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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTOR, D.C. 20594

ATRURAFT ACCIDENT REPORT

January 25, 1979

CONTINFENTAL AIR LINES, 1XC,
McDONNELL-DOUGLAS DC-10-10, M6804S
LOS ANGELES, CALIFORNIA
MARCH 1, 1973

SYNOPSTS

About 0925 Pacific standard tire oo March 1, 1977, Continertal
Air Lines, Inc,, Tlight 603 overran the departure end of "unway 6R at
Lcs Angeles Internaticnal Afrport, Calirornia, following a rejected
takeoff, The tekeoff wis rejected just before the aircraft attained a
Vi speed of 136 krots, btecause the flightcrew heard a loud "metalli:
bang" and the aircratt started tc "quiver." As the afrcraft departed
the wet, load-bearing surface of the runway, the left main landing gear
collapsed and five erupted from the left wing area. The zircraft slid
to a stop about 664 feet {rom the departure end of the runwey. The left
side of the aircraft was destroyed., Of the 184 passeugers, 2 infants,
and 14 crewmembers aboard, -2 passengers were killed and 28 passengers

and 3 crewnembers were serfously injured during the evacuation of the
Gircrafe.

The National Transportation Safety Board determined thac the
probable cause of the accident was the sequential failure of twn tires
on the left »ain landing gear and the resultant failure of another tire
o1: the same lanuding gear at a critical time during the takeof{ roll.
These failures resulted in the captain's decisfon to reject the takeof(.

Contributing to the accident was the cumulative effect of the
partial lcss of aireraft breking because of the failed tires and the
reduced brakiung fricticn zchievadble on the wet rvnvay rutrface which
ifncreased tie accelerate-stop distance to a value greater tharn the
«vailable rurway length., Taese facto''s prevented the raptain fronm
stopping the aircraft within the runway confises.

The failure of the left main larding gear and the consequant
rupture of tle left wing fuel tenrs r:sulted in an intense tire which
added to the severity of the accident,




1. FACTUAL INFORMATION

1.1 History of the Flight

On March 1, 1978, Continental Afv Lines, Inc., Flight 603, ¢
McDonnell-Dougles DC-10-10 (N68045), was a scheduled flight from Los
Atnigeles Interrational Airport, California, to ilonolulu, Hawaii,

At 0857:18 1/, Flight 603 called Los Angeles clearance delivery
and was clesred for the route of flight which was to have heen flowm.
About 2 min later, the flight received permission from Los Angeles
ground contrc¢l to push back from the gate, At 0201:37, Flight 603 was
cleared ny ground control to taxi to runway €6R. The runway was wet, but
there was no standing water,

At 0922:29, Los Angeles local control clecred Flight 603 to
taxi into position on ruaway 6R and hold, At 0923:17, local control
cleared Flight 603 for zakeoff; howaver, the flightcrew did not acknow-
ledge the instructions and did not comply wich them. At 0923:57, local
contrel, again, cleared the flight for takeoff. 1his time the flightcrew
acknowledged the instructions., The captain stated that he delayed
acknowledgment of the taleoff clercance because he believed tuat he had
inftielly deec given the clearance too soon .3fter a heavy jet aircraft
had nmadz its takecff.

The tlightcrew stated that acceleration was normal and that
all engine instruments were in the normal range for tukeoff. As the
afrspeed approached the V) speed of 156 kns, the captain heard a loud
"metallic dang'" which was followed immediarely by "a kind of quivering
of the plane."” The flighterew noticed that the left wing droppad
slightly.

A rejected takeoff was begrmn immediately; however, according
to ithe digltul £31ight data recorder (DFDR), the airspeed continued to
Increase to about 159 kns as che rejected takeoff procedures were begun.
The ~aptair. stated that he applied £full brake pressure while simultanecusly
bringing the (hrust levers back to idle power. Reverse thrust levers
wrre actuated and fuil reverse thrust was used. The flightcrew stated
tha: they noted good reverse thrust.

First, the aircraft moved to tne left of the runway centerline
and eppeared to tihe flightcrew to be decelerating normally. With about
2,000 L or runway remaining, the flightcrew becane aware that the rate
ot daceleretion had decreased, and they believed that the uaircraft would
not b2 abie to stop on the runway surface, The captain stated that he
maintained maxdi~um brake pedal force and full reverse thrust as he .
steered the alrcraft to the right o¢ the runway centerline in an effort

1/ A1l times herein are Pacific standard, based on the 24-hour clock.
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"tc go beside the stanchions holding the runway lights'" {mmedfately off

of the departure end of runway 6R. 2/ He stated further that he encountered
no problems with directional control of the aircraft throughout the

rejected takecff maneuver,

The ai~craft departed the right corner of the departure enc of
runwvay 6R. Ahout 100 fit beyond the runway, the lzft mair. landing ge:~
broke through the nonload-t2aring tar-macadam (tarmac) surface and
failed rearward., Fire ervpted immediately from this area. The alrecraft
dropped onto tne left wing and the No. 1 (left) engine and rotated to
the letc as it continued its slide along the surface. It stopped
betweer two of the approach light stanchfons for runway 24L about 664 ft
from the departure end of runway 6R and about 4N ft to the right of the
runvay 6R extended centerline; it came to rest on a heading of 008°, in
an 11° lett wing low, 1.3° noseup attitude. When the aircraft came to a
stop, the evacuation was begun immediately.

The accident occcurred during daylizit hours, about 0925, at
latitude 33° 5&' 30"N and longitude 118° 24' 24'"W. The elavation of the
accident sfite was 111 ft m.s.l. :

1.2 Injuries to Persons

Injuries Crew Passengers Others

Fatal 2/ 0 2 0
Serfocus 3 28 0
Hinor/Nore 11 156 0

One firefighter was seriously injured ind nine firbfighters
were injured slightly while extinguishing the fire, ;

1.3 Damage to Alrcraft

H
i
i
¢
!
L)

The left side of the aircraft was destroyed.

1.4 Other Damage

A threshold light and two approich lights for ruﬁway 241 were
broken. The tarmac surface on the departure end of runway 6R was damaged
exteasively.

2/ The stanchions were steel supports for the approach lights to runway 24L.
These stanchions were not frangible fixtures.

3/ Two passengers died of their injurfes abtout 5 monthe after the accident.
49 CFR 839.2 stipulates that only those deaths which occur within 7 days
following the accident be listed in this section.,




1.5 Perscnnel Information

fhe flight crewmenbers, the flight attendants, and the in-
flight supervisor were all properly certificated and trained for the
flight. {See Appendix B.)

A Continental Air Lines, Boeing 727 captain was on board the
aircraft as a passenger. He was seated in the firsc-class section of
the cabin.

1.6 Afrcraft Informition

The aircraft was certificated and maintained in accordence
with Federal Aviation Administration (FAA) requirements. The gross
weight and c.g. were within prescrited limits for takeoff. At the time
of the accident, abour 120,000 1us of jet A-1 fuel was on board. (Sen
Appendix C.)

Takeoff computaticns for the flight showed a takeoff weight of
429,700 1bs-~430,000 1bs was the meximum allowable for takeoff. ‘The
takeoff c.g. was 21.5 percent mean aerodynamic chord (MAC). The tukeoff
data also showed a computed Vi speed of 156 kns, a VR speed of 161 kns,
and a V2 speed of 170 kns,

The wheel, brake, and tire positions on the DC-10-10 main
landing gear are designated by number, from left to right, beginning
with the forward t'res. (See figure 1.) Nos. 1 and 2 are the forward
positions on the lert =main gear, Nus. 3 and 4 are the forward postions
on the right main gear. Nos. 5 and 6 are the aft pousitions on the left
main gear, and Nos. 7 and 8 are the aft positions on the right main
gear. The tires in positions 4, 6, and 8 were on their first retread
cycle; those in positiors 3 and 5 were on their second retrcad cycle;
and those in positfons ., 2, and 7 were on their third retread cycie,
It was the compa~y's policy to replace a tire after its third retread
cycle.

The tire pressures had been checked irmediately after landing
from a previous flight on the merning of March 1, about 3 hours before
the accident. These pressure readings were: No. 1 - 189 psi, No. 2 -
185 psi, No. 3 - 188 psi, Nc.4 ~ 185 psi, No. 5 - 186 psi, No. 6 - 187
psi, No. 7 - 192 psi, and No. 8 - 190 psi. The company required a
no'mal tire pressure of 185 psi; however, their General Maintenance
fanual indicates that a nornal tire inflatfon range is between 182 psi
to 188 psi.

1.7 Heteorolozical Information

A large low-pressure systen had moved on shore over California
with the center of <he low pressure located about 70 mil waest of the
Los Angcles Inteirnational Airport. The weather assocfated with this




Figure 1. DC-10-10 mrin lanaing gear tire/wheel assembly posfitions.

system was an Intermitten=, very light or light rain with winds from the
scutheast ar 10 kes. [hi, general pattern was broken by squalls with
ryderate to heavy rain and winds from the south to 13 kns, gusting to

17 kns and 25 V-,

Pertinert Natlonal Weather Service (NWS) observations for the
los Angeles area were:

0300 iccal Record - 6,000 ft scattered; wmeasured ceiliung,
1¢,000 ft; vxsibility~—3 mi in rain; temperaturﬂ«w59°
dewpainr«—JS F; wind~-130° at 11 kns, gusting to 20 kns,
Flriratev--29.51 inMg.; ceiling ragged.

9338 lLocal ~ 7,0
t*uibility -3 ni
b |

¢0 £t scattered, measured ceiling 15,000 ft;

In rzin; temperature~--59°7F; dewpoinc~-59°F;
kns gusting to 20 kns; altimeter--29.58 inHg.;
¢2ircraf: ::i{shap).

Find---140° ot
celling rvagyed

The NWS precioftation cecord for Los Angeles showed 4/100 ins.
olorain betwezn G301 and (909 and ¢/100 Hetween 0900 and 1000.
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The NWS wird-recording device at Los Angeles records velocity
only. At 0924, this device recorded a wind velocity cf 12 kns. A mean
wind direccion, as detarmined from the 0200 and 0938 weather observations
and three tower abservations, was about 110°,

1.8 Aids to Navigation

Not applicable

Communicatiqgg

No comnmunications difficulties were reported.

1.10 Aerodrome Information

Runway 6R at Los Angcles International Airport is hard surfaced
and is 10,285 ft long and 150 ft wide. The elevation at the departure
end is 111 ft w#.s,1. The runway has an average up hill gradient of .12
toward the departure ead. Ruaway 6R ies constructed of an asphalt-
concrete couwposition and {3 grooved for 9,834 ft--about 66 ft on each
side of the runway centerline, The last 451 ft of the departure end of
tae runway is not grcoved, There is a displaced threshold of 331 ft on
the approach ead of the runway. Runways 25L and Z5R, which are 12,000 ft
long, are restricted froa aircraft which excead 325,000 1bs gross
weight because of runway overpass strength limitations, These, therefore,
were not avaflable to Flight 603. Testimony at the pubiic hearing
revealed that this :estriction will apply for several years before
improverents can be made to tils runway overpass to allow heavy aircraft
vperations. The Safety Board determined that 19 percent of all aircraft
<pervtions at Los Angeles involve wide body aircraft that cannot use
runways 25L and 25R. The FAA predicts that this level will reach 30
percent by 1980--a 50-percent increase.

The FAA had a program to modify all approach light stanchions
wich frangible “{ittings. Tn 1977, the Safety Board recommended that the
rrogran be expedited so that (he medifications would be completed in
from 3 to 5 years. The FAA replied that tney would do their best to
reet ~he recommended time frame. At the time of this accident, the
approach light stanchions for runway 24L, which are located at the
departure erd of 6R, had not been modified.

The last 1,500 ft of runway 6R had a heavy deposit of rubber
on the surface. This deposit was caused bv the tires of aircraft landing
in the oppocite direction (runway 24L). No evidence was fcund to indicate
any rubber removal or friction surveys on runway 6R since its consiruction
and grooving 1r. 1974.
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1.1} - Flight Reconrders

1.11.1 Cockpit Voice R:corder

The airciaft was equipped with a Fairchild, Model A-100 cockpit
voice recorder (CVR), seriel No. 3842, 1lo useable information could be
retrieved because the tape had broken. The captain had discovered this
nalfunction during his prefli{ght ciieck and had called maintenance
personnel to corruct the malfunction. However, it was not corrected,
and the captasn did not rrcheck the equipment. The malfunction was not
recorded in the aircraft logtook.

