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EXECUTIVE SUNRARY

On  August 28, 1987, a 1982 schoel bus carrying 2?1 passengers was
traveling westbound on Levy County (Florida) Read C-32 when it colltded with
a two-axie flatbed truck tv-veling nerthbound on Levy County Road C-337 near
Bronson, fFlorida. The school bus driver and 5 passengers died;  ihe
truckdriver sustained critical injuries and 16 school bus passengers were
injured.

The National Transportation Safety Board determines that the probable
cause of this accident was the (ruckdriver's failure, for undetermined
reasons, to stop his vehicle at the stop sign. Contributing to the severity
of this accident was the loss of structural integrity of the school bus due
to the collapse of the school bus floor.

The safety issues discussed in the report include:

0 the crashworthiness of the Thomas Built school
bus body, particularly the {loov; and

deficiencies of the Federal wmotor vehicle
safety standard (FMVSS) applicable to the floor
Joints of large school buses.

As a result of its investigatiow, the Safety Board classified three

safety recommendations to the Hational Highway Traffic Safety Administration
asy “Closed- -Superseded” and issued a noew safety recomsendation regarding
FMYSY 221, The Safety Board also issued a safely recommendation to Florida
concerning the assignment of points to driving violation conviction recovds
of Flarida-licensed drivers.
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WASHINGTON, 0. €. 20494
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COLLISION OF LEVY COUNTY, FLORIDA SCHOOL BUS
AND AIRDROME TIRE CUNTERS, INC., TRUCK,
NEAR BRONSON, FLORIDA

AUGUST 78, 1987
INVESTIGATION
The Accident

At 2:50 p.m. on August 28, 1987, & 1982 schonl bus owned and operated by
the School Board of ifevy County (Florida), transporting 2 adult aides and 19
spectal & -ation students ages ¢ to 18, was traveling westbeund on Lewy
County Roau (CR) 32 when it collided witi, an Airdrome Tire Centars, Inc.,
two-axle flatbed truck. The tvuck was traveling northbound on Levy CR 337
and had failed to stop for a stop sign at the intersection of Lhe two county
roads. The weather was ciear and the pavement was dry.

pfier the right-angle collision, the truck rotated abeut 1309
counterclockwise, rolled aver 902 {o the right, and came to rest northwest of
the intersection with its vear bumper positioned above and between the
tongitudinal frame members of the schoo’ bus chassis. The scheol bus votated
clockwise and came to rest upright northwest of the intersection. (See
figures § and 2.} At its final vest position, the right vear of the school
bus body was partially off the chassis and had shitted forward about 10 1/2
feet. (Sae figure 3.) The front of the school bus body came Yo rest
against an embankment northwes! of the intersection with the fremt portion of
the roof collapsed about 12 feet fovward and down over the angine
compartment, {See figure 4.) A small firve that had started in the school
bus engine compartment after the colliston was extinguished by rescuers.

The truckdriver, who was pinned in the wrackage of his vehicie,
sustained critical injuries. Yhe school bus driver and five school bus
passengers were fataliy injured, and ithe remaining 10 passenyers susiained
minor to critical injuries. One of the adult aides who sustained moderate
{AI5-2) injuries was about 25 weeks pregrant. After the accident, 1 was
determined that the fetus was dead and 1t was surgically removed on
August 30, 1987.
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T = e £ AR M B PR S T




B e e XTI e

e & et

C e

!

Figure 2.--"1nal rest positions of the school bus and the truck

Injuries

International Civit Aviation Organization Injury Criteria

Passengers Qthe: Total

Fatal 6
Serious 14
Minoy 3
None . 0

Total : 23




Figure 3.--The school bus body shifted forward and off its chassis.

Abbreviated Injury Scale (AIS¥)

Injuries drivers OLher Total

AlS 1
AIS-2
AL1S-3
AlS-4
AlS-5
AlS5-6
AIS-9

a

Minoy O

Moderate 0 (1)
Serious {

Severea ' {(})
Crivical I ) . ?
Unsurvivable {1 {1) 2
Lnknown ( {

3

Total ; 1 0 23
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Figure 4.--The front of the school Lus came to vest against an ewbankment.
Emergency Response

Before ihe accident, an employee of the town of Bronson was in hir
vehicle waiting for traffic to clear to enter westbound CR 32 when the school
bus went past him. After traffic cleared, he proceeded west on CR 32. He
did not witness the collision, but he did see a cloud of dust as he
appreached the intersection. When he arrived at the accident site, he parked
his vehicie in the center of the intersection and told a passerby to call the
Levy County sheriff’s office.

As e ran Coward the school bus, he saw smoke coming from the front near
the daskboard., He retrieved a five extinguisher from his vehicle and entered
the school bus through an opening in the Tefi side. He reported that to get
Lo the front of the school bus he had to c¥inb over some seats that. had been
drsplaced into the aisle. Although he could see no flames, he used his fire
extinguisher to put down the smoke.

White he was in the front of the bus, he noticed the schosl bus driver
stumped across the steering wheel and an unconscious student aide in the
right front of the bus. He also saw soveral students pinned belween some of
the forward seats on the Teft side of the school bus. Leaving the school
pus, he went to his own vehicle and got a stedge hammer and a pry bar, He
gave the tools to ancther person ab the scene to try to extricale the bus
passengers.  When he rveturned to the school bus, rescuers inside handed cut
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the bodies of two apparently dead male children. He placed the bodie. on top
of the embankment northeast of the school bus.

At 2:56 p.m,, the Levy County Department of Emerqency Medical Services
received a call from the levy County sheriff’s office requesting that an
ambuiance respond to the accident site., A Levy County ambulance with two
paramedics on board, which had been en vroute from Chieland to Bronson for
routine vehicte maintenance, was rerouted by radio to the accident site at
2:5%6 p.m. and arrived about 3 p.m.

The Levy County paramedics reporied that when they arrived at the
accident cite, one sheriff’s deputy and less than a dozen passersby were on
scenc and had already removed most of the surviving schoel bus passengers
wno were not pinned in the wreckage. These passengers had been taken east
across CR 337 and placed on the ground next to a ditch.

Orne paramedic entered the school bus through an opening in its left
front side adjacent to the driver’s position. He observed that the busdriver
was apparentiy dead and that the student aide on the vight side of the school
bus was conscious and sitting up,

The other Levy County paramedic assessed the injuries to the passengers
who had been removed ftrom the school bus. Climbing the embankment in front
of the school bus, she ubserved two or three bodies which had been placed
there. She warned her partner, who was siill in the school bus, that the
school bus wae on five.

The paramedic inside the bus noted that there was smoke and a smali
amount of flames in the engine area, and he instructed a rescuer to get a
fire extinguisher which was used to put out the fire. The paramedic then
exited the school bus and called for additional emergency response personnel
on the ambulance radio.

Meanwhile, the other paramedic provided rescuers with a Huvrst "Jaws of
Life" tool to extricate the truckdriver from the wreckage. This paramedic
then entered the school bus through an opening in the iight sidewall near the
front entran.e door and stepwell. When she oniered inhe school bus ahout 10
minutes afier the collisinn, nipe oceupants weve still dncide,  The schuool
bus driver, one adult aide, and one student were not pinned in the wreckage;
six students were pinned between the Fiv i several rows ot seats at the front
of the school bus.

AL 3:08 p.m., Shands Hospital and Atackua General Hespita® dispatched
helicopters Lo the accident site,  Baplist Medical Center and University
Hospital aear Jacksonviiie, Flovida, about 25 miles from the accident site,
placed helicopiers on sianchy.

At 3:20 p.m., Levy Counly Emergency Services vequested aid from Alachua
County which dispaiched two ampulances, a vapid response unit, and a district
fire chiel. At 3:27 p.m., the teyy County shevriff requested .o additional
helicopiam s, fhe helicopters at Baptist Medical Cenler and University
Hospital taunched iwmediately,




At 3:40 p.m., Alachua County peramedics arrived on scene, assumed
command of the emergency response, and veported io the hospitals in the area
that they haa at Teasi 25 injured persons which caused Shands Hospital to
activate its Phase-1 Disaster Plan. At 3:44 p.m., Orland> Regional Medical
Center placed its "Aiv Care" heliconter on standby.

1achua County paramedics veported that the six passengers who were
pinned in the fefi front of the school bus were pinned betwzen several of the
first three or four seal vows which had collapsed. A paramedic reported that
an 1l-year-old male was pinned by metal which had rolled up and trapped the
passenger; the paramedic thought the metal was the floor. Triage indicated
that this passenger needed inmediate extrication because he was having
difficulty breathing. However, p.medics reported that moving the seats or
the metal either forward or aft would cause additional injury to passengers
pinned in front or behind.

To extricate the passengers who were pinned, paramedics used a Hurst
teol to remove part of the left sidewall near the driver’s position. The
paramedics then removed the pinned passengers beginning at the front and
moving sequentially to the rear by cutting seat legs and spreading the metal
apart. A tow truck operator reported that in some cases the paramedics used
a winch on a tow truck to wove the scats 2 oar 3 inches.

Emergency response personnel and civilian rescuers also remcved windows
and window support posts at the left and right sides of the school bus at tie
front to help evacuate the school bus occupants. This extrication process
took about 2 hours. The 1l-year-old male and a 4-year-old male loceted in
front of him died before they could be extricated.

At 4:i8 p.m., the Orlando Regicnal Medical Center was notified that its
helicopter was no longer needed. By 5:19 p.m., all the survivers had been
transporied to bhospitals. The Shands Hospital disaster plan was ended at
5:27 p.m.

Vehicle Information and Damage

School Bus.--The school bus was manufacturad in 1982 with a Ford Motor
Company chassis and a body con:tructed by Thomas Built Buses, Inc. The two-
axle school bus was equipped with a gasoline enaine, 2 four-sperd automatic
transmission, and air-mechanical service brakes. It weighed u+ estimated
16,025 pounds at the time of the accident.

Although the school bus was not requived by Federal motor vehicle safety
standards to be equipped with passenger lapbelts, the first bench seat on the
left sido behind the driver’s posilion was equipped with two lapbelts. The
school bus driver's seat was equippad with a Japbelt. The remaining bench
seats were not equipped with lapbalts.

The passenger compartment was equipped with padded restraining barriers
in front of the first row of passeager :eats on each side of the center
aisle. The school bus was configured to transport a maximum of 39 passengers
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in 13 conventional bench seats (6 seats on the left sice and 7 seats on the
right side} and 3 passengers in wheelchairs for which restraints had beon
installed along the sidewall in the left ».ar. The passenger bench seats
were attached on their outboard sides by a bracket bolted tu the sidewall.
The inboard sides of the passenger seats were equipped with two legs that
were bolted to Lhe floor.

In addition to the front entrance/exit door on the right side and the
gmergency exil door al the rear, ihe school bus was equipped with a
wheelchair 1ift and door on the right sidewall at the rear. No passengers
were occupying wheelchairs at the time of the accident. A postcrash
mechanical inspection of the school bus disclosed no defects that may have
caussd the accident.

The postaccident examination revealed that the enirance vestibule and
the driver’s station were crushed and the roof over the driver’s station was
collepsed forward over the engine compartment. The driver’s lapbelt was
found retracted inside its reel and the belt functioned without difficulty.
No defects or load marks were found on the belt webbing. The two lapbelts
for the first seat behind the driver’s station were found hanging through
openings in the floor below the left side of the schuol bus.

