & chest deceleration at 150 ms (Fig, 16
seat (Fig. 158), The floor buckling occurred behind the driv-  (8)). The crushing forces applied by this 13-year-ald to
er's seat because of strong longitudinal floorpan members the driver's back occwrred at the same time as the engine
that terminated at the end of the driver's seat. However, was inruding into the firewall, pushing the daghboard rear-

thiz buckling tendency was primarily related 1o the lack of ward against the driver. He flexed over the right shoulder
proper attachments for the bus body to the frame. of the driver, elevating 1-1/2 fi, before reversing his head-
b. Seat 1L, a conventional Superior seat (see Fig. 3 (a)), ing; thereafter, he rotated his feet 90 deg in a clockwise
was oecupied by a lap-belied 6-year-old and an unrestrained direction pointing them toward the side windows and finally
13-year-old. This 13-year-old passenger was seated di- came 0 rest laying across the lap of the driver with his head
rectly behind the driver in the number 1 seat, Left gide, toward the aisle (Fig. 18 (b)).
Alsle position (1LA) (see Figs. 8 and 18), During the collision, ~ The 3-year-old, sitting in seat 1, Left side, Window po-
he buried his knees into the driver's seatback but continued  Sitlon (LLW) was restrained by a lap belt and rods out the
w0 maintain a normal erect posture, rotating only slightly crash rather well until his head hit the rearward intruding
forward as his chest came against the horizontal bar which ~ heater enclosure at the left of the driver (Fig. 17). At this
was lightly padded, The bar deformed forward and hismove- tme, 145 ms after bumper contact, he received a peak
ment was momentarily restrained causing him to flex over head deceleration of 57 G.

the horizontal bar. However, his head and torso maintained In spite of other complications that occurred as a resul
of unrestrained individuals thrown agajnst him, had it not

been for the gross intrusion of the school bus body, this child

jaﬁﬁ simulation would have ridden out the crash with relatively

ao (3] 02 D3
TIME, SECONDS

T DRIVER
Fig. 14(b) - Driver of 1985 GMC=-Superior bus, (Note: Chest
(long.) indicates that chest transducer was sensitive in direc-
tion of bus's longitudinal axis and refers to driver's pre-
crash geated posture.)

Fig. 15 = Buckling of floor directly behind driver's seat in
18656 GMC=8Superior bus

60G| CHEST, LONG,

00 o)
TIME, SECONDS

1LA

Fig. 14(c) - Insotment panel at 145 s crushed against Fig. 16(a) ~ Thirteen-year-old thrown against horizontal
driver's chest handbar and against driver's seatback
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minor inferred injuries despite his eloseness to the front of
the bus, The medical data relating to his inferred survival
were inconelusive and his injuries were listed as severe.
Following the crash, he was still belted and leaning forward
becanse his seat had tlted forward owing to floor buckling.
His right leg indicated an inferred fracture caused by the
intruding soucture.

c. Standee 28, a 13-year-old stauding in the aisle oppo-
site seats 1 and 2 (see Fig. 13), was thrown forward against
the front of the bug, maintaining his standing posture all the
way. His peak chest deceleration of 21 G occurred at
200 ms as he impacred the front portion of the passenger
compartment (Fig. 18). Just before this impact he rotated
to his left: therefore, Lis single chest accelerometer was not
aligned with the direction of Impaect and his actual peak
deceleration was considerably higher than indicated. The
post-collision medical analysis indicated that he would have
sustained serious injuriss,

d. Seat 2L was a conventional Superior sear with wo
13-year-old occupants, each restrained by lap belts. These
lap belts were attached to a special anchorage system (see
Fig. 5 (¢)). The performance of this anchorage system ap-
peared to be entirely satisfactory. The kinematics for the
passengers at the aigle and window pogitions are egsentially
identical, both going through the typical jackknife motion
in a forward direction as a result of the lap belt restraining
action. The 2LA occupant, however, struck his head against
the upward moving buttocks of the passenger 1LA ahead,
and at this titne, 175 ms, received a peak head decelera-
tion of 108 G (Fig. 19 (a))- Due to the severity of this head
fmpact. this occupant was regarded as a potential fatality,

The 2LW occupant, who impacted the seatback ahead,
received a head deceleration of 32 G at 145 ms (Fig. 19
(b)); a2 his head extended over the seat his neck recejved a
crivical injury from the seatback. The passengers in 2L then
remined to a normal seated position after which there was
some rearward overshoot of their heads, Thereafier their
body postures asmumed a elurnped-forward final rest position.

P.27
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276
HEAD, LONG.
{TRACE SKIP), A\ (TRACE 1OET)
1
09 TIME, SECOMDS

1{5}'6 /145 ms

S

Fig. 17 - Lap-belted 3-year-old struck his head against in-
truding heater strueture

00 ! oz QL a4

1%“5 + SECONDS

Fig. 18 - Standee at front of bus was hurled against door
operation lever foreing it deeply into his waist

Fig. 16(b) - Thirteen-year-old lands on drjver at 1250 ms. Smoke from a post-grash firg starts to enter passenger com-
partment on right. Prompt action by UCLA crew extingpished this engine compartrment fire eliminating hazard to pas-
sefiger compartment. An itnportant consideration is the almost hopeless problem of promptly evacuating a bus load of
unconseious and dazed children through inadequate escape routes
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e. Seat 3L was a National seat (see Fig. 3 (f)), occupied G
by a lap-belted 13-year-old, 3LA, and an unbelted 6-year-
old, 3LW. As the collision progressed, the belred 18-year-
old jackknifed about his belt and swuck the searback of 2L

with enough force to give his chest a 54 G impaet at 180 HEAD, LONG.
ms (Fig. 20(a)); his head then whipped over the top of . |
the seatback (Fig. 20 (b)). This action caused 4 neck in- 09 ) a2 03 04

TIME, SECONDS

jury considered fatal by the medical scientist who conducted
the posi-collision analysis.

In a similar manner, the 6-year-old was thrown forward

and hecause of his lesser height and his unbelted condition,
struck his chest in an almost identical manner against the
top of seatback 2L, thereby receiving a 33 G impact ar 160
ms (Fig. 20(c)). His head flexed over the top of the seat-
back bringing extreme manipulation to the neck (Fig. 20

546G/ 150ms

JLA

Fig. 20(a) - Belted 13-year-old, SLA, jackknifed abour lap
belt striking chest against seatback

HEAD, LONG,
A e———i—

Pig, 19(a) - Belted passenger 2LA jackknifed over seatback

striking unbelied passenger Fig., 20(b) - Passengers from seat 3L flex their necks over

seatback rail during collision. Note extreme neck trauma-
tization for 13-year-old, LA, in foreground

3G
CHEST, LONG.
—

1 | |
2 0.3 a4
O me%econDs

3G/ 150 m

21w

Fig. 13(b) - Exposre comparable to his eompanion, 2LA, tw
exaspt parangsr struck no enc in fronc of him F1g. Z0(c) = Unhelted 6-year~old pitchad agalnst seatback
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W30 lba,

(dY). This inferred neck injury was considered critical 10
SHOULDER BELT

fatal. Substantially higher seatbacks would avoid this type
of extreme injury exposure. The height of the seatback he

struck (2L) was only 19-1/2 in. T ; T a
After the two occupants from seat 3L were thrown over LAP BELT 320 bon

seatback 2L, they tebounded 1o a relatively hotmal posture. ARV

Finally, the 13-year-old 3LA slumped over into the aisle and 2¢ HEAD, LONG,

the 6-year-old 8LW slumped forward and to his right, -

f. Seat 4L was a high back Superior seat (sse Fig. 3 (¢)) a6 o o2
with the aisle 13-year-old 4LA lap-belted, and the window TIME, SECONDS
13-year-old 4LW restrained by a three- poiot belt. Occupant
4LW lunged forward agalnst this three-point restraint and
rorated to his left, counterclockwise, owing (o the nonsym-
metrical application of restraining forces by the diagonal
chest swrap. This rotation appeared o be 90 deg, which
essentially freed him from his upper torso restraint (Fig. 21
(8)). As he rorared, his head flailed to the right, striking the
seatback of 3L with a peak deceleration of 28 G ar 140 ms.
In addition to this forceful head impact, the extreme rota- LW
tion of hig upper torso may have cansed back injuries. The
inferred injury level for this occupant was moderate.

The 4LA 13-year-old pivoted about his lap belt, striking
his head and shoulders against the high-padded seatback of WEA CHEST, LONG

Fig, 21(a) = Thirteen-year-old restrained by combination
erogs-chest and 1ap belt rotates out of chest restraint

National seat, 3L. The peak chest decelararion of 20 G "_./\J'/\'\/"\-¥_,.h
occurred at 140 me (Fig., 21(b)), His inferred injury level I | -

. o0 & 82 63
was also considerad moderate, (ME, SECONDS

g. Seat 5L was a conventional Superior seat with & 13-
year-old duthmy, 5LA, unbelted, and another 13-year-old
passenget, S5LW, protected by an aif bag. The two 13-year-
olds in seat 5L were thrown forward, with passenger 5LW
plunging squarely into the sir bag; the resulting distortions
of the bag clearly indicated that he was recelving good en-
etgy dissipation and force distribution (Fig. 22 (a)). His chest
accelerometer registered a peak of 25 G at 145 ms. The

5LW durnmy at this time is shown in Fig. 22 (b). As he | 4LA
Fig. 21(b) = Thirteen=year=old pivors abont lap belr striking

padded seatback ahead

Fig. 20(d) = Six-year-old passenger, 3LW, flexes head com-
pletely over seatback rail, directing extremely abusive forces Fig. 22(a) - Seat 5L passengers thrown against air bag, 175
to his neck trig afrey srarr of collision
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crushed into the air bag, the bag hulged sideways and pro-
vided some protection for 5LA seated beside him.

Passenger 5LA buried his head into the bag after it had
beepn displaced sideward into his pathway (Fig. 22 (¢)). Note
pressure elongation of bag vertically as a result of passenger
impacts, also, the diagonal belt anchor point for the chest
restraint portion of the three- point belt restraining 13-year+
old 4LW, ahead of the air bag. The air bag artennation of
SLA's chest held the peak acceleration to 25 G at 145 me
(Fig. 2 (d)). This was partially attributed to the even force
distribution of the air bag and the effect of the scatback
structure ahead deflecting forward.

The 5L seat cushion dislodged and followed the two 13-
year-olds forward and actually added to their collision forces
by pressing against their buttocks as they crmshed into the air

250G

Chest, I.ONG./ I fran
o v & o

TIME, 5ECONDS

5G /145 m

prey
1

5LW
Fig. 22(b) - Thirteen-year-old squarely impacts air bag

P.38
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bag. The aisle seat and window sent passengert wéte re-
bounded towards the aisle as the restimtional forces of the
compressed air bag prevailed. Subsequently, on rebound,
the 13-year-olds were displaced toward the aisle when two
adults from behind their seated position were thrown forward.
Adult 8LW, with the Cox seat belted to him, buried his head
into the same air bag after 13-year-olds LW and 5LA wete
rebounded sidward from it: moments larer adult 7LW buried
his head into the same air bag (Fig. 22 (e)).

The fact thar this single- passenger type air bag served
four passengers represented ap nunexpected series of events
that couldn't ordinarily be depended on. For example, if
the SLA passenger had preceded, instead of following, the
SLW passenger, the bag would have popped foreibly inwo
the side of the head of 5LA, instead of becoming a cushion
in front of him. Similarly, if the individuals pitched from
behind the 5L seat had been properly restrained, they wouldn't

286y CHEST, LONG.

e
Q0 0.1 0.2
TIME, 5ECOMDS

BRE /148 ms

S5LA

Fig. 22(d) - Elongation of air bag, formerly at shoulderlevel,
stretched approximately 2 ft above this point, 145 ms

Fig, 22(e) - Air bag in sear 5L elongated from impact, pri~
marily by window seat occupant (not shown), and secondarily
by aisle seat passenger shown plunging his face and chest
into bag, 125 ms after buses contact

Fig. 22 (e) - Passenger 7LW is thrown forward through area
formetly occupied by seat 6L and buries his head in 5LW air
bag afteg three prior passengers, SLW, SLA, and BLW, have
rebounded sequentially from this same air bag
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have been pitched forward to strike the 5L seat area, As the
5L passengers were thrown forward, they yielded the 4L seat-
back, thereby directing greater forces 10 the diagonally
restrained 4LW passenger. This interaction showsthe impor=
tance of not allowing both restrained and unrestrained indi-
viduals within the same passenger compartment,

h. Seat 6L wasa Cox seat (see Fig. 3 (1)). Itwasoccupied
by an adult anthropometric dummy (No. 6, Table 5). This
passenger was restrained by a three-point belt aitached to
the seat (Fig, 23 (a)). As ceollision forces increased, the
adult passepnger strained forward with the chest restraint re-
maining effectively positioned; however, the exwremely
limited forward movement of the upper torso allowed the
lower lirnbs to pull his body under the lap belt, thereby
causing him to submarine considerably. In addition, the
slightly reclined position of the seatback also facjlitared

Fig. 23(b) ~ Seat 6L, showing diagonal chest belt restraining
upper torso; hips start submarining action before seatanchors
fail

P.31
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this tendeney (Fig. 23 (b)). While in this position, he re-
ceivad 8 peak chest deceleration of 11 G at 135 ms (Fig.
23 (¢)). The extent of submarining was checked at this
instant by failure of the rear seat floor attachments. The
entire seat 6L rotated forward abour its front anchorages,
thereby eliminating further restraint evaluation (Fig. 23 (d)).
The 6L seat, with its belted adulr was pitched, backrast
forward, over the back of the seat 5L and continued forward
until its occupant, 6LW, plunged his head ipto the 5L air
bag. Moderate injuries were inferred from his forward mo-
tion and subsequent loadings. The adult, 7TLW, seated di-
rectly behind him, was likewise thrown forward following
the ejected 6L seat, and struck the air bag after 6LW had
been displaced from it (see Fig. 22 (e)).

In connection with the derachment of the 8L Cox seat,

Fig. 23(d) = Seat 6L shown after seatr anchorage detachment,
its slumped-in-seat passenger is still restrained, but bothseat
and passenger are being hurled forward. For this Cox seat

installation restraint system is fastened to strengthened seat
Hunit
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a study of the rotion picture film covering this sequence
indicated that the adult seated behind seat 6LW was thrown
forward intme for his knees to contact the backrest of seat
6L, but this seat had already commenced anchorage de-
tachment, indicating that a failed condition existed before
the 7LW passenger applied significant force to the seatback.
The left artm of the "iron man" device, 7LA, grazed the
rear of the seat 6L bur not untl it had already started to
piteh forward following detachment of the anchorage (Fig.
23 (d))- Before the 6L rear anchorage detached, however,
the upper torso restraint, with it built-in inertial reel, took
hold and restricted forward movement of the chest until the
entire seat unit detached. Thereafter, the seat caught up
with the upper torso and the belt rewracted into the automatic
inertia reel. The performance of this inertia reel appeared
to be completely satisfactory., The seat 6L detached, but
not with assistance from behind.

i. Standee 85,2 13-year-old standing in the aisle opposits
6L, was thrown ferward, still maintaining a standing pesture,
until he impacted the front of the passenger compartment
(Fig. 24). This passenger did not have instrurnentation; how-
ever, post-crash analysis by the medical scientist indi-
cated that his inferred injuries were probably fatal.

j- Seat 7L, a fiberglass Superior seat (see Fig. 3 (b)), was
occupied by a highly simplified mechanical simulation of an
adulr passenger, dubbed "iron man," in positien TLA, secured
by a lap belt, and an adult dummy (No. 7, Table 5) seated
in position TLW. During the collision this unrestrained adult
was thrown forward over position 6L to crnsh into the air
bag in front of the 5L passepgers. Post-crash analysis indi-
eated that 7LW received moderate injuries.

The mechanical adult simulationh was included in this
study to develop further computer solutions of forced kine-
matics for the lap-belted human undergoing collisjon de-
celeration. His peak chest deceleration was 19 G at 165
ms (Fig. 26(a)). The pre-crash seated posture of the
iron man was slightly reclined to the rear of vertical; during
eollision, he rotated forward beyond the vertical reference
32 deg (Fig. 26 (b))-

—g

Fig. 24 - The 13-year-old standing occupant, 65, wasthrown
forward 14 ft to front of bus

P.32
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k. Seat 8L was a Rapid Transit seat (see Fig. 3 (e)), and
was occupied by two 13-year-old passengers who were un-
restrained, except for a double alr bag betwean them and the
seat ahead. During the collision, they were pitched forward
Inwo the air bag (Fig. 26 (2)).

Upon impacting the air bag, the chest deceleration of
13-year-old 8LW, reached {ts peak of 15 G at 160 ms
(Fig. 26 (b)). The passenger next to him, 8LA, received
a chest decelerarion of 12 G at this same time: however,
he was later hit in the back by occupant 9LA and received

1800 b

LAP BEIT

1800 Jka/193 ms

E210.0knk/ ) mx

7LA

Fig. 25(a) = Mechanical analog of belted human subjeer pro-
vided data for theoretical calculations

Fig. 25(b) - "Iron man," shown in his most forward position,
52 deg forward of vertical
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his peak acceleration at this later time, 20 G ar 255 ms 26 (d)). Subsequently, the entire seatback deflected forward

(Figr. 26 (2))- allowing the 8-year-old, 9LA, to ba thrown forward 9 ft,
The passengers in the seat 9L, were thrown against the ending up in seat 6R after striking the backs of passengers

horizontal seatback handbar of 8L (Figs. 26 (a) (left side), in 8L (Fig. 27 (a)). The 3-year-old recejved his peak chest
and 28 (d)). The 8L seatback failed from the forces provided deceleration of 36 G at 260 ms (Fig. 27(b)), when he

by the 9L passengers. The seat cushion the SL passengers dealt the 13-year-old passenger, 8LA, a blow with his head
were seated on was also thrown forward and, collectively, and body. His injuries were considered to be serious but sur-
the seat cushion and 9L passengers struck the backs of the vivable.

8L passengers. Becanse of this passenger interaction, the Occupant 9LW received his peak chest deceleration of
inferred injuries for the 13-year-olds in seat 8L were listed 25 G at145 ms (Fig. 27(c)), corresponding to his impact
as moderate. with seathack BL (Fig. 26 (a)), This L13-year-old in SLW,

1. Seat 9L was a cotiventional Superior seat, with a 3- aftet crushing into the backs of the passengers in 8L, was
year-old Sierra dummy (Table 5) seated in position 8LA, deflected toward the ceiling and subsequently came down
and 4 13-year-old in pogition 9LW. Both passengers wete head first into the zisle, The mediesl examination that
unrestraiped. followed indicated that he was a possible fataliry due to the

The 3-year-old passenger, 9LA, struck his head on the severity of these injuries,
horizontal bar of 8L after the 13-year-old beside him erushed m. Seat 1R was a Martin air seat (see Fig. 3 (j)). It was
his kneas into the backrest of seat 8L, deflecting the seat oceupied by an adult anthropomeuic dummy (No, 5, Table
padding forward and buckling the masonite backing (Fig.

CHEST, LONG,
i T VT\ =

%) %]

at 02
TIME, SECONDS 206

. r
g : :uc/:ssm-
g /

Fig. 26(c) = This passenger’s chest deceleration of 12 Ginto
air bag was subsequently increased 1o a 20 G peak when
struck from behind by dummy 9LA

Fig. 26(a) - Two 13-year-olds in seat 8L impact air bag;
13-year-old, 9LW, strikes chin a crushing blow zgainst the
horizontal bar of seatback 8L

CHEST, LONG.
158G,

1 |
ol 032
TIME, SECONDS

BLW

Fig. 26(b) - Peak chest deceleration was only 15 G for im-  Fig. 26(d) - Three-year-old, 9LA, strikes head against hori-
pact with this air bag zontal bar of 8L baclyest before it flailed forward
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5). He was restrained by a lap belt that formed a continuous
loop around the searback and was sewn into the seat fabric,
His peak chest deceleration was 41 G at 160 ms, which
occurred when he Impacted the intruding front-end structure
although still restrained by the lap belt (Fig. 28 (a)); how-
ever, his peak head acceleration of 41 G occurred at 245 ms.
at which instant he was rebounding from a lap-belted, jack-
knifed position when siruck by the right choulder of 2RW
being turled parrially through the windshield area (Fig. 28
(b)-

During the collision, the sear frame was partially 1om
Inose from the floor and the belt stitching was ripped our
of the seat fabric, allowing the belt to slip up the seathack
(Fig. 28 (c)), thus permitting the occupant to shift violently
forward.

n. Seat 2R, a conventional Superior seat (sce Fig. 3 (a)),
was occéupied by a §-year-old anthropometric dummy (No.
1, Table 5), in position 2RA, and a 13-year-old dummy in

Fig. 27(a) = Three=-year-old (artow) was pitehed, head first,
9 ft ahead, landing in seat 6R

LG
CHEST, LONG,
ot ione 1™ “":;A
CHEST, LONG. ; == (TRACE LOST)
on a1 ulg

TIME, SECOMDS

aa TIHQE . SECO%?DS

16G/ 260 me

\ &
' ' peet RW
AN B o
LA d b
. Fig. 28(a) - Adult, lap-belted to Martin air seat; both lap
i;g ;Z,(Ab) - Three-year~old, SL.A, struck back of 18-year-  poj; apg sear tipped free of anchorages, adult struck intrud-

) ing front-end structure
25C CHEST, LONG, HEAD, LONG,

o

Fig. 27 (¢) - Thirteen-year~old, unbelted, thrown against

backs of passengers anead of him, deflects toward ceiling, Fig. 28(b) - Thirteen~year~old from 2RW hurled forward to
subsequently coming down nead ITrT Into aisle STrike his shoulder against e adulr's Dead Irom Rw
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2RW. Both were unrestrained and during collision were pro-
jected forward against the collapsing front cabin structure.