The CVR 18 a nminimum equipment list item and is required by 14
CFR 121.359 “c be operational at takeoff. Tests and readout revealed
that the CY2 was probably iaoperative for at least two flights before
the day of the accident.

1.11.2 Digital Flight Data Recorder

The aircraft was also equipped with a Sundstrand, Model 573A
DFDR, serial No. 2273. The DFDR was not damagué and all parameters had
been recorded correctly.

The DFDR data showed that the takeoff roll began from a static
position on runway 6R at 0923:54, (See figure 2.) The wing flaps were
set at $°. Takeoff thrust was established at 10l-percent Nj on all
engiues as the aircraft accelerated through 37 kos. At 152 kns, 46 sec
into the takeoff roll and 4 kns below V], the longitudinal accelerometer
began recording a marked decrease f{n the aircraft's acceleration although
takeoff thrust was being maintained on all engines, NRo indications of
tire failure were evidenced below 152 kns by the UFDR. At 152 kns, the
DFDR roll attitude parsmeter began to record a gralual lowering of the
left wing. Vi speed, 156 kng, was reached 1.2 sec later, or 47.2 cec
after the start of the takeoff roll. Engine thrust began tc be redquced
iess than 0.5 sec after Vi sveed. A maximum speed of 159 kns, 2 kns
below Vg, was recorded 1.8 sec after Vi and 0.5 sec after longitudinal
acceleratfon had changed from positive (acceleration) to negative
(deccleration) values. Thrust reversers unlocked while the airspeed was
decelerating through 157 kns at a peak deceleration rate of -0.23g.
About 1,2 sec latex, the thrus: reversers were deployed at 152 kns as
the engines were spooling oow.a for thrust reversal and as the left wing
reached its maxinum down attfitude of 2.1°. Tune engines began to spool
ur for thrust rveversal 4.8 sec after Vi; nmaximum reverse thrust values
were attained in 2 sec on the cencer eaglune, in 6 sec on the left zagine,
and in 8 sec on the 1ight engine. Afrcraft heading began to deviate to
the right of the runway centerline as full reverse thrust was being
attained. The heading reached 079°, the miximum deviation i{rom the
cer:terline, as the aircraft's speed decelerated through 58 kns.
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A peak vertical acceleration value of 1.22g was recnrded
20.8 sac after Vi indicating the end of the runway. The alrspeed at
this time was decelerating through 68 kns with reverse thrust being
maintained at 104- to 105-percent Nj speed on the wing engines and at
100-percent Nj speed or the center engine. 7Three sec later, the aircraft
headi. g began a rapid turn to the left simultaneous with a sudden 10°
lowering of the left wing. The left engine speed also decreased suddenly.
Peak engine speeds fnr the center and right engines were recorded 1 sec
later. Engine speeds began to decrease on the center and right engines
at airspeeds of 57 kns ard 20 kns, respectively. The last recorded
airspeed was 30 kns,

Between 159 kns and A8 kns, the peak longitudinal deceleration
values were between -0,20g 2nd -0,30g. The aircraft pitch attitude
rerained at 0° throughout the ground roll on the runway. The DFDR
recording ended at 0925:17 with the aircraft on a heading of 008° and at
a left wing-down attitude of 11°,

The DFDR was not equipped, nor was it required to be equipped,
to record brake pressure or brake pedal travel.

1.11.3 Time-Distance Correlation

The DFDR daca were used to derive correlations between aircraft
gpeed, ground distance, and time for us2 in analyzing aircraft performance.

Th2> DFDR longitudinal acceleration data were integrated to
determine groundspeed and ground distance traveled. Corrections for the
effects of density altitude (29.58 inHg. barometric pressure and surface
temperature of 59°) were made to obtain true airspeeds so that the
headwiad cowponent of the wind could be determined from comparisons of
true alrspecsd and groundspeed. The resulting headwind averaged about
5 kns., The total ground distance traveled, determined from the integrated
data, was compared tc the ailrcrart’s final position (64 ft beyond the
runway to devermirz the location on the runway where the takeoff roll
begau., The regulting distance, measured from the takeoff ead of the
ruivay to the air.raft’s center of gravity, was found to be 166 ft.

Vi speed, 156 kus, was reachad 6,080 ft frem start of the takeoff roll,

or 6,250 ft from the end of tha runway. At 152 kns and while engine
thrust was being maintained at the takeoff setting, the marked decrease

in lonzitudinai acceleration recorded by the DFDR corresponded to 5,560 ft
of agrcund distance. The alrcraft overran the departure end of the

runway at 68 kns indicated airspeed and had covered 4,560 ft >f runway
from the time thn rejccted tukeoff wics recerded by the DFDR at 152 kns,

1.12 Wrecnige and Impact information

Debris was reuored from the runway before investigators
arrived, and {ts locatisn was -t documented. A witness; wiio was secated
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in the jumpseat of ar aircraft walch tasied Jown runway 6R shortly after
the accident, reported that pieces of rubber and a tire carcass were
strewn on the runway surface beginning about 3,000 ft from the approach
end of the runway.

The event sequence wds reconstructed based or marks left on
the runway by the leit main laniing gear tire and wheel assemblies. 7he
reconstruction shoved that black marks from the No. 2 tire were evident
beginning 6,300 ft from the departure end of runway 6R. These ra~ks
were spaced from 16 ins. to 20 ins. apart, With about 4,520 ft remaining,
6 in.-wide white squiggle narks frou the No.2 tire weve evident. With
about 5,500 fr remaining, mar © fron both rims ot the 2. 2 wheel could
b. suesa. Within the next 20 ft, marzs from the inboard wheel Pim of the
No. 1 wheel appeared on the runway surface, wiih marks from both rims
evidant with 4,461 ft remaining. About 260 €t farther down the runway,
bits of carcaes ply were Inbedded into the runway surface in line with
the outboard rim of the No. 1 wheel. Marks from the tube well of the
No. 1 wheel and fror a piece of the No. 5 tire appeared at 3,403 ft and
3,380 fi, respectivaly, With about 1,575 ft remaining, all of the
runvay marks from the left main tire and wheel assemblies began to show
evidence of shimmy., This characteristic centinued until the afrcraft
left the runway surface. There were no signs of reverted rubber or
other indications of hydroplaning on any tire or tire fragment. (See
figure 3.)

The tire marks nade by ¢":e right main landing gear during the
last 2,000 ft of the roll indicated that the tires were not hydroplaning.
These tracks sugyested some dogree nf braking action when compared to
the tracks of the none gear,

About 100 ft after the aircraft left the runway surface, the
renains of the ieft main landing gear whecel and tirc assemblies broke
throueh the taimac surface of the nonload-bearing area and the landing
gear structure failed aft. The left-nain landing gear stru: was found
trailing bhehiad the wing; the lower end of the sirut was supported by
the No. 1 wheel and two brake assemblies, which wece resting «n the
ground. The upper end of the strut was not deformed and was ccnnected
to (he main landing gear support fitting. The support fitting was not
connected structurally to the wing box. Extensfouns of the wing upper
skin, upper doubler, lowor skin, and lower doubler aft of the wing rear
spal connecting the gear support fitting to the wiug box had failed.
The upper skin had torn cff along the rear spar. The lower skin had
torn >ff aft of the rear spaz. The lower doubler was torn off aft of
the skin fracture.

The upper and lower auxiliary spar was torn off at the flap
hinge fitting. Major fasteners connecting the support fitting to the
wing box falled, except for the Jower cutboard 1 1/2-in.-diameter belt
cornecting the support fitting to the wing box intei'nal bulkhead,
directly forward of the support fitting.
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Figure 3. Aircraft wreckage distribution chart.
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A trafazoidal pertion of the wing rear spar web {(about
3 1/2 sq ft) remained attached to the landing support fitting. This
opened up the No. 1 fuel tank. The rear spar shear web and doubler had
failed. A length of the vertical tang of the rear spar lower cap and a
portion of the lower outboard cap of the wing chordwise internal bulkhead
also remained attached tc the landing gear support fitting. The wing
bulkhead upper 1-in. bolts fafled 1 in. aft of the rear spar web. The
lower inboard 1 1/2-in.-diameter bolt was missing fror fts hole, A
portion of the lower bulkhead cap remalned on the lower outboard
1 1/2-in.-diapeter bolt. A section of thte rear spar web and vertical
tang of the lower cap had broken loose at the outboard end of the landing
gear fitting, vhich created a l-s1-ft hole in the aft wall of the left
compartment of the No. 2 fvel tank.

Tue fuselage, though burned extensively on the left side,
remained intact.

The right wing was undamaged except for minor fire damage.
The No. 1 and No. 2 right wing leading edge clats had been burned,
Slats Nos. 3 through 8 were not damaged. All slats appeared to be
extended and attached to the wing. The No. 3 engine pod had been
damaged by firs,

The left wing was damaged severely when the left mailn landing
gear collapsed; it was also burned. The wing remained attachei to the
fuselage but was bent upward. The ilo. 1 engine and pylon assewbly hac
gseparated and was located just forward of the wing. The engine pad ard
pylon assembly was badly burned. The fuel tank had not ruptured when
the enginc¢ pylon separated. The autboard afleron, inboard afleron, and
inboard flap had been burned badly. The outtoard flap had separated
from the wing and was located a few hundred feet aft and to the 1.ft of
the aircraft. The left wing leading edge had been duraged by fire.
Slats Nos. 5 through 8 were burned on the turfz:e and appeared to be
retracted. The slats were still attached to the wing. The lower wingtip
skin had broken through, rupturing the fuel .anks near the tip.

When the engines were examined on the scene, all thrust reversers
were in the exended position, The Nos. 2 ard 3 engires were not damaged.
The No. 1 engine was damaged severely when the left main landing gear
failed and the left side of the aircraft dropged on the engine and left
wing. The investigation riwvealed no evidence of powerplant failure or
malfunction during the acceleration or deceleration sz2quences until the
left main landing gear failed.

1.13 Medical and Pathological Information

The deaths and injuries were incurred during the evacuatfon.
Two passengers died of burns and smoke inhalation; they succumbed to
their injuries after deplaning. Of tne 71 passengers examined, 28
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required hospitalization. Their fnjuries included various fractures,
abrasions, burns, contucions, and rope burns. The injuries of the 43
passengers who were treated and released included various arm, elbow,
12z, and ankle contusicns and sprains, buriis, and rope burns.

The £1ight attendant's injuries included burns, back and neck
injuries, knee and elbow injuries, a fractured heel, smoke inhalation,
and rope burns. The flightcrew injuries included bruises, rope burns,
and leg injuries.

A review of the flightcrew's medical records ditclosed no
evidence of preexisting physical problems which could have affected
their judgment or performance.

1.14 Fire

According to passenger statements, fire erupted froo the left
side of the aircraft before it came to a stop. There were conflicting
reports from these passengers as to whether fire was visible before the
aircraft left the runwey surface.

An intense, fuel-fed fire engulfed the left engince, left wing
root, and left side of the fuselage after the left main landing gear
separated from the aircraft. The fire spread rapidly under the fuselage
and damaged the inboard right wing and right engine cowling.

Initfally, airport fire station 80N--a satellite station
located adjacent to and about equal distance from elther end of runway
6R--vas notifted. An on-duty firefighter outside the station heard two
distinct “popping" sounds and turned toward these sounds in time to sece
some of the tites on Flight 603 disintegrate. The firefighter immediately
not‘fi>d the main airport fire statiou (station 80) that station 80N was
responding. As CB-1, a 3,000-gal crash/fire/rescue (CFR) truck proceeded
slong a taxiway toward the departure end of runway 6R, the twe occupants
of the truck saw Flight 603 overrun the runway and saw the fire erupt on
the left side of the ~ircraft. The vehicle was in position to fight the
fire about 90 sec af<er it had responded to the emergency.

As CB-1 approached Flight 603 from the rear, the two firefighters
saw the left side cf the aircraft being engulfed by flames, and they
could see passengers deplaning from the right side. In order to protect
the passenger's means of egress, CB-1 was positioaed to the right ard
aft of the tail sectfon, and this position was maintained throughout the
evacuation.

The fire chief, who was §n a rapid intervention vehicle, and
two 3,000 gal! crash tiucks from fice station 80 arrived on scene about
4 min after the accident arnd proceeded to fight the fire directly. The
fire was extinguished within 2 min after these vehicles arrived.