Also, evidence of passenger contact and nluod stains were found on the
ceiling forward of the boarding door. No impact damage was found on the
right side of the school bus body aft of the front boarding door. The rear
aemergency door was jammed closed and couid not be opened from the inside.

e first seat on the left side separated from its floor attachment and
protruded about % feet from the left sidewall next to the driver’s position.
The first seat on the right side and the second seat on the left side had
been removed hy emergency response personnel. The second seat on the right
side, which had separated from its attachment to the right sidewall but had
remained attached to the floor, was displaced aft and to the left sc¢ that it
was resting on the seat cushion of the third seat on the left side.

The third seat on the right side, which remained atita. hied to the right
sidewall, separated from its floor attachment. The seat cushion for this
seat was missing, and the floor panels under this seat were displaced to the
Teft so that the ground could be seen under this seat.

Twenty-nine f{loor panels formed the school bus floor &ft of the
driver’s position. The floor panels, which varied from 8 5/8 inches to 9 7/8
inches wide, were fastened to adjacent floor panels by 12 spot welds along
the vertical rise of the flange about 6 5/8 inches apart, by fillet welds at
the bottom flanges, and by fillet welds joining the floor panels to the floor
capping on the top and bottom of the floor.

Before the accident, the distance from the extreme front of the school
bus to the floor joint between the 9th and the 10th floor panels was about 14
1/2 feet. After the accident, this distance had been compressed to about 6
i/4 feet, The first nine floor panels had separated from both the left and
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right sidesalls. The first seven floor panels were displaced tn the Teft
about 4 feet. (See figure 5.)

The first filoor panel with the restraining barriers still attached had
almost inverted. The left restraining barrier hed collapsed forward zuzinst
the backrest of the driver’s seal, andg the right barrier had inverted and
crushed forward into the stepwell area.

The second tiogy paneil bad separated ftrom the first floor panel and the
third flour panet, except for about 12 inches on the left. The right ends of
the second and third floor panels protruded into the interior of the school
bus %o about 2 1/2 feet from the interior rocf liner. (See figure 8.) The
left ends of the fourth, fifth, sixth, and seventh floor panels were
compressed and extended under the left sidewall. The right ends of the fifth
and sixth floor panels protruded through the seat cushion frame of the secand
bench seat on the right side. (See figure 7.)

The Bth und 9th flour panels were folded aft between the 10th and 11lth
floor panels and ine chassis. The floor pansis aft of the 10th panel
sustained no verparkabie dam ve.

When the school bus body was built, the manufactursr bolted 18 body
mounting clips (9 on each side of the school bus body) at the junction of the
lower flanges of 18 of the floor parels. The body mounting ¢lips, which
helped attach the school bus body to the chassis, left marks on the underside
of the up?er flanges on the longitudinal frame members where they were
mounted before the acsident.

A postaccident examination of the first eight clips on the left side of
the school bus revealed no damage. (See figure £.) The rearmost ¢lip on the
left side was bent down and away from the lower floor panel flanges on both
sides of tha mounting bolts., HNo other marks were found on the inside
vertical face of the left longitudinal frame member adjacent to the mounting
clip marks.,

The eight body mounting clips on the right side of the school bus budy
were attached to the same floor panels as those on thi left side vith the
exception that there was no body mounting clip mounted on the Yowsr flanges
of the 'Zih and I3th floor panels on the righi side. Although the Safety
Board did observe some physical evidence that the clip was installed at one
time, it could not determined if this clip was removed before, during, or
after the accident,

The 1ip portions of these clips were bent down at a 909 angle, (Ses
figure 9.) In additior to the marks left w.ere they were mounted, scratches
about 8 inches long were found on the inside vertical face of the right
Tongitud!nal frame member going aft from where the seventh and eighth ci¥ps
were mounted originally.
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The top flange of the rignt Tongitudingl frame nember was bent upward at
etght points along Jis length.  Althoush 8-inch merks were found on the
inside vertical flange of the right frame member aft of where mounting clips
Joined floor panels 23 and z4 and 27 and 28, the upper flange adjacent to
where these «lips were mounted before the accident was not bent upward when
these ciips separatad. (See figure 10.)

Truck.--The two-axle truck chassis and conventional cab  was
manutactured n 1948 by the Ford Motor Lonpany and wWas equipped with an
aftermarket special stuminum flat bed with a hydraulic boom and ciaw for
handling heavy equipment tirves. The truck was equipped with a diesel enging,
a five-speed manual Llransmission with a 5.43:1 rear axle ratio in fiflh gear,
air-pechanical service brales, and power steering.

At the time of the accident, the truck was en route to deliver a heavy
equipment Ltire to Newbervy, Florida. The tire, which weighed 2,892 pounds,
was loaded on the cargn bed behind tha hydraulic boom and the boom claw was
lowered into the center of the tire to secure it from falling of F the bed,
(See figure 11.) Ilmprints above the opening in the left rear sidewall of the
school bus mutched the general configuration of the boom from the truck. At
the time of the accident, the gross weight of the truck was estimated to he
25,750 pounds.

As a result of the accident, the cab, engine, transmission, and frout
axle were torn off the chassis. (See figure 12.) The transmission was found
to be in fifth gear.

The truck chassis was deformed to the left 28 inches at i{he front
bumper, The right end of the front bumper was pushed rearward against the
frame rail. The right fender portion of the one-piece fiberglass nocd was
missing.

The rear of the truck did not receive any impact damage; the bhoom did
not receive any visual damage. The truck was equipped with 11.00 X 20 tires.
The jammed tachometer indicated 1,900 rpm. A postaccident examination of the
truck disclosed no defects that may have caused or contributed to the
accident.

Florida Driver Licensing Information

Both drivers invoived in this accident held valid Florida chauffeur's
Ticenses at the time of the accident. The fFlorida Uivision of Uriver's
Licenses requires a chauffeur’s license for persons driving any vehicle with
a gross weight of wmore 'than 8,000 pounds, any vehicle more than w0 inches
wide, any vehicle transporting passengers for hire, and eny schoal tbus.
Applicants for a regular chauffeur’s license must be at least 18 years oid
and must pass a vision test,

Applicants who are at least 16 years old may be granted a vestricted
chauffeur’s license authorizing the operation of a single-unit vehicla with
a !l l/2-ton capacity provided the applicant has held a restricted or regular
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operators’s license for 90 days; has the signature of at least one parent and
an omployey on the conasent form; and has passed the vision, road sign, road
rules, and driving tests. If during testing, it is noticed that an applicant
is havd of hearing, a hearing aid restriction may be prescribed.

In addition, applicants must take a special knowlodge test for the
oparation of lavger vehicles. [(lorida currently does not require that an
applicant for a chauffeur’s license pass a road test in the tvpe of vehicle
or school bus which the applicant intends Lo eperate.

Florida uses a "poirt” sysiem to determine when and for how long a
driver’s license should be suspended:

Table 1.--Florida’s point system
Violation

Leaviny the scene of an accident resulting in
progerty damage of more than $50
Unlawful speed resulting ‘n an accident
Reckiess driving
Any moving violation resulting in an accident
Passing a stopped school bus
Untawful speed--16 mph or more over lawful or posted speed
Unlawful speed--15 mph or Tass over lawful or posted speed
A1l other moving vielations (including parking on highway
cutside municipalities;
Improper equipment--brakes, lights, steering

LAS IS L 5 b e PO ON

In Florida, operators’ licenses are suspended for 30 days if 12 points
are accumulated within a 12-month period., Licenses are suspended for 3
months if a total of 18 points are accumulated within an 18-month period and
for 1 year if a fotal of 24 points are accumulated within a 36-month period.
The total points for the first suspension will be reduced by three points
after the driver nhas attended an appropriate driver improvement school and
has the Yicense returned.

In accordance with Section 322.27 of the Florida statutes, a driver
receives 1/2 the number of points 1isted if the conviction occurs out-of-
state or in a lFeceral court. A representative for the Uivision of Oriver
Licenses of the Flortda Department of Highway Safety and Motor Vehicles
reported that this provisions of the Florida statutes was lobbied by the
trucking industry when the Florida point system was adopted because of the
Targe number of miles Florida-licensed commercial drivers operated in other
States and because of tha existence of "speed traps" in an adjoining State.

in Florida, & conviction of a more serious vehicle-related crime, such
as driving while drunk or uader the influence of narcotic drugs, a felony in
which a motor vehicle 1s used, or three convictions of reckless driving in 1
year, will result in the revocation of a drivers or chauffeur’s license. In
some cases, a reviked license may be reinstated after a period oy time and
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may contain restrictions, such as limiting a restored driver’s driving
privilege to driving only to and from his place of employment.

Driver Infourmation

School Bus Driver.--The 59-year-cld driver had been empioyed as a
school bus driver by the School Board of Levy County for 12 years. Her last
physical examination performed on June 6, 1987, indicated that she was
qualified physically to ~oerate a school bus. She possessed a valid Florida
chauffeur’s license vestricted to corrective lenses; she had no moving
violations on her Florida driving record. During her esmployment, she had
received &8 hours of in-service training on such subjects as first aid,
critical situations, accident procedures, bus handling, pretrip inspections,
and paperwork requirenments.

Tructdrtver.-~The 26-year-01d truckdriver nad besn employed by Airdrome
Tire Centbrs, Inc. since August 1986. From April to August 1986, he had been
employed by another tiie company, and before that, he had been employed
previously by Airdrome for 2 years. In the year between his re-employment by
Airdrome and this accident, he had received two pay raises from his

eTgloyer. He reported that he had been driving trucks since he was 16 years
old,

he possessed a valid Florida chauffeur’s license with no restrictions.
His privilege to drive a motor vehicie in Florida had been suspended for 30
days in August 1981 for accumulating excessive driving violation points,
From October 1980 to August 1986, the truckdriver had been convicted of ine
following traffic violations:

Points Commercial or
Assessed Private Vehicle

Offense Date Violation

10/9/80
11/29/80
2/24/81
6/13/81
3/8/82
3/6/82
3/8/82
1/28/83
6/12/84
6/19/84
8/5/86

speeding (57/55)

reckless driving

careless or improper driving
careless or improper driving
failure to wear helmet
registration violation
careless or improper driving
speeding {55/5%5)

speeding (51/30)

improper tag

speeding (60/4%)

uniknows
unknown
unknown
unknown
private
private
private
conmercial
private
private
commercial

* {nvolved In sn Lceident

In addition to these convictions, the truckdriver was charged with

speeding 70 mph 1in & 55-mph zone on December 31, 1385, This alleged
violation was not adjudicated because the truckdriver attended a driver
improvement school under a forgiveness program for reduction of points. None
of the more recent violations caused the truckdriver to accumulate sufficient
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driving violation poaints to result in another suspension of his driving
privileges. A1l of the above violations occurred in iflorida.

The truckdriver repovted that his workday usuaily began about 6 a.m. and
ended about 6 or 7 p.n. each week day, and thai he occasionally worked on
saturdays. He repcried that the evening before the accident he arvived home
between 5:30 and 6 p.m. and relaxed before he started mowing his Tawn. He
had a beer, ate dinneyr, and watched televisicn until 10 or 11 p.m. when he
went to bed.

On the day of the accident, he was awakened by his alarm clock at 6 a.m.
He had no breakfast and left for work about 6:15 a.m. At 10 a.m., he was
given afternoon work assignments in Gulf Hammock and Newberry. After he left
for Gulf Hammock at 1 p.m., Ye ate a "hoagie" sandwich for Yunch.

He spent 30 to 45 minutes in Gulf Hammock servicing tives, then at 2
p.m. he began driving to his last work assignment of the day in Newberry. He
stopped in Bronson to ask directions to Newberry hecause he had never driven
the route before, and then he proceeded north from Bronson on CR 337 taward
the accident site about 2:40 p.m.