The 8-year-old passenger, 2RA, received a 53 G chest
deceleration at 265 msec (Fig. 29 (a)), but the other passen-
ger, the 13-year-old, 2RW, recorded his chest deceleration
in the verrical axis only, which reached 12 G at 245 ms
(Fig. 28 (b)): the longitndinal axis was electrically discon-
nected during collision. The unbelted 2R passengers had
already vacated their sear (Fig. 28 (b)), when their backrest
was crushed forward by the three onrushing occupants from
the seat behind them; therefore, they did not receive the
extreme abusive forces from these 3R occupanis (Fig. 29
(c)). However, the critical forces encountered by not being
betred and being thrown forward were probably fatal.

0. Seat 3R, an APC Unified School District seat (see
Fig. 3 ()}, was occupled by rhree unrestralned passengers.
Two 13-year-olds were located in the 3RA and 3RW posi-
tions, with an adult (No. 4, Table 5), between them in po-
sition 3RC.

Their unrestrained forces during collision flattened the

Fig. 28 (c) - Seatbelton seat IR after it has torn loose and is
starting to slide up seatback (arrow)

536G

CHESTl LONG,

] ) |
Q) 0.2
TIME, SECOMDS

53G/265ms

Fig, 20 (a) - Six-year-old, unrestrained, hurled against col-
lapsing structure

P.35

23

2R seatback (Fig. 29 (e)), as they crushed on over 2R and
continued being hurled forward. Similarly, the Martin air-
seatback 1R offeted no significant resistance to the forward
movement of individuals being thrown from their seats against
it (Fig. 30 (a)).

Fig, 30 (b) shows the 13-year-old occupant, 3RA (arrow),
salling through the aisle head first toward the dash, He re-
ceived his peak longitudinal chest deceleration of 21 G at
400 ms (Fig. 30(c)). The adult, 3RC, reached his peak
longitudinal chest deceleration of & G at 80 ms (Fig. 80
()}, The 13-year-old in position 3RW recorded his peak
longitudinal chest deceleration of 17 G at 275 ms (Fig.
30 (e)). All three of these occupants, however, could have
experienced hipher decelerations in another axis, since they
had time to rotate considerably before contactlng the for-
ward portion of the passenger comparunent.

CHEST, VERT, 126G
H._—]-VT‘W*—
" TIME, s%%onna

2 G) 245 ms

F=r—
e
Ta g o
e -

Fig. 29(b) - Unresturained 13~year-old pitched over air seat
and against eollapsing fronr scrustire

i Lo il
Fig. 28(c) - Three passengers of seat 3R were forced against

seatback of 2R crushing it towards a horizontal pesition; seat
pad was rotated vertically ahead of it
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p- Seat 4R, an American scat (soo Fig. 3 (g)), was occu=
pied on the left by 2 13-year-old, 4RA, restrainad by a lap
belt, and on the right by another 13-year-old, 4RW, who
was unrestraiped.

The restrained 13-year-old. 4RA, pivoted forward, slammed
his chest into the 3R seatback and pushed it forward. At
this time, 200 ms, he received a peak head deceleration
of 29 G (Fig. 31 (a)). This seat was again struck and pushed
further forward by the unrestrained 13-year-old from 4RW,
whose position of impact was higher on the seatback which
hig chest struck with a peak chest deceleration of 32 G at
145 ms (Fig., 21(b)}. The higher impact position pro-
vided an opportimity for this occupant to be thrown over
the szatback (Fig, 31 (¢)). His injuries were considered mod-
erate to severe whereas his companion, 4RA, was regarded as
a probable fatality due to the critical neck blow with the
seatback ahead,

Fig. 30(a) - Three unrestrained passengers crushed flat seatr- The usc of a lap belt with low back seats exposed pas-
back ahead of them as they were hurled to collapsing front sengers to exteme hazards of the seatback acting as a ful-
section of passenger compartment cIum across the neck when they were jackknifed down actoss

the horizontal surface of the seatback shead of them (Fig.
31 (d)). Accordingly, where low seatbacks are installed,
little benefit, if any. will be derived from use of sear belts

HEAD, LONG.

Fig. 30(b) - Locking front to rear during head-on collision,
13-year-old, 3RA, being hurled toward front of bus (arrow).  Fig. 81(a) - Even though restrained by a lap belt, chest of

Alr bag, SLW, has been vertically inflated frorn impact (up=  13-year-old forcibly struck seat ahead and thereafter hig

er right head flailed the neck apainst seatback with a eritical blow
P g 8
EST, LONG. 176
CHEST, LONG. s6 __ cesnione r—
TRAC Zasd e\ =N =
= e v - e —— 1 1 \ ]
0o @ g2 oa J-D o a2 1BEF) 00 o Y 03 a4 05
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21G140g 9 FEET
G/ 278 me

3RA JRC IRW

Fig. 30 ey, (d), (=) - Thirteen-year~old (aisle), adult (center), and lﬂ-year-nld {window), respectively, all unrestraipngd,
were pitched over seat ahead of them
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26
CHEST, LONG,
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325145 ms

4RW

Fig. 81(b) - After striking seatback, this unrestrained 13-
year-0ld is pitched head first over it

Fig. 31(c) ~ At 800 msec, 13-year-old (with dark shirt) is
pitehed head first over 3R seatback while other 13=year~old
is rebounded from 5L air bag across aisle

Fig. 31(d) - Even though held by a seat belt, low seatback
ahead provides a dangerous impaet surface for neck of this
4RA 13-year-old
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for the typical front-end impact, Therefore, it is strongly
recommended that seat belts not be installed in school buses
unless higher seathacks are also provided, with appropriate
padding on all surfaces, and with seatback frame members
that provide broad deformable surfaces and with adequate
anchorages to prevent failure when passengers are thrown
against them, even though restrained at the hips.

y. Seat GR, a conventional Superior seat, was occupied
by two 13-year-olds, The passenger in SRW was restrained
by a three-point belt, and GRA was unrestrained.

The passenger in 6RW remained in a good seated posture
throughout the collision. He was restrained against the eolli-
sion forces in 2 very effective manner, except that his seat-
back was pushed forward against him, adding to his restraint
loadings as a result of direct loading through the swing-bar
restraint by the passengers to his rear. His peak chest de-
celeration was 11 G at 80 ms (Fig. 32(a)). His lap belt
tensiomerter registerad 210 1b at 85 ms and his shoulder
strap tension was 330 b when he recaived his peak chest
deceleration, building up to 580 Ib at 180 msec when loaded
from the reat,

The unrestrained 13-year-old, SRA, struck the high back
American seat ahead where he recelved a chest decelera-
tion of 37 G at 120 ms (Fig. 22(b)). He then rebounded
back into his saat, This high back seat provided significant
restraining actlon by preventing the unrestrained 13-year-
old from being pitched to the front of the bus whers his
impact forces would have heen considerably higher. His
high chest loading with the seatback ahead could have in-
flicted serious injuries because he contacted framewark with
insufficient padding, Mis injuries were diagnosed ag a prob-
able survival.

r. Seat 6R, a fiberglass Superior sear (see Fig, 3 (b)), was
vecupied by a 13-year-old in position 6RW, and a 3~yaar-
old child simulation (Table §), in 6RA, A swing-type hori-
zontal padded har was attached to the seatback ahead pro-

5RW

Fig. 32(a) = Cross-chest belt forces were increased by inertial
forees from durnmies to his rear
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viding restraint for the 6R passengers at their laps, similar
to the unit to be described in connection with seat SR,

Bath passengers strained forward during the impact and
the aisle seated 3-year-old was adequately restrained from
striking the forward stmucture by the horizontal padded bar
(Fig. 33 (a)). He received a head deceleration of 13 G at
180 ms (Fig. 33(b)), and hisinjuries were considered rela-
tively minor.

The 13-year-old, 6RW, on the other hand, flexed over
the bar and struck his head a critical blow at the bridge
of the nose, on the horizontal portion of seatback 5R (Fig.
33 (a)). The exmeme deformarion of his head is shown as
well as the buckling of his arme from flailing against the
seathack. This impact gave him a 62 G head deceleration
at 180 ms (Fig. 33(c)). His violent interaction with the
seathack shead indicared severe to fatal injuries,

317G

CHEST, LONG,

Fig. 32(b) - High back seat prevented this 13-year-old from
being hurled to front of passenger section
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The reason the seatback did not pugh further forward from
this foree is partially atiributed to the shoulder restraint
that is holding the 5RW passenger in place, This strap imay
be seen attached to the vertical window post, opposite seat
6R. This severe to fatal injury exposure for 6RW demon-
strated the design error of having a low seatback onto which
restrainad passengers could flex and strike their heads and
over which the wnresitained passengers would be thrown,
The seat ahead had padding along the top but this narrow
and shallow padding was of little significance considering
the level of force at which the head contacted the horizon-

tal bar of the backrast.
§, Seal TR, a2 conventional Superior seat, was occupied

by two 13-yaar-olds in positions 7RA and TRW both lap-
belted, with a 100-1b sandbag in position 7RG (Fig, 34 (a)).
This sandbag, rastrained by a two-point belt, was included
to simulate the additional loading of a third passenger which
thic seat wae designed to carry and to evaluate the perform-
ance of the manifold anchor bar system (see Fig, & (b)).
Upon impact, the three passenger simulations were thrown
forward, each restrained by their belts, Occupant 7RW re-
ceived a 42 G head deceleration at 168 ms (Fig. 34(b)y)
when he impacted the seat ahead with his chest, He did not

V3G, HEAD, LONG.
at,-—fwﬂ m—— l=~d, %

13G/130ms  TIME,SECONDS

6RA

Fig. 33(b) - Three-year-old flexed about padded bar during
impaecrt without striking other objeets

820

MEAD, LONG.

a
VIME, SECONDS
621G /1D me

BRW

Fig. 33(c) - Restraining bar, as with restraining belt, provides

Fig- 33(a) - Three~year-old, 6RA, held by horizontal padded an unsatisfactory solution for school passengers unless seats
bar but 13-year-old, 6RW, strikes head 4 critical blow against back ahead is high and properly constructed to minimize

5K scat backrest carrowy

head, neck, and chest impact injuries
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wrap his head over the backrest due to the fact that as his
neck starred to touch the top of the seatback, his head con-
tacted the passenger ahead who was elevating about his
swing-bar restraint. For this head impact hic injuries were
diagnosed as severe.

Oceupant TRA sustained a 21 G chest deceleration art
135 ms (Fig. 34(c)). As he continued his forward rota-
tion about his lap belt, he slammed his head downward
completely over the low seatback ahead, dealing a probable
lethal blow to his neck (Fig. 34 (d)). This exposure, typical

TRC

Fig, 34(a) - This seat was additionally loaded by a 100-1b
belted sandbag

42
HEAD, LOMG. ¢

. I I
o0 0 a2 Qs
TIME, SECONDS
2G /145m

I

7RW

Fig, 34(b) - Belted 13-year-old snapped head downward re-
ceiving critical blow to his neck

CHESY, LONG.

7RA

Fig. 34(¢) - Although sustzining only a4 21 G chest accelera-

tion, a probable fatal blow was applied to his head and neck
when he struck top of seatback ahead

P.39
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of findings from these studies, pointsoutthe danger of reach=
ing "arm-chair conclusions” based on somewhat unrelated
findings of other seat belt experiments, Seat belts should
not be added to buses unless attention is also given to the

seathack height and design.

The TR scatback collapsed forwatd to a 45 deg angle
from the BR passengers’ impacts. Scat TR restraints were
attached ro a back bar: the bar was not attached to the
floor but was anchored to the seat frame. Consequently,
this restraint system depended on the strength of the seat
frame and anchorages, This system differs in seat stress
applications from rthe 2L installation in that the belts of
2L were anchored to a manifold bar secured to the floor.

t, Seat 8R was a United Afrlines seat (see Fig. 3 (1)),
occupied by two 18-year-olds. Passenger BRW was restrained
by a lap belt and 8RA was unrestrained.

When passenger 8RA started to push the R seathack for-
ward (Fig. 35 (1)), the window-seated passenger rotated
about his lap belr, striking the top of the seatback and sus-
taining a peak head decelevation of 49 G at 135 ms (Fig.
35 (b)), After the seatback was pushed from his reach, he
received a second head deceleration, 40 G at 270 ms, as
he slammed his head against the rigid seat belt manifold
bar ahead of him (Fig. 85 (¢)). His lap belt built to a peak
of 900 1b atr 186 ms as the seathack was pushed from his
reach, The medical scientist coneluded these head injuries
were severe to fatal. Following impact, passenger 8RW re-
turned to & normal seated posture. Except for the design
deficiencies of the 7R seatback ahead of him, this lap-belted
passenget would have ridden through this crash in a rela-
tively uneventful manner.

The unrestrained 13-year-old, 8RA, was thrown into the
TR seatback. Ashe crushed it forward he sustained a peak
chest deceleration of 19 G at 148 ms (Fig. 35(d)). There-
after the conventional-type seatback ahead yielded and

Fig. 34(d) - Head and neck (arrows) TRA dealt critical blow
by &R seatback. Seat belts should not be added to seats of
unacceptable heights and design
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deflected him forward into the aisle beside seat 5L (see Fig,
13 (b)), where adult 7LW was rebounded from the air bag on
top of him.

u. Scat OR was a high back Superior seat (see Fig. 3 (¢)),
Three=year=old 9RW was seated besids a 13-year-old,
9RA; both passengers were restrained by a padded gate-bar
device that passed horizontally across their laps (see Fig. 5
(f)). During collision, the 13-year-old flexed over the gate-
bar in a manner suggesting that forces were primarily di-
rected to his lap, whereas the 3-year-cld, because of his

Fig. 35(a) - Four 13-year=-olds, lap belted, except for un-
belted lower right passenger 8RA who is shown strilding his
chest against the seatback of TR, Unrestrained passenger

8RA in foreground strikes his chest against the seatback ahead

as contrasted to jackknifing companion

Fig. 35(b) « Injury-produeing rigid stmetures must be kept
from contact of passengers during collisions
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shorter torso measurernents, tended to recelve these forces
at the viscera as he flexed over the restraint, The gate-bar
was, however, padded and provided a broad distribution of
forces. This restraint, for the 3-year-old, prevented him
from contacting the forward structure during this impact and
he received a head deceleration only 7 G at 70 ms (Fig,
36 (a)). The 1§-year-old, on the other hand, because of
his substantially longer head-to-hip length, flailed forward
and struck his head against the 8R seatback; although this
aircraft-type seatback was partially padded, the frame was
exposed at the side where his head stzuck, causing him to
receive a head deceleration of 46 G at 155 ms (Fig. 36
(b)).

The rebounded oecupants retwmed to a normal seated
position, still restrained by theit gate-bar systems. The 3«
year-old's injuries were considered minor, while the afsle
seat occupant's inferred head injury was moderate to serious.

P

Fig. 35(¢) - Thireen-~year-old flexes over his lap belt and
strikes seat belt manifold bar ahead begause seathack was
collapsed forward by imbelted passenger to his left

19Gp CHEST, LONG.
‘—_\AJQP
0d

00 a 02
TIME, SECONDS

19G /1S ms

BRA

Fig. 35 (d) - Unrestreined 13-year-old BRA strikes seathack
ahead with chest
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7G HEAD, LOM
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7G/T0oms

9RW

Fig. 38(a) » Three-year-old adequately restrained by gate-
bar

466
HEADR, LONG.

a uz
TIME, SECOMDS
460G /7185 m

Fig. 36(b) - Even high back seats can deal serious blows to
partially restrained passengers when rigid frame members
are contacted

Fig. 36(c) - Thirteen-year-old in 9RA flexing severely over
gate-bar restraint of 9R, buried his head into 8R United Air-
lines zeatback
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In addirion to an appropriate use of padding, seathacks
should be constructed based on design evolving from full-
scale impact experiments. It should be evident that con=
siderable improvement is possible over the seatback per-
formance indicated for the 8R (United Airlines) seatback
when unpadded frame strucrtures are contacted (Fig. 36 (c)).

8, Collizion Performance = Head-on collisions represent
one of the most severe types of vehicle-to-vehicle accidents.
Wwith increased use of divided highways and protective me-
dian batriers, each serving to separate opposing traffic, some
progress in avoidance of head-on collisions has been made.
Notwithstanding, head-on eollisiohs eontinue 1o be a com-
mon type of aceident and vehicles striking fixed objects
or other vehicles at intemections, for example, sustain col-
lision forces than can be comparable in nature and magni-
tude to head-on impaets, It is very important, therefore,
that considerable attention be given to the vehicular colli«
sion performance for front-end type impacts.

Experiment 868 involved two buses of comparable size and
weight® each traveling 30 mph when they met head-on in
perfect alipnment (Figs. 37 (a) and 37 (b)), It is evident,
even from these photographs, that certaln design modifica-
tions ate needed to improve the collision performance of
buses. In this head~on collision, the excessive overriding
action of the 1944 Mack-Superior bus allowed it to penetrate
the passenger compartment, complately crushing and over-
riding the engine compartment of the 1965 GMC ~Superiar
bus, Vertical misalignment of vehicle frames, whether bus=
to-bus, bus-to-truck, or bus-to~passenger car, is a condition
that can be corrected throngh standardization.

A head-on collision between two vehicles that approached
one another, each traveling 30 mph, represents an extremely
destructive and a very dangerous collision. A 30 mph head-
on, nevertheless, Is only a moderately severe accident, con-
sidering the highway speeds likely to invelve school buses.
In addition, & school bus striking a concrete fixed abutment
or similar fixed object will sustaln collision forces higher
than the above-~mentioned head-on collision, it is for this
reason that sehool bus passenger protection for the 30 miph
head-on collision was regarde.d as a practical and necessary
exposure,

In the construction of vehicles, cotisideration must be
given to the height and strength of structures likely to be
impacted by oppesing vehicles, Such design considerations
should include sttuctures that will transmit collision forces
to the strong membets of the vehicle, and patricularly de-
sign considerations that avoid an overriding or underriding
charactetistic during a collision with other vehicles or bar-
riers. Bus bumper design should bring the strong components
of the respective vehicles into direct opposition, thus pro-
viding a greatly ineteased measure of protection for the pas-

*The 1966 GMC~Superior, as crashed, has a gross weight
of 11,500 1b; sandbags were placed inseats of the 1944 Mack-
Superior bus to bring its weight to 17,500 1b,
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sengers in either vehicle since this would reduce the collapse posirioned on the bus body floor cross-members at 10 f

of the passenger cotnpartment. Such a degign admittedly fromm the front bumper and the other biaxial unit was bolted
may increase the impact peak acceleration for the passenger to a sitnilar body frame member 26 fi from the front bum-
compartment, but, with appropriate passenger protective per, These stations recorded 13 G at 55 ms and 11 G at

devices, this approach provides a substantially greater meas~ 80 ms respectively (Fig. 38). A second peak acceleration
ure of safety than the cument conditions of allowing the pas- of 21 G at 175 ms oceurred at the 10 ft station. This

senger compartment to be directly collapsed. larger second peak was floorpan buckling in the immediate
Two biaxjal accelerometer units measured the decelera-  area of the vertical axis accelerometer, In fact, this accal=-
tion of the 1965 GMC-Superior bus. Each unif mpeasured eromerter case was rotated 90 deg and entrapped in one of

acceleration in the longitudinal and vertical aXis; one was  the floor convolutions. This buckling of the floorpan was

1944 MACK
SUPERIOR

Fig, 37(a) ~ Two
school buses of corn-
parable size and
weight, eachtraveling
30 mph, striking
squarcly head-on but
demonstrate grossly
different collision
performances

T 1944 MACK
Vr SUPERIOR

| -

Fig. #1(b) - Follow-
ing collision, driver's
compartment for bus
on right shows little
change: by contrast,
gross intmgion to
driver's compartment
for vehicle on left
foreed driver com-
pletely rearward of
his normal pasirion
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caused by the body shifting forward 17 in., as observed in
the sequence photos (Fig. 38).

Steering column intrusion into the passenger compartiment
for thie bus was similar to observations for the passenger
vehlcle steering colnmn performance of earlier sudies (3).
During the initial phase of the collision, the steering wheel
rim pierced the driver's abdominal area, deflecting the
upper rim into the face as the sreering column crushed
into the chest and was deflected upward under the chin
along the face, earving his nose and eyes as il swepl
upwards. This abusive action is even more severe for bus
and truek drivers than for drivers of passenger vehicles, ow-
ing to the significantly stronger structure common to these
heavier vehicles, The design improvements being considered
for passenger vehicles, that prevent a steering eolumn from
being thrust rearward into the passenger compartment during
impact, increase the tize of the hub so that impact forces
are distributed over & more reasonable area of the body, and
limit the axial forces required to deflect the steering wheel
relative to the hub, and should be included with the design
specifications of buses and other heavy vehicles,

During the collision, the instrument panel of the 1965
GMC-8uperior bus was thrust 2-1/2 ft rearward into the
passenger compartment. crughing against the driver, The
significance of this observation relates to the need forgreater
front-end structural integrity for bus-type vehicles. The
exceptional length of these vehicles provides a columniated
weight which, if not properly structured, will "accordion”
the forward section of the passenger compartment. Collaps»
ing of the passenger compartment Applies jnjury=producing
eolligion forces directly 10 the driver and passengers, even
when adeduately restraitied. It is for this reason that viola
tions of the structural integrity of the passenger compart=
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mment must be designed out of the vehicle, to the extent
practical.

Following collision, there was an 11-in,permanent dis-
placement between the frame and the 15885 GMC-Superior
bus body (Fig. 38(a)), This is important to note, with re-
spect to observations of the drivet's movements, because the
motion picture camera that was directed at the driver was
actually moving forward with the eollapsing bus body and
roof structure, whereas the driver's seat was anchored to the
portion of the bus floorpan that did not bave a similar 11-
in. coliapse. This situation occurred becanse buckling of
the floorpan developed approximately three verlical gonvolu=
tions directly behind the driver's seat (see Fig. 15). The 30
in. foreshortening of the passefiger compartment represented
by the convolutions was made up of the 11 in. body shiit
and the balanee attributed to front end intrusion. Inadequate
anchoring of floor sills to the frame allowed the inertialload
of the entire bus body to be concentrated on the forward sill
under the driver. This slippage between the bus body and
frame occttred when the four shearbolts at the front failed
to prevent this differential motion. The buckling tendency
related to the use of clatnp attachments between body and
frame, thus allowing the body to shift longitudinally, rela-
tive to the frame (Fig. 39(a)). With respect to Fig. 39(a),
note also unrestrained passengers being pitched forward dur-
ing collision.