-~
‘-
.
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1.15 Suivival Aspucts

The acci:znt was surviyv bl2. The struc-ural $n. erity ~F | ae
cockpit and cabin urua wa not compronised, .fuce <he & tiv. fusalaipe
remained intgct aud th: fire vemsined cucside the fusel je. Soume snoke
penetrated tho ecabin av~a bet d44d not hirder s aces.ful evacuation.
Pagsenger and crewmenbar resiraints functloned norrally. Five center
ceiliag panels came loose from thefr fasteners but were kept from falling
into the passenger seats by their restraint straps.

All flight attenda: , were aware that the takeoff was being
rejected. Most of them sta..d that when alrcraft vibration becane
severe and the rate of deceleration telt inadequate for stopping on the
runway, they began to shout commands to the passeryers to get their
heads down and to assune the braced position. As soon as the aircraft
stopped, one of the flight attendants at exit 1T entered the cockpit and
reported that the aircraft was orn fire. The second officer announced
the evacuation. Some flight attendants heard the announ:ement; others
did not. The flight attendants who did not hear the announcement were
aware of the fire; therefore, the evacuation prucedure started almost
simultaneously throughtout the cabin. The crewmembers stated that the
evacuation was completed with a minimum of confusion and anxiety., The
evacuation was complete in about 5 min, The average age of the passengers
was 60 years, Most passengers were with a tour group en route to Hawaii,

All of the slide/rafts on the left side of the aircraft,
except that at exit 1L, were deployed; however, because of the intense
fire were imnediately rendered unusable. The slidefraft at 1I. ¢
pulled from its container and fell to the ground after the exi. dcor was
opened.

All of the siide/rafts on the right side of the aircraft were
deployed and used. However, all eventually hecame unusable before the
evacuation was ccmplete because of the ground fire. The slide/raft at
1R, the forward right exit, was one of the first to te deployed, and it
remained in use longer than the other three. 1his slide/raft failed
because of radiant heat and not because of direct contact with flames,
About 40 passengers used this siide/raft btefore 1t failed.

The slide/raft at 2R, the righ: mid exit, was deployed and
used by about 30 passengers vefore it turned. It was probably the third
usable slide/raft that was deployed.

The slide/raft and overwing ramp at 3R, the overwing exit, ¢
act function properly; ft was probably the last slide/raft that was
deployed. When the unit extended 6 to 8 ft from the door, the slid/raft
inflated and rose to a posfticn vertical to the wing surface because of
the upward tilt of the right wing and the gusty surface winds. Two or
three passengers were able to force the slidefraft doun over che leading
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~oxe of the wirg luboard o7 the No. 2 engine. Ahout 10 passcizers
succersfully uaed the slide/vaft befure it burned. The 3R slide, raft
sver the leading cdge of the virg was tfrectly above the bodies of the
Cwo passengers vho were “illed. The : itupsy reports showed that the
male passenger sustained no trauatic ianjuries, which could indicate
that he traversed the slide’raft vhen it was serviceabie. The female
passenger sustained a fracture of vertebrae T-5 and fractures of left
ribs 4, 5, and 6. She could have fallen from the wing, the slide/raft
cvuld have fatled immediately after she entered the unit, or s* could
have been struck by anothar jasseager at the base of thz stide.

The 4R, rear exit, slfd:/raft was probably the first unit to
be deployed. About 30 passet ters used it before the girt material 4f
.ore loose. When the girt fabric falled, the Inf'ated slide/raft fell
to the ground.

Abcut 110 passengers and crewmembers evacuated before all of
the usable sifde/rafts on the vight side fafled. (See Table 1.) Passenger
statements and testimony given at the pudbiic hearing indicated that
there was some smoke but no fire inside the cabin during the evacuation.

Evacuation data are known for 74-percent of the aircraft’s
occupants. This percentage represents 132 surviving passengers, the 2
fatalities, and 14 crewmembers.

1.16 egts and Research

The aircraft's ability ta stop on the wet runway under the
accident conditlions and acsvmed conditions was analyzed. In order to
estimate stopping performance, the Jrainage, wetness, and slipperiness
characteristics of the runway were measured.

The friction values uver the totai runway length were derived
from tests conducted by an engineering consultant to the Safety Board
using a Mu meter and associated procedures described in FAA Advisory
Circular 150/5320-12, Methods for the Design, Construction, and Main-
tenance of Skid Resistant Airport Pavement Surfaces. The Natfonal
Aeronautics and Space Adninis‘ratfion (NASA) assisted the Safety Board in
determining runway surface friction values along the actual ground track
of the afrcraft and in evaluating hydrcplaning conditions. NASA also
estimated the maximum effective braking coetficients available to each
tire and wheel along its actuai groundpath based on the NASA combined

' viscous-dynamic hydroplaning theory. NASA braking coefficient data
were developed from tests made on runway 6R by engineers from NASA's
Langley Research Center using its diagonal-braked vehicle (DBV) and
associated prediction theory.

4/ The girt material ie attached to a girt bar which connects the slide/raft
to the exit sill. 1t also provides the point of detachment from the air-
craft in the event the slide/raft sssembly 18 to be used as a raft after
ditching.
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Table 1--Evacuatio. Pattern Througn Ysable Exits

Fxits l/

Slide condition

_unknown

€lide fullv in-
flated

Slide partially

_1nflated

Slide totally
deflated

Slide deflated
while exiting

Junped to ground :

_fr 1 exit

Jumped to ground
from trafling
edge of wing
Slid down rope

e L L] LX)

14 (3)

17 (1)

L X (1) .8 LL]
L2} 9 LY} LX) L] *r

6 (7)

-

: 24
: (1)
:(2)

The numbers in parentheses () denote crew-
members; the numbers in brackets [] denote
the fatalities,

16
(3)

37 : 132 (14)
(3) [2]

Totals

Ll
-
[
-
*
L]

LE] L1} as
.e *8 L 1]

At the Safety Board's request, these NASA braking coefficient
values were used by Douglas Afrcraft Company to evaluate the amount of
braking actually used and to estimate the aircraft': wet runway stopping
capabilities for conditions other than those at the time of the 4ccident.
These estimates were based on flight test and aerodynamic data, the
Continental aircraft's performance below V], actual crew-response times,
various calculated braking levels, runway surface conditions, and
combinatfons cf failed tires and failed engines.

1.16.1 Runway Characterfistica and Friction Tests

T. NASA drainage analysis indicated that conditions conducive
to dynamic hydroplaning were not present at the time of the accident
because of the low rainfall rate and excellent runway drainage, which
prevented flooding below rainfall rates of about 1 in. pec hour. Also
runway 6R had acceptable frictional coefficients along its entire length
according to current FAA Mu meter criteria published in Advisory Circular
AC 150/5320~12 and U,S. Air Force criteria developed for both the Mu
meter and the DBV. The Air Porce criterfa also confirmed NASA's conclusion
concerning “vnamic hydroplaning. The DBV predicted a significant loss
of effective tire-to-pavement frictional coefficierts on the right main
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landing gear, which experienced no tire failures. This 17- to 38-percent
loss was found in the 1,500 ft of runway loc.ted in the rubber-coated
arca in the touchdown zone of runway 24L. The degree of lors depended
on the amount of ‘ontaminated rubber and was derived by comparing the
brakiag ccefficic.ts for the wet, rubber-coated surface with those on a
wet, uncontaminated surface.

The effective tire to pavement frictional covefficleats availadble
to the failed left main lznding gear tires and wheels during deceleration
from 156 kns to 74 kns were 42 percent less than those available to the
four unfailed righc main landing gear tires over the same speed range.
Douglas Alrcraft Company estimated that the surface contaminants iacreased
the aircraft stooping distance by 300 tn 400 fr. By similar analyses,
an un~ontamfnatel, wet, and grooved surface was 2stimated to provide at
least a Z,00u-ft stopping distance advantage over an ungrooved, clean
surface. NASA analysis confirmed thess calculations,

1.16.2 Aircraft Stopping Performance

The actual rajected takeoff braking performance for the Con-
tinental DC-10 was calculated using DfDR date and aerodynamic data.
These calculatlons produced a relationship between effective tire-to-
pavement frictional coefficients and aircraft groundspeed. Wher these
results were comparzd to the NASA-predicted maximum braking coefficir -ts
over the same speed range, cubstantial differences were found in the 153 kns
to 132 kns groundspeed range, during which the afrcraf: traveled about
1,200 ft in the inftfal portisa of the takeoff. For ,r.undspeeds
between 132 kns and 68 kns (the end of runway speed), the Douglas and
NASA braking values substantially agreed, indicating that maximum
hraking was being achieved over the last 2,250 ft of runway. (See
figure 4.) Three possible reasons fo the diecagreement above 13Z kus
are: (1) The values predictad by NASA could have been excessive, (2)
temporary loss or delay in antiskid system operation, and (3) the crew
could have arplied le3s than maximum brake pressure. If the predicted
braking levels above 132 kns had taen achieved, the aircraft might have
stopped intact about 200 ft beyond the departure end of the runway. The
Safety Board was not able tuv quantify the actual amount of braking
effort applied by the crew or to accurately deteraine why the full
beaking values predicted by the NASA theory were not achieved.

1.16.3 FAA Accelerate-Stop Certification Requirements

14 CFR 25, “Afrwortniness Standards: Transport Category
Airplanes," defires the certification requirements for normal and rejected
takeoffs. The associated taxeof{ spceds and accelerate-stop distances
are predicated on recogaition of an engine failurz at V] on smooth, dry,
and hard-surfaced runways. This regulation does not address tire
fatlures on wet, slippery runways--the conditions encountered ty Flight
603. Certification tes=s are the basis for takeoff performance data
published in flightcrew flight manuals.
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For the cond’zi-ns set forth in the altwovthiness standards,
engine failuve on a dry runway, the accelerate-stop distance for
Flighi 603 was calculated to bte 9,450 ft, with 5,980 ft requi-cd for
dcceleration to V] and 3,470 ft required to stop the aircraft. These
distances were derived from actual rejected takeoff data developed
dering aircraft certification flight tests. When compared to the total
riaway length, this distance would provide 835 ft of stcpping margin on
cdnway 6R under dry conditions. The calculated accelerate-stop distance
for a rejected takeoff with a falled engine on a2 wet runvay was 10,300 €t,
4,820 ft of which would have been required for stopping. Therefore, the
estimated stopping distauncr on a wet runway is 850 ft royr: than the
st%pping distance required for th2 dry runway. Essentially, this neans
thit a DC-10 alrcraft could have stopped on the wet ruwnway with one
fajled engine, with normal tires and raximun braking., Allewing for fan
reyersers, a 600-it stopping distance rargin would be provided.

14 CFR 25 states further that means other than wheel brakes

ma¥ be used to determine the accelerate-stop distance if that wmeans:

(1} is safe and reliable, (2) is used so that consistent results can e
expected under normal operating conditions, and (3) fa such that exceptional
gWill 1s not required to control the aivplare. The engine fan and turbine
tHrust reversers provide an operational safety margin, because they
reduce the dry runway stopping distances determined during certification
testing. However, currently FAA disallows reverse thrust credit in
determining accelerate-stop distances, because thrust reverser systems
have not fully met these criterfia. Therefore, nany operatorvs of wide

body aircraft have disconnected the turbine reversers, a portion of the
raverser system, berause they have not been reliable and maintenance
difficulties have been encountered. 1%e accident aircraft did not have
operable turbine reversers to augment the engine fan reversers nor were
they required to be operable under curronl regulations.

The e¢ffect nf three turbine reversers on the wet stopp/ng
distance was calculated. Calculations $ndicated that these reversers
would reduce the fan-reverser-only stopping distance by 630 ft. Applying
actval braking coefficients and crev reaction times, turbine reversers
c>uld have reduced the actual runwav overrun speed in this accident from
£8 kns to about 20 kns. This lower overrun speed would have allowed the
ajireraft to stop 100 ft beyond the end of the runway, which would have
drastically reduced the severity of the accident.

The Safety Poard recognizes that calculations based on the
NASA DBY data are estimatos only. However, these ostimates have allowed
reasonable assessrents to be made of the relative value each parameter
contributes to stopping performance, No alternative analytical techniques
or actual flight test data were available to the Board to otherwise
estimate the afrcraft's wet runwiy stopping performance frcm actual
runway friction measurements.
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1.16.4 Alrcraft Performance in the Concinental Training Sirulator

The Safety Board observed aircraft performance during rejected
takeoffs on runway 6R in Continental'’s visual "six~degrec-cf-freedem"
DC-10 training simulator. Except for th2 failed tires, the accident
conditions were simulated to the exteni possibhle.

