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of this accident was: (1) The fallure of the achoolbus driver to select the

proper gear to descend the steep grade, and (2) the maladjustment of the brakes
on the bus,
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FOREWORD

Thiw report is based nupon an invﬁstigﬁtion by the National
Transportation Safety Board under ths authority of thv Independent Safety
‘Board Act of 1974, The Safety Bosrd was assiated in ts investigation by

the U.5. Department of Transportation, the California Highway Patrol,
the Oregon Stata'Police, and the Sheller-Globe Corporation.
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SISKIYOU URION HIGH SCHOOL
DISTRICT SCHOOLBUS/AUTOHOBILE COLLISTON AND ROLLOVER, 1-S
~ ASHLAND, OREGON
MAY 9, 1975

SYNOPSIH

On May 9, 1975, a 1972 schoolbud carrying 20 peranas crashed through
a saction of guirdrail on the northbound portion of Intwratate 5 in
Ashland, Oregun. The vehicle fell down a steep slope and rolled about
1ts longitudinal axis before it came to rest im zn upripght position
about 213 feet from the edge of the pavement. Except for one sidepost~
roof bow connadction, the roof separated from the bus body., Nineteen
of the 20 occupunts were ejected; 3 wer. killed and 15 were injured, The
only occupant who remsined in the bus was not injured,

The Natiomal Transportation Safety Board detarminen that the probable
couse of this accldent wasd: (1) the failure of the schoolbus driver to
nelect the proper gear tv descend the steep grade, and (2) the meladlustment
of the brakee on the bus.

FACTS

The Accident

On May 9, 1975, at 10:40 a.m., a Siskiyou Ualen Higlh School District
{(Callfornia) sclioclbus laft Mount Shaava, California, on a8 schocl-
sponsored field trip to Brookings, Oregon. The bus traveled north on
interstate 5 (I-5) fer asbout 50 wiles before reaching tha California~
Orsgoen border and the beglnning of & S~mile steep climb o the Siskiyouw
Sumwait. Two pacsengery stated thet the driver had difficulty down-
ghifting at leant twice. No other passengurs intseviewed had notfced
that the driver had had any difficulty with shifting.

It was veported that on the ascent to the summmit, the bus wag in
third gear and in the Jow rangs of the Z-spead rear axle, and traveling
at an sstimated speed of 25 to 33 wph. The bus crestel the upgrace and
bagan ity cravel ascoss the talativalv flae summle in fourth gear and 4n
high range




~ The driver entervd the T-smile downgrade without downshifting and -
used the air-actuated brake system heavily to tontrol the spsed of the
bus by continually pumping the brake pedsl. Shortly after the bus begen
its descent, the driver pushed the 2-speed rear axle hutton into the
low-vange position. She depreesed the cluteh pads?, eased off the

accelerator pedal, and relessed the cluteh pedal, Passeugerd in ihe bus

heard “chnttcgingﬂ-soundig indicating thet the rear axle did not engage.
 The driver, who prubahly recognized that the resr exle did not shift,
pulled che reax axls button back ocut. She repeatedly applied the braske

pedal and aiuultanecusly attempted to ghift the transmission into third

gear; she was uneuccesnful, $0 shé returned the shift isver to the
fourth gear position. Each tize she attempted to downshift, the
pasaangers heard the sounds of the guars clashing beneath the bus,

About 2 1/2 miles into the downgrade, the buzzer and light, which
indicated that the service brake system was experiencing low air
pressure, activated. Tha driver reacted by applying the brakes, She
yumped the pedal twice and 1t depressead to the floor. She centinued to
pump the poadal as she attempted to force the gear shift laver into the
third position., The paussugers heard grinding noises. The gaar ahift
lever reportedly remained in the neucral position. When she raleased
the clutch pedal, the buuzer and light, which indicated low oil pressure,
activated, o |

The driver flicked the ignition switeh off and on. Both lights
and buzzers deactivated while the ignitfon switch was off. OCnly the low
alr pressure warning devices ruactivated as the ignition was returned to
the "on" position, '

Sowme passengoard saw the driver pull out the emergency/pasking brake
handle, but others did not., There was no feeling of deceleration in
the bus,

As the driver continued hex artempts to control the vahicle, she
callad out, "We have no brakas, we have no gears, we have nothing." A
teacher in the resr of the bLus immediately orderad the arudents to get

dovn on the floor, which they did. '

As the bus continued to descend through a seriea of curves, the
driver repeatedly attempted to shift gears while steering thie bus and
blewiag the horn. BShe did not make use of any of the bus' lights,

Vahicles ahead movad to the right and out of the path of the
urxestrained bus. The buw appeared to accelerate and rock back and
forth as it rounded the curves and moved through a construction zone




on tha highway. The driver wansged to steer the bus suceassfully :
through the curves. When the bus approached a reat area about 5 1/2

milgs from the auunia“ (See Fisure .} 1ts speed {s astimated to have
~ been 70 wphi 1/ , | ‘

The bhee began to guin on ar automobile shead in the left lane uhich
was travaling at 60 mph, Another automobile was in the right lane and
somewhat ahead of the car in the left lane. The busdriver repeatedly
blew the horn, but neither automobile responded. The driver of tha
automobile in the left lane etated that she had her windows rolled up
and neither she nor her passenges heard the hora, she gald that the
heater wap in use but the radio was not.-

The bus struck the autamohila in the left lane. The front wheels of
the bus overrode the trunk of the automobile., The entengled vehicles
~continued north for about 275 fest. The vehicles disengaged and the
automobile spun clockwise toward the east edge of the roadway. The
augomohile yotated 180Y clockwise and ended up paraliel to and against
the cuzb, facing south. It then moved north’along the curb and stopped.
(See Figurs 2.) ' '

The bus moved to the left, struck the madian guardrall, and arced

- toward the east edge of the roadway., The right front of the bus struck
the guardrail and curb. The bus was alrborne before crashing down the
aide slope, which had a dowmgrade of 4% percent st thie point. The

bus rolled over twice and traveled 213 feet before stopping. (See
Figures 3 and 4.} The front axle of the bus had disengaged from the
chaasis and the roof ascembly had separated from the body of the bus,
All but one passenger of the schoolbus were ejected. The driver, who
was not wearing her seatbelt, was ejected, Three persons including

the driver died and 1% othurs were injured. There was no fire.