He reported that he was traveling beiween 35 and 40 mph as ho approached
the intersection, that there was no traffic in front of him, and that he did
not see the stop sign. He stated that when he fi~st saw the school bus about
one or two truck lengths from the intersection he started an evasive
steering maneuver to the left and applied his brakes in an attempt to avoid
a coilision. He reported he wis not wearing the available lapbelt in his

truck.

As a result of the accident, the truckdriver was convicted of wne count
of venicular homicide on May 2, 1988. He was placed in cemmunity control
(supervision by a parole officer) for & wonths, followed by 1& months
probation. He also was required to perform 200 hours of community service.
Also as a result of the accident, on June 30, 1988, the truckdriver was found
guilty of violation of the right of way, was required to pay a fine of $52,
and was vrequired tn attend an advanced defensive driving school by
September 30, 1988,

Effective the day of his conviction for wehicular nomicide, the
truckdriver's Florida chauffeurs’ Ticense was revoked for 3 years. On
Jandary 13, 1989, he was issued a restricted license authorizing the
operation of a vehicle for business purposes only, '

Motor Carriar Information

Airdrome Tire Centers, Inc., 1s an latrastate private motor carrier that
has been in the commercial tire business for 45 years. The company has 60
empioyees in five stores, and its principal office is located in Tampa,
Florida. The truck involved in the accident was based at Alrdrone’s facility
in Brooksville, Florlda.
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The company operates 25 trucks, including five boom service truck:
similar Lo the cone invoived 1in the accident. Each vehicle is given a brief
prelrip inspection by the assigned driver to determine if these are any
obvious defects (1ights, tires, etc.). A wonthly inspection is performed by
a supervisor, and a form denoting the vindings is completed. Engine oil
change and chassis lubrication is performed at 4,000-mile intervals, and
remindey stickers are used on everyv vehicle to maintain this schedyle.

The company president reported that at the time of the accident, each
driver completed an employment appiication and provided previous empioyment,
driving experience, and violation record. In addition each applicant’s
driving violation conviction record for the previous 3 years was obtained
from the State that issued the applicant’s license. The truckdriver
involved in the accident reported his two most recent speeding violations on
the Airdrome employment application on August 20, 1986.

In addition to the preemployment driving record check, the company
obtained each driver’s driving conviction record every 6 months. If a driver
had accumulated a sufficient number of points to have his Yicense suspended
or revoked, he was not permitted to operate company equipment. The company
did not routinely screen driver applicants for drugs, and, although a self-
certified health history was obtained, no medical examination was required.
The company president reported that when hiring employees, the company
considered driving skills and tive handling of equal importance and that the
company was not merely a delivery service.

Every boom iruckdriver is placed in a training program which consists of
working witn an experienced driver for 6 weeks performing the duties required
to operate the truck. HRoom truckdrivers receive more pay per hour than other
company truckdrivers.,

After the accident, the company established more stringent quaiification
criteria for drivers. For example a driving-under-the-influence conviction
disqualifies a driver from driving company eguipment even if the driver stil)
holds a valid Ticense. The company also routinely screens new applicants for
drugs and requires a medical examination.

Highway Information

The accident occurred at the intersection of rural Levy CR 337 and CR
32. CR 337 is 18 feet wide and CR 32 is 20 feet wide. The right-angle
intersection is controlied by stop signs on the CR 337 approaches. The
surfaces of both two-lane roads were in good condition. The westbound CR 32
approach to the intersection i1s straight and Yevel, and the northbound CR 337
approach to the intersection is straight and has & +0.48 percent grade.
(See figure 13.)

The speed 1imit for vehicles westbound on Ck 32 s &5 mph, and the speed
timit for vehicles northbound on CR 337 is 35 mph. A sign posting the 35 mph
speed 1imit for CR 337 is Jocated 8/10 mile south of the intersection, and
the stop sign at the intersection for vehicles northbound on CR 337 s
visibie for almost a mile.
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Figure 13.--View of northbound CR 337 approach to CR 32

There were 9 feet of tire marks atiributed to a brake application hy the
school bu<e and 26 feet of tire marks attributed to a brake application by
the truck on the roadway surfaces leading up to the point of the collision
near the center of the intersection. Measurement of the truck’s tire marks
st the scene indicated that the truck steered 100 left of its preaccident
path and the postcollision departure angie for the school bus was %70 to the
right of its precollision path. Postaccident measurements also indicated
that the school bus traveled about 79 feet, 46 feet of which was off the
pavement, and Lhe iruck traveied 65 feel afier ithe accident.

Medical and Pathological Information

Tests performed to determine the presence of alcohol or other 1llegal
drugs in tiae schoo) bus driver’s system were negative. Tests performed on a
biood specimen taken from the truckdriver at 6:05 p.m. the day of the
accident were negative for alcohol. The truckdriver’s blood was found to

contain 8 nanograms/milliliter of the carboxylic acid metabolite of delta-9
tetrahydrocannabinol (THC).

Postmortem examinations of the six school bus occupants determined that
they had sustained multiple blunt traumatic injuries including Tacerations of
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vital organs, multiple fractures, scalpine and subarachnoid hemorrhages,
pulmonary contusions and edema, exterior lacerations, and ecchymoses of ti .
lung spaces. The surviving school bus occupants sustained fractuves,
lacerations, internal injuries, abrasions, and contusions. (See figure 13.)

Federal Motor Vehicle Safety Standards

The school bus involved in this accident was manufactured after April 1,
1977 and, therefore, was required to meet several Federal moter vehicle
safety standards (FMVSS) promulgated by the National Highway Traffic Safety
Administration (NHTSA), including FMVSS 221, School Bus Body Joint Strengtn,
and FMVSS 222, School Bus Passenger Seating and Occupant Protection.

FMVSS 221 requires that a body panel joint of a school bus be fastened
so that it is capable of holding the body panel to the member to which it is
Jjoined when subjectad to a force equal to 60 percent of the tensile strength
of the weakest joined body panel. The standard states that its purpose is to
reduce deaths and injuries resulting from the structural collapse of school
bus bodies during crashes.

FMVSS 222 establishes occupant protection requirements for seats and
restraining barriers for large school buses. The purpose of this standard is
to reduce the number of deaths and injuries resulting from the impact of
school bus occupants against structures within the vehicle during crashes and
sudden driving maneuvers. FMVSS 222 provides for school bus occupant crash
protection through the use of strengthened, closely spaced, and padded
seatbacks and padded restraining barriers installed in frout of the first row
of seats in large schoel buses.

NHTSA Tests of School Bus Floor Joints

In response to a Blue Bird Body Company request for clarification of
FMVSS 221 test procedures for cases in which the two body components which
forii the Jjoint in question are not flat surfaces in the same or parallel
planes, on April 26, 1976, the NHTSA advised that it intended to test such
configurations by determining the nature of the two body components and test
identical materials joined by the seme means after modification of the joint
into a configuration in which the two body components are flat surfaces in
the same or parallel planes. This interpretation of the standard resulted in
thgs& "surrogate" test spectmens veing placed primarily in a shear failure
mode .

Section 56.2{a) of FMV3S 221 provides that if the mechanical properties
of a material are specified by the American Society for Testing and
Materials (ASTM), the relative tensile strength for such a materiai is the
minimum tensile strength specified for that material in the 19373 edition of
the Annual Book of ASTM Standards. (See appendix B.) Based upon the ASTM
specifications, the NHTSA determined that the minimum strength for an 8-inch
floor joint specimen for four manufacturers--Blue Bird 8ody Company,
Carpenter Body Works, Inc., Thomas Built Buses, Inc., and Ward School Bus,
Inc.--was 15,228 pounds in shear.
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F=56: AIS-6; FATAL: Fragmentation s

of Upper Cervical S»inal Cord,
Transected Aorta, Brain Dieraplion,
Fractured Neck, Ribs, and Legs.

H-8; AIS8~2; Fractured Left CLavicle e
Heand Lacerations.

LECEND
Aig* BEVERITY CODE

AlS-0 W0 IMSURY

AYS-3  KINOR

AlS~2 MODIMATE

AIf<} SERIOUS

Alf~¢ SEVERE

Ali~% CRITICAL

Alli=6¢ MAXINUM INJURY:
YIRTUALLY UNMSURVIZARLE

B-19: AIS-X

1EX  RGE BEVGRITY

SAHEZRICAN ASSOCTIATION FOR
AUTOMOTIVI WEDICINE:
ABBREVIATED JMJIUPY SCALE

(AIS CODE DETERWINED WY MAXIWUM [MJURY)
@ - o movree
O = sumviven

F=34; AIS~3; Fracture of Gth =~
Vartabrae, Head Injury.

M=41 AIS~4; FATAL; FPractured right.
Nip, Tibias, Fibuia, Nead Lacarations.
(Died During Rescue Procedures.)

K-4; AIS-2; Fractured Laft Clavicle,
Head Lacerations.

H-10; AlS-4: Practured Skull,. Pelvis
laft Ankle, Head lLaceration.

H-1%i1 AIS~5; Torn Esophagus,
Lacarated Leaft Thigh.

M-12: AIS-3; Tractured Laft Femur.

Fi~11: AIR-2; FATAL: Muliiple Petachial
and Ecchymoses of lung Spaces,
Pulmonary Edema, Lacerated Right Ear.
(Disd During Rescus Procedures.)

K~18: AIS-2t fractured Right Pelvis,
Clavicls, Nead lacerations.

R-17; AiS-i) Contusion of Right Zye,
Bezd Lacaration.

=14 ALS-2' Fractured (Clavicle,
Head laceration.

H-4: AI&~I; Practured Clavicia.

=201 A:$-3: Fracture of Right
Clevicle, Nead lLacarntion.

N-llt AlB=2; Practured 1.th and
1ith Ribs, Lscerstions ena Right
Thusb and Xead.

8-8: ALS-8: PATAL; Transected
Thoratic Aorts, Laceratsd Lungs,
Practursd Clavicle.

N-9: AIS-4; FATAL:. Diffuse Cerebra.
Newmorrhage, Pulmonary Contusions,
Nultiple Lacarstions of Spieen,
F=6; AlS-4t PAYAL: Subarachoid
Kemorrhage, Fractursd Left

Husstus and Femur.

R-101 AIB+3| Closed Nead Injury.

F-38: AlS~i; Remoctoma of Right
rorehesd and Knee.

N-17: AlS~i: Laceratet Left Forehead,
M-13: R1S-2; Frectured Right Scapula.

Figure 14.--School bus occupant seating and injury chart
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From April 1977 to August 1982, the NHTSA obtained and had a contractor
exanine or test floor joint specimens of 13 large school buses manufactured
by eight different schnol bus body manufacturers for compliance with the
Joint strength requirement of FMVSS 221. Five of the specimens the NHYSA had
tested or eximined “passed”™ the joint strength requivement. Eight specimens
were found to be in apparent noncompliance. {See appendix C.)

When the RHTSA acquires data indicating that a manufacturer may not be
complying with & Federal safety standard, i NHTSA sends a Certified
Information Request (CIR) to the manufacturer ri -sting data supporting the
certification the manufacturer made that the chicle s complying with
appiicable Federal safety standards.

The NHTSA sent eight CIRs to six manufacturers whose floor joints
apparently did not meet the joint strength requirement of FMVSS 221. TYhe CIR
issued to Carpenter Body Works, Inc., resulted in & recall of 19 school
buses. ‘

The CIR issued to Ward School Bus, Inc., which is not the same company
presentily manufacturing school buses under the Ward name, was' closed by the
NHTSA Office of Vehicle Safety Compliance (OVSC) after examination of the
test bus disclosed poor quality control of the application of the adhesive
Joints in the bus. The new owner of the company, American Transportation
Corporation éAmTran}. advised that it had replaced the Ward aghesive process
with rivets for which a visual quality control method could be used.