First, we cbserved a simulated rejected takeoff on & dry
runway 6R with a 5-kn headwind and a 430,000-1b takeoff welght; temperature
was 59°F. Using maxi-um braking and full ~vaverse thrust on tle three
engines, the aircraft stopped with an appacent z,500 ft of runvay remzining.
The test was repeated for a wet runway. In this case, an add”’tiona:
dictarne of 500 fr was necessary.

1.16.5 fire Sexvice History

Thz No. 1 tire, serial No. 7075027313, was tanufactured by
Goodyear Tire and Rul.ber Company and retreaded by Air Treads, Inc. The
wheel was buflt vp on January 25, 1978, and the wheel and tire asseubly
was installed on the aircraft or January 26, 1978. This wheel and tire
assembly had not been written up, The tire had been retreaded three
tines. The tire carcass had 695 total landings. Since its last retread,
the tive had worn 28 percent and had 125 landings. '

The No. 2 tire, serial No. 6059AK0593R3, was manufactured by
B,F. Goodrich Tire Company and retreaded to specifications by the Company's
facility in City of Industry, California. The tire was installe? criginally
on an American Alrlines DC-10, where it had accumulated 216 landings.
The wheel was built up on December 23, 1977, and the wlteel and tire
asscombly was installed on the Continental DC-10 on”Deceunber 24, 1977.
The wheel and tire assembly had not been written up since installation.
The tire had been retreaded three tines., The tire carcass had 961 tctal
landings. Since its lust retread, the tire had worn 69 percen and hzd
233 landings.

The No. 5 tire, serial No. 71330049R2, was fabricated by
Goody=2ar Tire and Rutber Company and retreaded by Air Treads, Inc. The
wheel was bailt up on January 6, 1976, aad th2 tire and wheel assembly
was installed on the landing gear assembly the srame day. The assembly
had not been written up since installation, The tire had been retreaded
twice and had 178 lindings since its last retread.

The Safety Board inspected the failed tires on scene. In
ajdition, the Safety Bo.rd requested that the Department of Transpor-
tation's, Tran3portatiqg Systems Center Tire Laboracory conduct & detailed,
independent inspection Wf the tire pleces in order tov specify additional
tests on Nos. 1 and 2 tires that might aid in determining the cause aad
sequence of tire failure., Since the Tive Laburatory's previocus experience
was with automotive and truck tires, the Safetv Board retained a tech-
nical advisor, Dr. S. K. Clark of the Univer:ity of Michigan. to assist
in the inspection.

A

A
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The test.:g began onr March 23 and wzs completed on April 23,
1972, Results zy thece teste indicateu that both tires had been manu-
factured to accéptable cormervial standards. Tira No. 1 showed catastrophic
heat danage ip/ the cords near the teads. Photomicroanalysis showed
advanced fatfgue in the outer plies of the carcass areas not fuvolved in
the latter Stages of desctruction. Tire No. Z had excessive heat danage
{n the -ifowalis. There was degradation and excessive working Indicated
in the ;uter plies and che breaker ply. Inspection of No. 2 tive revealed
that tke liner bad been repaired in twvo places. 1In the repair process,
the liner had Leen buffed and tle cords were exposed. These repairs had
been nade when the tire was origirally manufactured. Th: patches that
nornally cover such buffed areas were r’csing. To detzrnine if these
buffed areas could have allawed alr to leak {rom the tire betweeu the
tirn~ the pressure was checked after che previous landing and the tire
tailuve, dynanic leak tests were pevforned at the B.F. Goodrich Company
on both & new tire that had no buffed aircas in its liner and on a iire
that had buffed aveae in 1te Vlimor, Rased on these tests, the jafety
Rourd cencluded that if the repaiv patches were missing before the
aircraft departed the alfcport terminal, the pressvre loss during the
taxi and takeoff rui: woul?® have been about 4.5 psi, vhich would have
reduced the tire pressure to ubout 180 psi.

The arch 1 Service Check Work Sheet for the aircraft vas
revieved, which was based oa the service chack performed between the
tine the aircraft landed as Flight 608 and departed as Flight 605
Accerding to the work sheet, the tires contained the preper pressure,
Tire anbient temperature st thke time is not knuown, The aircraft was on
the ground for 3 hrs 15 min.

The Safety Board found tha:t these tires were certified for use
on the DC-10 aircraft at a 51,060-1b maximm calculated static load,
bat~d upon equal lnad distribution among tires on the main gear. The
rated load for the 50 x 20, 32PR tires is 53,800 1bs. However, load
distribution was not ejual betweea the tvwo tires mounted on the sare
axle, because stiffness characteristics of the two tire urands differed
under load. The No. 1l tire was stiffer than the No. 2 tire. Thesc dif-
ferences in defilection characteristics in combination with diffevrencern
in retread levels, iu inflation pressures, in cutside dlameters, and in
wear can cause the load being carried by one of the tires to exceed its
rated load. Additionally, no load margin was provided for im the rated
load for possible load increases causéed by the angle at which the landing
gear contacts the taxiway and runvay surfaces.

Aircraft tire standard, Technical Statdard Order (TS0)-C62b,
has not been revised sinc2 1962 in spite of efforts by the i{ndustry and
FAA. The design strength qualificaticns ontlined in the 750 did not
simulate the operational characteristics of wide body atrcraft. For
example, during tire qualifi-atfion, prototype tires were tested for 100
landings with dcceterazions from 20 mph. This speed is too low to
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compare to the typical wide body azircraft landing apeed or rejected
takeoff speed. Although new tires provide the wear capacity for about
150 landings, the tire carcasses can be retriaded several times and thus
are subjected to several hundred landings. The 180 doee not require
tests to demonstrate a tire's ability to withstand an overload when a
nate tire on the same axle fails, Neither manufacturing tolerences nor
varlations in operating inflation pressures were considered in the
qualification tests.

There is no TSO for retread designs., The Safety Board determined
that the retread designs for the accident tires were qualified by limited
testing on a voluntary basis. The tire retread design changed the rubber
composition in the tread area, the breaker ply, and the skid depth on
both tires and added cord in the tread on tire No. 1.

The ailrcraft tire retreading industry has been using the
holographic process on a limited basis for nondestructive inspection of
the tread area. The prucess 18 used to detect flaws or damage in the
carcass before 1t is retreaded or returned to the users, Other methods
of nondestructive inspection, such as ultrasonic and x-ray, have also
proved effective for detecting certain flaws in tire parts. The tires
on the accident aircraft had not received nondestructive inspection.

Although a nondestructive inspection technique is not currently
available to detect cwuulative damage, such as that found in the ply
structure of the sidewall of a tire on Flight 603, some users are specifying
nondertructive inspections of all tires before and after retreading.
Rejection rates on these tires are between 3 percent and 4 percent.

There is no data base available to industry on the correlation
between tire defects and tire failures. The Safety Board believes that
the tire industry and the airline industry should use all available
means of nondestructive inspection in order to establish a data base
from which a correlation between defects and fallures can be established.

An operator's knowledge of and acherence to optimum maintenance
practicea and operating procedures also aftects tire failure rates. For
example, these tires were qualified at an inflation pressure of 190 psi,
which was coptimum for the rated load. However, Continental Air Lines
cuose to inflate tires to a 182~ to 188-psi pressure range. They did so
btecause the wheel's service 1ife is reduced by high tire pressure and
because the lower pressure reduces the pvobability of foreign object

damage. The tiras may have been overdeflected when the aircraft was
operated at maximum waight.

Testimony at the Safety Beard's public heasing revealed that
the strength of an aircraft tire is degraded by the heat generated by
relativeily high taxi speeds, long taxi distances, and excessive use of
brakes., The most critical circumstance under whish the tire must operate
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is a long taxi on a hot day at maximum gross weight. A fligbht is assigned
a runway and the flightcrew, in most cases, must accept that runway, as
in the accident case where runway availability was a factor. Therefore,
a crew may have little or no influence on taxi distance. Since not all
aircraft are equipped with an inertial navigation system which gives
accurate taxi speeds, no groundspeed readout below about 60 kns is
available {a most cases to the flighterew and reduced taxi speeds become
judgmental. However, the flightcrew does have the responsibility for
the judicious use of brakes. Testimony at the public hearing revezled,
further, that Douglas Aircraft Company had not determined taxi speed and
taxi distance limitations as a function of the DC-10's gross weight.
Therefore, users do not have all informaticn required to operate their
aircraft properly within the design and qualification limits,

1.16.6  Slide/Raft History

When the combination slide/raft was first considered for use
on the DC-10 aircraft, no TSO existed for such a dec.fice. Thus, in 1958
or early 1969, when presented with the possihbility of having to certify
a combination slide/raft as part of the aircraft's type design, the F3A
met with fndustry and decided that the Society of Automotive Engineers’
$S-9 Cabin Safety Committee would be asked to pursue design objectives.

The Committee published Aerospace Recommended Practice 1145 in
July 1970, which detailed slide/raft design objectives. The FAA then
adopted the recommended practice as a requirement for certification of
the slide/raft devices. In addition, provisions of three existing
TSO's-~-C~12¢, Life Rafts: C-69, Emergency Evacuation Slides; and C~70,
Life Rafts--were used. The FAA presented additional certification
requirements in a commentary paper published in August 1970 and amended
in March 1971, The FAA presented these design and test requirements to
the aircraft industry as the basic standard for the certification of
slide/raft devices. Currently, no separate TSO exists for slide/raft
devices.

After the accident, the Safety Board requested the FAA's Civil
Aeromedical Instftute at Oklahoma City, Oklahoma, to test the tensile
strength of girt fa ric taken front the exit 4R slide/ratt. Three test
strips, labeled A, C, and D, were cut from the undamaged area of the girt
fabric. Because of the small amount of material availible, the tust
strips were 2 ins. wida, TS0 C-69 requires te.t strips 1> be at least
4 in. by 6 in, Strips A and D were cut from a section of girt material
perpendicular to the girt bar; test strip C was cut from a section
parallel to the girt bar. A Dillion tensile test machine with a
5,000-1b capacity was used to conduct the tests, The results of these
tests were:
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Maximum Tensile Free Length 5/
Test Strip Load {lis) (in.)

A 690 3.6
C 400 .85
n 4

S5
725 4,

At th2 Safetv Board's request, the FAA's National Aviation
Focilities Experimental Center at Atlentic City, New Jersey, examined
the effects of fire on the slide fabric using both labnratory and outdonor
fire test procedures.,

B2sed on these tests, the FAA conciuded:

1. The lecw resistance of evacuation slide
materials to radiant heat produced by a frec~burning
fuel fire can cause €arly deflation of the escape slides.

2. Failure of the yellow uncoated inflated slide
sanple occurred witnin 29 to 45 sec when exposed at a
distance of 9 ft upwind and to the sides of a free-
burning fuel fire where the heat flux varies from 0 95
to 2.07 3tu/ft? - sec.

"3. Trailure of the yellow uncoated {nflated sltide
sample 18 ft downwind of the free-burning fuel fire
occurred in 17 sec as a consequence of conductive and
radiative heat flux caused by significant flame bendiug.

"4. Good correlation vas established between the
faflure time of the slide materials in the laboratory
and outdoor fire oexposure tests.

"5. A significant improvement in the thermal
resistance of a slid: fabric was observed when the
exposed surface was covered by a reflective coating
of aluminum,"

1.26.7 Left Main Landing . r Collapse

The Safety Board investigateu the failurc of the landing gear-
wing structure to determine why the landing gear collapse causcd the
wing fuei tank fo rupture. Metallurgical examination revealed that the
structure conformed with the FAi-approved specifications and no abnormal
conditions were noted. Pailures were due to overload.

5/ Free length is the length of fabric between the clamps.
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When the DC~10 sircraft was certificarsd, the only certification
requirenent pertaining to lunding gear coliapse and attendant fuel ian¥
rupture was 14 CFR 25,721 (d). It provides:

"The main landing gear system must be designed so that

if it fails due to overloads during takeoff and landing
(assuming that the overloads act up and aft), the failure
mode is not likely to puncture any part of the fuel
system In the fuselage.

"In addition...the airplane must be designzd so that

an otherwise survivable emergency landing on a paved
runway with any or all wheels retracted may not result
in serious injury to occupants or prevent the occupants
rapid evacuation 1f a fire is caused by a rupture of the
fuel systems, including tanks."