Postorasn Activities

Activitins at Accldant Site ~- The local fire department arrived
10 minutes after the cravh snd began to assint passengers. The atate
velice and awbulances arrvived soon thereafter. The injured wore
tranaported to hospitals in Ashland and Medford, Ovegon.

An insurance adjustor arrived on the scene 1 1/2 hours after the
cragh, bHe obeerved that the bus dfgnition was in the "on" position,
that the tvanswission gearshift laver was in asutural, that the 2-speed

Ee e T

f7’ Estimatas of witnesses who obsecved the bus from various 1ocaclana
in the resi srea.
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Figure 1. 3choolbus/Automohile collisdon and Rollover, Ashland,
Oragon, May 9, 1975
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] vozr axle imm was 1u the ow: ftun.ga pasitiﬂn {ewn thwsh 2 wg“nggr
atated thet the driver's las: action with the button was pulline ¢
back into the htgpwramge posicion), ond that the emergency/parking -
brake hesdle shix in the "off" position. He staced thar he mt,mlgtﬁd
both the gearahift lever and the. emergeucy /parkicg brake hanjie. Te.
pulled el brake handle ocut mowentarily and pushed 1t beck in, ﬂe e
hearxd so soundu to indicate thet the Aystep was operstive. The air
reservoir for the mrmcyfﬁmug bulr.c was fouml to bc withwt aly .

st a hm:- imct’hiﬁﬂ*

 ¥hea » tow tmck a*wm& to pull :ha bu Srom :tts reat pouitmn,
the oparator nosiced that the resr wheals wera not rolling. The tow
truck operstor checked the whaals sad found that they vere locked. To -
‘unlock the vhuh, he backed of¢ on the. brake's slack adjuster. Ccm-
B uqmtly, Wny gatermination of thc macraah djustﬂm af t:ha btaku
. om t:he nar mu wis negated.‘ S

Pol.:c:# m thc scm did not. detamﬁue t:he buke Mi#m;s ou t:lu
,rear whu’.t of the M

TR ”"ne bus was rmvud to liadford  The ronf of the lmn wu discomcud
wftm its one remsiuing attschment :md vas draw fm iti r.mp sxp tho roeky
:;lom ba!are being tmved £roq !;he siu.

nﬂmetion of So*hoolbua e A pastoruh inip&ct:&an af the nechani;,al
components critical to safe opentiom of the bus was conducted the day =
- #fter the sccident by representstives of the Californie Higtway Ps;rol.
the Federal Highway Administration Bureau of Mptor Carrier Safety
- (BMCS), and 2 Nationsl Highway Traffic Safety Mniuiatrat\on (NKTBA) )
‘?'inltiditciplinary Ascidemh Imrestigation Team. , o '.

'l'he inspection rwealcd that the primury dmge to t:he bus" Pcructum :
vas the separation of all but one of the left gideposts, and the total
separatiou of all right sideposts from thair attachmente with the roof
iesembly. Although the roof came off, the¢ roof assémbly remained
zmnﬁti?;!.ly £ntact. {See Appendix A for additional datmila on crnh
lemage.

The inspection aiso revealed tb it the asr z:onpt“sar was S.n wotking
order, that the air lines and tanks were without iosks, and that the"
amernancy!pnrking hrake was intsct and opershlse. - The slutch wne in :
“working condition, Proper operascion of gauges and vsmi.ns dwicua was -
verified. The postcrash inspection of the reat .xle's t:anhnininn and
.mr Bot shw«l no mul dmsa to tbuir cmrmtm L

B Imuu of cruh dmge and becauss tha ap-um of thi mw tmek
“had w the adjustment of the raar brakes, theizr sdiyateant ot the |
time of the sccident could not be determined. FHowerer, ths cight ToRt .
and Fig "—_'_ ftont w!mala vere Fullad cnd m br-kr érw mﬂ ums mmiud '
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The drom sus faces were unscored and in gocd condition, snd the brake
linings were unzlazed. The brake liaing thickvess on the right front
 wheel measured 3/8 to 7716 inch (cviginal thicknese was i/2 inch) snd
‘the right rear iinings messured 11/16 inch {original thickr.ss was
3/4 inch.) After a veadjzetient of the slack adjyster on the right rear
wheel, the brake system wag tusted and found tu be dntact and operzble.

The left front wheel was defc:mad and its brake chamber was damaged
extansively. “The rignt fromt brake chember was intact and opsrable.
. However, the braka chamber's push rod was adjustad to 1 1/2 inches of
~travel. That was 1/8 inch bayond the travel (1 3/8 fmch) at which readjuatw :
‘mane is rememandad by the manufacfurer‘

The suspension systems, wheels, . tiraa. tranamission. diftermntial.
znd fuel tank were inspected visually. The only abnomalities nated ware
impact~related dawage. All tires lad guceptable tread de;th.

Acci&amt Site

-5 1s a north-south, limited-access route. The highway 1s a 4-lane,
divided rosdway. Between the trip's point of origin and the acﬂidmnt
~site, the highwmy runs through a mountainous,.rural axea.

On the morning of the accideut, tha weathzr was clear and tha road
surfe=< vas dry.