Within 1/10 sec following contaet of the two vehicles
in this head=cn collision, two unrestrajned 13-year-olds from
seat 1L landed on top of the driver, rendering his copstmc-
tive efforts to facilitate evacuation of these children an
impossibility, assuming he wasn't killed during the onset of
collision forces owing to the unexpecied front-end collapse
around him. In addition, at this same time, smoke had

UBLA—ITTEI 86

Fig. 3%(a) - Unrestrained pagsengers may be see.n'being pitchea forward dufihg collision
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started to enter the passenger compartment at the front from
an electrieal short that, if allowed to progress, might have
resulted in a devastating fire. Although this fire was ex-
tinguished promptly by project persounel assigned to this
task, the event indicates the almost hopeless task of promptly
evacuating & bus load of unconsecions and dazed ¢hildren,
especially considering the inadequate escape routes and the
present condition of ne restraints being worn by school chils
dren (Fig. 85 (b)). The moderate size school bus, as typified
by the 1965 GMC-3Supetior bus crashed for these experi-
ments, shonld be provided with a minimum of four ¢learly
marked and wide escape hatches. In addition to the fromt
right and center rear exits, there should be an exit at ot
near the center right side and center left side. The right
and left center~side exits should comply with the Federal
Aviation Agency specification for emergency exits used on
passenger aircraft as to labeling, lighting, size, protection
against inadvertent openings, and protection against mis~
chievous manipulations of escape levers. In this connection,
it would be advitable to have a buzzer sound off for the
driver when either of the emergency escape hatches have
their sequential protective device moved in order to dis-
courage misdireeted use or aceidental opening of the escape
hatches.

Inside the bus the horizontal handbar located behind the
driver does not provide 2n effective restraining device either
with respect to preventing the passenger behind him from
striking the driver in a serious, injury-producing manner, or
from the point of view of restraining the passenger effectively
against the collision forces oceurring during a head-on im-
pact, To the extent that this bar provides restraint, it is an
injury-producing device and a structure more closely sim-
ulating a padded seatback should be designed and installed
in the area behind the driver, as well as in the area requir=-
ing the modesty panel between the entrance and the first

)
i
)

Fig. 39(b) - Entrance was completely blocked by collapsed

straerure and unrestrained occupants
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seat at the right front, The thin padding zpplied to the hor-
izontal bar was considered to be of practically no value
owing to the short radius of curvature of the bar and to the
force concentration attending such a shape, regardless of the
superficial padding, As with passenger vehicles, angular
sections as well as small tadii surfaces should be aveoided in
the driver's area. In this connection, the 3-year-old sitting
In the window scat immediately behind the driver, although
restrained by a lap belr and though riding cut the crash rather
well, did strike his head against the rearward protruding
hearter enclosure at the left side of the driver's section, sus-
taining a severe head impact. This sharp protruding seetion
is readily susceptible to redesign to minimize the injury for
any passenger or the driver thrown against it

The vertical tubular struts used for bracing the modesty
panel at the entrance, as well as the kick-panel behind the
driver and in front of the first seat, should not run from floor
to geiling owing to the difficulty of making these tubes both
strong enough to be functional, slender enongh not to be an
obstruction to vision, and collapsible enough not 1o cause
head and other body injuries for the passengers that may be
thrown against them. Such structures should be floor an-
chored and provide a measure of hutnan body impact protece
tion comparable to the properly constmcted well«padded
high back seat. In the Liead-on collision, nonbelted passen-
gers, espeeially when seated behind the usual low zeatbacks,
were hurled forward, striking these bars (Fig. 40). The front
passengers in any bus are in 4 position of substaptial vulner-
ahility by comparison with the other passengers and their
safety should not be further comprosnised by the obvious in=
jury~prodncing structures immadiate.iy in front of them.

FINDINGS ~ REAR-END COLLISION

EXPERIMENT 87 - A rear-end collision between a 1965
GMC-5uperior school bus and a 2960 Plymouth Savoy 4-
door sedan was conducted; the 17,500-1bstationary school
bus was struck by the 4400-1b sedan traveling 60 mph (Fig.

Fig. 40 - Paszenger without safety belts seated behind low
back seats were hurled forward collapsing low seatbacks and
vertical handbars to form this crushed pile of passengers, 10
deep
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41), Seated in the school bus were three 3-year-olds, twe
Guyeatwolds, twenty=two 13-year-olds and five adults. In
addition, thete were two 13~year-olds standing in the aisle.
The striking car had two adults seared in front and two 13-
year-olds seated in the rear.

1, 1960 Plymouth - The driver and front seat passenger
were adult-type anthropomettis dummies seated oh 2 con«
ventional passenget car bench seat. The driver was unre-
strained and the front seat passenget was rectrained in the
direction of forward motion by an air bag (Fig 42 (a)). Two
13~year=-old solid-pour durmmies were seated in the rear on
a bench seat, The left rear passenger was unrestrained; the
right rear passenger was restrained with a lap belt. At im~-
pact with the rear-end of the bus, the driver and front seat
passenger were sandwiched between the crushed-back instru-
ment panel and their seat, which wag being thrown forwatd.
The air bag restraining the right front seat passenger ruptured
during collision; the passeniger sustained 109 G at 110 ms
following vehicle contact (Fig. 42 (b)).

This high G indicates the air bag offered lintle protec-
tion, considering the striking car only reached & peak de~
celeration of 18 G at 46 ms after contaet, This low frame
deceleration was attributed to the relatively long decelera=
tion distance provided by this rear-ending car underriding
the high rear bumper until the bus bumper reached the car's
windshield (Fig. 41). The steering column showed no evi-
dence of having been extended rearward, but was severely
damaged from the driver crushing around the steering wheel
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as he was thrown forward. The eonstant position of the steer-
ing column, notwithstanding the collapse-action of the front

end, is atrributed to the lack of contact by the opposing bus
grrueture with the car front bumper and frame. The steering
column is attached to the frame and would have been forced
tearward had the frame enconntered opposing bus structures,
(Figs, 43(a)~(e)).

The unrestrained left rear passenger struck the frontseat-
back head first, sustaining 86 G at 145 ms. After thishead

Fig. 42(a) - Air bag positioned ahead of front-geat passenger

Fig. 41 - Station~
ary school bus tear-
ended by 1960
Plymouth sedan
Lraveling at Go mph
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impaect, his arms and legs flailed in rapid succession into
he seatback, resuiting in gross intmugion to the seatback
(Fig. 41), This lefr rear seat passenger subsequently came
to 1est between the front and rear seat, doubled up on the
floor. Even though the front seat crushed forward, the lap

ADULT NOQ.2
HEAD
103 G/110 ms

STATION 8
FRAME ACCEL,
18G/45ms

13 YR, OLD=~
EAD

H B ISGY%SUTLD
H
B6 G/195ms

54 G/135ms

b LW —— !

1960
PLYMOUTH

Fig. 42(b) = Striking car seating assignment and peak decel-
eration values recorded for occupants and car frame
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belt, restraining the right rear pagsenger, elongated suffis
ciently to allow the passenger to jackknife over the belr and
impact hiz face against the top edge of the front seatback,

. 54 G at 135 ms (Fig. 44). This was followed by additional

flexion of this belted passenger over the seatback and he
subsequently came to rest slumped forward, still sustained by
his lap belt.

2. The 1965 GMC-Superiot Bus Passenget Compartment =
Certain front seats of the bus were removed for this collision
expetiment owing to front-end damage resulting from the
pricr head-on collision experiment. Because of this com-
partment darmage the driver's seat was removed, air seat
1R was relocated in seat location 2R, and the damaged 2R
seat was deleted. The air seat, however, in this experiment
18 described as being in seat position 1R. The original 1L.
seat was alsp removed owing to prior colljsion damage (floor
buekling), and, consequently, there is no seat in this position,
Passenger Types, seat types, restraint systems and peak ac-
celerorneter values are shown in the passenger assignment
(Fig. 45 (a)), The seat assignment and location, by right
or left side, were designated by numbers starfing {rom the
front of the bus, as, for example, 1R, 1L, 2R, 2L. The loca~
tions of passengers were further defined by the seat position,
relative to W-window, C-cetiter, A=aisle, or S=standing,
as, for example, 2RW, 2LA, 28, and so forth. In addition,
the forced movements and positions of rest are represented
in Fig. 45(b),

Fig. 43(a) - Frame, 1960 Plymouth, vadamaged by high rear bumnpet of 1985 GMC=Superior bus
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4. §eat 1R, & Martin air seat (see Fig. 38), was occupied
by an adult (No. 5, Table 5), restrained by a lap belt. Dur-
ing the collision this adult fimst rotated to a prose position as
the seatback was forced rearward, still retained by the lap
belt (Fig. 46 (a)). When the seathaak bottomed our against
the passengers to his rear, he sustained a 29 G head deceler-
atjon at 280 ms (Fig. 46(h)). The seatback reclined under
the inertial forces of the adulr and mainrained his head and
torso in a normal posture. The elastic rebound from the air
pressure in the seat catapulted him forward with considerable
force against his still properly positioned lap belr (Fig. 46
{c)). All ohservations indicated that lap-belted passangers
in air seats receive adequate support against rear-end col-
lisions, except for their heads striking passengers behind Fig, 43(c) - Passenger car underrode bus
themn. His injturies were considered mitior to moderate for
these restrained movements,

b. $tandee 28 - A 13-year-old was standing in the aicle
between seats 1R and 8L (Fig. 47 (a)). The rear-end col=
lision forces propelled him 7 ft rearward before striking the
bus floor whete he sustained 4 14 G chest deceleration at
5355 ms (Fig. 47(b)). Passenger 25 came to rest in the
aisle beside seat 4R. The post-collision medical analysis
indicated moderate injuries.

¢. Seat 3R, an ABC Unified School District seat (see
Fig. 3 (d)), was occupied by a 13-year-old in position 3RW,
an adult (No. 3, Table 3) in position 3RC, and & 6-year-
old (No. 1, Table 5) in position 3RA; all three passengers
were unrestrained, The 13-year-old and the adult underwent
severe whiplash, owing to the low seatback height (Fig. 48
(#)). However, the 6~year-old's head was supported against
whiplagh and his biaxial chest aceelerometers recorded only
5 G at 405 ms (Fig. 48(b)). Subsequently, 6-year-old
3RA was thrown between seats 8L and -8R, coming to rest in
a prone position, crossways in the afsle, The medicalscien=
tist diagnosed this 6~-year-old occupant's injuries as minor,
The adult in the center seat position did not have acceler-
ometer instrumentation. His head flexed rearward but did
not agsume a5 extreme a forced posture as a hutnan under
the same conditions because of the mechanical neck stops,

Fig. 44 - Belted passenger slams head into front backrest,
sustaining 2 54 G head deceleration

Fig. 43(b) » Frame, 1960 Plymouth. underrode rear bumiper of hug
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Fig. 45(a) - Passenger assignment, 1965 GMC-Superior bus, showing also seat types, restraint systems, and peak accel-
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serving to limit head motion regardless of the level of forces
acting on the head. A greater rearward head movement of
the 13-year=old is apparent, since he is a solid-pour type of
construction with a homogeneous neck lacking specific stops.
The inferred whiplash injuries for adult 8RC were moderate

REAR-END
e COLLISION
rllm
" BEAT POBITION
=9, 36AT POMITION
FNOM FRONT
R,.....MGHT SIDE OF
Buk
L.......LEFT &@bE oF
aus
. EAT 17
- TARLE 1
AND FIOURES
i FEE 1
=g |4
YYRE- %p A (ALY}
OWN ON HEADS, b
i i
- w‘fg '.g. CSTRAINTE
AP BELT
%‘_}L r‘%{ ..... 3 POINT BELT
gy PADDED BAR
SEAT-5L
[ TYRE-A
SEAT-RI,
TYPE:
v sERTT.
TYPE-A
EEAT-BL
TYBES
=3
Wk

» Fig, 46(b) - Forced movements of passengers during rear=
end collision, and their positions of rest

Fig. 46 (a) - Seatback yields but high back holds adult head
in good pesture with torso
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to severe becauce of rhis low seatback condition. Duringthe
rear-end collision, the 13~year-old sustained an 11 G chest
acceleration at 160 ms (Fig. 4B(c)). He received ase-
vere whiplash and then rebounded to a semi=reclined posi-
tion oft the front adge of the cear.

Inertial action of upper tomses force seatbacks rearward
and this action tends to reduce the injury-producing forces
for the passengers undergoing collision accelerations. High
speed photography measured the deflection of seatback 3R
from its normal position of 12 deg to the rear of verrical,
rearward to 40 deg; then it rebounded abour 1/4 of the way
toward normal. Even if this seatback had not deflected rear-

HEAD, LOMNG.
i
an o o1 o
”we
CHEST, LONG. G | l
ol 4

Fig. 46(b) - The lap-belted passenger in an air seat iz pro-
tected against whiplash; lack of proper seatback support al-
lows seatback to lay back against knees of passenger to his
rear

Fig. 46 (c) - Seat belt, a must for air seat when a passenger
is undergoing a rear~ender, to aveid sliding over seatback
rearward or subsequently being rebounded dangerously for-
ward
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ward, the occupants seated to the rear would scill have abu- B8R, sustaining a severe inferred injury (center, Fig. 48 (2)).
sively struck the low backrest, This 13-year-old, 4RA, sustained a 15 G head deceleration
d. 5eat 4R, an American seat (see Fig- 3 (g)), was oc- at 640 ms (Fig. 45(c)).

cupied by two 13-year-olds; 4RW was unresrrained. and 4RA The seathack of 4R was forced rearward during the impacrt
was restrained by a lap belt, Although both occupants approaching a semi-reclined pesition. The high back well-
in seat 4R were ldentical human simulations, the dif- padded design of this seat provided very effective head sup-
ference in their kinematics was attributed to the lapbelt  paort for both oeeupants so that neither experienced any whip=
worn by the alsle seat passenger, and the absence of a lash. This retention is in direct contrast to the inadedquacy

lap belt for the windew seat passenger. The unrestrained
13-year-old, 4RW, elevated in his seal and this action
reduced neck flexion over the seatback, bhut there was
sufficient elastie action to rebound him, causing his head
to strike the head of the passenger In the seat ahead,
3RW, as shown at top center of Fig. 49(a), This 13-year-old
received an 8 G chest deceleration at 600 ms (Fig, 48(b)).
His infarred injuries were minor.,

The 13-year-old in position 4RA rebounded, and was
thrown forward sufficiently to cause his chest to strike the
top horizontal bay of seatback 3R, and his neck to flex over
the bar bringing the head hard against the front of seatback

— Y

Fig. 48 (2) - Adult head (arrow) snapped rearward against
tnechanical stops

CHEST, LONG. AND_VERT, ia
[11+] a o 2] a4
TIME, SECOMPS

Fig. 47(a) - Front standee between seats 1R and 2L

ARA

CHELT, LONG. Fig. 48(b) - This 6-year-old’s head was pitched against hor-

]'—‘W‘N-IN;H-{POP‘;F—- izontal bar of his seatback
TIME, SECONDS "
: CHEST, 1OHG,
&n W

TIME, SECONDS

Fig. 47(b) - Standee is thrown 7 ft to rear before landing on )
aisle floor Fig. 48(c) = Low seatback allowed head to flail rearward

TOTAL P.51
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of seat 3R design, where abusive whiplash forces are being
applied to an identical i3-year=old passenger during the
gaIne exposure.

e, Saeat &R, aconventional Superiorseat (seeFig. 3(a)),
with a thin plastic padding on the top horizonta] bar of the
backrest, was oceupied by two 13w«year=clds. The 13~year-
old in seat position SRW was restrained with a three=poine
belt and the 13~-year-old in 5RA wag unrestrained. During
the onset of the rear-end collision, both passengers under-
went severe whiplash such that at maximom neck flexion
their eyes were directed slightly to the rear of vertical (Fig.
50 (a)). Both 13-year-old passengers were the same gize
and postured the same, suggesting that, regardless of the
type of safety belt restraint, when no head support is pro-
vided, the whiplash action will sceut with nearly the same
severity, The 13~year-old in position 5RW sustained a 7 G
chest accelerarion at 85 ms (Fig, 50(b)), and the 13=-year-
Fig. 49(a) - After riding out collision acceleration satisfac- 414 in 5RA suctained a 5 G chest aceeleration at 105 ms

torily, this 13-year-old (foreground) rebounded against a (Fig. 50 (c)). On rebound, 5RW rozared from under the chest
dangerous low back seat sustaining a serious head-snap ac- strap, consequently the diagonal restraint carried no load;
ton the lap belt carried only an 801b load atr 310 ms for this

Fig. 49(b) - Excellent head suppott provided this 13~year-old
during rear-end collision acceleration was serjously com-
promised by his rebounding into low back seat ahead of him

Fig. 50(a) - Two 13-year-olds seated in & conventional su-
perior seat, undergoing severe whiplash
aG

CHEST, LONG. " q .
an al a2 171 ar
TIME , SECONDS

SRW

Fig. 49 (¢) - This high back American seat provided excel-  Fig. 50(b) = Restrained 13-year-old in low back seat, whip=
lent head support during rear=end collision lashed
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rebound. Both passengers struck the back of seat 4R, a well-
padded high back American seat. The SRW passenger came
to rest in a normal seated posture and the SRA passenger
came to rest in & seated posture leaning ahead against the
seatback of 4R,

f. Beat 6R, a fiberglass Superior seat (see Fig. 3(h)), was
occupied by a 13-year~old in position 6RW and a 3-year-
old in position 6RA. Both passengers were restrained by a
padded swing-type bar restzaint. This restraint was hinge-
anchored to each side of 5R seatback ahead (Fig. 51 (a)).
and swung down onto the laps of the passengers in 6R, As
the hips elevate, the swing~bar responds and does not limit
vertical movement of the hips. This feature would be elifii-
nated if the bar locked down when in proper restraining po-
sition. Freedom of the bar to elevate tends to reduce the
severity of the neck flexion somewhat in this rear-end col~
lision becanse 6R has no head support; however, hip eleva-
tiop is an unsatisfactory solution to the whiplash problem
and this freedom would allow passengers to be released dur-
ing other types of collisions, such as upsets. The seatback
was sufficiently high to prevent the 3~year~old from flailing

CHEST, LONG.
0o 56 a2 a8 -1

TIME, 5ECONDS

Fig. 80 (c) - Unrestrained 13-year-old in low back seat, whip=
lashed

Fig. 51(a) - Swing-bar allowed hips to elevate during this
roar-cud vollision

P.3a3
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his head rearward, velative to his shonlders, as he susrained

a 13 G chest acceleration at 65 rms (Fig. 51(b)). When
the 13~year-old 6RW reached his maximum whiplash ex-
ctirsion his longitudinal axis accelerometer could not record
this higher vertical acceleration. Upon rebound he was
elevared 1 ft off the seat and returned downward, striking
his iead on the window post, sustaining a 6 G head decelera-
tlon at 780 ms (Fig. 51(c)). Both passengers came 10 rest
in a normal seated posture. Because the hips were permitted
to elevale, BRW sustained whiplash injuries which were con-
sidered less severe than belted occupants in low-back seats.
The 3-year-old, 6RA, passenger's inferred injuries were con-
sidered minor.

If bug occupants were provided with an adequate head
support, this type of swing=bar resrraint appears 1o be satis=
factory with respect to rear=end eollisions.

g- Seat 7R, a conventional Superior seat, was occupied
by three 13-year-olds, each restrainied by a lap belt. Owing
to the additional seat inertial forces, extra rearward flexure
of seatback 7R delayed the whiplash movement of these three
153-year-olds, as contrasted with the occupant in seat 6RW
whose neck had reached maxirnum rearward extension (up-
per left of Fig. 52 (a)), The TRA 13-yeat-old was the only
one of the three with accelerorneter instrurpentation and he

CHESY, LONG,
0D 3G Q1 [ 4
TIME, SECOHDS
136G/ &5m

I

GRA

Fig. 51(b) - This low back seat did provide satisfactory head
support for tiny 3=-year-old, even though average siZe school
child would be injured riding in this seat during a rear-endat

HEAD, LONG, &G

a2 oz [V1:4 oy

TIME, SECONDS

6G/780 ms

Fig. 51(c) - On rebound, 13-year-old strikes hishead a glane-

ing hlaw an windaw pogr
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received a 8 G chest acceleration ar 55 ms (Fig. 52(b)).
The lap belt restraining 7RC allowed the hips to elevate
vertically, permitting the shoulders and upper toIso to press
against the seat in a semi-prone position, accounting for a
delay in the onset of the severa whiplash. On rebound this
occupant loaded his lap belt to less than 50 1b (Fig- 52 (¢))-
Passengers TRC and TRW returned to 4 normal seated posture
and 7RA slumped over into the aisle still restrained by his

Fig. §2(a) ~ Delayed onset of severe whiplash for two 13-
year-plds in aonventional seat

cHEsTLONG.

Pt

op 99 g 05 as
TIME, SECONDS

7RA

Superior seat, did not receive effective support from his
backrest

7RC

Fig. 52(e) - Lap belt loading (less than 50 1b) occurred onre-

hound from seat for this rear=end collision

P.84
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lap belt. All three 13-year-olds received severe whiplashes
during this collision exposure.