During the certification program, Douglas Afrcrafi Company
indicated that the DC-10 landing gear was designed so that failure would
predictatly occur in landing gear structural parts, which were not
likely to puncture any part of the fuel system in the fuselage. The
Safety Beard found four previous DC-10 accidents werein the main landing
gear collapsed. 1In these four accidents, the failure mode was not as
Douglas predicted; however, the fajilures did not rupture the fuel tank
in the wing.

Examination of the Contirental DC-10's main landing gear
discounted any installation anomaly, such as bolt head cocking or mis-
aligonment. The failure most probably resulted from a complicated sequence
of individual part faflures brought about by adverse loading and dynamic
effects, (Adverse loading refers to loading other than vertical and
aft.) Torque about the vercical axis and sideload were the most likely
sources of adverse loading. This torque may hav. been caused by the
differential between thc drag forces on the axle on No., 1 tire and the
wheel hub on the No. 2 tire. “he sideload may have been caused by
sluing of the aircraft as it rotated to the left after leaving the paved
runway sruface.

The Douglas Aircraft Company has proposed a program to develop
special pins which will replace the existing landing gear trunnion pins.
When the landing gear collapses, these specfal pins, called zero margin
trunnion pines, would fail and prevent faflure of the fuel tank structure.
The proposed test pror “am for the special pins includes static and
fatigue tests to confirm breakaway loads and to prove that normal gear
cycles will not cause the pins to fail,
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1.17 Additional Information

1.17.1 Wet Runways and Rejected Takeoffs:
Accident History, Certification Reguirements,
and Industry Awareness

In 1977, an FAA report 8/ covering the ll-year period 1964
through 1975 concluded that, of 171 rejected takeoffs studied, 87
percent were rejected because of some fallure or malfuaction of tires,
vheels, or brakes; tires alone accounted for 74 percent. The data show
that the engine failures have not been the dominant cause factor for
some time. The report also cites wet or slippery runway involvement in
three major accidents 1/ between 1964 and 1975. With respect to rejected
takeoffs on wet runways, the FAA report concluded:

"The increased accelerate-stop distance necessitated by
wet oo s)lippery runways is u~t accounted for in current reg-
ulations or afrplane flight manuals, allowing potential for
further serlous accidents,

“In everyday jet trvansport operations, correct nns to
takeoff calculations are wade for local conditions .ich as
wind, runway slope, etc., y-t these can be less significant
than a correction for a vet/slippery runway which is needed
but not currently required by applicable rules.

"Wet or slippery runways are a significant factor in RTO
(rejected takeoffs) accidents. Threce of the five RTO accidents
with fatalities or iotal aircraft destruction also involved
wet or slfppery runways.

"ipproximately 3 to 4 percent of air carrier accidents,
fatalities, and aircraft losses can be attributed to tire/
theel/brake related RTO's. This includes 21 accidents, 98
fatalities, and 5 aircraft losses in an eleven year period.
RTO accidents, fatalities, and aircraft losses of this nature
can probably be drastically reduced by applying wet/slippery
runway accountability and tire inmprovewents."

The FAA report recommended:

¥ ..the increased accelerate-stop distance required on wet/
slippery runways be teken into account in takeoff calcularions

Jet Transport Rejected Takeoffs, Final Report, February 1977, Flight
Standards Service, Federal Aviation Administration.

Boeing 707, N769TW, Trans World Airlines, Inc., Rome, Italy,
September 23, 1964,

Dougias DC-8, N4909C, Capitol International Airways, Inc., Anchorage,
Alaska, November 27, 1970.

Douglas DC-10, N1032F, Overseas Natfonal Airways, Inc., Jamalca,

New York, November 12, 1975.
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and the necessary changes to airplan: flight manuals, procedures,
and regulations be incorporated to accommodate this.

"Action be taker to significantly reduce the incidence of tire
failures during takeoffs and rejected takeoffs. This may
entall improvements in maintcnance, quality control, operating
procedures, tire strength or design standards, or a combination
of thesge."

1n contrast to the dry runway rejected takeoff certification
vequirement of 14 CFR 25, 14 CFR 121, Afr Carriers, Air Travel Clubs and
Opevators for Compensation or Hire: Certification and Operations,
provides an operational safety margin for landings on wet runways. A
landing aircraft {s required to stop on a dry runway within 60 percent
of the effective runway length; the total runway length used for this
calculation is increased by 15 percent for wet or slippery conditions.
In effect, Part 121 establishes a wet runway stopping distance chat {is
slightly morc than twice the dry runway stopping distance. However,
even though Part 121 provides for corrections to takeoff weights, distances,
and flightpaths required by densfity altitude, wind, and runway slope
during normal and rejected takeoffs, it does not similarly require
corrections for the added stopping distance required by rejected takeoffs
initiated by engine or tire faillures un wet or slippery runways.

On the other hand, FAA Advisory Circular 91-6, Water, Slush,
and Snow on the Runway, dated January 1975, discusses the increased
runvay length and aircraft weight reduction required by jet transport
aircraft taking off on runways covered by 1/2 in. of wet slush. The
correction data account for the increased drag caused by the slush aud
are based on the practices of several afrcraft operators and on tests
conducted by the FAA., In its DC-10-10 Flight Manual, Continental Air
Lines published weight and V) speed reductions for standing water, wet
&nd dry snow, and slush of different depths. However, the correlation
did not consider the damp, well-soaked condition which prevailed at the
time of the accident,

In 1962, vhe British Civil Aviation Authoriry (CAA) changed
the British Civil Airworthiness Requirement (BCAR) to account for the
frcreased accelerate-stop distance necessitated by wet runways under
engine-out conditions., Transport aircraft manufactured in the United
States under 14 CFR 25 requirements and registered in the United Kingdom
are required to be tested on a standard wet runway as specified by the
BCAR's. The DC-10, the L-1011, and the B~747 have been certified for
BCAR wet runway requivrements. The BCAR procedures reduce the dry runway
V1 decision speeds so that an afrcraft initiating a rejected takcoff at
the lower, wet V)] speed will have more stopping distance on a wet runway.
The BCAR reduced the wet runvay screen height from 35 ft, the current
FAA standard, to 15 ft. The BCAR, however, reta‘ned the 35-ft screen
height for takeoffs on dry runways. (Screen height is the vertical
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distance above the runway where -r.-.-° sgafaty airspeed (Vy) 18 reached
with a failed engine,) This reductfion in screen height allows the wet
runway length to be essent:ally the same as the dry length and, for the
DC-10, imposes no weight p:nalty. The CAA has stated recently thav f{t
has n¢ information to suggest that the loser screen height for wet
conditions has degraded the level of safety. They estimate that there
have been about 1 million takeoffs on wet runways since the change was
adopted,

During the investigation of the accident, the Safety Board
learned that, for more than 5 years, one PC-10-10 operator at Los Angeles
has routinely accounted for the added wet runway stopping distance by
reducing V) speed and aircraft weight. The reduction in weight is
requic2d because of the 35-ft screen height standard set hy thp FAA.

For the accident case, the wet Vi speed would have been 149 kns, 7 kns
lower than the dry V) speed (15¢ kns), and che takeoff weight would have' |
been reduced by 10,300 1lbs. Under these conditions, the accident aircraft-
could have been flown successfully, because the tire failures heard as
"bangs" by the flightcrew occurred above the wet V) speed. Therefore,

the captain would have already made his decision to continue the takeoff.

1.17.2 Pilot Training for Rejected Takeoffs

During recent DC-9 landing and rejected takeoff simulator
runs, Douglas Afrcraft Company found evidence that pilots may not be
adequately trained for the maximum braking effort requived to stop from
near Vi speed.<§f Eight engineering test pilots and three airline pilots

" were involved in the evaluation of the ground handling characteristics

of the sinulator. Although each pilot was instructed to apply a maximum
braking effort during each run, time-history records of brake pedal
deflections chowed that some afirline pilots required as many as eight
runs to achieve maximum braking. On the other hand, the test pilots
applied full braking on their first or second run.

FAA Advisory Circular 121-14A, Afrcraft Simulator Evaluation
and Approval, dated February 9, 1976, set forth acceptance standards for
approval of aifrcraft simulators used in pilot training. It contains
accuracy criteria for takeoff performance characteristics (time to V)
spe2d) based on the atircraft manufacturer's flight test and certification
data for dry runways., The Advisory Circular does not contain deceleration
criteria for dry, wet, or slippery runways. The Circular does not provide
for the measurement of the amount of braking effort applied by pilots or
achieved by the brakes to assess how well pilots are attempting to stop
aircraft during high-energy rejected tskeoffs on critical length runways.

8/ Kibbee, G. W., Douglas Aircraft Company: Expansion of Flight Simulator
capability for Study and Solution of Aircraft Directional Control
Problems on Runways, NASA Contractor Report 2970, April 1978,
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Appendix E of 14 ZFR 121 prescribes flightcrew rejected takeoff
Jimulator training requirements during Initial, transition, and upgrade
training.” "he rejected takeoff requitement for the simulator is based
on being " ..omplished during a normal takeoff run after reaching a
reasonable speed determined by giving due consideration to aircraft
character’stics, runway length, surface condicions . . . and ary other
pertinent factors that vay adversely affect safety or the airplane.”
The requirement does not address the critical nature of rejected takeoffs
near V) speeds at maximum gross weights on wet or slippery runways.

The rejected takeoff procedures in the Continental DC-10
Flight Manual specify that brakes should be applied "as required" after
retarding the throttles to idle. Reverse thrust {s to be applied "as
required" following brake application. These procedures do not address
rejected takeoff initiated at or near V) speed and at maximum takeoff
grous weights. In contrast to the Continental Air Line procedures,
Douglas Aircraft Company DC-10 Newsletter to DC-1C operators, dated
August 1977, discussed the emergency nature of a rejected takeoff initiated
near Vy speed. The letter recommended usfing maximum brake pedal deflection,
simultaneously seclecting reverse thrust, and applying full reverse thrust
as soon as possible. Douglas further emphasized that these procedures
are absolutely essential in attaining'the calculated rejected takeoff
performance.

1.17.3 Runway Surface Standards

14 CFR 139 addresses certification and operation of land airports
serving certified air carriers. Subpart E requires the airport operator
to promptly, and as completely as practicable, remove from runway pavement
areas rubber deposits or other contarinants as required by operational
congiderations. However, the regulation does not contaln specific
criteria for acceptable runway surfaces and conditions. FAA Adviscory
Circular AC 150/5320-12, Methuds for the Design, Construction and Maintenance
of Skid Resistant Airport Pavement Surfaces, June 1975, presents guidance
to airport operators on runway surface testing with respect to texture
and friction, a minimum frictfon standard, and criteria and methode tor

“.restoring surfaces. It also suggests sampling intervals for runway
fr{ption surveys based on annual afrcraft operations. Annual afrcraft
operations at Los Angeles International Airport have exceeded 460,000
since~1975. 1In 1977, these operations totaled 495,312. During the same
period from 1975, the annual operations on runway 6R have averaged
between 5BROOO and 60,000, For this level of operations, the FAA Advisory
Circular suigggts a friction survey once every two weeks. No evidence
was found to ihdicate that the Los Angeles International Airport operacor
had the equipmenb\ggggested by the FAA Advisory Circular or had conducted
surveys for runway friction on runway 6R since its construction and
grooving in 1974,

~
1.18 New Inveatigatigk\ﬁqphniques

None
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2. ANALYSIS

Tre flightcrew was properly certificared and each crewmembe.
had recelved the training and off-duty time preeciibad by applicable
regulations. There was no evidence of medical or psyéhblggical problems
that might have affected their performances. \\\

Except for the inoperative CVR, the aircraft was cert;?lbaifd,
equipped, and maintained according to applicable regulations. The gr;s&\\‘
weight and c.g. were within prescribed limits, The aircraft's airframe
systems, and powerplants were not causal to this accident.

The evidence showed that the accident was initiated by the nearly
simultaneous carcass failures of the two tires mouated in the No. 1} and
No. 2 positions., Since these tires werc mounted on the same axle, che
97,920-1b lecad on the axle was distributed between the two tires.

The analysis of t.re and wheel marks on the runway indicated
that the failure sequence began when the tread froum the No. 2 tire
separated from its carcass about 6,300 ft from the departure end of the
runway. The tire carcass remained intact until the aircraft was about
4,520 ft from the runway departure end where squiggle marks indicated
blowout. The squizgle marks on the runway at that point and poestaccident
examination of the tire remains indicated that extreme heat had built up
in the carcass sidewall and that the carcass had blown out at its upper
sidewall. After the treau had separated, the rubber was -~braded by
direct contact with the runway surface and eventually blew out.