Tha saquauce of crash eventa in this accident began on Siskiyou
Sumvit. (See Figure 5.) The altitude at the summit is %,130 feet, hut
it drops 2,870 feet within 10 miles. The roadway has an average downgrade
of & parcent. two advisory signs, which warn motovists of the 7 mliex of
¢-percent ‘downgrade shead, are posted on the sumnlt. There are 19 cuives
between the summit and the accident site. The mountainous terrain did
not perrit construction of escape routes for errant vehicles on this

roadway. Although errant vshicles are not uncommon, the accident history
of this highway for the past 3 yéars shows nv record of accidants similax
to ¢his one,

The sugment of roadway at the accident site has a downgrade of 5.8
percent, a& superelevation of minus 6 percent, a 2-degree curve to the
right, and is divided by a Z-~foot wedian which has & W-beam guardrail
on either side. The roadway's loft shoulder measures 8 feet and the
right shoulder 7 feat, The left lane is 12 feet wide and the right lane .
is 21. On the right adfe of the road are an asphalt concrete curb and
a W-beam guardrail. The heighi of the curb at the point where the bus
left the roadway is & inshes and the height of the guavdrail is 22 inches.

The compactad, earth-fill slope along the downgrade side of the
h{gﬁway was steap -~ an lVdraga downgrade of about 77 percent.
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| narks on the Enadway

e Thera were no marku on cht roadnay to inaicata uhﬁn tha a¢h¢01bu¢
 had baen brakad nmnﬁily at any poin& bgiard ot dnring tha accidant. 3

Several nrc-shspud ?1:« uarks were found alowa :he pnchtluhich
“each vehicle followes after they digengaged. from one snothyr. (See
Figure 6.) The msrks were ideatified as wcuff marks caumed by the
1eteral wovyment of rotsting tires. The (WO ﬂr“-ﬁunﬁﬁdlnarkc. attributed
© to rthe left front end lefi rear tires of the schnoXl’ i averhged 170 feet
in length sind followed rad{ii of 342 feet and 377 feer respectively. A '
shadow of & tire mark sttributed to ihe right reax dusls was. i‘mnd u:rou
,:fhe tight shaulﬁsz and munﬁurtd ;beum 8 faet in lanxth.- o o

A single tire murk, made by tive 1¢£t rear tire of the eutowobiln,
measured about 400 £se. frow the polit of imprct batween the vahicles
to the damsged medisn guardvail.  Skidmarks of 120 feet in length ware

 fmada by the uunaanbilﬁ a8 it u&qu rmnrwnrd tlons thc curb to Ats’" finul |
fioﬁ itﬂm . . '

VTV&hiclg

schaolbunr- The achnmlbmo uas a 19»2 ﬁﬁwpasmenger. Suparxor—built ‘
- body mountwa an a 1972 Chevrolet chaueiu, with axles nnd dual whealn on
‘the rosr, It was equippad with a 366 CID, V- gasdline engine; a manual
4-sprad trensmivsion; and a resr axle {6 50/8'35 ratin) wifh a 2-nﬁeed
planutaty uear“ wl&ctric ahift. , ,

' The bus hud mtandard afr brakan aith Type 14 u;aﬁg uhambera onfthg
frant'wheuls and Type 30 chambers on the rear. The manufaiturer's ,
reconmmendead meximm stroke is 1 3/4 inches for Type 12 chaubers and 2 1/2
inches for Type 30 chambers. A spring-antivated anerganey!parking breke
with a sepsrate alr tank wes instailed on the réar axle. ‘I'te spring
brakes, which operated off the sarvice brake compovents, were activsted

by puliing the handle on the 1nstrument panel. The odometar read 39,899
tnd e, .

The waiirlauwt ce records made available to all\thé partiea involved
An thls davar Sxaso fon fndicarte that the brake linirigs on the bus were
of original ffaht@xy) fnatallation. The minimal vear sfter BOTe fhan
36,000 aila% of travel cansot be expleianed. :

The bus wis owmad by the Siskiyou Union High School Di#tilct and -
was operated by tha Mount Shmeta High Schaol. Inspection of the bus
wae conducted by the regular driver and maintensnce was parfernad ar
his discretion. Maintenaunce reccrds reveal that the odomeier vresd
11,000 wiles when the brakes were adjusted Jast. The bus haﬂ no prcvioua
htstovy of brake imiluraq acaording o thm,ragular driverg .
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Séhoolbuses in the State of Czlifornia are required to pags amwual
machanical inapections, and each school is required to maintain records
on ivs own drivers and vehicles. The bus was last inepected on July 12,
1974, when the udometer read 27,514 miles; the only defects noted were
three worn tires. Aftet the tires ware replaced, the inspector certifled.
‘thea bus as serviceable. The inspector, a motor carrier specialist ot the
Galifornia Nighway Patrol (CHP), later stated that during this inspection,
ha visually checiad the complete hrake asystem and found it to be gperative
- ksnd free of any malfunction. He alsc stated that the brake adjustnenvs
nare withm tha wanufactureér's recommended t;olmance.

Failurn te meintein busea ajequately was revealed in a similar
 acc'dent 2/ which involved a bus oparated by a Califoruia School District.
- That school district and the Mt. Shasta High ichool were citaed by the

- California Bighway Patrol as being in violaticn of California law. 3/

The law reéquires that schoolbuses be “"systemut:ically inspected and matin-
‘tained." The law does not snecify how often schoolhuses should be
waintained. 4/ The vehicle manufacturer's schoolbus maincenance guide-
book 5/ suygestds that schoolbuses be inspected and wnzintained at least

~ every month, and receive s major inspection and 2 road test twice a year.

Automobile =- The automobile was a 1974 Pontiac Catalina, Awdoor
sedan. There was no evidence that the car was defective in any way.,
‘Neither the ariver or her passenger suastained any injuries, The car
wag demaged extenaively in the rear. There was no significant damage
to the res’ of the car. ' |

Vehicle Operators and Occupants

Schoolbus Driver <~ The schoolbus driver, 40 years old, held a
valid California Schoclbus Driver Certificate without restrictions. She
had complied with all the vequirements for the certificate, including a
training course for schoolbus drivers, which was completed in August 1973,
Her driving record showed no accidents or violatilons.

Wational Highwey Trafiic Safety Adndnistration, "School Bus/OfE-Road
F&tal,“ October 8, 1974, Colevilie, California., DOT-HS--01-176#4,
California Administracive Code, itle 5, Depart.ent of Education
Division 13, Chapter 4, Scuoolbuses, Article 4, Section 14243,
FPederal Highway Safety Program $tandwed (F.H.8.P.8.) No. 17, "Pupil
"Transportation Safety," sets winfimum requirements for State pupil
‘trangportation safety programes and states that school vehicles shall
e mainteined through s systematic preventive maingenance program and

be inspectad at least semiannually.