The deforming of this TR backrest 1o the rear, nor only
delayed the whiplash movement, but it did meagurably re-
duce the magnitde of the rebound in that these lap-belted
occupants did not rotate past a vertical posture, thusavoide
ing the injury-producing low seathack ahead of them.

h. Seat &R, a United Airlines seat, was oceupied by a
13~year~old restrained by a lap belt in position BRW, and an
untastrained 8-year~old in position 8RA. The heads and
torsos of both occupants in seat 8R were provided excellent
support against rearward movement during the acceleration
phase of the collision (Fig. 53 (a)). Owing to the elastic
characteristics of this high seathack, however, the 13=year-
old in 8RW was thrown out of synchrony with the rearward

Fig. 58(a) - Passenger heads and upper torsog received ex»
cellent support from United Airlines high back, well-padded
seatback

Fig., 83(b) - Thirteen~year-old rebounded fram high hack-
Test to bump heads with whiplashed passenger in front of him
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movement of the 13-year-old in seat TRW, and their heads
burmiped rogether forcibly (upper left, Fig, 53 (b)). Immedi-
ately after these heads bumped, 8RW continued forward and
struck the top edge of seat TRW with his (ace, sustaining an
inferred severe injury from this 20 G head blow at 580 ms
(Fig. 53 (c)).

After receiving an initial head acceleration of 12 G at
75 msee, the 3-year=-old in 8RA was not rebounded from his
seat because his lighter body mass had not deflected the
seat frame, as oceurred with the 13-year-old. Owing to his
size, the 3-year-old in seat 8RA was well supported, and did
not sustain any whiplash action; additionally, he received
no rebound &ffect, but regisvered a 12 G head acceleration
(Fig. 53 (d)), derived from seatback acceleration rather than
an actual blow. Both passengers came to rest in a normal
seated posture,

i. Seat 9R, a high back Superior seat (ses Fig. 3 (o))
was occupied by an adult (No. 7, Table 5), in position 9RW,
and a 13~year-old in position 9RA. Seat 9R was at the rear
of the bus on the right side. Both passengers were restrained
by a horizental padded gate-bar lap~type restraint (see Fig.
5 (f)), as shown on the right side of Fig. 53 (a). The head
of the adulr passenger in seat 9RW was forced rearward dur-

220 I /35

Fig. 53(c) - Rebound from backrest caused head injury with
low back seat in front of this 13-year-old

HEAD, LONG.

g yzaol ar

Qs
TIME, 3ECONDS

RG/7m

Fig. 53(d) - Three-year-old rode out this rear«end collision
in ap wneventful manner
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ing the collision, first fracturing then pushing out the entire
right rear~end window. Owing to the gate~bar restraining
acrion, his vertical hip movement was restricted, but he did
elevate in his seat sufficiently to contact the top frame of
the window. A minor whiplash was received when his head
punched the window out. This 9RW adult sustained a 16 G
chest aceeleration at 90 ms (Fig. 54(a)), and camme 1o
Fest in a normal seated posture. The 13-year~old in position
9RA had his head snapped rearward against the right rear
deorpest, abruptly stopping the onset of whiplash action; he
elevated slightly in his seat before coming to rest in & ner-
mal seated posture. He received a 16 G head blow at 55
ms (Fig. 54(b)). Only a subtle rebound action occurred
for these DR pagsengers.

j. Seat 2L, a conventional Superior seat, was occupied
by two 18-year-old passengers, each restrained by a lap
belt. Both passengers underwent extrerne whiplash action,
as shown in the background of Fig, 55(a). The medieal
scientst diagnosed their injuries as sevete,

The passenger in 2LA sustained a 13 G chest acceleration
at 66 ms and a 6 G head acceleration at 210 ms (Fig. 55 (b)).
The passenger in 2LW sustained a § G head acceleration
at 910 ms (Fig. 55(c)). The rebound action pitched the
upper trosos of these two 13-year-olds violently forward,
as in a frontal type impact, but did pot dislodge them from
their seats owing to their Jap belts, Their heads flailed

Fig. 54(2) - Whiplashed adult punched his head through rear
window

HEAD LONG

02
TIME, SECONDS

0.0 1
G

Fig. 54(b) - Onset of whiplash action for 13-year-old abruptly
stopped by head impact with doorpost behind his seat
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forward and would have impacted the next seat or the bar bounded to a somewhar normal seated posture. Except in
behind the driver if these items had not been removed for those seats having high backs, or conventional seats oce
this experitnent, In the absence of a seatback or other object cupied by very small children, a similar whiplash effect
to strike, the 18-year-olds jackknifed over their lap belts occurred for all passengers in this bus (Fig. 55 (d)).
bringing their heads to a position below their knees before k. Seat 8L, a National seat with a high back (see Fig.
reaching their extreme forward movement; then they re- 3 (f)), was occupied by a 13-year-old in position 3LA,

restrained by a lap belt, and an unrestrained 6-year-old,
(No. &, Table 5), seated at the window position. The 13-
year=old, after riding out the acceleration with good head
support, flexed forward over his lap belt and forcibly struck
his face against the top horizontal bar of low back seat 2L,
sustaiming a 20 G blow at 555 ms (Fig. &6(a)), This would
definitely have been a severe injury-producing impact, pos-
gibly causing a broken jaw, loss of teeth or other facial in-
juries (Fig. 56(b)). The 6-year-old unrestrained passenger,
in position 3LW, sustained an 11 G chest acceleration at 70
ms, without injury (Fig. 56(c)). On rebound he remained
in a relatively normal seated posture (Fig. 56(b)).

Fig. 55(a) - Two lap-belted 13-year-old passengers in seat
2L undergoing severe whiplash, 176 ms; standec in fore-
ground is being forced abruptly rearward

HEAD, LONG.
® oa & a

TIME, SECONDS G

41

Fig. 58 (d) - Except where heads were supported, passengers
were whiplashed; standee in aisle was hurled rearward to

floor
Fig. 56(b) ~ Whiplash of lap~belted 13-year-old
nG
HEAB, LOND, HEAD, LONG. 9 Q
ao o ui 5o da uo imG: 0z o8 a7
TIME, SECONDS TIME, SECONDS
5G/7210 ma
2Lw 1LA

Fig. 85(c) ~ Replication: this 13-year-old sustained whiplash Fig. 56(a) = Protective qualities of high seatback 3L were
acceleration with his co-occupant having same restraint compromised by rebound impaer with low back seat ahead,
confignuration causing injury-producing forces
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The difference in kinematics for these two passengers
occupying thesame type seat was attributed to their relative
heights and weights; the i3=-year-old applied considerable
force at a higher level and developed sufficient elastic re=
beund from his individual backrest to pitch him forward.
This rebound egused him to impaet the top horizontal bar
of the seat abead. Both 8l passengers had satisfactory head
support and were not exposed to the usual whiplash associ=
ated with this type of collision.

1. Seat 4L was a high back Superior seat; the passenger
in seat position 4LA was a 18-year-old, restrained by a lap
belt, and position 4LW was occupied by & 13-year-cld, re-
strained by a three-point chest-lap belt combination.

At the onset of collision forces both oeeupant: loaded the
backrest and consequently deformed it rearward. Thirteen-
year-old 4LA received a 6 G chest acceleration at 75 ms
(Fig. &7 (a)). However, the window seated 13-year-old did
not record his peak head acceleration until he rebounded
and eyeled into bis backrest for the second time. At this
time he sustained 8 G head acceleration at 885 ms ag his
head struck his backrast and the shoulder of the rebounded

Pig. 56(b) - Even though well protected from whiplash by
high seatback, lap~belted 13~year-old rebounded and struck
his face foreibly against low seatback ahead

CHEST, LONG.

|
a0 UGY m 02 (/K]
' TIME, SECONDS

WG /70ms

3ILlw

Fig. 86(c) - Unrestrained 6-year-old rode out ¢rash in an
uneventful mannet owing to his shorter torso height andwell- combination rode out rear-end collision without sustaining

padded, high back Narianal gear
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13-year-old to his rear (Fig, &7 (b)), The three-point re-
straint for 4LW carried tensiometers, but, owing to the de-
flecting seatback, belt loads were too low to be significant
(less than 50 1b).

During collision, the seatback was forced rearward ap-
proximately 20 deg; this action minimized the rebound of
the seeupants, The disadvantage of this sitation is that it
places the seatback in a position where it is more likely to
be contacted by passengers in the seat directly behind. The
high seatback of 4L appeared to provide a reazonably ade-
duate head support against whiplash for 13-year-olds.

The kinemarics for both passengers were substantially the
same even though restrained differently. For this rear-end
collision, and for 13~year-olds in the high back 4L seat, both
the lap belt and the three«point belt minimized the unde-
sirable movements of the passengers; both passengers main-
tained their postures, received no whiplash manipulation,
and did not sustain contacts that would have been injury pro-
ducing.

Although this high back Superiorseat did appear adequate
for 13-year-old passengers during a rear-end collision, the
seatback height (26 in.) allowed slight comtaet with the back
of their necks: high school students need higher seatback
heights (28 in. or higher) for adequate protecrion.

CHEST, LONG.
op 4G n.Il oz (L1}

TIME, SECONDS

Fig. 57(a) - Head and torso inertia of this lap-belred 13-
year-old contributed to deforming backrest rearward

J HEAD, LOWG.
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Fig. 57(b) = Thirteen-year-old with cross-chest lap-belt

inferred injuries
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m. Seat 5L was occupied by two 13-year-olds. both un=
restrained. Owing to the low seatback design of 5L, both
passengers received severe whiplash, with their heads forced
rearward until they faced 30 deg to the rear of vertical, rep-
resenting an extreme whiplash pogition prior 1o rebound (Fig.
58 (a)). The passenger in 5LA sustained a 5 G chest acceler-
aton at 75 ms (Fig. 58(b)). He came to rest on the floor
between seats 4L and 5L, Cow~occupant SLW sustained a 6
G chest blow at 105 ms (Fig, 58(c)), and came to rest
in a seated position on the floor beside 5LA. On rebound,
both oeeupants forsibly struck the handrail and seathack
ahead (Fig. 58 (d)).

n. Rear Standee 55, & 13-year-old standing between seats
5L and SR, did not have accelerometer instrumentation, He
was hutled 1o the rear in much the same manner as the front
standee. He guruek the flailing arm of the 3-year-old pas-
senger in seat 7L, and then fell to the aisle floor at tha base
of the TL seat, 4 ft behind his original position. His injuries
were considered moderate for the back impact he received
with the edge of the 7L seat. As would be eXpected during

Fig, 58(2) - At 180 ms, 13-year-olds undergo extreme whip»

lash over convenijonal height Superfor seatback as conrrasted

., with head -supported adult to their rear

CHEST, LOMNG,

oo 3G gy 02
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S5LA

Fig. 58(b) - Whiplashed 18-year-old unrestrained in con-
ventional Superior zgat
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a rearwend collision, the passengers standing in the aisle of
the bus are thrown rearward head first, exposing their heads,
thoulders, and buttocks to impact with seats and other pag-
sengers.

0. 5eat 6L, a Cox seat (see Fig. 3 (h)), was occupied by
an adult dummy (No. 6, Table &), restrained with a three-
point cross-chest lap belt combination. The built~in head
support and belt anchorages appeared duite adequate; the
normeal seated posture of this passenger was correctly main-
tained throughout the rear-end collision (left side, Fig. 58
(a)). At the onset of collision, adult 6LW started to foreibly
press rearward against his seatback and later sustained a §

G chest acceleration at 105 ms (Fig. 59). Thereafter, on
rebound, he loaded his lap belt to 95 1b at 285 ms, There
was minimal rebound action for this adult passenger and the
Cox seat performance was excellent for this rear-end col-
lision exposure.

p. Seat 7L, a conventional Superior seat, was occupied
by a 13-year~cld in position 7LW and a 3-year-old in LA,
both unrestrained. During the collision the 13«year-old was

CHEST, LONG.

(-7 G a2 03
TiME, $ECONDS

slw

Fig. 68(¢) - Unrestrained 13-year-old teceived whiplash
identical to his co-occupant

Fig. 58(d) - Thirteen-year-olds rebound from convenrional
Superior seat to strike heady forcibly against seatbacks and
handrail ahead, 525 ms
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forced against his backrest receiving an & G chest accelera-
ton at 115 ms (Fig. 60(a)). His head flailed rearward to
an extreme whiplash position (Fig. 60 (b)). The unrestrained
3-year-old appeared to receive satisfactory support from the
seathback owing to his shorter torgo height. Because his head
was supported by the backrest, he sustained a head accelera-
vion of 12 G at 50 ms, considerahly earlier than other
whiplashing passengets (Fig. 60 (¢)).

After the collision, 13-year=old TLW was leaning toward,
the center aisle of the bus against the 3-year-old 7LA, who
was also leaning toward the ¢enter aisle. This aisle~seated
3wyear-old remained on the edge of his seat with his right
arm protruding inte the aisle,

q. Seat 8L, an ABC Ubnified School District seat (see Fig.
3 (d)), was occupied by two 13-year-olds, both unrestrained.
During the impact the 13~year-old passenger in position §LA
sustajned an 8 G chest acceleration at 125 ms (Fig. 61(a)),
At this same time his companion, 8L.W, received a peak
chest acceleration of 37 G (Fig. 61 (b)). 'This large acceler-
ation varialion between like ¢ceupants in seat 8L was at-

LAP BELY 95 lbs.
L —
. | ) |
3] o a3
CHESY, |ONG._AND VERT,
4G

00 a1 a2 a3
TIME, SECONDS

40/105m

95 1bw2B5m
-

oLW

Fig. 59 - Adult in CoX seat undergoing rear-end collision
accelaration, rode out collizion in an uneventful manner
owing to excellent performance of seat and resrraints

EHEST, LOMG,

- |
ao ol 8G  a:z 03
TIME, SECONDS

BG/ N5 m—

7 W .
1

Fig. 80(a) - Thirteen-year=old receives an 8 G peak chest
acucloration and a aevere whiplash ‘
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tributed 1o the kinematics of the adult dummy seated di-
rectly behind 8LW. The backrest of seat 9L, the most rear-
ward lefr side seat, was up against the rear interior structare
of the bus which did not allow the 9LW adnlt to be foreed
rearward at impact, but instead he transferred the impact

Fig. 60(b) - Thirteen-year-old experiencing extreme whip-
lash; 3-year-old beside him rode out crash in an uneventful
mantier owing to backrest providing adequate support for his
tiny bady

HEAD LONG

[
00 12 0\ a2 03
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G/ 50 ms

TLA

Fig. 60(c) - Because of shorter tomo, 8-year-old recsived
adequate support frorn conventional Superior backrest
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Fig. 81(2) - Unrestrained 13-yeag~old sustained a severe

whiplach
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force of the striking car directly to the 8LW occupant ahead
of him.

The 8L seatback deformed about 10 deg rearward as both
13-year-old occupants received a severe whiplash. Because
of the close proximity 1o impact, the oceupants were re-
bounded violently into the air approaching almost standing
postute against the seatback ahead (Fig. 61 (¢)), Then they
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ture. When the adult rebounded vertically, he came down
strildng the seatback ahead and sustained a 20 G head blow
at 860 ms (Fig. 6%(a)).

The passenger in position SLA reacted substantially the
same as the passenger in 8LW; during impact he also cons=
tacted the left rear-end tempered glags window and also
struck the adjacent doorpost, receiving anly minor injuries.

slumped rearward, with BLW coming to rest across the cushion Neither passenger received a whiplash since their headswere

of his seat, and 8L A rebounded to the floor ahead of his orig-
inal seated position.

7. Seat 9L, a convenrional Superior seat, was occupied
by a 13-year-old in pogition 9LA, and by an adult (No. 1,
Table §), it pesition SLW, both unrestrained. During im-
pact, the LW adult's head whiplashed against the rearwine
dow directly behind him but did not fracture the tempered
plass window. The SLW adult was then thrown vertically,
still maintaining his seated postnre, impacting the top of
the window frame with his head, receiving only minor in-
juries. "Thereafter he came to rest in a normal seated pos-

CHEST, LONG.

an o) 03
TIME, SECONDS

A7& /125 m

RLW

Fig. 81(b) - Unrestrained 13-year-old, whiplashed, sustains
an exceptionally high chest acceleration from inpact by
the adult pagsenger in the seat directly behind him

Fig. 81(e) = The rebounding 13-yeay=old. sear pasirion SLA,
is thrown to his feet approaching a standing pesture

supported by the tempered glass window and frame, The 13-
year-old came to rest in 2 doubled-over posture lying on his
right side on the floor, between seats 9L and 9R. He sus-
tained 2 20 G head blow at 735 ms (Fig. 62(h)).

3. Collision Performance = Thestationary 1965 GMC-Su-
perior bus was rear-ended by a 1960 Plymouth Savoy* trav-
eling at 60 tph. The 1965 GMC chassis carried a Superior
school bus body; the 1960 Plymowth was of unirized body
construetion, with 4 stub-ftame from the firewall to the front
bumper. The rear end of the bug and the fronr end of the

*1965 GMC»Superior Coach school bus gross weight, as
crashed, was 17,500 1b; the 1960 Plymouth Savey 4-door
sedan at time of crash had a gross weight of 4400 1b.
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Fig. 62(a) - Adult strikes rear window before his head im-
pact with seatback ahead ‘
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Fig. 62(b) - Thirteen-year-old impacts rear window, ac-
celerates violently upward. then slumps forward strileing his

head
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Plymouth were directly opposing each other at impact (Fig.
83).

The Plymouth front frame structure and front bumper
showed no contact with the rear bumper of the bus because
the bumpers were of different heights (Fig. 64 (a)). The
Plymouth front bumper retained ivs original shape; there was
no damage to the bumper supports attached to the frame or
the frame itself. When the Plymouth reached its maximum

11
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wndertiding position, the car's instrument panel had ad=-
vanced to the crash center, the point the bus's rear bumper
had been over before the bus began to accelerate from col-
lision forces (Fig. 64 (b)), This underriding condition was
further facilitated by the 8=in. forward slippage of the 1965
Superior bus frame, relative to the bus body (Fig. 64 (¢)).
The underriding action of the striking passenger vehicle
{orced the car against the pavement; this accounted for the

Fig. 63 - Position of vehicles just prior 1o impact

Fig. 64(b) - Maximum penetration of two colliding vehicles



JAN-11-1996 19:39

350

lack of follow=through movement for the striking vehicle
commonly associated with rear-end eollisions (Fig. 64 (d)).
No braking was applied to the bus; however, the bus's forward
moverment following impact was resisted by a collisjon-dis=
torted front end and aceentric front wheels. The position of
rest for the bus following collision roll-out was 143 ft for-
ward and 8 ft to the left of the point of impact, and the po-
sition of rest for the 1960 Plymouth was 16 fi forward and
1-1/2 ft to the right of the point of impact.

The top surface of the Plymouth front burnper had serape
matks from front to rear and the trim had been stripped from
the bumper. The radiator and engine both were shifted reat-
ward. The hood leading edge was forced rearward 4 ft from
its original position. Because of the extreme shift to the
rear of all forward components above the frame toward the
passeniger compartment, the instrument panel was deflected
downward. The left fender was collapsed rearward to
the windshield; the right fender was similarly crushed
rearward to wirhin 1-1/2 ft of the windshield, Neither door
on the right side was forced open but the right front door was
buekled cutward 14 in. at the rear edge of the wing vent.
Both left doors had been removed for better ground camera
viewing and in their place, compression struts were installed
to retain the structural rigidity of the vehicle. All tites res
mained inflated except the left front. The right front door
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window was shattered and the right reat doot glass remained
intact (Fig. 64 (d)). All external lights were on and the
headlights exhibited the characteristie indieations of the
heated filament distortion and failure. The rearward section
of the engine pan was forced against the pavement 5 ft after
the start of jmpact. Other gouges were located further from
the position of contact. The rear seat anchorages were
strengthened and the seatback did not break loose during
impact. The right front armrest was torn off. The right
front wing vent was not distorted and the glass remained in-
tact. The reat ¢f the engine tilted downward approximately
30 deg by the underriding action of the front end. Parts and
debris dislodged from the Plymouth during collision were
distributed to 70 ft ahead of the point of impact.

The school bug rear bumper was damaged most at it
center with a 22 in. permanent indentation caused by the
underriding Plymouth engine. A pattern from the right dual
headlights of the Plymouth was embossed on the rear of the
bus body sheet metal, 20 in. 1o the left of the right side.
The bus frame was displaced 8 in. forward, relative to the
chagsis. The rear door of the bus was dented; dents and
paint transfers were observed 10 in. above the base of
the door, or 43 in. above the pavement. The bus was

accelerated by this rear-end collision reaching a peak
of 10 G at 45 ms.

Fig. 84(c) = The 4, 400-1b swiking car's position of rest, 16 ft from contact; 17,500-1b school bus rolled to a stop 143 ft

after impact
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Fig. 64(d) - Striking ear's position of rest, showing collision damage sustained
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FINDINGS « SIDE-IMPACT COLLISION

EXPERIMENT 90 = The side-impact collision involved
a car traveling at 60 mph striking the right side of a sta-
tionary school bus. A 60=passenger, 1965 GMC-Superior
school bus simulating a condition of crossing a divided high-
way was struck at the right rear duals by 2 1966 Chevrolet
Bel Air 4-door sedan? (Figs. 85 (a) and 65 (b)). During this
intersection collision, electronic and photographic instrumen-
tation recorded passenger decelerations, safety belt loads,
passenger forced movements (whether restrained or unre-
strained), seat performance, restraint effectiveness, safety
glass performance and struetural eollapse of the vehicles.

Thirty-two anthropometric dummny passengers in the bus

* 1965 GMC-Superior Coach schoel bus gross weight, as
crashed, was 17,500 1h; the 1968 Chevrolet Bel Air 4-door
sedan at time of crash had a gross weight of 4500 lb.

Fig. 65(a), (k) - Sixty mph into the side of a §0-passenger
scheol bus nearly topples it
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(five aduits, twenty~four 13-year-olds, two &-year-olds, and
ons 8-year-old) provided the basis for evaluation of 10 seat
configurations and 5 types of restraining devices. Addirional
information on the dummy passengers, seat construction, fe-
straint systems, photographic coverage, instrumetitation and
recording devices, is listed under Methodology.

