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EVACUATION PATTERN ANALVSIS OF
A SURVIVABLE COMMERCIAL AIRCRAFT CRASH

A. HOWARD HASBROOK
]. D. GARNER
CLYDE €. SNOW

ABSTRACT

The evicuition pattern of 99 of 106 sarvivers of o et transport u'l\h ivolving o post
crh fire is deseribed, Factors possibly offecting the suffocation’ and ultimate death of 16
passengers are listed and phulngr.lpl'l\ and diagrams are presented,

FOREWORD

The data from which thls preliminary report
was  developed  was  gathered  through  the
cooperative efforts of many persons and groups
in the aviation safety field — investigation per-
sonnel of the Civil Aeronautics Board, Flight
Standards Division {FAA), Aviation Medical
Division (FAA), Civil Aeromedical Research
Institute (FAA), United \lrh:uf& Douglas Air-
craft C ‘ompany and hl.ul\ others,

Within the Civ il \vrnnwdl(.ll Research Tnsti-

tute, rescarch lwr\uhm'l of the Emergency \

Evacuation, Survival Equipment, Physical
Anthropalogy and Crash Safety Sections in the
Protection and Survival Branch, ‘and photo-
craphers in the Audio-Visual Service, combined
their efforts as a team to investigate and ana-
lyze the results of this transport accident, With-
ont this team effort and the assistance and
cooperation of other agencies and pt-rmmwl this
report could not have been prepared.

Note: Major portions of this report were presented winder
the same title at the 3Ird annnal meeting t-ll the Aetospace

Medical  Avawiation at Atlantic City, New  Jerwy on
April 10, 1962,

INTRODUCTION

In the past, the aviation industry ~_Govern-
ment, mannfacturers, airline oper rators, research
groups N:E[IE!W()( W CXperts = haspaid wdjor
Attention to. the: pnnhlc ool providing 1.1[11(1"“

crg _escape facili
lr.m\pml .mu.ift p.uhmlul\ in lus,h (Il'mll\
tourist compartments,

Why then, did sixteen of 122 occupants of a
modernjet airliner perish while attenapting to
evacite a virtually intact — but smoke filled —
aireraft at Denver, Colorado on Julv 11, 19617

In attempting to answer lhl\ qguestion, this
]m hmm.u\ u-pmt reviews soue fict tor, which

wﬂlhﬁu Jated to the evacuation pat-
tern {tlt'\dnpvd throngh researchy invesligation
ul analysis ), the methods of aetermining the
location of the de ceased passengers, and Tastly,
n'tmnmﬁ-ml\ arcas which appear lu reqguire
Further consideration and /or e search in relation
to preventing similar veenrrences in post u.nh

fires,



THE ACCIiDENT

Prior to landing at Denver, an apparent mal-
function of the plane’s hydraulic system oc-
curred and the captain declired an “alert”;
three pieces of emergency fire-fighting equip-
ment at the airport were {mmediately driven
to and statione?onear the far end of the in-
tended runway.

Abnard the aircraft, passengers were notified
of :he situation by the captain, but were
reassured that the landing would probably in-
volve nothing more than perhaps a “hard”
tonchdown, _

Insofar as can be determined, no emergency
cvacnation instruction was given the passengers
g .

by auy of ihe crew members prior to the
landimg. '

According to witnesses, the plane touched
down normal]:\' within fifteen hundred feet of
the roar end of the runway and proceeded
-swn the runsway in a straight line for several
hund:ed feet, before it began to veer off to the
right. As it skidded off the runway, it grad-
ually vawed to the right and slid almost side-
ways across open ground, striking a panel truck
— Filling the driver. "Towaid ‘he end of this
gradaal deceleration, the aircra™  *ruck the
shear edge of an incompleted taxiway, on which
the aircraft fieanr came to rest (Fig. 1).
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During the plane’s slide across open ground,
{Fig. 2) the landing gears were torn completely
off and as the aircraft slid up over the two-foot
high edze of the concrete taxi strip, three of
the four engines tore frec — smali fuel fires
immediately erupted near and below the for-

ward portion of the aircraft, where several of

the engines had come to rest.