3/ ' General Motora Corp., "Bchootbus Inapaction and Maintenance Guidn;“
,Datroit. Miehiaang 1970, :

BT e




" The driver had 13 years of ‘experingce in tha oparmtion of schortbuses,

,fﬁwrtﬁiQ;é!jthﬁyt,g@atng;ahu,waﬁ cnﬁ&p&éﬂ)&?'th@'ﬂbuﬁﬁ;Sﬁnﬁ;ifglﬁﬁ@qaaxy“' 
Schopd DAgtrice. - T T TR TET L

., The scheolbus she hvd driven d&iﬁy;£0r,thsEnount‘Shmntq_Diatriﬁa“wasf
vot miwtlae Ko Che sceldent bus, It waz an oldae aod lavger vehicle

which was eyuippud with a J-spred manusl transtigsion, a #ingle~apeed C
_Fear sale, aiy pervice brakes, and A spring-activated (by driver or upon =
loas of air vransure) édicgency /parking brake ayctom,  Shy had driven the.

. bhus involved in the accident on on¢ other field tvip, The raguolar driver

of the wa,ralthaqah.availsbla,iﬁa?“not assigied to this trip.

~__ The schoolhus driver was requived by var State Department of :
- Edvucation to cowplets s echoolbus driver (raining course before she could
- obtain or renew her schoolbus driver cevtfficate. The course includad
. waterial on the 2-speed rear axle and oa woantain driving techniques,
. The material included cha sughestion that 7 schoolbus shouvld proceed down
a grade in the same gear 1t would use to ¢iimb it, and it included a o
discussion of the Monarch Pass accident, ¢/ vhich was similay to this
 accldent. . ' | o , - IR
TLa CHP offlicer charged with the responsibility for the safaty

‘supervision of stinolbus drivers in SieViyou County etated after the
accident that he had ridden with the driver on hér regularly assigned
- bus and found hat to be "quite competort." He noted that ahe wps A
"inclined to use downchifeing and compression whert traversing dawnyrades' (‘“

or her route.

The driver wes without any knowy disabilities which could have
affected her driving, ‘ o

4utomobile Driver -~ The deiver of the automobile held a valiﬂ
Califoruia driver's Iicense without restriciions. Her Callfornia driver's
record revealed no traffic accidents or violations. o

Schoolbug qugengarg =~ Thera were 18 students and 1 taacher‘aboard
the bus. (¥igure 7 shows the precrash and postcrash positions of the
bug oceupants, Hee Appendix B Yor a 1ist of the injury severidy.)

ANALYSTS

Schoolbus Driver Performaunce

. An ewomination of the acclient events indicates that the schoolbuw
deiver made four operational ercors: (1),15@ did not respond to the

'gﬂk1n¢ﬁiﬁu:1'Highw5§*¥§3i?icigﬁﬁsﬁ§ Adminfsticstion, "Monarch Pass,
Colorado Bchoalbus Crash,” 1871, DOT-HE-600779,
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advivory ‘signs on the wuksit; consaquently, she entered the stesp dewns
grade in fourth gesr and La high range, instesd of in a4 lower geor and

lower range; (2) she comntantly pumped the brake pedals (3) she did not

S uee the correct procedure whew she attewpted ro shift the 2-speed rear
#xle to the Low range; and (4) when she was upsuccesaful in shifting the
trangwission into & lower geer, she laft, it in neutral, which wade the

o buw a freewhecling vehicle,

: Although the nigns on the swmilt 4 not advise deivers of hervy.
- vehicler to salect the gesr that offers weximem engline braking, 1t

. message would {mply that course of sction to drivars of heavy vihicles

f;whn_uru;cipﬁtiangﬂd 1o mountain driving. The reagon for her fallure to
- doumshift before she entered the steep downgrade ie unknown, because she
~ vas experiemced, ; : S

It 1is possibie that the driver balieved sha could cemtrol the wpesed
of tha bus by usiag the brakes rather than by dowmshifting to derredse
speed. This would explain why she applied and released the brakes
frequently during the firat part of the descunt. o

The procedure used by the driver in her attempt to downshift the
2-spaed rear axle and, subssquently, the manval transmission did not
include acceleratiou nf the engine., To agscuts a synchronized downehift
succesufully, 1ir is necessary to accelerats tha engine in order to speed
up the drive shaft, Thiu procedure 17 poculiar to downshifting 2-apead
rear axles and msnial tranvmissicas, and would be opposite to the natural
lastinety of an inexperienced driver. However, since the busdriver was
oxperienced with heavy vehicle manual transuissions, it is not possible to
explain the uncharacteristic performance of the driver during the i{nitial
critical events of the accidept, | .

The sutomobile struck by the schoolbus fad paased the schoolbus nasr
the top of the descent and had continued on down the grade ot an admitred
apeud of 60 mph. ' | \

If the driver of the automobile had heard the #¢iovlbus horn, recog-
nized the hazard approaching from the rear, and steercd into the right
lane Iin time, the runaway schoslbus might have avoided the automobile and
continued to the end of the downgrade without the collisdon and subsequent
loss of coatrol. ‘ | o

. 1If she had heard the achoalbus horn, she was Lequiied to move into
the right lane and remain there until ths schoolbus had psssed. MHowever,
the driver said that she did not hesr the horn. Section 11-303 %) of the
Uniform Vehicle ode states: "Except when overtaking on the right 1a

parmdtted, the dieiver of n overtaken vehicle shall giva way to the right
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in tavﬁr of the overtaking vehicle on zudible signal ard shall not invrease :

the speed of his vehicle untii completely passed by the uvwr*aking vehicle."
- there 16 0o legal requiremsnt for detection of vehicles approaching from

the rear through other than sudible signals.