In December 1978, a NHTSA contractor tested a 1978 school bus
manufactured by Crown Coach Corporation (Crown). The Crown schooi bus, which
used plywood in the floor construction, was determined to need a floor joint
strength of 1,980 pounds in shear to meet the joirt strength reguirement of
FMVSS 221. In January 1979, a NHTSA contractor tested a 1978 school bus
manufactured by the Gillig Corporation (Gillig). The Gillig school bus,
which also used plywood in the floor construction, was determined to need a
floor joint strength of 1,680 pounds in shear to meet the jolnt strength
requirement of FMVSS 221. During tests, the Crown floor joint failed at 270
pounds in shear, and the Giilig joint failed at 1,138 pounds in shear. The
NHTSA sent CIRs to both manufacturers.

According to the NHTSA these two CIRs were ciosed with respect to the
floor Joints’ apparent noncompliance after it was determined that the floor
Joint specimens tested may have been prestressed during other tests
previously performed on the same buses.

The NHTSA Office of the Chief Counsel (0CC) closed the remaining four
CIRs pertaining to floor Jjoints. One of these CIR: had been issued to
Sheller-Globe Corporation (Superior school buses), which discontinued
manufacturing large school bus bodies in March 1981. Three CIRs which the
0CC closed without explanation in June 198% had been issued to Thomas Built
Buses, Inc.

In 1986, the OVSC advised the Safety Board that in August 1982, the
NHTSA discontinued tts prograim of testing jarge school bus fleoor joints for
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compliance with the joint strength requirement of FMVSS 221. An attorney
for the OCC advised the Safaty Board in a 1986 meeting that, in the opinion
of the OCC, FMYSS 221 was “snomalous" and unenforceable with respect to
school bus floor joints because the standard permitted manufacturers to use
materials of varying strengths. The attorney for the OC{ stated that the
standard, in effect, penalized a manufacturer using stronger materials
because of the resulting higher joint tensiie strengihs required.

in July 1987 the RHTSA Chief Counsel stated thal the RHTSA has never
made a determination that any motor vehicle manufactured by Thomas Built
Buses, L.P., either failed to comply with an applicable FMYSS or contained a
defect related to motor vehicle safety within the meaning of the National
Traffic and Mctor Vehicie Safety Act of 1966. However, in January 1989 the
MHISA’s Associate Administrator for Enforcement advised the Safety Board,
"Investigation cases involving compiiance of Thomas fiocor panel joints were
closed by NHTSA's Office of Chief Counsel based upon an inadequate legal
basis to proceed rvather than on questions related to the technical merits of
the test failures."

Previous Safety Board Findings and Recommendations

About 3:20 p.m. on May 31, 1985, nedar Snow Hill, North Carolina, a 1982
48-passenger school bus with a body manufactured by Thomas Built Buses, Inc.,
traveling southbound about 32 mph was struck and sideswiped on the left side
by a northbound tractor-semitrailer traveling at a speed esiimated to be
batween 44 and 60 mph.' The collision split the school bus floor, creating
a V-chaped opening which was 45 inches wide on the left side across the

entire width of the school bus in front of the fourth row of ssats. (See
figure 15.)

$ix school bui passengers who were all sitting in the first four seats
on the left :side of the school bus and the truckdriver sustained fatal
{njuries. The school} bus driver and the remaining 21 passengers sustained
minor to serfous injuries,

In its analysis of the Snow Hill accident, the Safety Board determined:

The occupunts in the fourth hench seat on the left side
probably also were ejected, either through the opening in
the 1oft sidewall or through the opening in the floor,

. . . the occupant in the fourth row {on the right side)
may have been ejected either through the opening in the
left sidewall or possibly even through the opening in the
school bus floor.

! wighway Accident Report--*Nultiple Vehicle Cotlision and Fire, U.$.
1% near &now Rili, Notrth Caroline, May 31, 10854 (NISB/HAR-86/02).
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The Safety Board’s investigation of the Smow Hill accident disclosed
that three NHTSA-sponsored tests or examinations of the Thomas floor joint
indicated that the DSVC had found that the Thomas floor joint was in appavent
noncompliance with the joint strength requirement of FMVSS 22!. The Board
aiso found that the primary failure mede nf the floor joint of the Smw Hill
school Sus was in peel or Lension rather than shear as was used by the MHYSA
to determine compifance with FMVSS 22}; that Thomas Bsiit Buses, Inac.,
maintained that the floor joint was body structure joining not subjact to
FMVSS 221; that ile BHTSA Office of Chief Counsel maintained that FMVSS 221
was legally insufficient; and that the NHTSA had discontinued testing school
bus floor jotnts for compliance with FMYSS 221 in August 19€2.

As a result of these findings, on October 2, 1986, the Safety Board
recommended that the MHTSA:

H-96-54

fmend or clarify Fedeval Motor Veivicle Safety Standard
221 to require that body panel joints for school bus body
structures be tested in tension or peel uniess they can
only bhe testad in shear,

H-86:55

Amend or clarify Federal Motor Vehicle Safety Standavd
221 to include all body panel joints that enclose the
occupant space.

H-86-56

Resume Lesting of schoel bus floor Jjoints o ensure
compliance with Ffederal Motor Vehicle Safety Standard
221,

In addition, on October 7, 1986, the Safety Board recommended that
Thomas Buiit Buses, L.P.:

H-86-37

Strengthen the floor panel Jjoints of all nawly-
manufactured school buses to ensure that they comply with
the requirements of Federal Motor Vehicle Safety Standard
221,

The NHTSA and Thomas Built Buses, Juc., responses %o these
recommer:dations are discussed later in this report.

In March 1987, the Safety Board adopted its safety study of the
crashworthiness of large {(over 10,000 pounds gross vehicle weight rating)
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poststandard school buses.” In addition to reiterating Safety Recomwendation
H-86-57 to Thowas, on May 1, 1987, the Board recomssnded that 10
minufacturers of large school bus bodies:

H-87:12

Apply the performance requirements of FMVSS 221 to floov
panels and fnterior maintenance access panels,

In letters dated June 15 and July 1, 1987, Thomas Bul't Buses, Inc.,
filed a petition for reconsideration and withdrawal of the SaFety Board's
findings, conclusions, and recommendations relating to Thowas in its report
of the Snow Hill, WNorth Carolina accident and the safety siudy of the
crashworthiness of large paststandard school buses. However, after reviewing
the petition, on April 11, 1989, the Board denied Thomas’' request.

Two other manufacturers of large school bus bodies have responded and
seven mnufactursrs have not yet responded to Safety Fecommendation M-87-12.
On May 26, 1987, the Ha{m Corporation advised the Safety Board that Wayne
bus body floor joints fully comply with FMYSS 221 ard that Wayne hat not had
any reports of floor joint fatlures in an accident. On June 10, 1987, Blue
Bird Body Company reported that dlue Bird developed, tested, and certified
floor-panel-to-floor-panel Jjoint designs to meet and exceed the 60 percent
Joint strength vequirement of FMVSS 221, and has used these joint designs in
all school buses manufactured since the effective date of the standard.

On October 27, 1988, Thomas Built Buses, Inc., reported to the Safely

Board that, effective ihe first quarter of calendar year 1989, Thomas intends
to modify the method of fastening ,its floor joint. This wmodification will
result in the inclusion of spot welds on approximately 2-inch centers,
resulting in the placement of &5 Lo 48 spot welds on each Thomas floor joint.
The furmer floor joint design utilized [2 spot welds across the entire width
of the floor. This modification will serve as the standard floor
configuration on all Yarge Thomas school bus bodies being produced.

Thomss also submitted preliminary (and proprietary) test data which
indicate thut this modification of the fastening increases the strength of
the floor joint and exceeds, on average, the 15,278-pound strength the NHTSA
required in the shear failure mude for the flour joint to be considered in
compliance with FMYSS 221, Thouwas reportad that it modified the floor joint
fastening because several States have indicited to Thomas that they intend to
change the wording of their school bus specifications such that they *will
speak to the specific structural jJoint in question in the Thomas floor."
Thomas also reported that this change was not intended to convey the
impression that floor wmodifications were made to bring the floor into
compliance with FMYSS 221. Thomas stated, "It 1s and has heen our contention
that the Thomas floer is in compliance with tiat Standurd.®

2 Safety Study--"Crashworthiness ef Lerge Poststandard Scheolbuses”
(NTSB /88 -RA7/701),




PHTSA Rulemaking Activities

On June 19, 1987, in response to Safety Recommendations H-85-54 tarough
-56, the NHTSA published un Advance Notice of Proposed Rulemaking (ANPRM) in
the Federal Registsr requesting comswnts on floor joint strength requirements
and several chamges to the test procedures currently required by the FMITSA's
interpretations of WSS 221. In its August 1987 comments concerning the
ANPIY, the Safety Board reiterated its recommendations to the NHISA that
FMVSS 221 should be amended or clarified to make it clear that all floor
Juints are subject to the standavrd, to specify the failure mode for iesting,
and 1o resume testing for compliance with the standard. (See appendix 0.)

According to the MHTSA, the cosments to the ANPRM indicated that floor
joint strength would require a separate research project. The NHISA has
inftiazted a school bus crash testing program to evaluate floor joint strength
in a numher of buses through dynamic rather than static tests. A dacision on
rulemukin$ concerning floor Jjoints is currently scheduled for the third
quarter of calendar year 1989.

Tests and Rasearch

fccident %ite.--Sight-distance tests ronducted after the accident
indicuted that the school bus and truck were first visible to each other when
the school bus was 187 feet and the truck was 201 feet from the center of tne
intersection. During the tests it was determined that the schoo) bus
driver’s view of the appruaching truck may have been blocked partially for
some undetermined time by the left rear-view mirror on the school bus,
Visibility was alse limited by trees and shrubs at the southeast corner of
the intersection. Skid tests conducted after the accident indicated that the
skid number® for the roadway surface the school hus was traveling, adjusted
for the type of tires in use on the school bus, was 54.

Flaor Joimt Strength Tests.--The Safety Board obtained specimens of the
floor joints from five school bus body manufacturers: Blue Bird Body Company
(Blue Bird); Carpentar Body Morks, Inc. (Carpenter); Thomas Built Buse:,
Inc. (Thomas); American Trarsportation Corporation {AmTran), which currentiy
manufacturers :choel bhuses using the Word brand nime; and the Wayne
Corporation (Wayne). These five school bui body manufacturers were seleclod
for testing, and other menufacturers were excluded, beciuse the Safety Board
had recent crash data concerning the performance of these manufacturers’
floor Jaints from ivs 1987 school bus crashworihiness safely study, and
because these five are currently manufacturing large scheol bus bodies.

Undamaged floor joint specimens of the curreni Blue Bird, Thomas, and
Wayne floor joints were obtained from school buses that had been involved in
sccidents. Specimens of the current Carpenter and AmTran (Werd! floor joints
could mnot he obtained from accident-involved school buses, so these two

3 A sid number s the voefficient of {friction times Y00 of & standerd
tire sliding oun wet psvament wirenr testad 3t 40 mph with s tuo-wheel skidg
traftar or equivaient daovice following the procedures outtined In ASTN E2T4-T9.




minufacturers supplied specimens from the production Yine at the Safely
Board's request.