After the No. 2 tire carcass blew out, the entire load on the
axle was imposed upon the No. 1 tire. The markings made by the No., 1
rim, which showed contact with the runway surface 4,480 ft from the
runway departure end, indicated that the No. 1 tire failed aimost imme-~
diateiy (within two wheel revolutions) after the No, 2 tire carcass
fatled. The No. 1 tire virtually disintegrated while the whole No. 2
tire carcass, except the beads, came off the wheel., Examination of the
remaing of the No. 1 tire {ndicated that the tire ultimately blew out in
the lower sidewall.

The DFDR showed that the tires failed just bLefore the aircraft
daccelerated through 152 kns--about 4 kns below the calculated V) speed.
The PFOR further showed that the captain reacted promptly to the tire
fajlures and began rejected takeoff procedures., However, he was not
able to stop the aircraft within the remaining runway.

Thus, to understand this accident sequence, two distinct, but
related, issues must be analyzed. First, since the tire failures triggered
the sequence of events, tire faflurecz and tire reliability in general
must be anaylzed. Second, reasons must be datermined for the captain's
inability to stop the aircraft on the runway even though the rejected
takeoff was .nitiated before the alrcraft reached V) speed.
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" Tire ¥ailures and Tire Reliabilicy’

Both the No. 1 and No. 2 tizes were on their third retread
cycle, a limit which was =2t hy the airline based upon prior experience
of unscheduled removal of DC-10-10 tires. The two tires had been man-
ufactured by differen: companies and had dirferent design characteristics.
Both, however, met all specifications sec forth in FAA regulation for
certification. Tire No. 2 had been subjected to more total landings
than tire No. 1 and its tread was worn about 40 percent more. The
preasure of both tires had been checked adb~ut 3 hours before the accident,
and the Safety Board has no evidence to indicate that either tire was
inflated below the limits allowed by the operator during the t3x1 and
takeoff roll immediately preceding the accident., However, No. 2 tire
had the lower pressure which shifted lcad to the No. 1 tire.

Tests conducted at DOT's Tire laboratory did not disclose
evidence of defects in the retread manufactuiring process which could
have explained t!.: ceparation of tread from the No. 2 tire carcass.
Examination of the tire did show tuat repair patches hnd been installed
on the tire's liner when the tire yds originally manufactured, The
Safety Board beliaves that these patches may have lost their sealing
capability efther just before or during the accident sequence. If so,
either of two possibilities could explain the tread separation. First,
the leakage of air under the tread was sufficient to cause the tread to
separate without bLeing sufficlent to detect during checks pr second, the
tire lirer had lost its Integrity, and external leakage was causing
overdeflected operation during the takeorf roll. This overdeflection
could have produced a standing wave 3/ behind the fe~tprint which led to
tread separation.

Another possible tire failuye sequence might be that the Nn. 1
tire became underinflated during the taxi/+akeoff cycle for some undeter-
mined reason. The selection of tires for an afrcraft is based upon the
assumption that each tire will carry its share of the load. Further, it
is assumed that the load will be equally distributed between the tires ,
pounted on the same axie. Tre tires' rated loads, as established by the .,
tire manufacturer, must therefore equal half of the maximum calculated '
static load carried by the axle. Thus, vhen one of the two tires fails,
the resmaining tire must support the entire axie load which can be nearly
double the tire's rated load., Although the tire is probabiy capable of
supporting this load statically, it will<be seriously overdeflected ard
dynaric operation will cause a rapid teaperatire rise in the sidewall.

3] # vave-like foid in the tire which develops behind the portion of
the tire deflected against the ground (the footprint) when the tire
is not inflated properly. The onset of this wave <Zepends on the
ground-speed of the aircraft.
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In this fastance, tire No. 2 wculd have then been overloade:.
and overdefiected which could result in tread loss followed by -arcass
blowout. Fatilure of the No. ? tire alone probably would not have affected
the aircraft's accelerate-st » performance to the extent that an accident
was inevitable. The Safuety Board believes that had the No., 1 tire not
cuffered previons degradation, it would have been capable of operating for a
longer perfod than evident in this accident. The cxamination of the
tire's carcass disclosed advanced fatfgue in the ply structure. In
addit-.on, there was evidence of severe cord overheating near the sidewall
bead area, ar] several other areas of the sidewall showed evidence of
very nigh temperatures. Such corditions are typical of those produced
by overload or overdeflected operation for a prolonged period of time.

Although the Safety Board cannot determine when such damage
was inllicted, it is concerned that airframe and tire design, and
operational and malntenance procedures can combine to cause prolonged
operation of tires In an overdeflected or overloaded condition. Normal
differences between two tires on the same axle, particularly if they are
of different designs, could preclude ttem from carrying equal loads.

The Safety Board believes that the preexisting damage in the No. 1 tire
was a facfhr in causing it to ultimately fail almost immediately after
the No. 2 tfre fafled, and thus, the preexisting damage may have been
a causal fa‘tor.

Abput 3,400 ft from the departure end of runway 6R, the No. 5
tire fail:3. " This failure was caused by foreign object damage when
pleces of either the No. 1 wheei or No. 2 wheel broke off after the
wheels contacted the rvunway surface and hit the No. 5 tire. This failure
further reduced the braking capability of the alrcraft.

Rejected Takeoffs  “==ww o -~

ca™
M 2

Because of its gross weight of abour 430,000 lbs, the only
runway available to the afrcraft at Los Angeles International Airport
was AR, which was 10,285 ft long. Pased on current FAA dry runway
certivication data, an 850-ft stopping margin would be expected if a
reject:1 ta ‘off was initiated at Vi because of engine failure. However,
when vet rynvay surface conditions and tire faflures are considered, the
stopping 9argln 18 eliminated, Although other runways at the airport,
which arg 2,000 ft longer than runway 6R, protably could have contained
the rejécted takeoff, they were not available to aircraft with gross
welght4 of more than 325,000 1bs because uf runway overpass strangth
1imipations. A project to eliminate this limitation is in the planning
stages. The Safety Bcard urges the responsiole autherities to expeaite
this project and make longer, safer runways availabl. to heavier aircraft
3t Los Angeles Internativnal Afrport.

4
/ Even though the measured wet friction charactericstics of
. runway 6R exceeded minimum ctandards suggegsed by the FAA, the Safety

- ——
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Board believes these characteristics contributed to the partial loss of
the aircraft's brakirg capabilities and, therefore, contributed to the
inabi’ ity to stop the aircraft on the runway., This loss of runway
friction was particuiarly evident in the rubber coated areas on the

departure end of the runway, the touchdown area for landings on runﬁay
24L.

The FAA developed the minirnum runway friction standards ‘and
methods for the measurement of these vrtandards. FAA Advisory Circular
AC 150/5320-12, Methods for the Design, Construction and Maintenance o!
Skid Resistant Airport Pavement Surface:, made this information availalile
to airport operators, Because the inforration in this Advisory Cir:ular
is not mandatory, airport operators Jo not routinely use it, At the
time of this accident, neither the Los Angeles International Airport
cperat~r nor the FAA authorities in the Los Angeles area had the FAA-
recommended equipment to make these measuremenfs, Furthermore, uo
record could be found to show that friction surveys had ever been
conducted or that rubber deposits and other contaminents had ever been
renoved from the surface of runway 6R/24L since the runway was grooved
in 1974. VWhen the Safety Board made the results of its runway friction
tests available, the affected areas were cleaned. For some time the
Safety Board has maintained that the provis‘;ns of AC 150/5320-12 should
be made mandatory. As a result, the Safety ‘Board issued safety recommenda-
tions A-76-136 and 137 on November 18, 1976, The FAA disagrees with the
Safety Board, in that it beliecves the economic burden placed on individual
airport operators would be prohibitive and the precision techniques for
friction testing are not presently available. However, they are presently
studying the matter,

Certification and operations regulations do not take into
account the longer stopping distances resquired by rejected takeoffs on
wet or slippery runway surfaces or the reasons for rejected takeoffs
other than an engine failure, The FAA reached this same conclusion in
its 1977 Jet Transport Rejected Takeoff Study. However, the FAA still
he 3 not developed ‘rocedures which would allow aircraft manufacturers,
airline operators, >r flight crewmenbers to determine changes in decision
speeds or aircraft gross weights, or both, so that successful rejected
takeoffs could be accomplished from near V) peed on a wet runway following
engine or tire failures. The Safety Board c¢ ..curs with the recommendations
in the FAA's study and believes that, unless FAA takes wet or slippery
runways and the other reasons for rejected takeoffs into account, accidents
and incidents will continue, especfally when afrcraft are required to
operate on dry, wet, or slippery runways of critical length.

Flightcrews, for the most part, are trained for rejected
takeoffs ¢ flight simulators, and vherefore, training is limited by the
capability of the simulator and by the training requirements of 14 CFR 121.
Since the simulator's accelerate-stop performance is based on the afrcraft
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manufacturer's dry runway, engine-out ﬁ%rtification data, it 1s fmpossible
to simulate realistic wet runway coﬁ?itions or malfunctions other than
an engine failure. FAA simulator r¢quivements contain performance
specificaticns for the acceleratioj/ portion of the rejected takeoff
mancuver, but not for the stopping portion of the uwaneuver. Further,
the FAA does not require that t?g instructor, evaluation pilot, or
trainee determine pilct reactich time and the amount of braking effort
‘applied by pilots in the simu)ator.

The training requirements of 14 CFR 121 do not require rejected
takeoffs at the maximum gross weights and decision speeds encountered in
normal operations. As revealed in testimony at the public hearing,
crewnembers do not typigally recefve this more demanding training.
Although a captain is ¢xpected to know that a maximum braking eifort
would be required whci a rejected takeoff is initiated at thz higher
speeds and gross wejghts, he cannot be expected to judge whether the
aircraft is decelerating at its maximum capability if he has never been
trained for that ﬂ@entuality.

The captain of Flight 603 reacted promptly to the tire failures,
and he acted 1A accordance with Continental procedures. During depositions,
he stated that he applied full brake pressure immedfately. However, because
there was no requirement for the DFDR to record btrake pressure at the
brake or flight test data available to validate the Douglas/NASA predicted
deceleration rates, the Safety Board was not able to verify if maximunm
brake pressure was achieved during the early porcion of the rejected
takeoff. Further, the Safety Board could not determine if the antiekid
system performed to its maximunm capability during the same time peried.

After the captain and the other flight crewmembers became
aware that they would not te able to stop the aircraft on the runway,
the captafn steered the sircraft to the right to avoid colliding with
the approach light stanchions fcr runway 25L. The Safety Board believes
that this action reduced the severity of this accident., Impact with the
nonfrangible stanchions could have caused additional major structural
damage.

The Rejected Takeoff Decision

The determination of the minimum length of runway required for
takeoff in air carrier operations, or conversely the determination of
the maximum weight for the atrplane to take off on any given runway, is
based upon s balanced field concept. This concept is predicated upon
the calculated ability of the aircraft to efther stop within the length
of the runway or to succcessfulily continue the takeoff after an engine
failure during the takeoff roll. Before cach takcoff, the flightcrew
will use accelerate-stop performance data cbtaired from the alrcraft's
certification tests to calculate the maximum allowable takeoff weight
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and the critical engine fuallure speed (Vy1). The flightcrew has been
trained to use the Vi speed as a decision point during the takeoff roll.
If au engine failure ie recognized before the V) speed is reached, the
pilot is traired to reject the takeoff and he, in fact, must reject the
takeoff since he cannot be assured of successfully continuing. On the
other hand, §f the aircraft is beyon’? the V] speed before ar engine
failure is recognized, the takeoff must be ccntinued since the pilot
cannot be assured of stopping the afrcraft on the remaining runway.

Although V) speed is designed to be che go-no-go decision
speed in event of an engine failure, the Safety Bcard telieves that
pilots have come to regard Vi as the go-no-go decision speed for any
anomaly during the takeoff roll. However, the calculated Vi speed, by
current definition and certification standards, is valid only fer
circunstances in which the afrcraft has its full braking capasility.
Furthermore, since the afrcrafe's performance data were obtained through
testi g on dry runways, there is no assurance that the current concept
is adequate when the braking coefficient of frictfon is reduced on a wet
surface.