! Gnud,defmnaive driving tachuiques, however, as taught in driver
trainiag courses and advocated in driver safety education publications,
propose that drivere constantly scam tie rosdway to the front and on
both sides and look in the resrview mirrors (o alert themselves to the
presence of vehicles all around them, 1f the automobile driver had
f1lowed tbase techuiques, she rmay have seen the approaching ochoolbum
iu tiar to gat out of its way,

”§g¢kq System

There was no eudden lcas of brsking in this accident, but a gradual
lces of effectiveress in an already nnla&justod brake system. This
statemtnt is supported by: (1) the driver's frequent manipulation of

. the brakes, (2) the maladjusted slack adjuster, (3) the bus' 28,000 miles
of travel without broke adjuiatment, snd (4) the extreme demand alde
‘the brakes because the driver had not downshifted to reduce spead.

Desyite the driver's exparience and traiuing, which had included the
proper operation of air-opeiated nervice brakes, sho applled the brakes
repeatedly while traveling down the steap grade, This’ caused the tempera-~
tures of the brake drume &nd linlags to increase and resuited in a loss of
air prassure. The frequent brake applications were futile because they did
not provide anovugh time batween applications to dissipate the heat buildup
in the brake drums,

The thermal expansion of the brake drums lengthened the stroke of
the brake chamber push rod necessary to force the brake linings against
the drums. The minimal atroke available on the bus might have accommodated
braking of the vehicle under routine schevlbus upetations. Howevr, there
was not enough stroke to cumpensate for the drum's thermal expansion.
Thus, it is likely that the researve stroke fIn the brake chambar was
exhausted; this resultad fln a reduction of braking capabllity even though
an adequate supply of alr pressure moy have been in the system at the
time. Although Lt f2 not known when brake fade occucred, the s~tionn of
the driver suggest that there way have baen a loss of braking before the
warning busztur for low alr pressure sounded.

It could not be established if the driver attzmpted o use the
emargeacy/parking brake to returd the speed of the bus after the loss
of the service brakes. Even L{f she had, hex attempt would have been
futile, tecause the emergency’/parking brake was operated with components
cosmon to the service brakes, and that nystem already bad been degraded.




_ Brake saladjustmant may be discovered only when a bue 1s driven .

o under conditions such as those preceding this crash or when the brake

o Bystemc sve examined thowcughly. Since the mwladjvetwent was not dis-
- covered hefoye the crash, it i obvicus that the malntepance of criticel ™
- components of schoolbuses, such as the brake syatem, 1equire a planned
program of periodic inspection and maintonance, This i of particular
importance in areas where huses traversa mountainous terrsain. . 0

. Rpllover Sequence

 To compute the exact velocity of the bus before it hit the automobile
and wedian guardrail fe impossible. However, the dynamics of the vehicle -
80 1t arced toward the roadvay edge, the tire marks on the roadwsy, and
the relatively minor damage inflictad on the bus by the curd snd guardrail
supgeat that the bus was maving toward the roadwny edge at a speed of no
mare: then 65 wph, o S S ‘

3 . The xight fromt of the bus struck the guardrail, which yialded. The
- right tront wheal struck and mounted the exposed curb at an angle of about
50%,.. Lifting upward, the veliicle vaulted in a northeasterly direction

over the zide nlope. The bus vravelad horizontally in the air for 56

fget;*y:wihguto the left, 1i droppad 16 feet and hit the ground.

The lef) front bumper and wheel first contacted the ground, 7The

- foxce of thut lmpsct probably weakened the front axle/chassis connection,
- Gouging out a wide, 46-foot-long ditch in the slope, the bus rolled
counteirclockwise about its longitudinal sxis onto its left front roof
corner, ’

The force of that iwpsct fmposed prinmary loadings on the joints
between the side boly postn and rooi assembly, at the left and right
front corner of the hws. ‘Those posts experienced compression on ths
front face and tension on the rear, causing them to fail. This permitted
greater loads on the rumaining Joints during the subsequent dynamics of
the rolluover sequence. The effect «f that condition was the fallura of
those joinrs from front “o rear in a zippar—~like sequence.

Un the downslope end of the gouge, the bus woved perpendicular to
the roadwey. The bus complated a half roll as it hit the ground first
with 1te hood and the right front cornar of the roof, ard then with the
rear section of the roof. Enough force wvas created in the latter impact
to deform the rear cap substantislly, to imprist the second-from-the-rear
roof bow into the roof panel, and to leave paint transfers on the ground.
Vartical loadings were applied to the sideposi/roof sssemsbly conmections

during these dynamics,




‘The bus then lifted off the ground. While it was ajrborne, the bus
cospleted another half-roil counterclockwise about its longiiudinagl axis,
and #liced into the ground with its right side wheels. The bus rocked to
the left, and the left side wheels lunded and dug inte the slope, The
front azle and wheelu separated firum the bus and rolled down the slope.
The roof probably shifted laterally, first to the right and then to the
lefy, during this phasge of the rollover syquence,

o Leaning downslope, the Lus once sgain became airborne and rolled
360° countexclockwise arourd ite longirudinal axis. There were no

 physical signs of contact betwesn the Lus and the ground in the laet.

80 feet bHefore it came to rest,

The occupants /{ the bus were subject~d to a Jow longitudinal force
when the bus struck the rear of the sutomobile, and they tumbled within.
the intarior of the bus as the bus rolled down the side slope. No
- Qucupants were ejected beforc the and of the bus' last roll. The roof
assembly shifted to the right of the body sttucture and created a gap
through which the sejority of the passengsrs were ejected as the bus.
abruptly came to a halt {n an upright position.

The two fatally injured passengers ruffered traumatic neck fnjuries.
The driver suffered fatal traveatic head and chest injuries either within
the bus 38 it rolled or as she was being ejected onto the ground. The
survivors orly remember tumbling ineide the bus. They were unakle to
ralate contacts within the bus with the injuries thay susteined, and no
evldence was found of contact between the occupants and the bus interior
which cou'd be related to their injuries. The only cccupant to remain
within the vehiclke suffered no injury.