The Safety Board fabricater the floor joints into 8-inch specimens as
specified in saction 56.]1.1 of FNVSS 221. Although FMVSS 221 provides that
8-inch specimens may be selected at ramniom, in the case of the Carpenter,
Thomas, and AnTran  (Ward) specimens, the wmaximum awount of fastening
avitlable was included iIn the B-inch specimens selected. In the case of Blue
Bird and Wayne, which use rivets that are spaced closer together at the floor
Joint naar the sidewaill, the Board selucted B-inch specimens with one rivet,
simulating the floor joint near the centerline of a school bus. Biue Bird
ard Wayro also performed their own ‘lests on spacimens using two rivets,
simulating & floor joint adjacent to the sidewill; they reported the findings
(see below) of these tests to the Safety Board.

These specimens, with the exception of the AmTran specimen which could
not be tesied in peel® hecause of the overtapping panel design, were testad
stattcally i(n both the peel and sheur failure modes by the National Institute
of Standards and Technology (NIST-formerly the National Bureau of Standards)
at the requesi of the Safety Board.

Peel Tasts.--The strengths of the strongest 8-inch specimen tested by
the MIST in peal for cach of the manufacturers tested are 1isted below:

Strength of

Eanufacturer

Blue Bird {1 rivet) 1,873
Carpenter 2,932
Thomas 1,609
¥ayne (1 rivet) 1,058*

*The test wir net valid becovuse the VNayne specimen was coerreded.

Carpenter did not report any addittonal peel tests. Three
manufacturars, Blue Rird, Thomas, and Wayne, also perforwed their own testing
in the peel fuilure mode. These results are reported below:

AT ——

Ypaei: A teat that subjacts the specimen to a combinetion of statice
pult itenston) end bending loads.




Strength of
Manufacturer Strg §.)

Blue Bird (2 rivets) 4,120
Thonas 2,325
Wayne (2 rivets) 3,950

*The rasultn of the pant tonts of the Blus Bird, Thomas, and Wayne
epecimens paerformed Dy the N18T diffar considerasbly from the
resufts of the tents parforiied and reported by these manufacturers,
in targe pert, becausa Slunp Sird and Wayne testead specinens uveing
additionel fastaning, simulating their floor joint contiguraticn
nesr the sidevali, while vhe NISY tested specimens w«ith only one
rivat in sn B-tmeh speciven, simutating the Slus Bird and Nayne
fioor Joiny nasr the tenter of the floer. The NIST-tested
spec imens 2180 may have been prastressed due to accident
invelverent, other in-use stresses, snd corrosion, Veariations may
also bu due to differences in materfat thickness, weld penetration,
and the use of differant tosting wachines.

Shear Tests.--Shear is the failure mode used by the NHISA to determine
corpliance with FMVSS 221. Three wmanufacturers, Blue Bird, Thomas, and
Wayne, fabricated "surrogate” {loor joint specimens using the same naterials
and means of fastening, but configured so that when these specimens were
placed in a tensile tasting machine, the specimens were subjected primarily
to shearing forces. AmTran fabricated floor joint specimens using the same
;aterials and joint configuration that presently is used in a typical school

us.

The NIST modified one Carpenter perl spacimen into a shear s?enimen by
0

bending, and the Safety Board modified a piece of an undamaged floor joint
from the Thomas schoo! bus involved in the Bronson, Floridz, accident into a
shear specimen, also by bending. The results of the NIST tests in shear are
reported below:

Strength of
Manufacturer Strongest Specimen (1bs,)

Blue Bird exceeded 15,228
Carpenter 13,514%

Thomas 9,303

AnTran (Ward) exceeded 15,228
Wayne exceeded 15,228

*only one Carpanter floor joint specimen was tested in nhear,
ppecimen wes tested tuice. The first tost was {invalid,
result of the second test is given in the table.
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Testing of the shear specimens of the Blue Bird, AmTran, and Wayne floor
Joints was stopped when the strength of the jo’*nt exceeded 15,228 pounds,
vhich was the strength the HNHTSA determined was necessary to neet the
strength requirement of FMVSS 221.

ANALYSIS
Tha Accident

The weather and the condition of the highway did not contribute to this
accident. A posterash inspection of both the schooi bus and the truck
disclosed no preaccident defects, and the Safety Board concludes that there
was no mechanical defect in either of the involved vehicles that caused the
accident. The Board belleves that the absence of the missing body mounting
clip (assuming 1t wes not in place at the time of the accident) had no effect
on the outcome of the accident since it had been mounted aft of the area of
the floor collapse.

An examination of the truck tachometer indicated that the engine was
operating at 1,900 rpm at the time of the collision, Using 1,900 as the rpm
of the truck engine at the moment of the collision and the truck tire size
and transmission ratio, the Safety Board calculated that the speed of the
truck at impact was about 42 wmph.

The 29 feet of preimpact skid marks left by the truck indicate that the
truckdriver applied his brakes and therefore, the truck began to decelerate
over this distance. Assuming a constant rate of deceleration, the Safety
Board estimates that the speed of the truck before the brakes were applied
was about 45 mph, 10 mph over the 35-mph posted speed Yimit. Using a speed
of 42 mph at impact for the truck, the angles of approach and departure, and
the estimated weights of the two vehicles, the Board calculates that the
speed of the school bus at impact was about 31 mph. The Board also
calculates that the school bus decelerated and subsequently struck the
embankment at a speed between 14 and 19 mph, not including any additional
speed the school bus may have been accelerated as the truck rotated and
struck the left side of the school bus.

The initial collision of the left front of the school bus with the right
front of the truck redirected both vehicles 57® northwest from the
precotlision path of the school bus. After both vehicles were redirected,
the rignt side of the truck collided with the left side of the school bus as
the truck began its counterclockwise rotation and 90° overturn to the right,

When this secondary side-to-side collision occurred, the floor panels
aft of the school bus driver’s position were subjected to side-shearing
forces. At this point in the collision saquence, several, if not all, of the
first seven floor panels separated from their attachment to the left and
right sidewalls and at teast partially from cach other.

As the truck continued its counterciockwise rolation, its degree of
rollover alse increased; as the cargo bed was rolling over onto the left
sidewall of the school bus, the left ends of floor panels one through seven
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were compressed downward, causing their right ends to begin to rise up into
the passenger compartmeni. Because there were no body mounting c¢lips
installed forward of the Joint between the fifth and iixth fioor panel (see
figure 10), the right ends of panels one through four, which probably had
separated due o shearing forces in the 1inicial phase of the collision
sequence, were free to turn up &s their left ends were deflected downward by
the truck’s cargo bed.

ftthough the ends of floor panels five through seven were also
separated from their alttachment to the left and right sidewalls of the
school bus at th's phase of the collision, the mounting clips joining the
fifth and sixth floor panels probably prevented the right ends of these
pranels from turning up into the passenger compartment as far as the first
four panels, At this point, the truck prebably pushed the left ends of
panels four through seven down under the left sidewall and compressed the
left ends of these panels.

As the truck continued to rotate counterclockwise, the right front of
the truck disengaged from the left front of the school hus, and the rear
right side of the truck’s cargo bed engaged the left side of the school bus
near the floor joint between the seventh and eighth floor parnels. The 8-inch
marks on the inside vertical face of the right longitudinal frame member of
the school bus is evidence that the body wmounting clips between floor panels
11 and 21 were pushed about 8 inches aft before the rear of the school bus
body separated from the chassis. This aft movement was induced by the
slamming of the 2,892-pound heavy equipment tire on the truck into the left
sidewall of the school bus. This impact separated the aft portion of the
school bus body from itts chassis and displaced the school bus body to the
right.

The final phase of the collision sequence occurred when the front of the
school bus struck the dirt embankment at the rorthwest corner of the
intersection. This final collision cavsed the rear of the school bus body,
which was now separated from the chassis, to slide forward, to compress the
first seven floor paneis and the first four rows of seats, and to invert the
first floor panel with the restraining barriers still attached.

When the school bus body compressed, it caused the left sidewall and the
first seat on the left side to bulge, while the right sidewall aft of the
entrance door slid forward. The roof support pillars outboard of the
windshield glass remained attached and caused the roof to be pulled down and
over the engine compartment.

Madical and Pathological Factors

Analysis of the truckdriver’s blood after the accident revealed the
presence of 8 ng/ml of the ~darboxylic acid metabolite of delta-9
tetrahydrocannabinol (THC). The carboxylic acid metabolite is not
psychoactive. THC, the psychoactive compound in marijuana, was not detected.

Based only on the test showing the prasence of 8 ng/ml of the carboxylic
metabolite of THC in the blood sample, the {ruckdriver may have used
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marijuana as little as a few hours or as Jong as 5 or more days before the
accident depending on how frequently he used the drug. If the driver was an
infrequent user, he may have used marijuana a few hours before the accident,
while he was on duty. Although it is not very likely that an infrequent user
would use the drug while on duty, this cannot be eliminated »= a possibility.
Further, had the driver been an infrequent user and nevertheless used
marijuana while on duty it is possible that the driver could have been
impaived at the time of the accident and still had no detectable level of THC
in the blood sample that was tested. Because the Safety Board has no
information on the extent of use of marijuana by the driver, and no urine
sample was available for additional tests, the Board could not determine if
marijuana was or was not a factor in the accident.

Driver Performance

Both the truckdriver and the school bus driver held valid licenses and
met Florida’s requirements to operate their respective vehicles. $Sight-
distance tests indicated that the approaching truck was visible from the
school bus driver’s position when the schcol bus was 187 feet from the center
of the intersection about where the vehicles first collided. At a speed of
31 mph, the school bus driver had a maximum of 4 seconds before impact to see
the truck approaching, to perceive that the truck was not going to stop, to
decide on a course of action to attempt to avoid the collision, and to take
that action. The time avaiiable to the schcol bus driver actually may have
been less because of the possibility that the approaching truck was masked
partially or completely by the left rear-view mirror on the school bus.

The 9 feet of skid marks attributed to a brake application by the
school bus driver indicates that the school bus driver did perceive a danger
and dic¢ attempt to avoid the collisien. However, the school bus driver did
not. have time to take any effective action teo avoid the collisien. The
available evidence leads the Safety Board to conclude that the accident
ga?not be attributed to any performance errors on the part of the scheol bus

river.

At an estimated speed of 45 mph with 201 feet of sight distance, the
truckdriver would have had only 3 to 5 seconds to recognize the danger
presented by the bus and to inftiate action to avoid the collision. The
available evidence indicates that when the truckdriver recognized the danger
he applied his brakes, lecaving 26 feet of skid marks, and initiated a 106
turn to the left in an attempt to avoid the collision.  The Safety Bourd
believes that once the driver recognized and reacted to the danger, there was
insufficient time available for the truckdriver to execute effective evasive
action. , '

The truckdriver had no restrictions on his Florida license requiring the
use of corrective lenses while driving, and there is no other evidence
availablz to the Safety Board to indicate that his vision or some other
medical condition may have caused or contributed to his failure to stop at
the intersection. There also is no evidence indicating that the truckdriver
may have been distracted temporarily by some condition on his vehicle or by
some other factor in the truckdriver’s sight or hearing.
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According to his statement made after the accident, the truckdriver had
obtained about 7 to 8 hours sleep the night before the accident, which
apparently closely approximated the truckdriver’s normal wourk/sleep cycle
during the work week. There is no evidence that the truckdriver was working
at a part-time job, and although it cannot be completely ruled out, the
Safety Board does not believe that inattention due to fatigue was a
contributing factor.

The truckdriver reported that he stopped and asked directions to get to
his next work assignment a few minutes before the accident. Although the
truckdriver may have become drowsy while driving, the act of stopping and
asking directions probably would have dispelled any lack of vigilance, at :
least tempobarily. !