1. 1986 Chevrolet = The striking ear had four passengers,
wo adults in the front seat, and two 13-year-olds in the rear
seat. The seating assignment (Fig. 66 (2)), shows the peak
acceleromerer loads and restraint systerns,

As the vehicles collided, the vnrestrained adult driver
(No. 4, Table 5) was thrown against the steering wheel. His
biaxial chest aceelerometers registered a 36 G peak at 95
ms. The peak deceleration of the Chevroler frame was
26 G at 65 ms." The steering wheel was ¢ollapsed bring-
ing the driver's head against the windshield header. With
his kness in the instrument panel, his upper torso rotated
causing his head to glance from the windshield header into
the glass with 2 shearing movement. Thereafter, he re-
bounded to a normal seated posture, except thathe wasslightly
to the right of his original seated position. Owing to his
abusive eontact with the steering wheel, the driver's inferred
injuries were considered severe to fatal.

The right front adult passenger (Dummy No. 2, Table §),
was aleo unrestrained. His initial dash-to-knee deceleration
resulted in upper torso rotation in a forward direction. This
jackknifing action cansed his head to strike the windshield
header and glass a glapecing blow. The biaxial accelerometers
mounted in the front seat passenger's head recorded 42 G

*Gollision dynamics for the 1966 Cheviolet Bel Air sedan
striking the side of the 1965 GMC=Supetior Coach bus are
presented at the end of this section.

ADULT NO. 4~ ,~AOULT NOZ2
CHEST HEAD
36G/95ms 43 G/125ms
— STATION B
FRAME ACCEL.
13 YR, OLD—.] 26 G/65 ms
CHEST
45 G/135ms
1966
CHEVROLET

Fig. 66 (a) - Striking car geat assignment and
peak accelerometer loads
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peak at 125 ms. This impact by the front seat passenger
contributed o the tearing of the plastic interlayer of the
windshield after it had been punctured by the car hood. The
puncture was small and did not allow entrapment of the
head, representing a very significant improvement inwind-
shield collision performance compared with pre-1966 wind-
shields. Following the windshield and instrument panel im-
pacts, he rebounded to his seat; the seat developed sufficient
deflection to rebound him into the windshield a second time.
His final position of rest was slumped down in the seat to
the right of his criginal seated position with his head leaning
out the right front window. He was diagnosed as severely
injured from this unrestrained abusive impact with the wind-
shield.

The left rear 13-year-old passenger was unrestrained, He
was thrown forward as the car crashed until his knees pene-
trated the back of the front seat; then he rotated about the
hips, striking his chest 45 G at 135 ms against the back of
the front seat (Fig. 86 (b)). During his contact with the front
seat, the left side seat anchorage failed, causing the seat w
shift diagonally forward at the left side. This seat action
allowed the 13=year-old to rotate to the left, around the
seat, to strike the left doorpost and steeting wheel. His po-
sition of rest was with hig buttocks out the left front door
opening, resting on the reinforeing strut replacing rhe door.
The left side of the front seat had shifted almost to the steer=
ing wheel, and he came to rest with his chest on the top of
the front seatback. His injuries were severe considering his
high chest deceleration frotn impacting the front seat.

The right rear 13-year-old passcnger was restrained by a
lap belt, He did not have head or chest instrutnentation.

As the lap belt loaded up, the usual jackknifing over the
belt allowed the head and torso to be forced into the back
of the front seat, with his head behind his flailing hands and
hig head contacted the top of the front seatback, He con-
tinued elongating the belt until his chest was forced against

Fig. 66 (b) - Unrestrained left rear 13-year-old re=
ceived peak deceleration against front seat which
had already torn loese from inertial forces
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the back of the front seat. At this time, 140 msec after im-
pact, the lap belt failed and he was thrown completely against
the seatback striking it with his knees and hips (Fig. 66 (¢)).
He came to rest slumped to the center of the fleor between
the front and rear seats in a serni-kneeling, but uprighr, posi-
tion. Although the belt failed, * it had adequately restrained
most of the kinematic energy of this 13~year-old, His in-
juries were considered moderate because of his restraint and
his subsequent moderate impact with the seatback.

2. The 1968 GMC-Superior Bus Compartment - Thirty~
two anthropometric dummies were used to study passenger
kinematics during the 60 mph stde-impact collision experi-
ment. The seating assignment identifies occupant size, re-
straint type and seat type. Seat location is identified by
right or left side numbers, starting from the front as, for ex=
ammple, IR, 1L, 2R, 2L, and so forth. Seat station is given as
the number of feet from the front bumper. These data along
with the passengers' forced movements and pesitions of rest
are shown in Fig. 67(a). The location of passengers was
further defined by seat position, relative to W-window,
C-center, A=aisle or 8-standing as, for example, 2RW, 2LA,
28, and so forth. Cross section views of passenger pesitions
to scale for each seat station, poriray oecupant size versus
seatback height and bus interior size, restraint systetnis, seat
types, belt loads and accelerometer peak readings for durn-
mies carrying instrumentation (Fig. 67 (b)),

*Belt tensiometers and acoeleromerels were not applied
owing to the more important application for data on school
bus children ¢olision performances. The belt was designed
to sustain 50001b (loop load), snd, considering the 26 G
peak deceleration sustained by the carfrarne and the lateney -
amplification of peak G characteristic for restrained oecu-
pants, it is considered that the belt restrained approximately
5000 1b before failing.

Fig. 66(c) - Right rear 13-year-old passenger loaded lap
belt to failuze 4s be contasted front seathack
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The driver's seat, the first seat on the left side, and the
second seat on the right side were removed because of prior
damage to this area from the head-on ¢ollision experiment.
The first seat on the right side 1R, the Martin air seat, was
moved to position 2R because of extreme floot buckling at
its former location from the prior head-on collision experi-
ment.

a. -3ear 1R, a Martin air seat (see Fig. 3 (j)), was oe~-
cupied by an adult (No. 3, Table &), restrained by a lap belt
that was anchored to the floor. At the omset of impact the
adult was thrown to his right against the side of the bus, sus-
taining an 8 & chest blow at 120 ms (Fig, 68). His head
grazed the window with a flailing motion and the elastic
rebound forced him toward the aisle. After coming to rest,
he was still restrained at the hips by the lap belt but leaning
ints the aisle over the left edge of his seart,

Because of the forward position of this seat and the re-
moteness from the impaet, the lateral movement against
the side of the bus for this adult was moderata. Neither the
adult's initial impact with the side of the bus nor his re-
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bound was cushioned by the air searalap belt combination,
since, by design, the seat provides protection only for im-
pacts in the front and rear directions. This adulr received
minor injuries from his limited contact with the window and
his somewhart uneventful rebound,

b. $tandee 25, a 13-year-old standing in the aisls be-
side seat 21, did not have accelerometer instrumentation.
The impact forces from this ¢ollision horled this 13-year-
old through the open door at the right fiont entrance (Fig.
69). This dootr was removed for an earlier experiment in
order to phatograph the driver with exterior ground cameras,
After ejection, the 13-year=old passenger came down striking
the pavement head first, From rhis violent head blow, his
injuries were diagnosed as severe to fatal. Although this
13-year-old probably would not have ejeeted if the door
were closed, the rapidity with which he was ejected indicates
the dangerous condition that pravails when passengers are
permitted to stand in bus aisles.

¢. $eat 2L, 2 conventional Superior seat (see Fig. 3(a)),
had a 8-year-old (No. 1, Table 5) in position 2LA, and a 13-

SIDE-IMPACT
“lreen) COLLISION
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TYPE: A Fig, 67(a) - Passenger assignment, including forced movements and
positions of rest
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SIDE-IMPACT COLLISION, X-90
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year-old in position 2LW, both unrestraitied. Although lat-
eral forces were not nearly as great for this forward position,
as contrasted with atations nearer the impaet, both passen-
gets were violently shifted to their right from their pre-crash
seated positions.

The 6-yeat-old in position 2LA was pitched, head first,
transversely across the bus to the right front area, In flight,
he did a somersault before landing head first, face up, neat
the stairwell (Fig, 70), receiving severe inferred injuries.

The 13-year-old in position 2LW was thrown obliquely to
the floor area adjacent to the driver's location. Heimpacted
the floor, in a prone position, and eame 1o rest under the
steering wheel. His injuries were considered moderate for
this impact with the floor, in view of the distributed blow
he received on contacting the floot.

d. Geat 3R, an ABC Unified School District seat (see Fig,
3(d)), was occupied by a 6-year-old (No. 2, Tahle 5), and
an adult (No. 3, Table 5), both unrestrained. The striking
car impact was to the rear of this seat position and both
passengers were thrown to their right. The solid-pour type

CHEST,_ LAT.
I‘ “"“E{-T.,?'G = =
0o o1 0.2 0.3

TIME, SECQNDS

Fig, 68 - Adulr in air seat impacted right side of bus and
struck window as a result of flailing head motion

Fig. 69 - Collision rotational movement ejects 25 standee
from open door
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6-year-old in position 3RW struck the window with his head.
His bjaxial head accelerommeters recorded 14 G at 145 ms
(Fig. Ti(a)). At 120 ms later, he was forcibly struck by
the adult in 3RA shifting laterally. Owing to this pinning
action against the side by the adult, the 6-year-old remained
substantially in his normal seated pesition. He then re-
bounded to a prone position in his seat. His injuries were
considered moderate for this head contact and impact by
adult 3RA, At the time of impact with the 6-year-old, the
adult received a head blow of 81 G at 280 ms (Fig. 71
(b))« He did not, however, receive his peak chest accelera-
tion at this time since he was cushioned by the é-year-old,
His peak chest deceleration of 4 G oceurred at 685 ms,
when he rebounded back to his seat with a rotational motion
about the hips and struck his head against the seat across

the aisle. He retnained in this reclined position acress the
ajsle with his buttocks in his original sear pesition, His in-
juries were judged moderate 10 severe from the head blow
with the window.

Fig. 70 - Six-year-old 2LA somersanlts to floor and lands
head first near stair well
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Fig. T1(a) - Six~year-old itnpacts window with his head and
is subsequently erushed by adult No, §, threwn againer him
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e. Seat 3L, 2 National seat (see Fig. 3(f)), had two 13-
year«old passengers. Aisle-seated passenger 3LA was unre-
strained and window-seated passenger LW was restrained by
a lap belt attached to the seat. There was an aimrest to the
right of 3LA and another to the left of 8LW. Owing to the
forward logation of this seat relative 1o the side impact forces,
the armrest effactively prevented the unrestrained 3LA from
sliding laterally to the right into the aisle (Fig. 72 (a)).
While partially rectrained by the armrest, 13-year-old 3LA
sustained a chest acceleration of 12 G at 95 ms (Fig. 78
(b)). Later he received a minor blow on the back by the
jackknifing 13-year-old companion. On rebound, 3LA rocked
slightly forward but maintained a nearly normal seated pos-
ture. He sustained only minor injuries that were attributed
to the restraining action of the armrest and the location of
this seat near the bus cenrer-of-rotation,

Occupant 3LW did not have accelerometer instrumenta-
tiorl. At the onset of the collision he flailed to his right

Fig. T1(by - Adult 8RA forcibly strikes his smaller companion
who cushions adult's initial impact
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about his lap belt and struck 3LA in the back with his shoul-
der. Following the impacr, he returned to a normal seated
posture, His injuries were considerad negligible for this ex-
posure.

f. Seat 4R, an American seat (see Fig. 3 (g)), had two
13-year-old occupants, both restrained by lap belts anchored
to their seat frame. During the initial phase of the impact
the upper torsos and heads were flailed to the right, The
occupant in seat position 4RW rotated slightly to his right,
then his companion in position 4RA struck him in the back
(Fig. 13 (a)). Thirmeen-year-0ld 4RW struck his head against
the window and windowpaost, susraining 29 G ar 158 ms.
Since he had a single axis (lateral) accelerometer and his
head had rotated 60 deg into the window, his head acceleras
tion would have been double, or 58 G, for rthis {mpact (Fig.
73 (b)), Before he atrained this peak deceleration, he was
struek in the back by his co=-pecupant, thereby apgmenting
the head impact forces. Thaereafter, 4RW was flailed in the
opposite direction toward the aitle but remained in an al-
most normal seated posture, His head injuries were con-
sidered severe and in soie meagure may have been increased
by jackknifing owing to the lap belt.

126 CHESY, LAY, AND VERT.
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Fig. T2(b) - Partially restrained by armrest, S8LA remains in
his seat for this forward seat position

Fig- 72 (a) - Armrects provided substantial restraint againer
side forces during collision

Fig. 78(a) - Restrained by a lap belr, aisle-seared 13-year-
old forgibly struck his companion seated next to window
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When 4RA struck his companion, he received a chest ac-
celeration of 14 G at 120 ms (Fig. 79(c)). He glanced
slightly to the front ahead of 4RW and on rebound struck his
head on the seatback of sear 3R, He continned this eircular
motion about hi2 hips 1o an almost original seated posture.
His injuries were minor as the head blow on the seatback
+head was only a glancing blow; his belt kept him from con-
tacting the seat acrogs the aisle on rebound. Additionally,
the rebound action of the 13-year-old's was less violent be-
canse of the reduced magnitnde of bus acceleration as the
bus commenced its skidout to a position of rest.

g. Seat 4L, a high back Superior seat (see Fig. 3 (o)),
carried two 18-year-old passengers; 4LA had 2 type=3 te=
straint and 4LW was unrestrained. The diagonal strap passed
over the right shoulder of 4LA and was anchored to the seat-
back. The 13-year-old in pesition 4LA did net have ac-
celerometers but had tensiometers on his three-point belt
combination. At 130 msec he loaded the lap belt to 150
1b, and the diagonal strap to 50 1b at 165 ms (Fig. 7T4(a)).
The load on his diagonal cross-chest strap was augmented by
his uprestrajned companion, 4LW (Fig. 74 (b)). He received
abusive lacerative forces to his throat as the belt passed

29 G HEAD, LAT
IA’\{\A’\”—J I/\M|
04

oo o o2
TIME, SECOMNDS

Fig. 73(b) - Before impacting window, this 13=year-0ld ro-
tates his head 60 deg to his righr, owing to his shoulder con-
tacting bus side initially

GHEST, LAT. AMD VERT
Ty

h____f/_l;\_c._‘\c-—gn-_--l

0.0 al (1) 0.3
TIME, SECOMDS

MG/ 120m

4RA

Fig. 73(c) - Restrained by a lap belr, this 13-year-old for-
cibly struck his companion
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acrogs the neck below the right ear. He remained in his
seat without appreciable movement to the right owing to
the upper torso restraint. Thereafter, he rebounded to his
left from behind the diagonal chest strap and remained in a
slightly reclined leftward seated position. His injuries were

58 lba. SHOULDER BELT

T T
150 lbs, AP BELT
an o 02 83

TIME, SECONDS
il

50 I 155 me —

150 s /130 ms

Fig. 74(a) - Diagonal belt loads augmented by impact of
unrestrained companion

Fig. T4(b) - Loading by 4L.W canses abusive contact to throat
area of 4LA by diagonal belt

HEAD, LAT

A7 G
ao . 04 D-.[Z 03

TIME, SECOMDS

Fig. T4(c) - Unrestrained 13-yeat-old, cushioned by restrained
passenger, struck head-to-head
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judged minor primarily owing to the effectiveness of this
restraint configuration.

The unrestrained passenger in position 4LW was thrown
laterally and contacted 4LA head-to-head with a 17 G head
blow at 195 ms (Fig. 74(c)). The resistance of his belted
companion caused 4LW to rotate with his left side coming
forward to a position of rest across the lap of 4LA. Then he
rebounded to floor with his head and shoulders remaining on
his original seat position, His injuries were minor since his
companion's restraint stopped lateral movements for both
pﬂ.SSEﬂgEﬁn

h. Seat 5R, a conventional Superior seat (see Fig. 3 (a)),
was occupied by two 13-year-olds, both unrestrained. The
impact was slightly behind and below this seat position, At
impaet, S5RW was hurled violently to his right toward the
suiking car. He was pinned to the side of the bus by the
abrupt acceleration and subsequently loaded by his com-
panion, 5RA. His shoulder fractured the adjacent laminated
window. Upon striking this fractured window with his head,
5RW received a 33 G head acceleration at 125 ms (Fig.
75 (a)). He rebounded toward the aisle but remained in a

330G HEAD LAL AND VERT
ab al 02 a3
TIME SECTNDS

Fig. 716 (a) - Thirteen-year-old strikes his head agsinst al-
ready fractured laminared side window

% CHEST LAY, AND VERT.
oo al 0.2 o8 be

TIME, 3ECONES

24G/100m—_ %

5RA

Fig. 75(b) - Aisle-seated 13-year-old hurled violently to

his right, glancing off to back side of window -seated pas-
(10743
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normal seated posture, one foot removed from his original
seated position. His injuries were considered mederate for
this exposute. '

The aisle-seared occupant, SRA, was hurled violently
to his right and glanced off the left shoulder of SRW passing
in front of him. Thirteen-year-old 5RA received 2 24 G
chest acceleration when he struck his companion at 100 ms
(Fig. 75 (b)), He continued his projectile~like movements
to the right side of the bus then rebounded toward the aisle.
Thereafter, he slumped rearward into the aisle with hisbut-
tocks on the inboard cdge of his seat cushion. His injuries
were diagnosed moderate because he received considerable
cushioning from the window-seated passenger.

i. Standee 58, 2 13-year-old standing in the aisle be-
tween seats 5L and SR, was thrown violently to his right and
remained almost standing as he went in between seats 5R
and 6R. He received an 11 G chest blow as he impacted the
18-year-old, 5RW, at 190 ms (Fig. 76). His rebound was
almost as violent becanse he landed over the armrest of seat
5L in a jackknifed posture. His injuries were unexpectedly
minor, considering his rapid movements. However, his ac-
tions were exceptional in that he cushioned his impact using
apother passenger initially and snbsequently did not contact
any seat frames on rebound.

j. Seat bL, a conventional Superior seat wirh an armrest
restraint (see Fig. & (h)), was occupied by two 13-year-olds,
both unrestrained. Of impact SLA was partially restrained
by his armrest and received a 12 G chest acceleration at 95
ms (Fig, 77(2)). He then rotated about his left hip, up-
ward and around the armrest as 8LW attained an almost stand~-
ing pesition behind him (Fig. 77 (b)), Occupant SLA con-
tinued to his right and struck seat 5R across the aisle, He
collapsed face down in the aisle and did not experience the
rebound action of the bus. He received minor Inferred in-
jures for his limited movements.

When SLW shifted to his right he impacted 5LA who was
momentarily stopped by the armrest, At 115 ms, 5LW ra=
ceived a chest acceleration of 16 G (Fig. 77 (c)). Then at

CHEST, LAT. AND VERY,
ne

RPI-AV AV A W RN

a0 a4 az 01

TIME, SECOMNDS

Fig, 76 - Thirteen-year-old standing in aisle pitched vi=
olently to his rght in an almost upright posture
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443 ms the 13-year-old SLW was essentially in vertical
flight. About 1 sec later he came down over his seatback
with a rather severe dosiflex action (Fig. 17 (4)). There-
after, he came to 1est arched over his seatback face up. His
injuries were considered meoderate to severe.

126G CHEST LAT

Fig. 77(a) - Aislewseated 13-yecar-old was partially restrained
by armrest

Fig. T7(b) - Thirteen-year-old 5LA rotating about armrest
as companion SLW rebounds vertically

GCHESL LAT
14 G
P—=-4:>—=-T——H'.‘|
05 a1 o2 a3
TIME, SECOMDS

Fig. 71(c) - Thirteen-year-old 5LW thrown against com-
panion, wlio was stopped by armrest
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k. Seat 6R, a Superior fiberglass seart (see Fig. 3 (b)), was
occupied by an adute (No. 1, Table 5), and a 13-year-~old,
both restrained by a padded swing-bat positioned over their
laps. The impact was essentially in line and slightly below
this AR seat position. The violent latetal movement to the
right of the passengers in thisseat that oceurred for this swing-
bar restraint also occurred for the gate=-bar restraint on seat
9R. Both designs have similar features and offer virrually
no lateral restraint, The adult, 6RW, was pinned against the
side of the bus and received a 25 G head aceeleration at
110 ms (Fig. 78(a)).  This head blow fractured the upper
laminated glass window shortly after his right shoulder pene-
rated the lower window glass panel. On rebound, the adult
was reclined leftward but remained in the bench seat with
his head extending into the aisle area. His injuries were
inferred moderate constdering bis head impact with the win«
dow and in part because of his limited rebonnd.

During the initial phase of this impact, the 13-year-old,
6RA, was hurled against the adult and caused the bar restraint
to be elevated to waist height as he rotated over the adult,

Fig., T7(d) ~ Thirteen-year-old 5LW falls, striking his back
agajnst top edge of seatback 5L

25 G /| HEAD, LA AMD VERT
l"-/h&"—\—‘—-u

ao a.l a2 a3
TIME, SECOMDS
WA
v 8

25 G/ 110 m —2Ra

HRW

Fig. 78(a) ~ Adult No. 1 fractures laminated glass side winw
dow by shoulder and head impact
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Fig. 78(b) shows the maximum elevation of this swing-bar
restraint that allowed 6RA to strike his adult companion vie-
lently. Thirteen=year-old 6RA received a 40 G chest ac-
celeration at 115 ms (Fig. 78(c)). During the bus skid-
out phase o the side, the acceleration reversed its direction
cansing the 13=year=old to be rebounded toward the aisle.
He also sustained a vertical component of acceleration (Fig.
78 (d)), This lifting of the hinged swing-bar restrainr al=
lowed the 13-year-old 6RA to slide out from under this de-
vice. He rebounded across the bus, struck adult 6LW and
landed on the floor in front of seat 6L. His injuries ware
considered severe from his initial impact with adult 6RW and
hig rebound across the buos.