Although the evidence in this accldent does uot demonstrate conclu-
sively that the ejectees sustalned serious Injury after being thrown from
the bus, highway sarety research 7/ has established that keeping the
occupant insidr the vehicle clearly reduces the probability of serious
injury. Ejection injury has been demonstrateé to be more severe than
nonejection injury., 8/ ‘

‘The acructure of the bus after the roof detached ltueif was not
reduced in volume or invaded. The roof was diatorted, but the structure
of the roof did not fail, The crash loading which initiated the sipper-
like fallure at the joints wae not sufficient to dislodge seats from the
floox. '

1/ Rational Hishwny Traffic Safety Admiﬁiatration,""Eﬁéation,Risk in
| Automcbile Accidents." DU.-HSE-053-3~619, 1974,

8/ 1bid,
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It, therefore, could be argnad that becsuse the primary ejaction
route wan opened up by the failure at the joints of the roof awsembly
‘and side body pillars, a change of dasign of those 1oints in this
 particulax bus would be justified to prevent sfmilar ocourrences in the
- futura. It can also be argued that the impact loade sustained by the
bus during tollover were so severe that it might not ba practical to
redesign the bus to withstand such loads. The fmpact loadas in this
accident are not known. But this acclident, the Munarch Pass crash, and
the Arsgon collision 9/ all demonstrate that the most consintent pointas
of maximum strain and of failure during schoolbue rollovers are the
rcof assembly/sidepost connections, the window header area, the window
8ill area, and the bow/floor interfsce. . ’

In testiag 10/ schoolbus bodies, NHTSA's coniractor {Dynamic
Science Division of Ultrasystems, Inc., Phoenix, Arizona) fabricated
two buses wirh improved structural components and avaluated them. The
testing demonstrated that improved schoolbus struciural perforuance
can be achieved within practical liwits.

CONCLUSIONS

1. The most experienced driver of the accldent bus available
was not assigned to this trip.

2. The driver ahould have saen and responded to the advisory
signs on the summit and been awars of the magnitude and length
of the downgrade ahead.

The driver's decision to remain im fourth gear and in high
range for the descent wae contrary to her training and put
utidve strain on the brakes.

Also contrary to her training were her on-off applications
of the brakes, which accelerated the loss of air pressure and
contributed to the overheating of the brake linings and drums.

The brake which could be examined was msladjusted. Although
the other brakes could not be examined, it is provable that
they were similarly maladjusted.

The thermsl expaneion of the brake drums, coupled with the
maladjusted brakes, rendqred.the sorvice brake ineffective,

Nationsal ‘Transportation Safety Board, "Collision of a Southern
Railvay Work Train With a Polk District Schoclbus At Aragon,
Georgia, October 23, 1974," 1975, NT9B=RHR=75-1.

National Highway Traffic Safety Administracion, "Schoolbus Safety
Improviment Program," DOT-HH-046-3-694, 1975,
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It is not known whether the drivev applied ¢he emergency/
pariting brake, Howevam. because of their common couponents,
that brake would heve tacowne ineffective at the same time ag
the service brake.

It 48 unkucwn 1f the loss of braking preceded the decision of
the driver to attempt s downsulft on the steep grrde, or if
the {ailure to downshift precipitated the loss of braking.

It cannot be determined why the iusdriver did not use the correct
gear-shifcing procedure required to downsuift the 2-speed rear
-axle and the nnnuql tranemission aucceaafully.

The ruof failure was precipitated by a rearward load at the

tep of the windshield which caused rearward fallure of one or

~ wore joints betwaesn the sidepoots and the lomgitudinal cap of
‘the sideposts. After this, the joints failed in rapid sequence

‘as _lowds were applied to each joint, '

The impact loads on the bus body were not sufficient to reduce
the bug volume enough to prevent survival of the occupants.

The ej&&tion of bus occupants vag permitted by che roof
fatlure.

Schoolbus cross-sectional integrity must be assured in rollover
environsents regardless of the design alternatives. Such
structural assurance is within current tachnwlogies and
practical limits.

The maludjusiments of the service hrakes probably would not
have been detected by a driver opevating a schoolbus in routine
service, but could be detected by a thorough brake systen
examination.

Schoolbus maintenance programs raquire careful moniltoring, as
critical schoolbus components require thorough vehicle
inspections at regulated, scheduled intervals.

If the driver of the automobile had been alert to all of the
traffic conditions about her, she probably would have seen the
approaching bus in time t»n take evasive action and open a path
for the runaway schoolbus, :




PROBABLE CAUSE

The _atioral Transportation Safoty Board deterwines that ihe
p: «woable cause of rhisg accident was: (1) the failure of the schoolbus
driver to select the proper gear to deacend the steep grade, and
{2) the maladjustment of the brakes ou the bus.

RECOMMENDATIONS
A8 a vesult of the investigation of thin accident, the National
Transporiation Safety Board submitted a Safety Recommendation to the
National Highway Trarffic Safety Administration (See Appendix C.)
and to the State of California. (Sec Lppendix D.)

BY TUE NATIONAL TRAWSPORTATION SAFETY BCARD

JOHN H. REED

Chairman

FRANCIS H. McADAMS

Member

/8/ LOUIS M. THAYER

Member

/a/ 1SABEL A. BURGESS

Member

/s/ WILLIAM R. HALEY

Member

Jenuary 7, 1976




APPENLIY &

SCHOOLBUS DATA

Specifications of the Schoolbus

The schoolbus was a 66~passenger 19/2 Superior body mounced on a
1972 Chevrolet chasuis. 1t was 2quipped as folloys:

Engine: 366 CID, V-8, -gascline engine,
producing- 235 net HP @ 4,000 rpm

Odometear: 39,899 miles
Transmission: Manual 4-speed
Wheelbase: 254 iaciies

Rear Axle: Chevrolet 2-spred plunetary pear,
electric shit., 17,900~pound capacity
(6.50/8.85 rario)

Front Axie: F707 with puwer steering 7,000-pound
capacity

Unladen Weight: 14,560 pounds

Brakes: Alr (7 i/4 cubi: inch compressor with
one comhination wet and dry and two dry
alr reservoir tanks)., The front brakes
were L{ype 12 clamp-type brake chambers,
S-cam shoes, 1/2~inch linings, and a manu-
raciurer's recommended maximum brake
chamber push rod siroke of 1 3/4 inchae.
The 1car b akes were type 30 clamp-type
brake chamvers, S~c - shoes, 3/4-inch
iinings. a manufact .cer's rvcommended
waximum broke chember stroke of 2 1/2
inches, and Ainghorlok {(spring actuated)
emergency/parking brake system with sepa~
rate air taak for brake release.