The fact that the truckdriver had four convictions on his record for
reckless and/or careless diiving between 1980 and 1982 indicates to the
Safety Board that he had exhibited a disrecard for safe vehicle operations in
the past. Because of this disregard, as w21l as the evidence indicating that
the truckdriver was operating his vehicle at a speed estimated to be about 10
mph above the posted speed limit, 1t 1is possible that the truckdriver may
have chosen to ignore the stop sign. However, there is no previous record of
the truckdriver deliberately disobeying stop signs or other traffic signals.
It is just as possible that the truckdriver simply was inattentive to his
duties and failed to see the stop siyn or the school bus until it was too
late. This would be consistent with impairment from marijuana use. However,
there is insufficient evidence to conclude that the driver was or was not §
impaired. Thus, the Board is unable to determine from the available :
evidence why the truckdriver failed to stop before entering the intersection.

e AT T LT § L T

Survival Factors

The school bus driver probably sustained her fatal injuries during the
initial collision with the truck. This collision crushed the driver’s area
and did not provide for survivable space. Although the available evidence
indicates that the lapbelt installed at the driver’s position in the school ;
bus was not in use at the time of the accident, use of this lapbelt would not §
have prevernted the school bus driver from sustaining her fatal injuries.

The initial impact probably caused all of the school bus passengers to
be thrown forward and to the left, where they contacted restraining barriers,
the left sidewall of the school bus, the seatbacks in front of them, and
possibly other passengers during th. initial phase of the coilision sequence.
Some of the passengers seated on the right side on the aisle may have been 5
ejected from their seats, As a result of the second collision in the
accident sequence, the right sides of the first seven floor panels were
lifted up, ejecting forward and to the left any passengers who had remained
in the first soveral rows of seats.

= ewhd
PO

In the final phase of the collision sequence, the front of the school
bus struck the dirt embankment northwest of the intersection. B8lood stains
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on the ceiling forward of the boarding door indicate that passenger(s) were
ejected forward into this area.

The Safety Board believes that the passengers of the first seat row were
probably ejected forward and made contact with the roof forward of the
boarding door during the initial phase of the collision sequence. Three of
the four passengers in the first seat row sustained moderate injuries, and
the remaining passenger sustained sericus injuries. The available evidence
indicates that none of the passengers of the first seat row was pinned in the
wreckage. If the passengers seated in the first seat on the left side had
been using the available {apbelts, they might have been pinned or crushed in
the wreckage of the collapsing school bus body when the school bus struck the
embankment and possibly would have sustained more serious or fata} injuries.

The two passengers seated in the second row on the right side closest to
the aisle, the one passenger seated in the second seat row on the left side
who died duving rescue procedures, and the one passenger seated in the third
row on the right side sustained fatal blunt force traumatic injuries. These
fatally-injured passengers received injuries at the AIS-4 (severe) or AIS-6
(virtually unsurvivable) levels on the abbreviated injury scale. (See figure
14.)

The Safety Board could not determine if the collapse of the school bus
floor in the area where these passengers were seated caused their fatal
injuries to the exclusion of all other possible injury sources. However, the
collapse of the floor negated any passenger crash protection that may have
been afforded by the padded, high-backed restraining barriers and seats
installed in the school bus as required by FMVSS 222, School Bus Passenger
Seating and Occupant Protection. Therefore, the Board belizves that the
collapse of the school bus floor under the first three seat rows may have
exacerbated most ¢ the injuries sustained by the passengers of the second,
third, and tourth seat rows of the school bus.

The 11-year-oid male passenger who was seated in the fourth seat on the
left side before the crash died during rescue procedures. The available
evidence indicates that this passenger was pinned between the floor panels
that had collapsed {n the left front of the school bus. Although this
passenger sustained only moderate {AIS-2) injuries which are considered to be
usually survivable in most circumstances, he died before he could be
extricated from the wreckage. Tthe available evidence findicates and the
Safety Board concludes that the collapse of the school bus floor contributed
to his death because he could not be promptly extricated,

The Safety Board has found in several severe accidents in which the
schonl bus body and chassis separated, that the separation produced a
positive safety benefit.5 Crash forces which norrmally would have been

3 Highway Accident Reports--"Collisfion of G & D Auto Smles fnc., Tow
Truck TYowing Autowobile, Branch Motor Express Company Tractor-Semitreiler,
Town of Rehoboth Schoolbus, Rehoboth, Massachusetts, January 30, 1084~
(KTSB/KAR-B84/0G3); “Collision of Isle of Might County, Virginie, Schooibus
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transmitted to the school bus body were reduced because of the body/chassis
separations. However, the body/chassis separation in this accident did not
henefit the school bus occupants because the school bus floor collapsed after
the separation, negating many of the passenger crash protection features
required by FMVSS 222, School Bus Passenger Seating and Occupant Protection.

Commercial Driver Licensirg in Florida

Currently, Florida and several other States do not require a commercial
vehicle driver applicant to pass a driving test in the type of commercial
motor vehicle (CMV) they intend to operate before issuing a license to
operate that type of vehicle.

The Commercial Motor Vehicle Safety Act of 1966 (Public Law 99-570)
directs the States to issue minimum testing- standards for drivers of CMVs
which must include a written test to determine the driver applicant’s
knowledge concerning the safe operation of CMVs and a driving test in a
vehicle representative of the type of vehicle that each applicant operates or
intends to operate to determine the applicant’s skiil in operating that type
of CMV. Beginning in fiscal year 1994, the act provides for withholding
Federai aid highway funds from those States that do not issue testing
standards in compliance with the act.

A representative of the Florida Department of Highway Safety and Motor
Vehicles advised the Safety Board that in the April 1989 assembly of the
Florida legislature proposed standards to ensure compliance with the
provisions of the act will be submitted to the legislature for its
consideration. The Board encourages Florida and other States that have not
done so to issue testing standards to ensure compliance with the act as soon
as possible.

The Safety Board is concerned that the Florida statutes permit a
Florida-ticensed drivers, including drivers of a CMV, to have only one-half
the driving points assessed against their license that they would receive for
a Florida conviction if the conviction actually occurs out of state or in a
Federal court for a similar violation of motor vehicle traffic laws. This
provision of the Florida statutes allows Florida-licensed drivers who drive
extensively in other States to accumulate, in tne Board’s view, an excessive
number of driving violation convictions before any action will be taken to
revoke their Florida driver’s or chauffeur’s license. This provision of the
Florida statutes should be aliminated.

with Chesapeaks and Chio Reliway Company Freight Train, State Route 615 near
Carrsville, Vieginta, Aprit 12, 1984" (NTSB/WAR-85-02); "ichooibus Loss of
tontrol and Coliision with Guard Rafi! and Sign Pillsr, U.S8. Xighvay 70 neor
Luces snd HKunt Road, 8St. Louls County, MHNissouri, HNovember 11, (985"
{NTSB/HAR-87/02).
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MHTSA Floor Joint Test Proceduras

By using the provisions of Section $S6.2(a) of FM¥SS 221, the NHTSA in
effect estabiished a minimum floor joint specimen strength of 15,228 pounds
in shear for Blue Bird, Carpenter, Thomas, and Ward School Bus, Inc.
However, the NHISA calculated that fiocr Joint streagths for schoel bus
floors using plywood in floor construction was considerably less than 15,228
pouniis. The plywood floor of the {rown school bus the NHTSA tested in 1978
was determined to need a floor Joint strength of 1,980 pounds in shear, and
the plywond floor of the Giliig school bus was determined to need a floor
Joint strength of 1,680 pounds in shear in order to meet the floor joint
strength requirement of FMVSS 221.

The Safety Board has no data concerning the crashworthiness of post-
FMVSS 221 scheol bus floors that use plywood in their floor construction;
therefore, it cannot determine if such floor joints neaed to be strengthened.
However, the Board believes that the varying floor Jjoint strength
requirements that resulted from basing the requirements upon the type(s) of
parent material used (steel vs. plywood) may have been the anomaly that
caused the NHISA to believe the standard was unenforceable. This needs to be
addressed in the NHTSA rulemaking presently in progress.

Analysis of Floor Joint Straength Tests

Peel Test Results.--Peel was not the failure mode used by the NHTSA to
determine floor joint compliance with [MVSS 221, and the Safety Board is
aware that schosl bus body manufacturers do not presently design their
school bus floor joints to meet the joint strength requirvements of FMYSS 221

when floor Joint specimens are subjected to peeling forces. However, the
Board believes that peeling forces were the primary loading mode on the floor
Joint in the Thomas school bus body that separated in the accident near Snow
Hill, North Carolina in 1985, and that the peel failure mode is therefore a
relevant mathod of determining floor joint strength.

Review of the peel test dat: obtained from both the NIST and the school
bus body manufacturers who submitted their own test data indicates, and the
Safety Board concludes, that the Thomas floor Joint specimens were the
weakest of those specimens tested in the peel failure mode.

Shear Test Results.--Tests of the Blue Bird, AmTran, and MWayne floor
Joint shear specimens were discontinued when it was determined that the 8-
inch specimens met or exceeded the 15,728-pound strength the NHTSA
determined was necessary for the floor joint to meet the joint strength
requirement of FAVSS 221. Tau Carpenter shear specimen separated at 13,514

pounds, scme 1,714 pounds Tess than the 15,228 pounds required to meet the
standard.

Although the shear specimen of the ! irpenter floor joint did not' meet
the 15,228-pound strength requirement, the Safety Board believes the spucimen
may have been prestressed because it was tested twice. In addition, real-




émrld crash data avaiiable thus far indicates that the current Carpenter
school bus floor joint design has performed well in severe crashes.é

The strongest Thowas shear specimen tested separated at 9,303 pounds,
This strength is 6] percent of the strength the NHYSA determined was required
to meet the Jjoint strength requirement of FMVSS 221. These iest results,
together with the Thomas flioor joint separations noted in this and other
accidents, support the 3Safety Board’'s finding made as a result of its
investigation of the Snow Hill, North Carolina, accident that the fioor joint
manufactured by Thomas Built Buses, Inc., needed to be strengthened.

FRVSS 221 and Real Worid Crash Performance

The Blue Bird floor joini was found by the NHTSA to be in compiiance
with FMVSS 221, and the Safety Board has thus far found nc instance of a
fl:or] j:int separation in accidents involving a post-FMVSS 221 Blue Bird
school bus.

The Carpenter floor joini, with the exception of the floor joints on the
19 school buses that were recalled, was found by the MNHTSA to be in
compliance with FMYSS 221, and the Safety Board has thus far discovered no
in;ta?cg of a floor joint separation involving a post-FMVSS 2¢1 Carpenter
school bus.

Aithough the present Wayne and AmTran floor joint. configurations were
never tested by the NHTSA, tests performed hy the NIST in accordance with
NHTSA-approved srocedures indicated that the Wayne and AnmTran {Ward) floor
Joint specimens exceeded the 15,228-pound strength the NHTSA determined was
necessary for floor Joint specimens using similar materials to be in
compiiance with FMVSS 221, The Safety Board thus far has noted no
sepggatmns of the post-FMVSS 221 Wayne and AmTran floor jotint designs in
accidents. '

The NHTSA determined in 1981 that the flcor joint manufactured by Ward
Scheol Bus, Inc., was in apparent noncompliance with the joint strength
requivement of FMVSS 221. On November 11, 1985, a school bus with a 1980
Ward School Bus, Inc., body collided with a guard ratl and sign pillar in St.
Louts, Missouri.” The Safety Board determined that a joint in the school bus
floor was separated laterally for about 20 inches between the second and
third seat rows., However, Ward is no longer manufacturing school buses and
the method of fastening the floor joint in the school buses manufactured by
ATran (which bought out the Ward assets) has been redesigned.