Even when full braking capability is available and the runway
surface is dry, a rejected takeoff inftiated at or just before the ailrcraft
reaches V] speed is risky on a minimum length runway. Using maximum
braking and optimum procedures, the aircraft is going to use all of the
remaining runway length to stop. (Actually, a smail margin is provided
since the braking effect of thrust rever3al is not considered in accelerate-
stop performance data.) In this accident, the aircratt had about 800 feet
more than the minimum runway provided by the balanced field concept;
even so. “wo significant fartcis combined to invalidate the use of V1 |
speed £ .. ;p>-no-go decizion point: (1) the loss of effective braking
on wheel : s.th blown tires, and (2) the reduction in brake friction
coefficient on wet surface,

The Safety Bosrrd, therefore, views the captain's no-go decision
as a key element in the accident sequence. This Is in no way intended
to imply that the Board faults his decision, but rather that the limited
validity of the decision-making process and of the V) concept in its
entirety justifies further analysis.

As the aircraft approaches the decision apeed (V1) the decision-
making time available to the pilot decreases. At V] speed he has no
time for a decision and must vespond immediately to reject the takeuff
{f he 18 to be able to stop the aircraft on the runway even under ideal
conditions. A failure to act promptly to any problem encountered as the
aircraft approaches the V] speed can have catastrophic results if the
problem 1is an engine failure, is structural in nature, or is asso-iated
with loss of critical systeus or fiight controls., Certainly, these
possibilities are ever present in a pilot's mind when somethiug unusual
occurs at a critical time. Therefore, the dominant tendency is most
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itkely to reject the takeoff when any unevaluated anomaly occurs before
V} speed, particularly if the problem is accompanied by noise and
vibration,

In this accident, the captain heard a loud metallic bang and
the flight data recorder indicated that this occurred 1.2 seconds before
the aircraft reached Vi speed. The captain was therefore faced with the
need for immediate action, He had no time in which to evaluate the
gsignificance of the loud bang and vibratioa i1f he was to successfull:
reject the takeoff. However, it became evident during the Board's
favestigation that the noise and vibration were assoclated with a tire
failure and that the afrcraft could undoubtedly have been flown cff the
runway successfully.

The 3oeing Aircraft Company, in its flight maaual, and the
McDonnell-Douglas Corporation, in a recent flightcrew newsletter, have
erphasized the potentially dangerous: nature of the rejected takeoff
maneuver at or just below V] at a critical field length, and have 1idvocated
a better pilot understanding and appreciartion of the rejected takeoff
decisfon and the abnormal conditions leading to that decisfon. Based
upon its analysis of this ancident and others, the Safety Board agrees
that pilot preparedrness is essential, and concludes that the problem is
sufficiently important and complex to warrant a thorough review and
revision of the V] concept. 1Ideally, with a more comprehensive Vi
conicept the pilot would be provided a decision speed from wiiich he could
be assured of the capability to stop the aircraft on the remaining
runway regardless of the reason and circumstances for rejecting the
takeoff. This wonld apply to wet runways as well ae dry runways and
would account for degraded braking capability due to common faflures
such as blown tires. A.mittedly, such comprehensive criteria may naot be
practically achievable. Nonetheless, the Board believes that some
improvements to the present criteria are needed if accidents such as
this are to be prevented.

Fuel Tank Rupture and Fire

Shortly after the afrcraft departed the right corner of the
departure end of the runway, the left main landing gear broke through
the macadam surface of the overrun area and failed. The increased
footprint pressure exerted by the No. 6 tire and the load from the Nos. 1
ard 2 wheels was beyond the macadam's support capability.

When the DC-10 was certificated, the FAA required that the DC-10
landing gear attachment be designed so that, if it failed because of up
and aft overload, no part of the landing gear stiucture could puncture
any part of the fuselage fuel system. The manufacturer satisfied this
requirvment. In four other accidents, DC-10 landine gear have failed
with ro wing fuel tank rupture; however, in this case the loads imposed
upon the left main landing gear exceeded design loads. As a result,
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some of the landing gear attachment structure failed in an unusual mode
and a large hole was torn in the aft web of the left wing rear spar at
the juncture of the two left wing main fuel tanks. The fuel that was
released through this rupture was the major contributor to the extensive
postcrash fire.

The Safety Board was not able to determine conclusively where
or when the fire started. Statements of some passengers and flight
attendants indicated that fire may have been present in the area of the
left main landing gear whcels before the aircraft left the runway surface.
The escape of hydraulic fluid under pressure from ruptured brake and
antiskid hydraulic 1ines 10/, and the friction heat developed from
rubber and wmetal contact with ti-~ runway surface could have ignited a
fire. Fire engulfced the left side of the alrcraft immediately after the
left main landing gear failed. This fire continued until extinguished
by the Los Angeles Alvport Fire Department.

The Safety Board believes that the quick response of the Los
Angeles Fire Department, particularly fire Station 80N, prevented greater
loes of 1life and lessened injuries to evacuees. This quick response was
possible because the authorities at Los Angeles International Afrport,
unable to meet the required emergency response times, constructed auxiliary
fire stations at the midpoint of the airport’s 2 major runway complexes.
The decision of the firefighters on CB-1 to position themselves so that
firefighting agent could be used to keep escape lanes open for the
evacuation wat exemplary and reduced the number of deaths and serious
injuries. The Safety Board believez that authoritfes it other major
airports, who may be having difficvlty with their required emergency
response times, should follow the example set at Los Angeles Intermational
Alrport.

Slide/Raft Inadequacies

Because of the fintense fire on the left side of the aircrafe,
passengers exited from the right side. All cabin exit doors were opened,
and all slide/rafts, except the left forwacd (1L) exit, were deployed.
Apparently, the door at exit 1L was opened in the emergency mode with
the slide deployment mechanism disarmed. When the captain and a male
passenger attempted to attach the slide/raft, it was pulled from its
door container and fell to the ground.

The slide/rafts which were deployed from the four right side
erergency exits were exposed to fire and radiant heat. All of t'e.
slide/rafts failed before the evacuation was completed. Passeug:zis and

10/ Tests have shown that the hydraulic fluid used in aircraft systems,
Skydrol, is not flammable under noraml circumstances. However,
when suhjected to heat in a vaporized form under pressure, it will
ignite and burn.
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crewvnembers who were still in the aircraft when all slide/rafts had
faiied either jumped to the ground or slid down the escape rope from the
first officer's side window fn the cockpit.

The Board understands that the primary purpose of an emergency
evacuation system is to provide for rapid pastenger and crew egress from
an alrcraft under emergency conditions. However, this investigation
disclosed that when these slide/rafts were certiiicate! as a part of the
DC-10 aircraff, no consideration was given tc the slide/rafts service-
ability when exposed to radfant heat,

The girt fabric on the 4R slide/raft failed because of an
apparent overload when passengers went onto the slide/raft faster than
those st the bottom of the siide/raft could leave ft. This unusual
passenger flow resulted from the combined elfacts of (1) the shallow
deployment angle of the slide/raft, and (2) s design feature inherent
with the slide/raft concept.

For the slide/raft to function as a raft, tue o’ jes ani ends
must be raised above the level of the slide/raft floor. “mnerefore, the
unit is constructed with inflatable tubes along both sid2s and across
both ends. The slide surface and raft floor is attached inside this
inflatable, rectangular framework. The surface which the evacuee
slid:s on, slopes fron atop the inflated tube at the headend (aircraft
end) down to the center section of the unit. This center sectior whick
serves a dual purpose (raft floor and slide surface) is attached near
the bottom of the side wall inflatable tubes. A few feet from the tgil
end (outboard end) of the unit, the sliding surface slopes upward from
this ceanter section to the top of the inflatable tube that <rogses the
tail end of the unit, Thus, when the slide/ref: is deployed from a
normal door sill height, the sloped section at the tail ead of the slide
surface acts to declerate the evacuee, However, when the slide/raft is
used from a lower-than-normal sill height, as was the case in this
accident, the sloped surface becomes an obstacle that must be climbed
over by the evacuee,

The 26-ft slide/rafts were fabricated with side scctions wvhich
allow increased seating capacity when used as a raft. Passenger's shoes
and other personal articles were found in these side sections indicating
that some passengers exited the slide/raft vie the side. The girt width
of the 26-ft-~long slide/raft was about 42 in. The slide width was about
172 in. 3Ixtreme asymmetrical loading of the girt was therefore possible
if passengers attempted to exit via one side of the slide/raft.

The Safety Bcard believes that the success of the emergency
evacuation of the passengers, most of whom were elderly, was the direct
result of the efforts of the entire flightcrew and cabincrew and that of a
Continental B-727 captain who was ontoard as a passenger. Their {mmecdiate
response and their initfative in seeking al.ernate escape routes when the
normal routes were rendered useless, undoubtedly saved lives and decreased
the number of injuries.
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3. CONCLUSIONS

Findings

The crewmembers were certificated and qualified for the
flight.

The aircraft was certificated, equipped, and maintained in
accordance with FAA requirements, except for the inoperative CVR.

The runway was wet, but there was no standing water.

Runway 6R was the only runway available for takeoff. Two
12,000-ft runvays, the use of which could have made a successful
rejected takeoff possible, were not available to wide body
aircraft.

Lineup for takeoff began about 166 ft from the approach end
of runway 6R. The flightcrew used the minimum lineup distance
and established takeoff thrust as required by company procedures.

The captain promptly rejecced the takeoff at or below 152 kns
(V1 speed was 156 kns) after hearing a loud '"'metallic bang”
and feeling a “quivering" of the aircraft.

The captain responded %o the emergency by first applying brales
and then applying maximum reverse thrust on all engines. Ground
spoilers actuated whei thrust levers were moved to the reverse
thrust positions.

Reverse thrust began about 5.8 sec after V] was reached and
peaked 3 to 8 sec after the engines began to 'ipool up for reverse
thrust. Reverse thrust was maintained above 100 percent N} on
all three engines during the revert¢al sequence.

Reverse thrust was maintained on the center and the right
engine until just before the alrcraft stopped beyond the end
of the runway. Reverse thrust on t(he left engine ceased when
that engine was torn from the aircraft, 100 ft beyond the end
of the runway.

The firat tire feiled at the No. 2 tire position about

6,300 It from the departure end of runway 6R. The tire failed
becaugse of a throuwn tread. The carcass blew about 4,520 ft from
the departure ¢nd of the runway.
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The second tire falled at the No. 1 tire position about

4,430 ft from the departure end of rvnway 6R., Fatigue in the
ply structure may have been caused by long-term overload since
the tire wis mounted on an axle with a tire of a different
brand vhic)» had less sfdewall stiffness. The tire blew out
because of an uverload.

The third tire failed at No. 5 tire position about 3,400 ft
from the departur: end of runway 6R. Pleces of the wheel rim
from eith~r the No. 1 or the No. 2 wheel hit the tire arnd
caused it to blow cut, This blow out affected further the
aircraft's braking capability. Also, the left maiu landing
gear might not have collapsed if No. 5 tire had been available
to distribute load on the overrun area.

The tires on the aircraft may have been operaied in the over-
deflected condition, since the average inflation pressure was
less than the optimum pressure for maximum gross weight.

The afrcraft left the departure end of runway 6R at a speed of
about 68 kns.

The afrcraft slid to a stop about 83 sec after the start of
the takeoff. It came to rest about 664 ft beyond the departure
end of runway 6R on a heading of 008°.

The a.rcicaft could not be stopped on the available runway
because of the partial loss of breking effectiveness attributed
to failed tires and a wet runway surface.

Dynamic hydiuvplaning conditions were not present,

Runway 6R had acceptable friction characteristics according
to current FAA suggested criteria for the Mu meter; however,
the Mu meter data could not be used to estimate aircraft
stopping performance.

During the 4-year period between the grooving of runway

6R/24L and the day of the accident, the airport operator did

not make “he friction surveys suggested by the FAA, The FAA

and the airport operators did not have ready access to equipment
or trained personnel required to conduct periodic friction surveys.

No F&A procedures or data are available to aircraft operators
or flightcrew to relate degraded runway friction conditions
to changes in allowable aircraft takenff weights, decision
speeds, and stopping distance.
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The current FAA rejected takeoff requirements for aircraft
certification, aircraft operations, and pilot training do not
address wet ruuway, slippery runway, or tire faflure conditions.

It was not possible to determine accurately from performance
analyses 1if the full braking capability of the aircraft was
achieved during the initial phase of the rejected takeoff.

In 1ts 1977 report on rejected takeoffs, the FAA concluded
that aircraft safety could be imnproved by accounting for wet/
slippery runway conditions and tire improvements.