Marual with mechanical linkage

10:00/20, 12-ply. Two tires on the
front axle and four on the rear,




o F a»w-bwﬂ«ﬂ*}“lw&ﬁ»‘h'-d\quw-l\ .

o Pl

Low siv Cvesaure A suzzer sounds and 8 red tight
Warnlng: tighes up whea alr pressure 18 below
;:‘0 pastiu

Low 0Ll Pressura A Yuzzer sounds and red iight on
Warning: dash lighte up when oll pressure
fadev. ZSquipped with on-off switch.

Lights and Hova: Electric

Body Structure: The structure ie formed by the welding
of 11 side bodv pillars and 2 "AY
plllars asbove the window line to the
roof ascembly. The aildeposts ave
centered between each passanger
window and welded to a lower side
body sill  The roof assembly consists
of 2 longitudinal roof stringers and
intermediate and full lergth rouf bows
13" apart. Internal ané external
panels cover both the voof bows end
sldeposts. Tihe body had 22 passengar
seats, each nmeasuring 39 inches in
width.

Summary of Crush Damage to the Schoolbus

The chassis frame was not bowed or buckled. The body remnined
attached to the chassis. The left gide of the bus body showed signs of
toraional twisting--the front in a clackwise motion snd the rear in a
counterclockwise motion. The right slde of the body exhibited no
indicatfons of torasional twisting,

A hole, messuring 3 iuches in diameter, which occurred from a down-
ward force into the engine compartment, was found on the hood., The hood
also showed uweveral stviations of different angles on its surfacec.

T'ne left front bumper was deformed rearward and upward at an angle
of about #6° frcm ics original position. Numerous horizontal striations
on the ouvtside (left) edges of the bumper were alsc in evidence. The
headlightg and grill arca were lutact. The right front bumper and fender
exhibited little damage. The left front fender was deformed Tearvarg
with angled striations on its surface. :

The front deoor was dcformed rearward and cutward. Three exterior
panels on the right side were separated at the }oints. On the lef't side,
exierinr paneling was buckled in several locations snd deformed inward on
the iower portion of the body. Striaclons were in evidence at different
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angles alovg the length of the bus hody. The righe rear cornex of the
body was Ciuched inward., All side body piliars oxn tha resr of the bus
were bant 20° Jrom che horlzoutal,

Ihe left rear bumper was deformed upward on the underside. White
paint stilations were found om the bumper from the left leading adge
aud around to the resr. The penel on the laft raay correr was deforaed

" el L s ol d

dewwiadd s avuuad the Luspei.

The gasoline and aily reservoir tanks were intact. There wes no
chafing of, vy kinks in, the eir hoses.

The front axie was disengaged from the bus; the l-bolt conpections
ware shearad. 7The left rear outside wheel exhibited a dent uear the
coater of the rim.

The cowponents in the exgine compartnanﬂAexhibited no signs of
damage. The fan wav intact and the radiator indamag&d.

B
An examination of all 24 side body pillags and both side roof rails
at thelr joints revealed:
\
(1} ‘Two of the sidepost/rocf cinnections fail&d, leaving the entire
weld on tbe side roof rail. \

(2) BSeven of the sidepost/roof connections failed, leaving both a
porrion of & weld on the side roof vall and a tesring away
of vhe parent melal.

(3) Fifreen of the sidepest/roof connections failed, solely by
the tearing awvay of perent metal on the side rcof raila,
The weids at those joints held.

In summary, 8.3 perccat of the jointe failed in mode (1), 29.2
percent in mode (2), and 62.% 1in mode (3).

Separating end crushing of roof pan:ls vas minimsl. The primary
crushing of the roof occurred at the left front corner, right front
corner, and downward on the extsrior rear panel. The front cap of the
roof asvembly experienced some buckling. The left front waraing iamp
wae intact, the right fron: damaged.

The interior cof the bue was relatively intact. The floor was
undanaged and all but nine seszs showed no signs of deformation or
follure at thelr anchorages. Wo forward deformation was found, although
several experienred vome lstersl deformation. Only one meat was com-
pletely disengagad from the floor, bu% was not disylaced from its position
during the rollover dynamics of the bus.
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tw Joinls, cus separation on the right z{de sod ove on the Tatt ulde.
The left vall was deformed outvard and the vight wall in tha vexr of

the bus ioward,




APPENDIX B
INJURY DATA

Bue Occupant Location

le Fommie, 4) {Sae Figure 7.)

2. Malae, 15

; Male, 16
Male, 15
Hale, 15
Male, 19
Yole, 16
Male, 17
Pemale, A%
Fenale, 16
Female, 16
Male, 17
Male, 16
Male, 15
Male, 16
Male, 16
Mala, 17
Panwele, 16
.Fenale, 16
Female, 18
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A numarical description of the overall severity of injury in persons
who have sustained ivjury to mere than one area of the body (1,
minor; 2, moderate; 3, severe, not life~threatening; 4, savere, life-
threatening; 5, criticsl, survival uncertain).
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NATIONAL TRAMNSPORTATION SAFETY BOARD
WASHINGION, D.C,
AYPENDIX C

ISSUEL: Septevhar 18, 1975
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Forwarded to: )
\
)

Honoratile James 3. Gregory

Administrator

National Highway Traffic Safety
Administration

SAFETY RECOMMENDAY IOM(S)

Kashington, D. €. 20590 Hn 7522
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On May 9, 1975, a 1972 schoolbus carrying 20 persons crashed through a
saciion of guardrail on the northbound portion of Interstate % in Ashland,
Oragon. The vehicie fell down a steep slope and rolled about its longitudi-
nal axis before coming to rest in an upright position about 224 feet from
the edge of the pavement. With the exception of one sidespost/raof bow
connection, the roof was cumpletely separated from the bus body. Nineteen
of the 20) occupants were ¢jected through the gap craated by the roof sepa-
vation; 3 were killed and the rest were injured.