Before they were closed in 1985, three outstanding NHYSA investigations
concarning the strength of floor Joints manufactured by Thomas were being

6 “Crashuworthinese of Large Paststandard Schootbuces,” Case 39,
pp. 219222,

7 Bighway &Lcclicdent Report--8%. {(outes Lounty, Hissourl, WHovemter 11,
1985 (UISB/RAR-UT/702).
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conducted, and the Safety Board discovere) floor joint separations in the
Thomas school 'bus bodies involved in th. inow Hill, North Carolima, and
Bronsun, Florida, school Dus crashes.

In addition 10 the Thowas school buse; involved in the Bromson and Snow
HE11 accident;, the Safety Board is aware of three additional floor joint
separations involving post-1977 school buses manufactured by Thomas: a
february 1980 school bus/train coilision near Two Harbors, Minnesota; a May
1986 school bus/train collision {in Greenvilla, North Carolina, where an
occupant who sustained moderate in‘uries was apparently ejected through an
opening in the school bus floor; and a September 1987 schoo)l bus/dump truck
collision near Franklin, New Jersey.

This review indicates that floor joints that failed NHTSA-sponsored
tasts for compliance with the joint strength requirement of FMVSS 221 4n
several cases also failed to maintain their structural integrity during
crashes, and that floor joints that have been determined bv the NHISA to be
in chonplimce with FMVSS 221 have thus far performed well in even severe
crashes.

NHTSA Rulemaking Activities

The NHTSA perceived problems with enforcement and interpretation of
FMVSS 271 as it applied to floor joints and discontinued testing floor joints
for compliance with the standard in August 1982. The NHTSA Associate
Administrator for Enforcement advised the Safety Board that the investigation
cases involving compliance of Thomas floor panel joints were closed by the
NHTSA’s Office of Chief Counsel based on an "inadequate legal basis to
procead rather than on questions related to the technical merits of the fest
failures.” Since August 1982, the NHTSA has not tested floor joints for
compliance and has not attempted to enforce the existing standard in the case
of schoel bus floor joints. In 1987, the NHTSA published an AXPRM concerning
scnool bus floor Jjoint strength, and has initiated a research program
involving the dynanmic testing of school bus floor joimts. Current research
ts scheduled for completion the second quarter of calendar year 1989, and a
decision on whether to institute additional rulemaking is scheduled for the
third quarter of calendar year 1989,

The Safety Board believes it is important that the NHTSA resume testing
of school bus fleor joints. However, the Safety Board also recognizes that
the NHTSA will not resume testing until it amends FMVSS 27i. In amending
FMVSS 221, the NHTSA must make it clear that all body panel and fioor joints
are subjoct to the standard. It also must delete the provision in subsection
35 that permits the strength of the floor joint be 60 percent of the stremgth
of the wrakesi. material being joined to eliminate the apparent anomaly which
exists in the present standard. Further, any tests specified in any revised
standards must reflect the loadings experienced in actual crashes (often
tensile or peel rather than shear); and static testing of the entire floor
system should be considered in conjunction with dynamic tests. Accordingly,
the Safety loard is superseding Safety Recommendations H-86-%4, H-86-55, and
H-86-56 wit)r a new recommendition urging the NHTSA to expedite the process of
revising FFVSS 221.




Revision of Thomas Floer Joint Fustening

In  QOctober 1988, Thomas nctified the Safety Board that it is revising
the method used to fasien its floor joints. Thomas submitted test data
indicating that the revised method of fastening exceeds on average the
1%,228-pound strength the NHTSA required for compliance with FMVYSS 221,
Based on Thomas'  notification, the Safety Board classified Sufety
Recommenduation H-86-57 “QOpen--Accaptable Action® until Thomas notifies the
Safaty Board that the floor joint sedification has been implemented.

COMCLUSIONS
Findings

The truckdriver and the school bus driver were properly licensad Lo
drive in Florida.

The weather and the condition of the highway did not contribute to this
accident.

There was no mechanical defect in either of the accident-involved
vehicles which contrituted to the cause of the accident,

The accident cannot he attributed to xny performance ervors of the
scheol bus driver,

The truckdriver was operating his vehicle wbout 10 m?h over the posted

speed 1imit Defore he applied his brakes; the truck
was about 42 mph.

s speed at impact

Sufficient information was not available to determine if the
truckdriver’s performance in this accident was affected by marijuana.

The Safety Board is unable (o determine why the truckdriver failed to
stop his vehicle at the stop sign.

Use of the available lapbeit would not have prevented the school bus
driver’s fatal injuries becauie the amount of crush at the school bus
driver’'s position did not provide for curvivable space.

The schoolbus occupants in the first row of seats were ejected forward
and made contact with th2 roof; had these oncupants been using lapbelts,
they might have been pinned or crushed i the wreckage and possibly
susvained more serious or even fatal injuries.

The collapse o¢f the school bus floor under the first three saast rows
probably exacerlated most ¢f the injuries sustained by the uccupants of
the second and ‘hird seat rows in the school bus.
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The collapse of the scheol bus fisor contributed to the desth of the 11-
year-old male passenger who was seated in the fourth seat on the left
side of tha school bus before the collision.

When statically testad 1in both peel and shear the floor joint
manufactured by Thomas Built Buses was the weakest of the floor joints
tested by the Safaty Board.

Probable Cause

The National Transportation Safety Board determines that the probable
cause of this accident was the truckdriver’s fatlure, for undetermirad
reasons, to stop his vehicle st the stop sign. Contributing to the severity
of this accident was the speed of the truck and the loss of structural
irtegrity of the school bus because of the ccllapse of the school bus floor.

RECONMNDAT 1 ONS

As a result of its investigation, the National Transportation Safety
Board made the following safety recormendations:

--to the National Highway Traffic Safety Administration:

Expidite the process of amending Federal Hotor Vehicle
Safity Standard (FMVSS) 221 %o make clear that all floor
Joints are subject to FMVSS 221, to remove the apparent
anomaly ciused by subsection S5 (Strength Requirements),
and to make tests for compliance with the standard more
reflective of the type of loadings experienced by the
fleor Jjoints in actual crashes. (Class II, Priority
Act.ion} (H-89-20)

the governor ard the legislativa leaders of the Florida General

Amend the Florida Statutes to assess the full number of driving
paints when 3 Florida-licensed driver is convicted of a driving
viglation out of state or in a Federal court. (Class II, Priority
Action}(h-89-21)
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BY THE MATIONAL TRANSPORTATION SAFETY BOARD

/si Jamps L. Kelstad
Acting Chatraan

/s/ Jim Burpett
Soamdor

wobn K, Lauber
Namber

75/ Leiseine X. Digkinsan. Jr.
Nember

Joseph T. Hall, Nember, did not participate.

Nay 1, 1989
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APPENDIXES
APPEMDIX A
INVESTIGATION AND HEARING

Investigation

The National Transportution Safety Board was notified of this accident
at 4 p.m, on August 28, 1987, by the news media. ,

|

Highway accident investigators were dispatched from the Safety Board’s
headquarters office in Washington, D.C., and arrived on scene at 10:30 a.m.
on August 29, 1987. Participating in the investigation were representatives
of the Florida Highway Patrol, the School Board of Levy County (Florida),
Airdrome Tire Centers, Inc., Blue Bird Body Company, Carpenter Body Works,
Inc., Thomas Built Buses, Inc., American Transportation Corporation, Wayne
Lorporation, and the National Highway Traffic Safety
Administration.

B

fJeposition and Hearing

On February 17, 1988, Safety Board investigators took depositions from
representatives of the Alachua County (Florida) Department of Emergency

Services in Gainesville, Florida,
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B5T1I21 Standurd No. 221 Beboo! bus
body Joint strength,
8. Scope. This standard mmuhﬂs
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APPFNDIY B
FMVSS 221, SCHOOL BUS BODY JOINT STRENGTH (48 CFR §71.221)

requitetnents for the strength of the

body prarel joinis in school bus bodies,

B2 Purposs. The purpose of thia
standard is t6 reduce deaths and inju-
ries resililng from the structursi col-
m of school bis bodies during

1YY, Application This standard ap.
plies o achool buses with grows vehicle

welght ratings of mre than 10,000 -
pounds,

B4. Definitions, “Boﬂy eompam.m"
means & part of & bus body made from
& singie plece of homogensous msterl-
al or from & single plece of cornposite
maiarial such as plywood.

- “Body panei” means & body compo-
nent used on the exterior or interior
surinsce {0 sncioee the bus’ otcupant

SPACE,

“Body panel mmt" meshd the arss
of contact of cloge proximity beiween
““:""‘m::.;,‘:e‘:" eoding weom to,

ex et
tinel purpess eion or snother func.
X ng
m?:-. ""‘j’ mdnunm v

“Bur body" mm the portion of »
bus thel enclosss the bus's ococupant
space, exclusive of the bumpers. the
ehmu frame, and any etructure for-
wird of the teﬁm-dmmt point of the
windshield mounting,

BS. Requirerwent, When mwd in ac-
cordance with the procedure of BA&,
ench body panel joint shall be mhla
of holding the body panel to the
member to which it I8 jolned when
subjected to a farce of 80% of the ten-
stie sirengih of the weakest Kk
b«iy panel dewmﬁned pursuant W

8& Frocedure,
@6! ﬂtmmfien af tha teaf apeci

the (oinl segment. wiere une body

panel joint i not {astened continuous-

Iy, ssiect the aegment so that it does

afn bisect & spot weld or & discrete frg-
ner.

B8.i.2 ¥iw joini is iess than 8 inohes
long, cut a test specimen with enough
of the sdjhcent material to permit it
to ke held in the tension lesting ma-
chim smci!lcd in 8.3,

Prepare the test specimen in
mardmce with the preparation pro.
cedures specified in the 1972 edition of
the Annual Book of ASTM Btandards,
published by the American Socisty for

Testing and  Materinls, 1918 Race
ma Phﬂtﬁel;shh. Penm,vlvmh

88.2 Detéermination quinimumﬂ-l o
wadle strength, For purposes of de-

termining the minimum allowadle

joint strengih, deumhnthetemue”

() If the mechanical mrtm ola
material are specified by the American
Boclely for Tedting and Materisls, the
relative Lensile strength: for such & ma.
terial s the minimum texialle ‘
specitied for that materta) in the 1873
edition of the Annual Book of ASTM
Standsrds.

' (b;!fmemmpmm“etn

matertal are not specified by the

American Soclety for Testing and Ms-
terials, determine iis tenalle strength
by cutting a specimen from the bus
body outside the ares of the joint and
by tsating it in acourdance with 36.3.

8.3 Strenpth test

8631 Crip the joint speeimen on
oppoulte sides of the joint in & tension
teeting mechine calibrated in wieord-
ance with Mothod ¥4, Veritication of
Towting Muchines, of the American 8-
clety for Testing and Materials (1073
Annual Book of ASTM Standards),

f38.3.% Adjust the testing machine
erigs 5o that the joint, under load, will
be In streas approximately perpendiou-
Iar 10 the joint.