1. Seat BL, a CoX safetry sear (see Fig. 3 (h)), had an
adult dummy (No. 8, Tabla 5) restrained by a three-point
shoulder-lap belt combination anchored to the seat. This
passenger remained normally scated even though the lateral
forces were dirscted in such a manner as to cause him to

Fig. 78(b) = Maximum elevation of swing=barresiraint caused
by 13-year-old 6RA rotation and absence of a hold~down
latch
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shift to the right, The retention of the cross-chest belt against
the forces tending to move the passenger out from under the
diagonal loop passing over his left shoulder, was attributed
to the fact that the belt wraps around the shoulder to its an-
char point for this adnit size, instead of up to some higher
point of anachment, which would allow the individual to
slip ont from under it mote readily. Due to the seat design
and the adult durmimy’s weight, he wag pocketed approxi-
mately 2 in. into the cushion and this provided lateral te-
straint sufficient to develop his peak chest acceleration he-
fore his three-point belt system was complerely loaded (Fig.
79 (a)), His two chest accelerometers recorded 11 G at 85
ms baefore the lap-belt rensiometer loads increased to 230
1b at 135 ms and the diagonalestrap load, 320 lb at 135
ms (Fig. 79(b). Even though adequately restrained, the
adult was struck foreibly by 13-year-old 7LW who rebounded

- ik

Fig. 78(d) - Beginning of vertical movement from combina-
tion of rebound forces and bus skid-out near-upset

Fig. 78(e) - Thirteen-year-old is thrown to right underswing- Fig. 79(a) - Shows effective restraint of adult in special

bar restraint, striking adult

three-point belt anchored to seat
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from the seat across the aisle, seat 8R. This impact caused  rebound, TRW was pitched so violently to his left that he
LW to attain & peak chest deceleration of B G at 1830 ms, actually passed sideways in front of the lap-belted TRA (Fig.
The inferred injuries for adult LW were minor considering 80 (c)). He rebounded to the far side of the bus coming to
the effective performance of this restraint system and the a position of rest on the lap of the adult in seat 6L, His in-
pocketing action of tha seat design, juries were judged mederate owing to his head striking the

m, Seat TR, 2 conventional Superior seat, was occupied  window in the course of swinging open, and because of an
by two 13-year-olds; TRW was unrestrained and 7RA was re-  unexpected uneventful rebound to the far side of the bus
strained by & lap belt anchored to the floor. Ar the omset of  that bronght no forcible contact with any injury-producing
impact, both passengers were violently thrown to theitright.  seat or bus structure. After rebound, 7RA came to rest lean-
The passenger in TRW shifted slightly forward asthe restrained ing over into the zisle with his head against the seat across
passenger in TRA forced his torso against the back of 7RW, the aisle and his hips still restrained in his seat. His injuries
sustaining a peak chest loading of 25 G at 110 ms (Fig. 80 were judged minor to modetate because of his relatively high
{4)). The occupant in TRW received an 18 G head accelera- chest deceleration.

tion at 125 ms (Fig. 80(k)).  This head acceleromster n. Seat 7L, a conventional Superior seat, was accupied
value was lower than impacts sustained by either passenger by two 183«year-olds, TLA and 7LW, both unrestrained. At
direetly behind or ahead of him, becaunse the emergency the onset of the impact, both passengers were pitched vio-
exit window latch failed and the window swung open. On lently to the right across the aisle until they contacted seat

TR. Next, 7L W rotated head-first over the top of 7TLA and
at this time 7TLA also rotated about the edge of the 7R seart

320 lbs  SHOULDER BELT cughion and slammed againgt the already vacated seat, sus-
hl T i
230 Ibs.  LAP BEIT HEAD, LAJ. AND VERT
———-—-’%—-—‘F_»-’ 1R
I ] /5\-”\,-«,
!
VG CHEST, LAT. AND VEFT, L ' '
D as o) 02
I =7 — TIME, SECONDS
0o 0. 0.2 0.3 n

TIME SECONDS ' BG/ 125 m

320 Ibz./ 135 me

I

e 230 Jlos./ 139 ms

T7RW

Fig. 80(b) - Thirteen-year-old received 2 peak head ac-
celeration on striking window causing exit latch to fail

Fig. 79(b) - Adult pocketed in his seat hack cushion de-
veloped peak acceleration 50 msec before three-point belt
loads became maximum

CHEST, LAT AMWD VERT

2

[T Qi 02 ol
TIME, SECONDS

Fig. 80(a) - Although restraitted by a lap belt, head and Fig. 80(c) - Violent rebound of unvestrained 7LW hurls himn
torso of TRA is thrown against companion 1o opposite slde of bus



JAN-11-1996 19:45

362

taining a 12 G chest accelerometer load at 220 ms (Fig.

81 (a)). When the bus completed its skidding spin-our, it
rocked back onto the pavement and caused a shift of all pas-
sengers on the right side, throwing them violently to their
left, Thireen=year-old TLA rebounded to hig original seated
position, facing slightly to his left. From there he fell for-
ward to the floor between geats 7L and 6L. His injuries were
judged minor based on his limited movement and low ac-
celerometer values,

When 13-year-old 7LW impacted and rolled over the top
of 7LA he sustained 6 G at 160 ms; this was not his peak
acceleration as will be explained. After 7LW rotated over
TLA he wag vertically aceelerated toward the roof, with his
buttocks striking the roof. While the bus was spinning to
the left he fell on seat R and struck his tibia on the swing-
bar restraint in a manner that would probably have resulted
i1 & broken leg (Fig, 81 (b)), On rebound he was violently
thrown to the far side of the bus where he struck adult SLW
and recorded an 8 G peak chest deceleration at 1830 ms
(Pig. 81 (e)). His injuries were judged severe owing to the

CHEST, LAT,

Fig. 81(a) - Thirteen-year-old TLA impacts seat across
aisle and then rotates about its conshion

leg striking swing-har restraint on seat 8R

F.24
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abusive contact he sustained with interior structures of the
bus.

o. Seat 8R, a United Airlines seat (see Fig. 3 (1)), was
oceupied by two 13-year-olds; 8RW was resirained by a lap
belt, and BRA was restrainad by a three-point shoulder-lap
belt combination. The cross=chest strap passed over the
left shoulder of 8RA and both restraint systemns were anchored
to the seat. As the impact occurred 13-year-old 8RW ro-
tated about his lap belt into the tempered glass side window,
He received a 83 G head blow at 105 ms (Fig. B82(a)).
After impacting the glass he rebounded to a normal seated
posture. His head injury was moderate to severe for this vio-
lent impact with the window.

Thirteen-year-old 8RA did not have head or chest ac-
celerometers but did have tensiometers on his diagona) chest-
lap beit combination. During impact, he loaded the diagonal
strap to 1301b at 135 ms and the lap belt to 310 1b ar 130
ms (Fig. 82(b)). Thereafter, he slid out from under the
diagonal chest strap and was flailed laterally to the right
against the window-seated 13-year-old passenger. As with
his companion, he was also rebounded to a pormal seated
posture. His injuries were conmsidergd minor Dwing to the

CHEST, LAT. AMD VERT

ao 01 a2 |1 1. .7 '8
TIME, SECONDS

Fig. 81(c) ~ Thirteen-year-old TLW received peak chest
deceleration on rebound to left side of bus

a0 al [1F] al
TIME, SECOMDS

Fig. 82(a) - Restrained 13-year-old receives high head load-
ing from rernpered glass side window
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observation that his armrest provided more effective restraint (Fig. 83 (¢)). Thimeen-year-old 8LW was airborne, and as

than his diagonal strap.

p. Seat 8L was an ABC Unified School Distriet seat and
was occupied by two 18-year-clds, both unrestrained. At
the onset of the collision, they were pitched violently to
the right to strike the seat and passengers across the aigle in
seat 8R. The 13-year-old 8LA received a 31 G chest ac-
celeration ar 110 ms (Fig. 88(a)). After rotating past the

shown in Fig. 83(d), headed toward the viewport, with some
of the occupants of the bus alse undergoing lesser vertical
accelerations toward the roof. On his way down from the
roof, 8LW assumed a horizontal pesition and impacted other
passengets in the 8L-9L seat locations (Fig. 83 (e)). Thir«
teen-year-old 8LW camme to rest slumped over seat 9L that
had been vacated during the collision. His injuries were

seatback, BLA struck the chest of BRA and then was vertically considered severe to fatal, considering his viclent exposure.

accelerated toward the roof, Occupant 8LA rebounded back
to his seat and arched over the seatback in a torso dorsi-
flexed posture (Fig. 83 (b)). Subseduently, he was struck by
9LW from above and then he fell to the floor between seats
8L and L. His injuries were diagnosed as severe considering
the nature of his exposures.

The unrestrained 13-year-old, 8LW, did not carry ac-
celerometers. As he was prajected violently to his right in
ap almost standing posture he impacted the back of hiscom-
panion 8LA. This allowed 8LW to develop a vertical com-
ponent and he deflected violently toward the roof of the bus

SHOULDER BELT

130 Jbs,
T e e e L i
LAP BELT a4
30 Ibs.

a0 o a2 P2
TIME, BECOMNDS

130 |bs. / 135 ms

A0 b/ 130 ms

\

8RA

Fig. 82(b) - Thirteen-year-old partially loaded diagonal
strap before he slipped from under it and then struck com-
panion

et CHESY, LAY AMD VERT.
¥ I ) T
o0 0 02 0.3 X

TIME, SECONDSE

Fig. 83(a) = Thirteen-year-old pitched violently across aisle
against seat and passengers

d. Seat 9R, a high back Superior seat, had an adult (No.
7, Table 5) and a 18-year-old restrained by a pate-type
padded bar device. At the onset of impact both occupants
slid laterally to their right without deriving any significant
restraining action fromthe gate-bar. The adulrimpacted the
side of the bus and received a 24 G chest blow at 70 ms
(Fig. 84 (a)). Adult 9RW then rebounded, flailing laterally
to his left and received only vertical restraint from the gate-

Fig. 83(b) - Thirteen-yeat-old, 8LA, sttuck his own seat-
back a severe blow with his back

Fig- 83(c) - start of vertical aceeleration for LW, after

striking companion 8LA



JAN-11-1996 19:46

364

bar, He returned to hig pre-crash seated posture; his in=
juries were judged only moderate for this seat position.

Thirteen-yeat-old 9RA also slid to his right under the
gate-har restraint and impacted the back of adult 9RW. He
received a 41 G chest acceleration at 80 ms (Fig. 84(b)).
Thirteen-year-old 9RA theresfter rebounded to his left, but
temained in his seat. He came to rest slumped over in the
aisle, His injuries were considered moderate tosevere owing
to the high chest accelerations derived on impacting the
adult.

r. Seat 9L, a conventonal Superior seat, had a 3-year-
old, 9LA, and a 13~year=old, 9LW, both unrestrained. They
were shifted vielently from their seat to the right and then
received a vertical acceleration as the bus continued its
skidding spinwont on the pavement. Three~year=old SLA
struck the 9R seatback across the aizle and sustained a 69 G
chest blow at 115 ms (Fig, 85(a)). He then fell to the

ajsle floor between seats 9L and 9R and was struck from above

Fig, 83(d) - Thirteen-year-old 8LW airborne and headed
for roof view-port

Fig, 83(e) - Downward raturn of BL.W aftar aontaczting roof

P.26
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by his companion, 13-year=old SLW. After S9LW landed on
top of him, 3=year=old 9LA came to rest under the seat he
originally occupied. His injuries were judged severe tofatal
because of his high chest accelerations.

When 13-year-old 9LW was pitehed vielently to hig right,

CHEST, LAT.
24 G

—
00 al 02 Q3
TIME, SECOHNDE

Fig. 34(a) - Adult slides sideways under gate-bar and im-
pacts side of bus

AG /8D m— -

Fig. 84(b) - Thirteen-year-old slides sideways under gate-
bar and forcibly impacts his adult companion

67 G | CHEST, LAT. AND VERT
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TIME, SECOMDS

6% G/ 5ms

Fig. B5(3) - Three-ysar-old impacrs seathack across aisle
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he impacted the seat and occupants across the aisle in seat
9R. He sustained a 82 G chest acceleration at 140 ms
(Fig. 85 (b)). He then assumed an almost lying dewn position
across the seat when he meceived a vertical acceleration
toward the roof. Thereafter, he became airbome and was
partially ejected through the roof port, head fimst. Later he
rotated and came vertically downward, head first, striking
13-yearsold 8LA who was arched over the back of seat 8L.
He then glid from the seathack of #R and landed on top of
his companion, 3-year=old SLA, on the floor, some 2 sec
after initial impact, Hiz injuries were considered severe
owing to his airborne impacts and his impact with seatback
of 8R. However, his initial impaet with this seatback was
cushioned somewhat by occupant BLA,

3. Collision Performance - A 1965 GMCwSuperior bus
having a gross weight of 17,500 Ib was positioned at the im-
pact center with its right side perpendicular to the striking
car and its rear dual wheels centered on the path of the strik-
ing car (Fig. 86 (a)). A 1966 Chevrolet Bel Air 4-door sedan
with a gross weight of 4500 1b, traveling 60 mph struck the
right side of the stationary bus, 23 ft behind the front bumper,
in 2 manner corresponding to an intersection~type collision

CHESL LAT

326

TIME, SECONDS

77 FERT TO
AISLE BY
SEAT 9L

926/ 140 me

Nw
Fig. 85(b) - Window=-seated 13-year~old struck passengers
across. aisle
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(Fig- 86 (b)). The lower edge of the bus sidesill was 18 in.
above the pavement and the leading edge of the front bumper
on the stiking car was 22 in. above the pavement, The bus
rear dual wheels were inset 4 in. relative to its apron side
rail.

When the striking car contacted the bus, the car started
collapsing and attained almest eomplete deformartion at 50
msee after contact, with no conspicucus movement of the
bug. At 15 meee titme the two frame accelerometer 1nits
on the bus at stations 18 and 26 ft recorded 8 and 11 G, re-
spectively. At this time, the bus side rail apron ¢ollapsed
inward bringing the rear wheels into direct comact wirth the
striking car: the frame accelerometers on the bus recorded
peaks of 18 G at 55 ms for station 18 and 17 G at 51 ms
for station 26, The average of 38 ms delay between the
conseeitive acceleration peaks for the bus frame oseillo-
graph curves was also identifiable from studying the slow
motion pieture films; initial acceleration resulted from di-
rect contact by the ear with the bus side rail apron and de=
layed aceeleration ogeurred when the heavy dual wheel as-
sembly subsequently transferred the car's kinetie energy
through the bus suspension to the bus frame, When most of
the car occupants sustained their peak decelerations at 100
mg, the corresponding displacement of the bus at the rear
wag only 1=1/2 ft sideways from the posirion of contact.
Although the car's frame attained peak deceleration of 26
G at 64 ms, the collapsing action of the car front-end con-
tinued until a maximum deformation of 3 ft ocenrred at 115
ms. The striking car, traveling 60 mph atr impaet, de-
celerated to a stop in 12 ft after contacting the bus.

During the rotation and broadside skidding of its rear, the
bus violently relled about its long axis onto its right side to
an inclination of 30 deg with the left side attzining a ver-
tical height of 5-1/2 ft off the pavement (Fig. 86 (¢)), The
drag coefficient of its tires with the pavement arrested its
near upsel and thereafter rocking back onto its wheels, The
bug then rear-end skidded leftward from its original pesition
in a clockwise direction approximately 50 deg. It reached
a position of rest with irs right rear dual wheels displaced

Fig. 86(a) = Traveling 60 mph, & 1966 Chavrolet
contacts right -rear dual wheels of 1865 GMC-8u-
perior bus
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Fig. 86(b) - Vehicle dynamies
of intersection collision

Fig. BE(2) ~ Near upzat followe side itppacst



JAMN-11-1996 19:47 P.29

SCHOOL BUS PASSENGER PROTECTION 361

25 fu from its orginal position and 1 ft to the left of thepath  frame, in the vicinity of impaet. Three of the laminated

of the striking car. side window glass panels fractured, two from passenget im-
The bus sustained the following damage: the toof at the  paers and one from bus body deformation (Fig. 87). Theleft

rear of the bus was pantographed rightward 4 in. toward the  rear tempered glass window panel was ejeeted from the b=

timpact; the differential and rear wheels shifted to the left ber molding by inestial forces.

4 in,; the body moved 1o the left 1/4 in, relative to the The front~end of the striking 1966 Chevrolet collapsed

Fig. 87 ~ Collision dam-
age to side of bus, with
arrows depictiﬂg glass
breakaga

Fig. 88(a) ~ Frame dam-~-
age of 1966 Chevrolet
after 60 mph impact
into side of bus

Fig. 88(b) - 1966 Chev~-
rolet collision damage
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cansing the engine and front wheels to be displaced rearward
against the firewall (Fig. 88 (a)). The front seat adjustment
rail failed at the left side and the rear seat cushion popped
up rotating about its prong anchors. The steering wheel col-
nmn was deformed to a vertical position. Longitudinal com-
pressive forces buckled the right front door 6 in. outward at
the window sill, but the latch remained engaged. Inirial
fracturing of the windshield was saused from penetration by
the rear edge of the hood as the hood contacted the bus. The
high«impact interlayer of the laminated windshield was
ruptured at two points by the car hood and right front pas
senger but generally maintaiped its continuity, notwithstand~
ing this unusually severe impact exposure (Figs. 88(b) and

BB (c)).

CONCLUSIONS

In the conclusions that follow, the authors wish to point
out that these statements aré based on specific observations,
the majority of which should not be over-interpreted to form
generalized conclusions. However, because of the wide
variety of conditions evaluated, certain conclusions are broad,
not becanse of a specific ohservation, but because of a mul-
tiplicity of observations that are correlative and rhat rein-
foree a specific conclusion, thereby providing foundation
for some degree of genaralizatdon.

METHODOLOGY - The foundation of seientific inguiry is
its methodology . It is the procedures devised for evalving
information not commonly available and not readily veri-
fiable., The confldence in the data subsequently developed
is dependent on the reputation of the investigators and the
soundness of their methodology.

1. The three collizsion experiments reported in this paper
provide conditions sufficiently tealistic and sevare to ade~
guately evaluate the relative merits of various school bus
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Fig. 88(c) = Fragtured
windshield on striking
car

producing factors, Inferred fatalities were generated by the
head-on and side~impact collisions; severe whiplash injuries
were inferred from the rear-end eollision, These results
indicate that a practical level of collision force was oh-
tained for evaluating school bus passenger safety,

2. The three school bus collision experiments rcported
by this paper are representative of nearly all collision ex-
posures by school bus passengers. School buses travel in a

stream of traffle that presents them to essentially the same
eXxposures as passenger cars, Their larger size provides some
added protection when impacts involve passenger cars. Fre-
quent passenger stops, howevey, increase their exposure o
collisions. In addition to studying conditions for head-on,
side-impact, and rear-enders, the upset type of collision was
partially evalnated; during the side-impact experiment, the
bus nearly upset and the vertical aceelerations sustained
were substantially more violent than skid-out roll-over ac-
celerations, owing to thelr being collidon induced, Seventy
percent of all injury-producing accidents concern front-end, .
side, ot tear-end collisions, To the axtent that upser kine-
matics can be inferred from the near roll-over condition of
the side-impact reported by this paper, this series of exper-
iments evaluated the hazardous factors associated with 95%
of school bus aceidents.

3. The use of 3-, 6=, 13-year-old, and adulr sizes of
anthropometric dummies provided a practical evaluarion of the

effect of passenger size on school bus passenger collision

safery. This size range embraces the 5th and 95th percen-
tle of school age children, both as to height and weight.
Additionally, the 6~ and 13-year-old passengers provided
well-spaced inrermediate values, Finally, by using 13-year-
olds to comprise 72% of the total bus passenger load, a mid-
point size provided a standard reference for evaluating var-
iables other than size that contribute to injury causation.

4, On a selective basis, variations in ssat types, resgaint
types and related prorecdve deviees were evaluated under

passenger protective devices and to idendfy other injury-

-

reallstic condirions. Solectlon of « wide varicty of prorac-
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tive devices was made to provide objective data useful in
making performance judgments coneerning units not spe=
cifically evaluated to these studies, The realistic charac-
reristic of these studies was described in connection with
the first two conclusions.

§. Comprehensive instrumentation was used in these sind -
fes to provide detailed specifics required for performance
evaluation of school hus passenger safety. The use of 39
anthropometric dummies, 61 transducers and 33 photographic
units represented the most comprehensively Instrumented
collision study conductad to date. The extensive photo-
graphic coverage of each human simulation during the en-
tirs collision event provided new insight into injury causa-
tion.

6. The utilization of instrumented trauma-indicating
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deficiencies donot usually manifest themselves and fraquantly
escape observation by accident investigators owing to the tran -
sient nature of these deficiencies or the investigator'slack of
familiarity with levels of collision performance, Adequate
collision performance provides the passenger with a protec-
tive shield from the crashing structures of the primary im-
paet; adequate pagsenger compartment safety protects the
passenger from the injury-producing forces of the secondary
impact, the one in which the passenger may be hurled against
the ecompartment interior or ejected, This section relates to
the former and the following section, to the latrer.

1. All heavy vehicle designs and more particularly those
classified as buses, must include provisions for collision-re-
sistant structure at the passenger car bumper height as well
as at the heavy truck bumper height., The rear bumper of

anthropomeltric dummies simulating pastenger collicion, in=
duced movements, high speed motion picture color photog-
raphy overlapping all collision movements, and full size
vehicles providing realistic eollision conditions, represents
a most practical and reliable method for determining school
bus collision performance, An evaluation was made of the
several procedures in use by ressarch groups in the U. 8. and
abroad concerned with accident trauma; the consensus of
opinions coneurred with this methodolegical approach (8),
While ir i¢ true that fatal injury wauma varies greatly from
individual to individual, and this range is not understood
with any great degree of preeision, nevertheless, the pro-
cedures used in this study provided an exacting basls for
determining the relative performances of safety devices,
It is more important to learn which passenger envitonment
provides the most practical and effective improvemen:t 1o
passenger protection than to delve into refinements con-
cerned with the specific traumatic conditions required for
permanent injury ot death, Progress with the safe transporta=
tion of humans will always be a relative matter -- there
will never be a practical arrangement for transportation that
puarantees no injuries.