Evidence indicates that decelerative forces
were extremely low througheut the sccident,
and no impact injuries of any conscquence
occurred within the aircraft.

Soon after th~ aircraft came to rest, two
major fire arcas developed. One was near an
engine in front of the right wing: this fire,
following fuel on the ground, soon traveled to
the forward righthand portion of the fusclage.
The other major fire was concentrated at the

left wing root, within which the number 1
engine had become lodged.

The three airport fire trucks reportedly
reached the aireraft within 1 to 2 minutes
after impact and were driven to an area near
the right side of the aircraft, from which point
the firemen vainly attempted to controf the
fire.

However, prior to arrival of the fire trucks
and immediately after the aircraft came to rest,
the cockpit crew and the stewardesses in the
forward - (First Class) cabin opened the for-
ward, lefthand passenger Jdvor and deployed
the evacuation chute; the chuw was not inflated
due to the short distance (appreximately 4.5
feet) hetween the doorsill ani the ground.
The service door on the opposite (righthand}
side of the cabin was not opened by the crew,
because of the large fire near this exit,




Evidence indicates that 268 of the 26 first
class passengers and all five of the forward
~rew members utilized the lefthand nassenger
door for escape, despite the increasing magni-
tude of the fire at the left wing root, which
eventually consumed a major portion of the
aircraft before the fire was {inally brought
under control (Fig. 3). _

The two righthand over-wing exits were
reportedly openett by several passengers, and
were ntilized by approximately nine of the first
class passengers and eleven adults and a child
from the forward part of the tourist cabin,

Since the fire was qguite intense at the left
wing root, it is doubtful that the lefthand over-
wing cxits were opened.

In the rear (Tourist) section of the aircraft,
one of the two stewardesses was sittine in the
lounge; the other, wearing her shoulci,er har-
ness and seatbelt, sat on a crew seat directly
adjacent to .the rear, lefthand, passenger door.
As the aircraft slid sideways to a stop, parapher-
nalia (pillows, magazines, and other passenger
comfort items) was ejected from an upper
storage locker on the righthand side of the air-

- craft and deposited in a pile” "nee dee[;” against
' the passenger door. Due to the debris apiled -
up against the door, the stewardess did not =~

attempt to open it; however, duc to structural
deformation of the fusclage under the door
resulting from impact with the panel truck
(Fig. 4), the door could not have been opened

“by the stewardess.
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The other stewardess (who had been sitting
in the lounge) opened the rear, righthand serv-
ice door, p?aced the escape chute in position,
inflated it, and then started assisting the tourict
Ppassengers throgh this exit (Fig. 3).

Ficune 5.

It is noteworthy that as soon as the doors and
exits wede npcn(-(i, dense smoke hegan to funnel
back through the entire cabin, making sight
and breathing extremely difficult. 1t is also
noteworthy {according to survivor statements )
that there was little or no hysteria: in fact,
there apparently was a r(-m:lr‘:ably degree of
calmness: displaved by most, if not all of the
occupants, . -

Distribution of the occupants of the aireraft
in relation to tlu-‘;numln-r of 'exits utilized pro-

vides an interesting picture (Fig. 6 — it was
impossible, due to legal complications, to obtain
information from some of the survivors and
therefore, the seating diagram is not complete ).
There were thirty-six passengers and five crew
members in the forward cabin-cockpit area;
three =xits were available in this accident for
evacaation of these forty-one persons — a ratio
of one exit for each 14 persons.

Seventy-nine passengers and two crew mem-

bers occupied the tourist compartment, for

which there was only one exjt (a service door)
available for evacuation. Al of the fatalitics
were in this rear compartment, whose ratio of
exit to occupants was 1:81, as compared to
1:14 in the forward compartment. _

A= noted before, as muny as 12 to 14 persons
1 ik tourist rabir apparently went forward
and used {:: exits available in the first class
cabin. If these fourtcen persons (including
one infant in arms) did use the forward exits,
the remaining sixt;;-seven persons apparently
attempted to use the only other exit available
in the aircraft — in the rear — but only fifty-one
were successful.