88.3.3 Apply a tensile force to the
nmimm by separsting the heads of

the tsting machine st sny uniform

rate nol jess than W Inch and not
more than %-inoh per mtnute untdl t.he
mecimm uwntu ,

{41 FR 3992, Jan. 7, lﬂc. s mdm at 41
PR 02T, Aug. 98, 1978)
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APPENDIX C
SUMMARY OF KHTSA FLOOR JOINT TEST RESULTS

Year Pass/ CIR Final
Manufactyrer of byr Fail Number: Disposition

Sheller-Globe (Superior) 1977 Fail 2005 closed by QCC*
Crown Coach Corp. 1978 Fail 2084 closed by QVSCr*
Gillig Corp. 1978 Fail 2088 closed by OVSC
Northern 1978 Pass N/A N/

Thomas Built Buses, Inc. 1979 Fail 2262 closed by OCC
Carpenter Body Works, Inc. 1980 Pass N/A N/A
Ska1ler-Globe (Superior) 1980 Pass N/A N/A

Biue Bird Body Company 1980 Pass N/A N/A

Thomas Butlt Buses, Inc. 1980 Fatl 2416 closed by GCC
Sheller-Globe (Superior) 1980 Pass N/A N/A

Thomas Built Buses, Inc. 1981 Fail 2527 closed by 0OCC
Carpenter Body Works, Inc. 1981 rail 2494 recalled

Ward School Bus, Inc. 1981 Fail 2497 went bankrupt;
closed by OVSC

OCC--National Righway Traffic Satety Administration, Office of the Chigt
Counse!

OV8C--Natliongi Highway Tratfije Safety Administration, Office o4 Veh%étc
3afety Compliance




46

APPENDIX D
NTSB COMMENTS ON ANPRM CONCERNING FLOCR JOINT STRENGTH AND FMVSS 221

AUG 25 w7

Docket Section )

Room $109 :

Nationa) Highway Traffic Safety Administration
400 Seventh Street S.W, .

Washington, D. C. 20590

Dear Sirs:

The following are the National Transportation Safety Coard’s
comments to the Advance Notice of Proposed Rulemaking (ANPRN)
publishad -at 52 FR 23314-23316 on June 19, 19687, 49 CFR Part 57);
Docket No. 73-34; Notice 08. The ANPRM requests comments on
whether the National Highway Traffic Safety Administration

NHTSA) should ameund Federal Motor Vehicle Safety Standard
FMYSS) 221 as it relates to schoolbus floors and maintenance

access panels, and requestis conments on testing procedures to
determine compliance with FMVSS 221.

Schoo'ibys Floor Joints and FMVSS 221

. As & result of its investigations of accidents involwving
large post-FMVSS 221 schoolbuses, the Safety Board has concluded
that FMVSS 221 has generally improved the crashworthiness of
large schoolbuses. However, as @ result of fts investigation of
an arcident involving a post-standard schoolbus manufactured by
Thomas Built Buses, Jrc. whicy occurred near Snow Hi1l, North
Carolina, on May 31, 1985, and which fnvolved a floor panel
separation, the Safety Board on October 2, 1986, sent the
following Safety Recommendations to the NHTSA:

H-86-5%

Amend or clarify Federasl Motor Vehicle Safety
Standard 221 to require that body panel Joints for
schoolbus body structures be testad in tension or
peel unless they can only be tested in sheur.

-BE-5%

Amend or clarify Federal Hotor Vehicie Safety
Standsrd 221 to include 811 body panel joints that
enclose the occupant space.

H-86-5%

Resume testing of schoolbus floor joinis 1o ensure
compliance with Federal Motor Vehicle Safoty
Standard 221.

AR ESR ST RN M e T
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Sefety Recommendation H-B6-54 was based upon the Safety
Board’s finding that FMVSS 221 1s unclear as to whether body
panel Joints should be tested in tension, peel, or shear. In
tests performed for the NHTSA in February 1981 and March 1982,
shear ferces only were applied after a modification of the floor
Joint was done before testing. The Safety Board bdelieves that
the methodology used in the NHTISA tests was not as representative
of the forces experienced in the Snow HI1Y accident as floor
joint tests performed by the Safety 8oard where tension or pee)
forces were applied.

Safety Recommendation H-86-55 was based upon the Safety
Board’s finding that FMVYSS 221 should be clarified to include all
body panel Joints that enclose the occupant space even §f they
are structural. This finding wazs based wupun examination of
correspondence between the NHTSA and Thomas Built Buses, Inc.,
during 19&0, 1981, and 1982, which indicated that Thomas
disagreed with NHTSA's position concerning the applicability of
the floor Joint strength requirement to the floor joints of
schoolbuses built Dy Thomas, and that the NHTSA failed to réquire
Thomas to comply with the standard. ' ‘

Safety Recommendation H-B6-56 was made after the
investigation of the Snow Hill accideni and disclosed that the
NHYSA had discontinued testing of 411 schoolbus floor Jjoints for
compliance with the FMVSS 221 joint strength requirement in 1982.

MG SRR T P A e AN R B 33 Den i N M AL M a1 s e -

As a result of f{ts investigation of the Snow Hi11 avcident,
the Safety Board also recommended that Themas Built Buses should
stren?then the floor panel joints of a1 newly-manufactured

schoolbuses to ensure that they c¢omply with the requirements of
FMVSS 221. Safety Board tests of undamaged floor joints from the
Snow Hill schoonlbus disclosed that the strength of the strongest
floor joint tested was 7% of i{he strength required for the joint
to be in compliance with FMVSS 221.

The Safety Board believes that the floor of a schoolbus s
an integral part of the passenger envelope and, as such, should
be required to meet at Teast the same performance reguirements
for Joint strength as the Joints in the sidewalls, the roof, and
the froant and rear walls., The Safety Board also believes that a
separate Joint strength test or requirement for floors, as
opposed to other scheolbus body components as wentioned in the
ANPRM, 1s not justified by the present record, and the Safety
Boarad opposes any such separate test or requirement wunless it
imposes a higher joint strength requirement than s specified in
the present standard.
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The Safety Board also opposes the dynamic testing of
schoolbus floors that have been separated from their adjacent
body components before testing. Although the Safety Board agrees
that, in theory, dynamic testing under carefully controlled and
repeatable condittons may more closely approximate real-world
crash situations, testing of floor compopnents which have been
separated from their adjacent body components in the Safety
Board’'s view defeats the attempt to simulate real-world crishes,

Additionally, §n practice, dynamic testing as discussed in
the ANPRM fs far more complicated than static testing and may
introduce variables which experience may show to  be
uncontrollable and nonrepeatable, thereby invalidating the
results of the test{s). Even {f the NHTSA believed that all the
pertinert wvariables were i{dentified and controlled, dynami¢
testing may permit a noncompliant manufacturer to allege the
prasence of other uncentrolled variables and thereby cloud the
issue sufficiently to effectively prevent the NHTSA from
successfully pursuing any enforcement action,

On the other hand, static testing as required by the present
standard has fewer uncontrollable variables, can be repeatedly
performed vrelatively inexpensively on component samples by
manufacturers during design or production operations, and appears
to be a generally objective test to determine joint strength
which has been accepted by at 1least tae majority of the
manufacturers of l.rge schoolbuses, Furthermore, compliance with
the present standard seems to be effective in accomplishing the
standard’s 4intended objective. In the 10 years it has been in
effect, the present stancard has, in the Safety Board’'s view,
made a positive contribution to the improved crashworthiness of
large schoolbuses, ‘

Although the ANPRM mentions that dynamic testing may *be
more readily enforceable™ than the current static test, for the
above reasons, the Safety Board does not believe that dynamic
ttst;ngdwoqu automatically enhance the "enforceability® of the
standard. .

From a conceptual standpoint, the Safety Board does not
oppose repeatable dynamic tésting as a means for determnining the
crashworthiness of schoolbuses., However, validation of any
dynamic test may take years to accomplish, if ever. The Safety
Board is concerned that the NHYSA, in the fnterim, may fu:.her
discontinue testing for compliance with, and enforcement of, 2
Joint strength standard substantially in its present form.

1t 45 true that FMVSS 221 permits the joining of materiasls
with greatly differing strengths, and which therefore could
Tesult 4in comparatively weak body Joints which $t111 are in
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technica) compliance with the present standard. The Safety Board
does not believe that the existence of this “loophoie™ s
adequate Justification or makes & persuasive argument for any
extensive vevision of the present standard. The information
available to the Safety 8oard ¢thus far indicatesr that no
manufacturer of large schoolbuses has sttempted to utilize i\his
®loophole” to circumvent the intent of the standard.

The Safety Board serfousiy doubts that any manufacturer will
ever attempt to join materials of greatly differing strengths in
constructing a schoolbus floor. Such a poor engineering practice
would be easily recognizable by any fnformed potential buyer,
would subject the manufacturer to pressures in the marketplace
which could not be {gnored, and would provide the MHTSA with more
than adequate Justification to promulgate rules specifying
absoltute minimum schoolbus body joint strength(s).

Thus far it has been the Safety Board’s experience that the
probliem of relatively weak floor joints 1s not attributable to
the Juncture of materials with greatly differing strengths, but
rather to the lack of a sufficient number or type of fastening
devices or welds between adjoining metal floor panels which were
in fact fabricated of the same material.

The Ssfety 8Board does not belinve thst any extensive
revisions of FMVSS 22]1 as the standard applies to schoolbus floor
Joints 1s necessary or Justified by the record, and that any
perceived problems concerning applicubility and enforcement of
the standard as it applies to schoolbus floor Jjoints can be
accomplished by minor amendments or interpretations of the
prasent rule, followed by vigorous enforcement by the NHTSA.

Masntenance Access Pangls

As a result of $ts investigation of an accident involving a
ost-standard schuolbus which occurred on April 2%, 1985, nesr
vba City, Arizona, and two other accidents which occurred on

December 11, 1984, near Durango, Colorado, and September 1],
1985, in Woodside, Delaware, the Safety EBoard on february 6,
1986, recommended that the NKHTSA:

H-85-5]

Revise Federil Motor Vehicle Safety Standard 221,
School Bus Body Joint Strength, to regquire that the
Joints of dinterior body maintenance access panels
within a definec occupant contactable zone meet the
Joint strength perfcrmance rvequirement of the
standard.
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in fts March 31, 1986, response to this recommendation, the
NHHTSA advised the Safety Board that it did not believe rulemakin
to amend FHVSS 22] was Justified at the time becauvse the NHTS
was concerned that “requiving sdditiona) fasteners on maintemance
sccess panels might incresse poor or {npdequate mainténance of
schoolbuses and result in & negative effect on safety," because
“the added time und effort needed to unfasten these panels might
result in necessary schoolbus maintenance being deferred or
entirely f{gnured by wmaintenance personnel wunder scheduling
pressures,” and that “the dntegrity of the panels would be
dependent on replacement of the fasteners.®

Becausez of the NKTSA's faflure to take wmore positive action,
on July I, 1985, Safety Recommendation H-85-5] was placed in a
“Closed--Unacceptable Action® status.

As a result of {1ts {nvestigation of 2 schoolbus crash which
occurred $n St, Louts County, Miisourt, on November 1}, 1985, the
Safety Board concluded thst one of the schoolbus passengers
sustained & head 4njury due to contact with an interior bod{
panu] Joint which was exposed when the maintenance access pane
covering the Joint’s edges separated. As a result of {ts
fnvestigation of the St. louis accident and 42 other crashes
involviag large post-standard schoolbuses, five of which resulted
in wainienznce asccess panel separations, on May 1, 1987, the
Safaty Board recommended that the NHTSA:

H-87-11
Amend FMVSS 223, Schoolbus Body Jotnt Stremgth, to

tnclude fnterior maintenaznce access panels in the
standard’s performance regquirements.
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The Safety 8oard believes that exemption of f(nterior
miintenance access panels from the joint strength requirement of
EMVSS 221 poses an unnecescary hazard for the occupants of large
schoolbuses. The standard should be amended to remove this
axemption.

Respectfully yours,

ORIGINAL SIGNED BX
M BURNETY

Jim Burnett
Chatrman