Flightcrew simulator training for rejected takeoffs ie
inadequate because of the lack of FAA requirements for wet
runway congiderations in those simulators and for rejected
takeoff training at the maximum takeoff gross weights and
decision speeds encountered in normal operations.

The landing gear attachment structure failed and caused the
left wing fuel tank to rupture.

Fire may have started before the aircraft left the runway
surface,

The evacuation was started promptly and zlmost simultaneously
throughout the cabin.

The 1L exit was opened with the slide/raft handle in the
disarm position.

Slide/rafts at exits 2L, 3L, and 4L burned immediately after
they were deployed.

All slide/rafts on the right side were deployed and used.

The overwing ramp for the 3R slide/raft malfunrtioned.

The slide/raft at 1R failed from radiant heat dasage; the
girt bar supporting fabric failed at 4R because of overload
or uneven load; all other slide/rafts dburned.

The evacuation was completed using the emergency rope which
hung frem the first officer's side window.

The first crash-fire-rescue unit was on the scenz fighting
the fire in about 90 sec from the initiation of the rejected
takeoff.

Two passengers died of buims and smoke inhaltion after
exiting through the 3R exit.
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36, Evacuation time was approximately 5 minutes.

3.2 Probable Cause

The National Transportation Safety Board determined that the
probable cause of thea accident was the seq:ential failcre of twe tires
on the left main landfing gear and the resultant failure of another tire
on the same landing gear at a critical time durfng the takeoff roll.
These faflures resulted in the captair's decision to reject the takeoif.

Contributing to the accident was the cumulative effect of the
prctial loss of aircraft braking because of the failed tires and the
reduced braking friction achievable on the wet runway surface which
incieased the accelerate-stop distance to a value greater than the
available runway length. These factors prevented the captein from
stopping the aircraft within the runway confines.

The faflure of the left main landing gear and the consequent
rupture of the left wing fuel tanks resulted in an intense fire which
addad to the severity of the accident,

4. SAFETY R :COMMENDATIONS

As a result of this accident, the Safety Board, on September 6,
1978, recommended that the Federal Aviaiton Administration:

""Assess current tire rating criteria, as used by the Tire &
Rim Association and as interpreted by airframe designers and
Federal Standards, in terms of compatibility of tire, airframe,
and intended operation to assure that adequate margins are
provided for all normal conditions. (Class II, Priority
Action) (A-78-87)

"Upgrade Technical Standard Order C-62b to reflect current
engineering practices and operational conditions in both the
specifications for performance standards aund certification
test requirements. (Class II, Priority Action) (A-78-68)

"Insure thut the tire is compatible with the airframe by
considering this compatibility during the airplane certifsication.
Tive loads which result from design peculiaritiers and normal
variations {n mat{ntenance and operational practcices must be
considered. (Class II, Priority Action) (A-~76-69)

"Issue a new Technical Standard Order to specify performance
standards and qualification test requiremeni: for retrcaded
tires. (Class 11, Priority Action} (A-78-70)
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"Prohibit different model tires or tires manufactured by
different manufacturers from being ucun:ed on the same axle
where different characteristics between such tires can affect
tire loading under novmal operating conditions. (Class 7,
Urgent Action) (A-/8-71)

"Require that operator maintenance and operational practices
regarding tire usage, such as taxi specds and distances and
inflation pressures, are in accordance wvith the tire manu-
facturers® recommendatfons. (Class II, Priority Action)
(A-78-72)

"Expedite the development of r. 1ondestruccive inspection
technique vhich would detect ..aws in tire carcasses.

Require nondestructive inspection for new and retreaded tires
and develop criteria based upon such {nspection to withdraw a
faulty tirve from service. {(Class II, Priority Action) (A-78-73)

“In the interim, establish a safe upper limit for the number
of retread cycles allowed each model tire. (Class II, Priority
Action) (A-78-74)"

On November 17, 1378, also as a result of this accideat, the
Safety Board recommended that the Federal Aviation Administration:

"Review aw. revise the accelerate-stop criteria required to be
demonstrafed during aircraft certification and used during
operations to insure that they consider the effezts of wet
runway conditions and the moat frequent and :ivitical cauczs of
rejected takeoffs, (Class IV, Priority A:tion) (A-78-84)

"Evaluate, with industry, che British CAA wet runway normal
and rejected takeoff requirements for applicability as a U.S.
standard. (Class I1I, Priority Action) (A-78-85)

"Rev-ise Advisory Circular 121-14 to provide guidance on (1)
programming aircraft simulators to ~ccount for the degradation

of aircraft deceleration performance on wet runways during
lanlings and rejected takeoffs and (2) installing instrumentation
to enable evaluation of pilot performance during RT0's on
critical length runways, particularly the response times {in
activating stopping devices and the level of brake application

to insure that such performance fs compatible with a minimum-
distance stop. {(Class lI, Priority Action) (A-78-86)

"Insure that pilot training programs include appropriate
information regarding optimum rejected takeoff procedures at
maximum weights, on wet and dry runways, and at speeds at or
near Vi, and for rejected takeoffs vhich must be initiated as
a result of engine or tire failures. (Class II, Priority
Action) (A-78-87)
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"Encourage operators of turbine engine-powered aircraft to
include in flight wanuals the maximum use of aircraft decelera-
tion devices when an RTO is initiated at or near decisicn

speed (V1) on wet or dry runwavs of critical length. (Class
1I, Priority Action) (A-78-88)

""Develop and publisk an Advisory Circular, or include in other
appropriate documents available to air carrier and other

pilots, general accelerate-stop performance data for RTO's on
wet runways necessitated by engine and tire faidures. Emphasize
the need for maximum braking procedures when an RTO is reguired
at high gross weights and speeds. (Class II, Priority Action)
{A-78-89)"

BT THE NATIONAL TRANSPORTATION SAFETY BOARD

/s8/ JAMES B. KING
Chairman

/8/ ELWOOD T. DRIVER
Vice Chairman

/8/ FRANCIS H. McADAMS
Member

/s/ PHILIP A. HOGUE
Member

January 25, 1979
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5. APPENDIXES

APPENDIX A !

#
/

INVESTIGATION AND HEARING'

1. Invegtigation

The Safety Board was nutified of the accident about 1240 e.s.t.
on March 1, 1978. The investigation team went immediately to the scene.
Working groups were established for operations, systems, powerplants,
structures, weather, perfonaance, witnesses, flight data recorder, human
factors, cockpit voice recorder, and maintenance records.

Participants In the on-scene investigation included representatives
of the Federal Aviation Administration, Continental Air Lines, Inc., the
Air Line Pilots Association, Douglas Aircraft Company, The Goodyear Tire
and Rubber Company, the B.F. Gooxdrich Company, PICO Division of Sargent
Industries, Inc., the Union of Flight Attendants, the International
Association of Machinists, and the General Electric Company.

2. Depositions

Depositions of the crewmembers were held follow:ng the accident.
The flightcrew was deposed on March 2, 1978. Counsel for the Air Line
Pilots Association and for Continental Afr Lines, Inc were present at
these depositions.

The flight .attendants and the in-flight supervisor were deposed
on March 4-6, 1978. Counsels for the Union of Flight Attendants and
Continental Air Lines, Inc. were present at these depositions. Also
present at these depositions were other representatives of the Union of
Flight Attendants and Continental Air Lines, Inc., and representatives
of the Air Line Pilote Associationm,

3. Public Hearing

A 4-day public hearing at los Angeles began on May 30, 1978.
Parties represented at the hearing were;" The Federal Aviation Admin-
istration, Continental Air Lines, Inc., the Air Lines Pilots Association,
Douglas Alrcraft Company, The Goodyear Tire and Rubber Company, the B.F.
Goodrich Company, Air Treads, Inc., PICO Division of Sargent Industries,
Inc., and the Union of Flight Attendants,
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PI-:RSOMNELJ, NFORMATION

Captain Charles E. Hersche

/
Captain Charles E. ﬁﬁisﬁhe, 59, was hired {i Continental Ajr
Lines, Fehruary 11, 1946. He’holds Airline Transpgrt Pilot Certificate
No. 383338 with type ratings’'in éouglas pC-3 and +10, Convair 340 and
440, Boeing 707 and 720, and Vistount 700 and 800 atircraft. He has a
First Class Medical Certificate 'dated February 22, 1978, wi:1 the limitation,
“Holaer shall possess correcting glasses for near vision while axercising
the privileges of his alrman certificate.” f

Captain Hersche passed his last proficiency check on October 13,
1977. His last recurrent training was accomplished on September 19-20,
1977, and his last recurrent training to include emergency door training
was accomplished on September 27-28, 1976. He had accumulated about
29,000 totel flight-hours, 2,911 hours of which were in the In-10 afrcraft.
His flying time during the last 90 days was 111 hours 30 minutes of
which none had Seen flown fin the 24-hour perlod before the accident.

First Offi{cer Michael J. Provan

First Officer Michael J. Frovan, 40, was hired by Continental
Air Lines, May 23, 1966. He bcids Airline Transport Pilot Certificate
No. 1672725 with a type rating in the Boeiug 727 and commercial privileges
in the Lockheed 382. He has a First Class Medical Certificate dated
December 22, 1977,with no limitations.

Pirst Officer Provan vassed his Yast proficiency check on
December 7, 1977. HKis last recurreat training was accomplished on
February 8-9, 1978. This training included emergency door training. He
had accumulated about 10,000 total flight-hours, 1,149 hours of which
were in the DC-10 aircraft. His flying time during the last 90 days was
95 hours 46 minutes. In the last 24 hours, he had 6 hours 16 minutes
duty tine, of which 4 hours 45 minutes were flying time, followed by
17 hours 19 minutes rest time.

Second Offfcer John K. Olsen

Second Officer John K. Olsen, 39, was hired by Continental Afr
Lines, July 1, 1968. He holds Ccimerical Pilots License No. 1731161 and
a FPirst Class Medical Certificata dated September 11, 1977, with no
l1imitations. He also holds Flight Engineer Certificate No. 1865562 with
a turbo-jet powered rating.
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/

e Second Officer Olsen pagsed his last proficiency check on
September 13, 1977. His last refurrent training was on August 38-9, ,
1977, and his last recurrent trgining to include emergency door traininé
was on August 23-24, 1976¢. He, had accumulated about 5,000 total €light-
hours as’a pilot and abcut 8,?00 total flight-hours as a flight enginéer,
1,520 hours of which were in/the DC-10 aircraft. His flying time (flfght
engineer) during the last 90 days was 168 hours 57 minutes. In tne’last
24 hours, he had 8 hours 50 minutes duty time, of which 5 hours 24
minutes were flying time, followed by 14 hours 40 minutes rest time,

Flight Attendarts

Last Re- Last Hands-

Date of
Hire

current
Training

on DC-10
Training

Judy Blair
Louise Buchanan
Mary Dahse
Janna Harkrider
Norma Heape
Bett Lietz
Carole 4ason
Marcia Wagner
John Woodman
Lori Yang

12/28/64
9/18/65
2/23'60

7/1/65
6/3/517
4f18/60

12/20/60
5/13/74
2/20/73

4/1/69

In-flight supervisor

J. Fred Winkler

9/16/66

Passenger/B-727 Captain

A Continental Alr Lines loeing 727 captain was riding in the

first-class section of the cabin. He assisted the crew of Flight 603

during the evacuation.

1/23/78
1/13/78
1/13/78
1/22/18
1/12/78
1/13/178
1/12/78
1/10/78
1/17/78
1/27/78

2/28/78

2/27/17
2/11/77
1/10/77
1/23/77
1/22/177
1/29/77
1/28/77
2/25/77
2/17/17
2/12]27

2/4/77
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APPENDIX C

AIRCRAFT INFORMATION

McDonnell-Douglas DC-10-10, serial No. 46904, N68045, was
manufactured on May 19, 1972, It was certificated and maintained
according to procedures approved by the FAA. At the time of the accident,
the aircraft had accumulated 21,358 flight-hours; 65 hours 15 minutes had
been flown since the last major phase check. The "A" check, the "B" check,
and the first phase of the C" check were accomplished on February 23, 1977,

Engines: Three General Blectric CFo6-6D

Hours 3Since
Serial b, Date of Installation Total Time Last Overhaul

Ro. 1 451405 6/10/171 11,590 2,948
No>. 2 451244 12/5/17 13,808 941
No. 3 45132, 7/18/77 10, 362 2,511