7. The presence of double or higher order variables was

the 1965 GMC -Superior Goach bus was not effectively con-
racted by the front bumper of the rear-ending 1960 Plymaouth.
This striking car wedged under the bus until the bus's rear
bumper had reached the windshield. Buses and other heavy
vehicles must have bumper structures directly opposing all
vehicle bumpers 1o pravent the dangerous overriding action
of trucks and critical underriding action common for col-
lisions with passenger vehicles. In the head-on collision,
the gross overriding characteristic of the 1944 Mack-Superior
school bus allowed it 1o deeply penerrate the passenger com-
partment of the 1965 GMC-Superior Coach bus. The instru-
ment panel of the 1965 GMC -Superior bus was thrust 2-1/2 ft
tearward into the passenger compartment, pushing the driver
rearward from bis normal seated position, Economical con-
siderations necessitate the mixing of vehicles with a forty-
fold weight difference into common streams of traffic; not
much can be done to correct this abusive mismatch except
o prevent overriding actions that deprive the smaller ve-
hicle of impacts directed to their stronger structural compo-
nents and overriding actions by heavy vehicles that com-
promise the bus passenger compartment unnccessarily.

2, Bus design should insure that the passenger compart-
ment is securely atzached to the frame of the bus by appro-

controlled through appropriate methodology to ensure re-

priately sized shear bolrs at frequent intervals from front

liability of findings. In this study, the techniques of redun-
dancy and replication were nsed as conmrol devices. For
example, the distribution of the standard reference seat (con-
ventional Superior) and standard reference subject (the 13-
year-old) 1o several remote locations in the bus provided
redundancy to control against variations in impact intensity
and direetion for different locations. The seating side=by-
side of two or more identical dummies with identical re-
straints in identical seats at essentially the same buslocation
provided replication as a means of establishing the level of
reliability of observations.

COLLISION PERFORMANCE - The susceptibility 1o passen-
gor compartment enctoachment, the compararive resultant
aceelerations, the iffluence of vehicle camponentz on injury
causation, and the preservation of passenger compartment in-
tegrity while undergoing modetate levelsof impact aceelera -
tion are examples of vehicle collision responses characterizing
collislon perfermance s Inthe erdinary uea of a vehiale, thaga

to rear and along both frame members. There was a 17in.
displacement between the frame and the bus body for the
GMC-Superior Coach bus during the head+on eollision. This
displacement was caused by slippage between the bus body
and frame anchored clamps, which ocewrred because there
were ipsufficient shear bolts acting to prevent this displace-
ment, The exceptional length of school buses corresponds
to a tubular structure which, if not properly designed, will
develop compression bellows at the forward section of the
passenger compartment during front-end impaets, This buck-
ling tendency was primarily related to the lack of proper
attachments for the bus body to the frame allowing the body
to shift longitudinally relative to the frame. Collapsing of
the passenger compartment applies vielent collision forces
directly to the driver and passengers, even when they are
adequately restrained. It is for this reason that the structural
integrity of the pastenger compartment must be maintained.

3. The adverse performance of bua steering wheel assem-
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blies during front-end collisions corresponds to that of other
pre-1987 vehicles. In the 30 mph head-on collision batween
two moderate sized school buses (17,5001b each), the 1944
Mack-Superior bus overrode the frame of the 1965 GMGC-
superior bus with the result that the steering column of the
old bus remained fixed while the steering column of the
new bus thrust violently into the driver's chest and face.
Steering colump iptrusion into the passenger compartment
for buses was similar 1o that of the passenger vehicle steer~
ing column performance, as identified in Ref. 3. During the
initial phase of collision, the steering wheel rirn pierces the
abdominal area, deflecting the upper rim into the face as
the steering eolumn crushes into the chest and is deflected
upward either under the chin cutting the throar or along the
face carving nose and eyes as it sweeps upwards. This abu-
give action is even more severe for bus and vwuek drivers than
for drivers of passenger vehicles owing to the significantly
stronger structure cotnmon to these heavier vehicles, De-
signn improvements currently under consideration for passen-
ger vehicle steering assernblies ave:

1, Prevention of a steering colwmn from being thrust
rearward into the passenger compartment during impact,

2. Increases in the gze of the hub so that impact forces
are distributed over a more favorable area of the body,

3. Limitation of axial forees required to deflect the steer=
ing wheel rim, relative to the hub.

These design improvements showld be included in future
design specifications for buses and other heavy vehicles,

4. The new laminated glass having a high-energy inter-
layer with conrollied adhesion, represents a substantial im-
provement for collision performance of windshields. The
1966 Chevrolet Bel Air traveling 60 mph, striking the side
of the 1965 GMC =Superior school bns, sustained only small
punctures in the windshield interlayet, represeniing a very
significant impraverment {n the collision performance of
laminated glass windshields when contrasted with pre-1968
windshields updergoing comparable exposures. No passen-
ger head entrapment oceurred uwnder eollision conditions
that would have caused highly injurious exposwres for wind-
shields before this improvement.

BUS INTERIOR. - The school bug, fundamentally, isa "king -
size"passengercar. With minor exceptions, the recommended
practicesrelating to passenger safety developed by the Society
of Automotive Engineers, the automotive safety standards
evolved by the United States General Services Adminisrra-
tion, the Federal Motor Vehicle Safety Standards published
by the Department of Commerce, as well as those standards
currently under development, should be applied to buses,
with very lirtle revision required.

1. Tubular struts, protruding hand grips and similar pro-
trudinE :iEid structures should be eliminated, Inside the bus,
vertical tubular suts running from floor to ceiling used for
bracing the modesty panel at the entrance, as well as the
kick-panel behind the driver and in front of the first seat,
should be eliminated owing to the difficulty of making these
tubes strong enough to be functional, slender enough not to
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be an ohstruerion to vision, and collapsible enough not to
cause head and other body injuries for the passengers that
may be thrown against them. Kick-panels and similar strue-
tures should be floor anchored and provided with a measure
of human body impact protection comparable to the properly
constructed well-padded high back seat, The first passenger
in a bus is in a position of substantial vulnerability in comn-
parison with the other passengers, and his safety should not
be furthet compromised by an obviously injury=-producing
structure immediately in front of him.

2. Thin padding. less than 1/2in., applied to tubular
struts and sirnilar rigid structures serves little practical value.
Design criteria for passenger protection should conform with
the standards referenced at the beginning of this section,
Fixed objects of this nature should either be recessed, elim=
inated, ot redesigned, rather than atrempting to compensate
errors of design with superficial and ipeffective padding.

3. Force amplifying structores should be relocated, re=
cessad, or eliminared. As with passenger vehicles, angula.r

sections In the bus passenger compartment as well as small
radii surfaces represent injury sites that should be eliminatad.
For example, ip the head-on collision, the 3-year-old sketing
in the window seat immediately behind the driver, although
restrained by a lap belt and otherwise riding out the crash
rather well, did strike his head against the rearward protrnd-
ing heater enclosure at the left side panel of the driver's
section, sustaining a severe head impact, This angular pro-
truding section is readily susceptible to redesign, thereby
minimizing injuries for any passenger or the driver thrown
against it. During the head-on collision the handle-lever
assemnbly used 1 open and close the door adjacent to the
driver shifred outward into the path of the standee and caught
bim in the waist as he was thrown forward, developing gross
inousion to his torso causing him to be doubled over before
striking the front of the bus compartment.

4. Glass should remain in place, even afier sustalning
head or shoulder impacts. The practice of having side win-

dows pop out, or partially pop out when hingéd ar the top

is not advisable. During a crash, glass serves to keap passen-

gers' heads and limbs from being flailed through windows

where they may encounter a far more abusive environment.
5. Window~-glase impact performance of busas depend

on many factors; the relative parformances of laminated

and temnpered glass for these collisions should ot ba com=

pared without cautiotts consideration of the varying circum-

stances of exposure. Although side=glass geometry was con-

stant, passenger seat position was not; proximity of impact,
passenger size, angle of impact with glass, position of passen-
ger relative to the window frame and roof pillar, and the
presence of collateral factors such as passenger -shoulder in-
duced stresses that pre-fracture glass before head conract,
indicate some of the reasons why direct comparison of head
deceleration values and fracture data cannot be made with-
out consideration of related factors,

SEATING UNITS - Seat designsranging from frameless ait
seats to nonpadded hard fiberglass shell seats with tubulap
frames were avaluated; some seats had nohead support, nola -



JAN-11-1996 19:49

SCHOOL BUS PASSENGER PROTECTION

reral support and no padded backrest (to protect passengers from
the rigid knife -like seatback) while some were safety seats, de -
signed and shown substantially 1o protect the passengers from
abusive collision forces, regardless of direction. Properly
designed bus seats provide an inner protective shield around
their precious cargo while also compartmentalizing the pas-
sengers o reduce the postibilities of their interacting with
¢ach other during a1l but the most devastating of collisions.
In genetal, seats in buses are the initial and very frequently
the only structure contacted by passengers during collision.
Special attention to their construction can contribute very
markedly to bus passenger safety.

1. Low back scat units, seatback height less than 28in.,

P.33

371

such a manner that {t would not impoge a trip hazard or
complicate cleaning problems. This device was evaluated
under collision eonditions and effectively carried the restrain-
ing loads of these belts through separate floor attachments
without adding stresses to the existing seat anchorages, It
should be pointed out that retrofit of low seatback units with
safery belis is strongly discouraged because low seatbacks
greatly intensify and channel impact forces to the face, neck,
and chest for passengers thrown against them; these installa-
tions also intensify whiplash injuries, owing to the absence
of effective shoulder and head suppott.

4. Seathack srrength should include allowance for passen-
gers thrown forward against the backrest. Even when a bus

greatly increase chanees of injuries during school bus ac-
cidents. Seats most commonly encountered in school buses
have seatback heights ranging from 18-20in. These low
back units provide no head support except for very young
schaol children and leave the passenger in an extremely
vulnerable condition when the vehicle is rear-ended. In
addition, for the head-on collision, the lap-belted passen-
ger, even the 3-year-old in somne instances, pivoted about
the helt and struck the top borizontal edge of the low seat-
back ahead {n a manner that applied cxtremely dangerous
forces to the face, neck, and chest of the individual.

2. Schoal bus szar anchorages and seat cushion fasteners
should not fail from forward decelerations under 30 G and

is provided with lap belrs, not all passengers will use them.
Additionally, lap-belted taller persons will flail their heads
and chests against the seathacks ahead of them during col-
lisions, School bus seatback designs should be of sufficient
strength to withstand without failure a 30 G deceleration in
the forward direction (head~on) and a 20 G ac¢eslerating in
the forward direction (rear-end); in addition, a 3000 -1b force
applied to the backrast longirudinally forward at 16 in. above
the seat level for the 30 G deceleration exposure and a 2000-
Ib foree, similarly applied, for the 20 G exposure excepr in
the reverse direction,

5, Elastic rebound of seatbacks increased the chances
of passengers sustaining multiple impact injuries, On re-

should comply with other related performance criteria that
become a part of the Federal Motor Vehicle Safety Stand-
ards, The faet that most seat anchorages held during the
TCLA 30 mph head-on ¢ollision is attribured to the follow-
ing factors; most of the geats were special units and required
individualized techniques to anchor them (UCLA engineetrs
made certain these anchorages would sustain the contem-
plated impacts so that evaluations of restraints, etc.,
would not be compromised), The fact thar approxi-
mately half of the passengers were restrained by systetns
generally independent of the seat reduced the inertia forces
sustained by these seats,® The principal factor is that the
bus passenger compartment was subjected to a peak decels
etarion of only 12 G in the head-on collision because of the
bumper mismatch and shifting of bus body-~te-frame anchor-
ages. Thisunusmally low deceleration was adversely achieved
by the fronr passenger compartment being crushed from
bumper mismatch.

3. Seats not designed to accommodate the added stress
of multiple lap belts attached 10 the seat can be petrofirted
with & safisiactory structuré 10 accomplish this modified
performance, This modification should not he accomplished
Unless the seathack height ic at least 28{n. It was found that
bus seats were not designed to withstand multiple loads from
belts attached to the seat. Therefore, a tbular strucnire
with a horlzontal belt anchorage manifold was installed jn

*Only the driver wasrestrained in the 1944 Mack-Superior
bus and many more of its scats failed during the head-on
eollision.

bounding from his head impact with the Plymouth windshield,
during the rear-end collision, the front seat passenger con-
tacted his seathack with sufficient force to rebound him into
the now shattered windshield, striking it foreibly for a second
time. This rebound into the windshicld would not have oe-
curred for 2 lap-belted passenger and the severity of his first
contaet would have been significantly less.

. Plastic deformation of high seatbacksreduce lap-belted
passenger's rebound towards seat ahead in rear-end collisions
bur greatly increase chances of injury for passengers thrown
against them, During the rear-end collision, high backed
seats offered adequate support for the head and torso and
when the seatback yielded rearward approximately 20 deg,
rebound was diminished for the lap-belted passenger. A
disadvantage, however, of the low seatback being forced
into a semi-reclined position is that the passenger to the
rear is more likely to strike Ir on rebound. This rebound
hazard would be intensifiad if a front-end impact occwred,
following the rear-end collision.

7. For the moderately severe collision exposures reported
in this paper, it was established that 2 well-designed safery
seat would protect passengers from sustaining more than minor

injuries. It 1s apparent that far safer seats can be provided
on the basis of performance guidelines established by this
paper. School distriets quite properly specify for purchase
the least expensive, most durable sears available. However,
considering that school buses are used more than a decade,
g higher initial investment that provides greatly improved
safety and comfort is mioney well gpent.

An adequarely designed, properly strucrured and anchored
high back contoured seat (28 in. orhigher, well-padded back-
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rest) provided with well=padded armrests, harness or a lap
belt, built into the seat upit with retractable, inertial-lock
mechanism, represents the essential features of a safety sear
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to school buses built in 1866 and earlier should not be retro-
firted with lap-type safety belts, unless the low backrests
are replaced with adequately designed high backrests. Dur-

that provides sufficient protection for a bus passenger to
sustain, with probably no more than minor injuries, a 30 mph
head-on or 60 mph side and rear-end collisions, as reporred
in this study. The crash performance of seats designed as
safety seats represents a decided improvement over conven-
tional seats, This was borne out in a prior series of experi-
ments designed to evaluate the Liberty Mutual safe-seat
configuration. (8) As demonstrated by the Cox 6LW contour
safety seat with head support and buile-in eross-chest lap=-
belr restraint, the individual from child to adule size can
ride out a severe rear-end collision in an wneventful man-
ner. This seat was equally as effective in protecting its oc-
cupant from the side=Impact forces and the anthors are con-
fident thar if the rear anchorages for this seat had been
adequately attached for the head-on collision experiment,
the oceupant would have been protected against injury-pro-
ducing forees for this exposure as well,

8. Seatback heighr for all school buses thould be at least
281n. While it may be argued thar school buses boughr ex-
clusively for pre=school activities or exclusively for grade
school use should not be required to include high back sears,
the purchaser may have no control over its use for special
school functions or over its use after it is sold. In rural areac,
it iz mot even acceptable to have part low back and part
high back seating within a given bus even though one bus
may carry children from the 1st through 12th grades. The
adverse interaction of passengers from high baek searsthrown
against low back seats is ¢learly documented in this paper.

The high back Superior 26 in. seatback allowed the head
of the 13-year-old to contact the 1op edge of his backrest
during the rear-end collision. High back seats (28in. or
more) greatly contribute to the compartmentalization of
passengers thereby reducing the chances of injuries sustained
by passengers being hurled against one another, regardless
of their size.

9. Seat belts recommended for safaty seats.® Thess bus
experiments, the many actual school bus accidents investi-
gated by the authors, the many types of collision experi-
ments conducted during the past 16 yearsby the authors and
investigations by others, clearly establish the value in pas-
senger protecton of lap belts when used with high back seats,
The greatest single contribution to school bus passenger col-
lision safety is the high stength, high back safety seat, Next
in importance is the use of a three-point belt, a lap belt
or other form of effective restraint. These restraints can
be added to the safery sear at very lirtde added cost and thelr
presence provides the continuity needsd for proper waining
of youth concerning hahitnal use of restraints when riding
in any vehicle.

10. Low back seats (backrest less than 28in.) common

*$afety seat, see discussion for conclypsion No. 6 for de-
Bu:‘.ﬂplidﬂ.

ing front-end impacts and following rebound from their seat-
back for rear-end collisions, the lap-belted passenger pivols
about hiz belt and slams his head, face, and, if rall enough,
his chest into the seatback ahead. The low back sear pre-
sents dangerous surfaces to the belted or unbelted passenger
hurled forward against it during collision. In addition, ex-
pt.;:sw;a to serious back and neck injuries results when passen-
gers in low back seats experience a rear-end collision, Forces
to the passenger as a result of a rear-end collizgion are in~
creased if a lap belt is worn because it secures the hips
therehy intensifying the fulcrum-like action of the seatback
forces.

11. seatbacks and armrests should be designed using
well-padded, broad surfaced metal fraines designed to pro-

vide the required strength and attenuate head impact forces

in accordance with the performance specifications of the

Federal Motor Vehicle 3afety Standard No, 201, § 3.2, As
stated in a prior conclusion, within the school bus passenger
compartment, seats are the most important single contribu-
tion to collision safery, second to none, The seat requires

a strong frame to prevent seat inertial forces and free-body
impact forces from brezking it free from it mounts, This
strength must be designed Into the seat so that small stirface
areas and rigid structures are not encountered dyring "bot-
rorming-out" type head impacts.

12, The narrow, thin padding covering rigid tubular struc-
tures such as the tops of searbacks, and so forth, represents
an unsatisfactory solution to the problem of an Inadequare
design, Reference to prior discussions in this section sets up
guidelines for eliminaring these injury-producing structures.

13, Seats shonld not be provided with rigid protruding
straetures such as handgrips, handrails and similar injury -
producing fixtures, This conclusion is in keeping with prior
conclusions and relates to any structure against which a page
senger can be trowi.

14, The air seat did not impress the authors as being a
practical approach to school bus passenger protection during
collisions, The inflated seat, the Martin Air seat tested in
this crash series, represents an interesting variation of passen-
ger protective devices, The air seat is readily deformahle
and could minimize injuries of passengers thrown against it;
however, this readily deformable seat in the head-on eol-
lision carried the disadvantages of providing a very inexact-
ing restraint to its cccupant as well as an inadequate restraint
to those passengers thrown against it. Also, during the rear-
end collision, no real back support was provided, although
the head and back were kept in a good postural relationship
as the entire body of the adult flailed into a fully reclined
positlon, bringing the head hard against the knees of the
passenget to his rear. From this reclined position, a passen-
ger could readily slip from under the lap belt and become
injured as though he were unrestrained, The air seat pro-
vides no significant resiraint in the lateral direction against
the forces of a cide impact even when the occupant is con-




JAN-11-1996 19:51

SCHOOL BUS PASSENGER PROTECTION

strained by a lap belt, owing to the ease with which the air
seat deflects sideways, allowing the passenger 1o contact the
side panel and window of the bus, Without a safety belt, the
alr seat may hounce its passenger into injury-producing strue-
tures, The durability of an inflated seat is certainly ques-
tionable and particularly in the presence of school children
who would find it difficult to resist the temptation of punc=
turing the seats.

15, School bus seatz at the time of this study are grossly
inadequate for protecting passengers. This conclusion is
adequately docwmented by the preceding conclusions and
corresponding discussions.

RESTRAINTS - A list of passengersprotective devices would
generally showrestraints at the top, with the seara close second .
The reason passenger seats are regarded as more important than
individual restraints for the protection of school bus children
is the close proximity of the occupants 1o school bus seats
as contrasied to passenger car seats, The comparumentaliza-
tion provided by school bus seats, 1f they are high hackseats,
serves as a very valuable constraint for all horizontal direc-
tions of impaet. The performance of safety belts and har-
nesses in this study followed the lines clearly established
In prior experiments, (3-8) Properly designed restraining
devices direct collision forces to the strong parts of the body
in a manner least likely to produce injuries.

1. Lap-rype safety belts would provide substantial ad-
ditional protection to the school bus passengers, seated in
high back seats that have efficient padding on the rear panels
‘of its backreste. The use of a lap belt with a low seatback
‘exposed passengers 1o extreme hazards of the seatback act-
ing as a fulcrutn across the face, neck, or chest when they
are jackknifed across the horizoptal surface of the seatback
ahead of them. Accordingly, where seats with low seathacks
are installed, little benefit, if any, will be derived from use
of seat belts for the typical front-end impact. In the head-on
and side-impact experiments the passengers flexed at the
hips, pitching their heads and upper torsos forward or to the
side, striking objects within reach.

For the rear-end collision, lap-belted passengers responded
slightly differently from unbeltad passengers, but this factor
was not nearly as impertant as was the height of the seat-
hack. Lap belts should not be used for low seatback units
because thelr use substantially increases the highly adverse
forces to the spinal column resulting from whiplash and they
virtually assure severe head or neck impacts with the low
backrests shead.

In the absence of armrests, the lap belt does provide some
hip restraint against sideward movement, thereby reducing
the forces that a displaced passenger may apply to a com=
panion seated beside him during a side-impact collision.

It is strongly recommended that seat belts not be installed
in school buses unless higher seatbacks are also included
with appropriate padding applied to all sides of the sear-
back,

2. The cross-chest lap-belt combination when properly
fitted provides significamily more passenger protection than
does the use of only a Jap Delt. A comparison was mmade
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between performances of three-point and lap belts in the
prior conclusion, In contrast with no belr, the three-polnr
belt allows its wearer to sustain but one-third the crash forees
received by an unrestrained passenger of the same size seated
beside him. More importantly, the forees are directed by
the three-point restraint system to strong parts of the passen-
ger's body in a generally noninjury -producing manner, as
contrasied with head and chest injuries eommonly sustained
for unrestrained passengers on direct impact with the strue~
tures arouttd them.

3. The cross-chest lap-helt combination restraint is not
recommended for use in sehool bnses. As has been found

in prier intersection type collisions where the cross-chest
belt has an atchor point to the rear and substantially above
shoulder level, the belt passes acrogs the throat in a manner
which, during side-impact accelerations, applies injury-pro-
ducing forces of a lacerative nature to the throat: the forees
may be sufficient to cause nack injury and back injury as
well, The cross-chest belt shotld have an anchor point,
preferably built into the seat at shoulder level to prevent
the belt from passing diagonally across the peck.