Or: September 11, 1971, a 1971 schooibus carrying 48 persors left State
Highway 50 on the eastern approach to Monarch Pass, Cnlorade, and rolled
over 2 1/2 times. The left sideposts separated at the windew sill, which
causad the roof to separate from the side structure along that side of the
bus. Of the 37 occupants who were ejected through the gap created by the
separation, 9 weve killed; the 28 others sustained more severe injuries
than the 9 occupants who remained in the bus.

These accidents demonstrate the vneed for schoolhuses to maintain their
cross sectional structural integrity under rollover conditions in ovder to
contain occupants and to zssure that they have space to survive.

The schoolbuses involved in these accidents represznt the two most
comen designs currently used by schoolbus manufacturers. The roof of the
Ashland bus was welded to side piliars mounted to the bus floor. The ruof
of the Monarch Pass bus was constructed arcund a continuous sidepest/roof
bow. Two major bus manufacturers use the type of roof asscmbly that was
used on the Ashland bus; four other manufacturers use the type of roof
assanbly that was used on the Monarch Pass bus.

Schoolbus cross sectional integrity must be insured in m1iover environ-

ments regardless of the design altemativas incorporated. The most effective
way to develop performance requirements to accomplish this objective would be

19404




A PENDIX C

dynamic ollover testing. Simflar comants were made by the Nationa)
ransportatton Safety Bowiyi on May 5, 1375, to the National Kighway
Traffic Safety Administration’s propossd vulemaking Docket o, 78-2,
Notice 01, "Schoolbus Rollover Protection.®

‘ ~ Therefore, \he Hational Tramsportation Safety Board recommends that
the Natiornal Higway TrafPlc Safaly Adsinistretion.

Inttiate & program of dynamic reollover testing of
schaolbuses to provide data, in combination with
data already obtained from static testing, to be
us@d to davelop a performance requirement that wiil
insure reasonable structural integrity in rollover
envivonments. (Class 1.) |

REED, Chairman, WcADAMS, THAVER, and BURLESS, Members, concurred in
the above recommendution. HALEY, Memwber, did wot participate.

Mo

Byil/ John H. Reed
Chat rinan




NATIONAL TRAMSPORTATION SAIETY BOARD
| WASHINGTON, D.C.
APPEXDIN D
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Fforwarded to:

Honorrable Bdmmnd Gs Brmm. Jrs

Gorrernoy _

Stato of Califormia ' SAFELY RECOMMENDAT IOM
Capitol Bullding

Sacrarenty,, Califcrmia 95314 Heifmq
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At 32t45 e.m. on Fridsy, May 9, 1975, a Siskiyou Unicn High School
District ( California} schoclbuy carrying 19 passensers wis northbound on
Interstat.e 5 noear Ashland, Oregm.

T™he busdriver entered a steup downgrade with the tun in fourth gear
and in high range, ani used the uir service brakes heavi.y to control the
st speed., ¥hen thy bus had descended sbout seven-4erthy of a mils, im-
properly adjusted braktes and thermal sxpansion of the drums caused the
trakas to fade. The driver attemptoad to downshiit the 2-upsed rear axle
but wan unsuccessful. She continued alternately to spply and to relsase
the braices. This caused a rapid loss of air pressure. Az the bus gained
monentum, the driver attempted unsuccessfully to shift tims trensmission
from fourth to third gear.

Soon after the buzzer warning of low air pressure snwded, the pas—
wmgex'a wera instructed to get down on the f£locrs The drlver blew the
horn 0 warn vehlcles ahead as she intormittently attsmpled to shifh
gears and brake the vehicle. The driver of an automobile, also northbounmd
in the left lane, did not hemr or ‘)aoe tie bus Defora it struck the ruar
of the car and shoved it in a 180" arc to the sast. The tns slipped side-
ways, vaulted a curb and s guardrail section, and rollsd over twice down
a stsep slope. The roof separated from ths bus and swuiig Off as the bus
come tO rest upright some 2173 faeet. from the ecige »f the 1oadway.

Ninoteen of the bus' 20 occupants wers ejected. Thrus occupants
wore killed and 15 others were injured.
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AUPEMDIX D

Alloagh the State of California bus requirementy wder Tiils
=.0f the Adminlstrative Code of Californis fir the ayshenatic i
spoetion wvd muintengnee of achoolbuses, the law dors nof. spocify
v often sehaclburos shov’d be inspectod cr wadntaired. § sywtem~
etis pesventive-ilalenancs mogeai saonlt b set YP OB o Lime- oF
‘milesgo-bania, 17 a combiraticn of bvotd, Lo mintsize vebdcls bregi-
dows en routs and the pospibility of perd fathwre that covld lond to
& crashi. The schoclbus in this accident had not besn so0 welrtained.
It ie lsportant to have much requireserts modd it iy ecually impore
~ tant 3¢ dpame thut they sre compliad with.

Trarefors, the Nationnl Transpoitstion Safety Bowrd rucoumands
that Loo Stete of dalifoxniat

Insurs the izpleventstion of all the provisiiny of
Pedersl Highwmy Safety Progrem Siandard No. 7,
"Npil Traneportation Safety,” sspocially the RO~
vizions relst.ing to the systemetic preventative
maintenancs siid the semiarmual ingpsct.ion of school~
tuses. (H76-1) (Class II, Priarity Pollowup)

RI¥D, Acting Chairmen, McADAMS, THAYER, BURCESS, and HALRY,
Mombers, cuncurred in the above recommsendation.

Byl:‘ Jobn li. Reed
Acting Chairuen