Passengers rebounding from the school bus side-impact
collision slipped from behind their cross-chest belts, except
where the upper anchor point was at their shoulder level;
this left the passenger without upper torso restraint should
any subsequent collision stresses develop, such as an upset.

During the head-on collision, passengers with higher-than-
shoulder level anchor poinis showed evidence of asymmetri-
cal restraining forees that force their upper torses to rotate
from behind the belt., Thus, an important condition with
the effective use of the cross-chest lap-belt unit is 1o make
certain the anchor point i at shoulder level in order to re-
duce the tendeney for the cross-chest belt to injure the necks
and to provide a more affective restraint for the head and
upper torso against lateral and forward collision forces.

Cotisidering the height variation shown in Table 5, repre-
senting the size variation commen to school bus passengers,
it iz apparent that adjustments would have o be provided
over a wide range in order to aceommodate this requirement.
The anchorage ladder necessary to achieve this would pro-
vide a rigid structure at shoulder and head lavel that could
be suuck by all but the shortest ¢hild. The potential gain
in the use of cross-chest belts for school bus passengers is
too guestionable to warrant their further consideration. This
position in no way should be construed to extend to passen~-
ger vehicles where proper anchorage heights can be obtained
that would seldom need to be changed., The smaller passen-
ger car does not provide nearly the passenger safery that is
common to buses, making it more important to seek the
best possible restraint,

4, Seats having strong but well-padded armrests provide
important lateral constraint. Although seats with armrests
are a little more difficult to enter, sit down in or exit from,
they are mote comfortable owing to their additional body
support. During the bus side-impact experiment, it was ob-
served that armrests provided a significant improvement
ln passenger safcty by fisat, preventing individuale from being
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ejected from their seats laterally to strike passengers across
the aisle, and second, preventing the larger passenger from
crushing against a smaller passenger who may be seated in
his path. As a minimum requirement, each school bus seat
should have an armirest on the aisle side,

5, The restraint bar provides acceprable restraining ac-
tion against front-end type collisions but does not provide
restraint against the lateral forces of a side impact. During
the head-on collision, passengers jackknifed over the swing
bar in a manner similar to lap-belted subjects, In a side
Impact the hips of passcngers seated together "shift” in wni-
son, with the lead-passenger sustaining the full erushing
forces of his companions: the restraint bar does not restrain
passengers individually against sideward movement. To be
effective for rebound in a rear-end collizsion, the bar should
have a positive latch tw fix its position just ahove the pas-
senger's lap, provided this unit is mounted to a seat witha
high backeest.

8. The rescaint bars of the type tested in these experi-
ments are not recommendad for school buses, The swing
bar was positioned next 1o the lap, tending to prevent pas-
sengers from shifting forward during a fronr-end impact but
was not considerad a sarisfactory restraint, particularly for
side impact, In addirion o allowing rthe passengers to shift
o the right without restraint from the swing bar, this bar,
beeause of its supports, presents a rigid structure, thereby
inereasing the chances of injury fora passenger flailed against
the firm strut that supports the padded bar.

The restraint bar applies a restraining force to the lap-
abdominal area, The thickness of the bar, in order to pro-
vide adequate force distribution, may develop back injuries
and apply forees to the viscera which could be very injury-
producing, There is also a possibility that school children
would be injured when the bars are thrown up or throwndown
by an overly energetic school child, Accordingly, although
this device could be designed to provide some measure of
protection for the forward impaet, it is of little value in a
side impact and for the reasons described above, is an im-
practical solution, considering the advantages of seat-an-
chored lap safety belts,

7. The air bag provides good impact attenuation for pas-
sengers thrown against it; firther research is recommended

before a decision can be made concerning its practicality
for school buses, The air bag continues to be an interesting,
somewhat effective impact moderator. The air bag pro-
vides a means for moderating impact forces to the passenger
thrown against it. There are certain practical problems as-
sociated with its use, as typified by the following;

a. Except under exceptional circumstances, their per-
formmance is no better than properly structured, properly
padded high back seat units.

b. The device for practical purposes would have to be
stored In a folded condition with an external covering rela-
tvely impervioys to the meddling natwre of the school child

passengers.
€. The device would have to be rapidly inflared during

P.36

D, M. SEVERY, ET AL.

the onset of collision forees and this precludes the possibility
of a centrally stored reservoir of compressed air or gas owing
to the time lag common to such manifold systems. The
cost of eleetrical operation of individual air valves, even

of the simple life vest cartridge configuration, makes such
an installation impractcally expensive, both as to inldal
installation and the frequent maintenance.

d. Inadvertem firing of these devices could produce in~
juries, particularly if the children were in the process of
boarding or leaving the bus when such inadvertent firing
ocewred,

e. Immediately following & collision, these deviceswould
pose a sarious impedance to an expeditious evacuation of
injured and unconseious children owing to the tremendous
volume they displace when fully inflated.

f. Unless the air bag is provided with a device limiting the
build-up presswe during a passenger impact, it performis as
an almoest perfectly clastic restraining system having the
serfous disadvantage of rebounding the passenger with great
force. To the extent that there is a pressure regulator, the
effectiveness of the air bag is reduced because it must oper-
ate at a specifie pressure level; this tends to limir the higher
pressures that wowld effectively resist impacet at higher levels,

The air hags used between the passenger head, chest and
the feat in front of him for this experiment appeared w pro-
vide good impact attenuation for those individuals thrown
against them when the bag did not ruprure. In an excep-
tonally fortuitous sequence of events, cne ait bag was con-
tacted by four different passengers, owing to their sequential
contacts and rebound characteristies.

An alr bag was also used in the pagsenger vehicle for
Experiment 87, Taking into account the deceleration of
the rear-ending Plymouth, reaching a frame peak of 18G
at 44 msec after the vehicles contacted one another, the righe
front seat passenger received little value from the air bag
positioned batween him and the instrument panel, consider-
ing his 109 G head impact at 112 msee. A three-pointsafaty

. belt would have restrained him so that no component of his

body would have sustained anything approaching the 109G
value he sustained. The air bag apparently ruptured rela-
tively early during the collision, thereby losing its expected
protection,

OCCUPANT KINEMATICS - The foreed body movements
of passengers during collision are not readily predictable,
except by reference to observations from full -scale collision
resgarch. The complications of relative impacting masses;
positlons of contact and the resulting dynamie centers of rota -
don of vehicles; location of passenger and his size inrelation-
ship with the constraints he encounters withing and on ejection
from the vehicle, each typify the variables that challenge cred -
ibility of information not based on full ~scale research. An un-
derstanding of hutnan body e¢ollision kinematics provides the
bhasis for practical and effective design of passenger restrain-
ing devices and of vehicle interiors that provide the most
protection for the money {nvested. These experiments have
shown that, depending upon the nature and extent of passen-



JAN-11-1996 19:52

S5CHOOL BUS PASSENGER PROTECTION

ger collision protection, school bus occupants may be killed
or sustain no injury even though subjected to identical col-
lision conditions, This subject has been extensively investi-
gated by the authors (3-5, 7) and by other investigators (8).

1. Bus drivers and truck drivers should be requirad to
weat at least 4 Jap-type safery belt whenever their vehicle
iz in motion to awure thar they remain "behind the wheel”
during an accident. Drivers of all vehicles and particularly
those of school buses should be firmly secured in their seat
whenever the vehicle is in motion so that, in the event of
a collision sufficient to throw the drlver from his szat, he
will be retained in the operater's position s0 a5 to avert a
possible second collision with a fixed object or a more se«
rious head-on impact, either through steering, braking, or
control combinations, as required. The authots have investl-
gated many bus and truck type collisions where this factor
alone would have averted the injury-producing secondary
collision event, (1) The practice should he changed where
unrestrained drivers of heavy vehicles are placed onpolished
plastic seatls from which they are readily ejected during even
minor impacts, only to try to struggle back behind the wheel
before a major collision or upset takes place. In the side
impact,-Experiment 90, the driver's seat in the bus was re-
moved owing to front-end collision damage resulting from
the head-on collision experiment. Adjacent to this driver
was an unrestrained dummy that was ejected through the
right front door, It may be concluded that had a simulated
driver been positioned behind the wheel, he would have been
thrown from his seat during collision.

2. Passenger collision kinematics are sufficiently varied
from erash to crash thar there is no "safe seat™ and alsy there
is no "death sear,” Protective measures must be provided
for all passengers and be used by all passengers at all times.
Pagsengers seated close to each other may sustain signifi-
eantly different injury -producing forces wirth some under-
going violent impact actions and others appearing to escape
serious injuries, These observations correlate with observa-
tions of live accidents in which some individdals within a
vehicle may escape serious injuries while others are killed.
Inasmuch as these collision forces do not lend themselves
1o predictability as to location or magnitude, it is obvious
that respective restraint systemis must be mifortnly applied
0 all passengers and be in use at all times.

3. The path the body wavels during collision is not de-
finable in simple terms but rather depends on tnany factors,
each including many variations, Investigators in the past
have attempted to define path-of-body-travel in terms of
the line connecting the position of the passenger at impact
with the point of eontact by the suiking vehicle. Collision
dynamics are 1o complicated to produce simple interac-
tione with oecupants,

The path a body ravels during a collision is not readily
predictable without direct reference to observations of full-
seale collision dynamics and related body kinematics. For
example, the -year-old seared in 2LA during the side im-
paet was thrown ahead and to his right to impact near the
stairwell head first, Instead of being thrown in the direction
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of the impact which was rearward and to his right, The side-
impacting vehicle struck the bus on its right side to the rear
of its center of gravity, This had the effect of skidding the
rear wheels to its left and displacing the bus rearward, with
the resulting effect of shifting occupants toward the fromt

of the bus and to their vight, The previowsly referenced 8-
year-old was judged a possible faraliry owing to the severe
inferred injuries sustained. This points out that unrestrained
passengers, even though remotely positioned from impact,
may be critically injured,

4, The practice of trapsporting bus passengets standing
in the aisle is dangerous and should not be permirted, es-
pecially for school bus passengers. Individuale standing in
the aisle are far more likely to be injured than passengers
who are seated, regardless of the lack of quality of the seats.
During a coliision, they are thrown about the bus passenger
compartment striking and injuring other individuals who
may be adequately restrained,

The exposure for the standee relative to the head-on
and rear-end collision Is, understandably, severe, owing tone
structire immediately in his path to retard his body being hurled
down the aitle to strike the front or rear of the bus forcibly,
and often head first. It was found that conditions are or may
be as serlous for the side impact owing to the abruptness
with which the standee is thrown against other passengers
and the side of the bus, or, in the instance of the individual
standing near the front of the bus, thrown apgainst the
opening and ejected head first, The standee's chances of
injury during a collision greatly exceed those of seated pas-
sengers, even when safety seats are not included in the bus.

Standees thrown to the front of the bus may block the
exit with injured and unconscious bodies greatly increasing
the evacuation time for those able to move.

EVACUATION - The orderly exiting of many people under
emergency conditions poses a problem requiring special meag-
ures; thisistrue whether the avacuationrelatesto a burning
building, a sinking ship, a ctashed aireraft, orbus. The adver-
sitles.of congested space, injured and dazed people should not be
complicated by oo few and too inadequate escape routes.
In addition to evolving more emergency exits for school
buses, studies are needed to give direction to design engi-
neers for evalving expeditious yet safe and practical emer-
geney escape systems. In addition, school districts should
be required to conduct practice emergency exit demonstra-
tions ¢o that the younger passengers can manage their own
escape during an accident thar incapacitates the driver, The
ever-present hazard of post-crash fire necessitates prompt
and orderly evacuation by all able passengers in ordet to
improve the chances of rescue of those unable to help rthem-
selves.

1. Because of the hazard of crash-induced fire following
moderate to severe eollisions, passengers should be evacu-

ated promptly and requited to stand remote from traffic and
the sccident scene. Within 1/10 se¢ following collision con-
tact between the two buses, smoke enteraed the passenger
compartment at the front from an electrical short thar, if
allowed to progregs, might have enveloped the entire bns
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in a devastating fire. Immediately after this head-on col~
lision experiment, the fire was extinguished promptly by
project personnel assigned this task, This event indicates,
however, the almost hopeless task of promptly evacuating
a bus load of unconseious and dazed children, especially
considering the inadequate escaped routes and the present
conditions of aggravated injuries because of no restraints
being worn by schoel children.

2. Because the driver is generally the only responsible
adult in the bus, he should be protected from collision in-
jury by ar least a seat belt resraint and a well designed high
back safery seat with padded armrests, Within 1/10 sec fol-
lowing the head-on conract of the two school buses, two
unrestrained 13-year=olds had stuck the driver, landing on
top of bim. In an actual collision this interference from -
behind would render his constructive efforts to facilitate
gvacuation of these children an impossibility, even if he
wasn't killed during the onset of collision foree: owing to
his lack of restraint, Protecting the driver serves to better
protect the school children he trangports since this provides
greater assurance that he will be sble to direct an evacua-
tion if one is advisable.

3, §chool buses need at least four full size emergency
escape routes of a standardized design and location, The
moderate size school bus typified by the 19656 GMC -Superior
Coach bus crashed for these experiments, should be provided
with a minimum of four clearly marked and full size exists,
In addition to right-front and center-rear exists, there should
be exit doors at, or near, the center-right side and center-
left side. The right and left center side exits should more
than comply with Federal Aviation Agency (FAA) specifi-
cations for emergency exits used on passenger aircraft be-
cause the school bus passengers do not generally include
adults. Emergency exits should comply with the FAA as to
labeling, lighting, protection against inadvertent openings,
and protection against mischievous manipulation of escape
levers. In this connection it woyld he advisable to have a
buzzer sound off for the driver when an emergency escape
door handle is moved. The complications that air bags would
introduce during an attempred expeditious evacuatlon of
passengers in the event of post-crash fires has been discussed
previously.

REGULATORY STANDARDS - Experience has showrn that in
matters affecting public safety, specific performance and fune -
tional guidelinas evolved by specialists are necessary to assure
that economical considerations do not suppress safety . This
section isnot intended 1o be complata; the authors falt thatcer«
tain conclusions belong under this catagory butramain hopeful
that all findings will be carefully examined by committees
that are charged with formulating regulatory standards for
buses, including school buses.

1. Safat_"x belts should be worn at all times by the drivers
of buses and other heavy vehicles, This requirement is not

as much in consideration of the safety of the driver, per se,
as it is with the safety of any passengers. Motorists are likely

to be injured or killed by a heavy vehiele traveling out of
control, following a miner impaet; the drfver, dislodged
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from his driving position, will usually net make ir back to
his seat in time to regain control of his crippled vehicle,
The wearing of belts on the part of truek drivers should be
necessary in the interest of protection of lives of those mo-
torists foreed into the mainstream of traffic in passenger ve-
hicles whose weight may be 1/40 that of & truck. During
impact with an out-of-control, heavy vehicle, a passenger
car has a disadvantage in terms of weight and vulnerability
exceeding that of a 1-year-old toddler on a football field
against the 2001b professional football player, Considering
this disadvantage every practical measure must be taken to
assure continued dependable performance of heavy vehieles.

2, Safety regulations for school buses should be stand -
ardized without allowances for the intended size of school
passengers to be hauled. During its operational life, a school
bus may have been purchased to hanl grade school children,
later be assigned for high school use, and subsequently be
bought by a religious organization for diversified activities,
including hauling of adult passengers. As with private pas-
senger vehicles, standards are needed that apply to school
buses to provide adequare collision protection, regardless
of the size of the passenger. The 3-year-old, 1LW, in
the head-on eollision, “rode out the crash rather well (in
spite of his close proximity to the front of the bus) until his
head hit the rearward intruding heater enclosure,” Any struc-
ture that is positioned in such a manper that it can become
injury-producing, should be designed to comply with Federal
Standards for injury minimization a5 to curvature and head
impact force attenuation. This standardization should in-
clude protective seat units of ona size, unless appropriate
regulations are devised that reswiet the use of buses ro the
passenger size range for which the bus has been certified,
For reasons already explained, dissimilar passenger sears
should be prohibited from buses,

3, The bumpers of all buses (and other large vehicles)
should be capable of effectively ransferring collision forces
1o heavier sttuctural members of the bus frame and should
be positioned with the base not more than 16in. above the
pavement for the nnloaded vehicle. This standard Is very
much needed to reduce the chances of extreme underriding
of heavy vehicles by smaller vehlcles. Overhang drag of
these heavy vehicles could be eliminated by the use of ad-
justable air-pressurized laveler shocks to compensate for
load variations or the technique of placing the wheels of
the heavy vehicle close to each end. This latter arrange-~
ment provides dual wheels, axle and differential in a posi-
tion that further assures no extreme underriding by passen-
ger vehicles. Bumper mismatch contributed conslderably
To passenger inferred injury, both in the bus head-on and
rear-end colllslon experimenis reported by this paper. Most
of the ynderriding action of passenger vehicles rear-ending
trucks, buses, and other large vehieles, or of buses and wucks
being overridden, is atributed to bumper mismatch, This
Is an international problem, recognized in England and else-
where, too long neglected, requiring U. 8. leadership to cor-

rect,
4. Seatback height for cchool buocas ghonld not he lasc
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than 28in. High school students would need a seatback 28
in. from the base of the seat to the rop of the seartback in
order to adequately protect them from the whiplash effects
during a rear-end collision.

Scathacks must extend high enough for the last zear in
the bus to provide positive support for the head of a 95th
percenrile male during a moderately severe rear-end colli-
tion to assure rthat his head is not foreed rearward through
the rear window.

A seatback 26 In. high provides satisfactory head support
during a resr-end collision for passengers under 13 years of
age bur the 13-year-old is found to sustain slight contact
with the back of the neck against the top of the seatback.

5. Built-in or improvised searing in rthe aisle should not
be permitted in buses. This refers to sear stuctures laid
between left and right rows of sears blocking the aisle. This
restriction is necessary in order to avoid overloading the
bus both as to gross vehicular weight and as o the added
complications of effective evacuation of the injurad and
unconscious in the event of an aeeident. Addirionally, stand-
ees, passengers taken aboard beyond the searing capaciry
of 2 bus, should not be permitted because thesz individuals
are deprived of the safe transportation accorded seated pas-
sengers in a properly designed bus. In addition, they becorne
heavy missiles during a crash, inflicting injury to other pag-
sengers as well as to themselves,
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AFPFENDIX
PEAK ACCELEROMETER VALUES
X-B6 X-87 X-50
Hegd=on Rear=-end Slda—imen::t
Distance Diatance Dlatanes
fram front Pank G fram frant Pepk G from froot Peak G
burmnpey frame humper frame bumpay {Eume
Struck 100 13 18 ) 18! 13
Vehicle 26! 11 28" 10 26" 17
{(New Busz) (New Bus) {New Bua)
Strildng - - ar 18 B’ 26
Vehicle - - - - - -
(Old Bua) (Elymouth) (Chavrplet)
Seat Seat Dummy Peak G Beat Dummy Pesk G Reat Dummy Peak G
PosiHons  Type Size Hesd/Cheat  Type 3ize  Head/CRegt  Type Slze Head/Chest
Driver */a /37 -/= -/- -/ -/
1LW AlS B/~ -/- -f- -/~ wf -
LA aAl1s -/80 -/- -/- -/- -/-
25 K/13 -/21 K/138 u/1a /13 uf-
2LW Al13 iz2/- Alls 5/« Al13 -/=
t2ta Af13 106/ - Al13 g/- Als -/
t3LW F/6 -/33 F/8 w/it Fl13 -/
LA F/13 54f- F/13 on/- F/13 -/12
ALw t/12 26/ - c/18 B/= C/13 17/~
ALA c/12 -/a0 C/13 .y c/18 -1-
SLwW A/13 ~/28 A/ -/8 Al13 -/18
SLA A/18 -/25 A1z =[5 All2 -2
BLW H/A /11 H/A -/8 H/A ~11
ELA ~{- -/~ -/- wln "= -/=
LW B/A -{- A3 -/8 A/13 /8
1LA B/M -{18 al8 12/- All8 -z
BLW /13 -/15 D/ /37 D/13 -/=
BLA B3 -/20 Df13 -/8 D/1s ={31
LW Al19 -15 AlA 20/- Al13 -/az
toLA Al3 -3¢ Al13 20/- ala -/88
1RW Jla 41/41 Ha 28/8 J/A -/8
2RW Al13 t -/12 =-{= =/- -/ -/-
ZRA AlB -/53 -/- -/ -/= -/=
tSRW /13 =117 n/ix -/11 /e 1a/~
IRC D/A -{5 /A /= -/ -/
t3RA D/18 -{21 o/8 -/5 D/A 31/4
4BW G/13 =/az G/13 ~/8 G/13 28/
4RA G/1a 28/~ G/13 15/- G/13 -/14
SRW A/13 =111 A3 -7 Al13 33/-
IRA a/l13 -137 A/l -4 Al13 -124
2 -/- -/- K/13 -/ x/13 -/
85 X/13 = -/ -/- -/ -1-
TERW B/13 82/- B/13 8/- B/A 25/ -
TE6RA R/3 18/- n/3 -/13 B/13 -{40
TRW A8 42/- A3 -/- Al13 18/-
TRC -~ -l- Al13 -1- -[- -1-
TRA Al13 -2 Al13 -3 413 =/28
8RW 1/18 49/= 1/13 20/- if13 83/~
TBRA 1/13 ~/19 1/3 12/~ 1/18 /=
TERW /s 7= ClA u{16 cla “l24
BRA c/13 46/~ c/13 16/~ c/13 =41
Key LEGEND

POSITION: 1-8...S¢at posaition from front, R...Right side of bua,
L...Left atde of bug, A.,,Aldle passenger, W.., Window
basssnger, C...Center passenget, 5...5tanding passenger,
M...Mathematical model "Iron Man™. -

*Driver'a aeat, Figure (k)

1Occupant gize was varied
batween experimants for
thia sent poaition

{Vertical sxis only For axample: 1RW; seat number 1, Right gide of bua, paddanger newt

n Window,
SEAT TYPE: A=K, Hee Table 1 and Figurea 3(a)=8(k).
DUMMY RIZE: 3, 8, 13 year and A (Adult).