In attempting to determine why all of these
sixty-seven tourist l‘passc':ngcr:; were unable to
evacuate the aircraft through this one exit, sev-
eral major factors bear scrutiny; (1) the width
of the aisle between the rows of triple seats in
the tourist section was 13,5 inches, or approxi-
mately two thirds of the 22 inch aisle width in
the {5t class section.  This narrow aisle width
in the tourist cabin would require that the
evacuating passengers stand in single file, while
waiting to move toward the exit at the rear of
the aireraft, (2) there were no over-wing or
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window exits availahle within the tourist cabin,
(3) a floor-to-ceiling partition separated the
tourist cabin from the first class section, effec-
tively blocking from the view of the tourist
passengers any sight or sign of the over-wing
exits available in the first class cabin, and (4)
there was no placard or indication on the aft
side of the partition to indicate the existence
and availability of emergency exits in the first
class cabin,
During the routine CARI investigation of this
. accident, in cooperation with the Civil Aero-

nautics Board, it was determined that the °

persons, who had succumbed from carbon
monoxide poisoning while attempting to evac-
uate the tourist section, died in the seats shown
in the lower portion of Fig. 7; these were not
the seats for which they had heen ticketed.
It is of interest that these seats in which they
died are predominantly spaced at random along
the aisle. This indicates that these persons
must have left their own seats anj1 were
attempting to move down the aisle toward the

rear exit when they were overcome; it ma he .

assumed that the}" collapsed into, or sat down
in these seats to try to regain their senses and
to await clearing of the aisle,

l i !
4 _-II_fIl[ - I(!i-li_-m!m

Determination of the seats in which theswe
persons died was accomplished by detailed in-
vestigation at the scene of the accident during
w_hich evidence was obtained indicating where
the occupants most - likely were sitting . when
they were asphixiated and subsequently burmned
in the post crash fire.

A portion of this evidence was obtained by
noting unburned areas on ihe covering of back-
rests and armrests of numerous seats (Fig. 8);
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this non-burning could have oni. “>sulted from

protection of the seat’ covering hy portions oi”

_ ‘bz i cupants” bodies, as indicated in Fig. §
by the subject simulating a body in a slumped
position. : . '

Freene 9.

Another example of this hon-buming is shown
in Fig. 10, in which the egnter armrest is almost
completely miburmed, and the fabrie on a por-
tion of the hackrest is not even singed.  An out-
line of the nccy‘lpunh' left elhow and a portion
of the forcarm can * - seen in the aisle armrest,

Beveral seafs were rippedyout of the cabin
by reseue personnel (after Ahe fire had been
extinguished) and  were, found outside  the
\\'rvck.\_gv. Portivas of the scat cushion, the
seathelt, and a part of the armrest support on
one of these seats were unburned; in the seat
was a ladies” jacket (Fig, 1), which the oceu-
nant apparently had beea sitting on during the
kn*. A picee of floor track was found still
attached to the seat pin (Fig, 12), effectively
pin pointing the original — seated - location of
one of the victims in this accident (Fig. 13},

Ficene 10,

 Fuaene 1L
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~ The upper portion of Fig. 7 shows the
assuméd {ocation of the fatally burned persons,
according to the recollections and statements of
resvite personnel given during the official hear-
ing several wecl%s after the accident, The
_variation between the location of the fatally
injured persons, according to the memory of
rescue personned, as compared to the locations
determined by findings of expericneed investi-
gacors at the scene of the acciGent (as shown
“in the lower portion of Fig. 7), is casily appar-
ent; this would appear to indicate that infor-
mation obtained from witnesses who have heen
involved in a psychologically shocking experi-
ence — such as the removal of human bodies
from an aircraft — should be treated with ut-
mnst caution,

SUMMARY

(1) Sixteen passengers died of carbon mon-
oxide poisoning while attempting to evacuate
an intact, modern jet transport that had been
involved in a low force accident; a post crash
fuel fire outside the aircraft generated a large
volume of dense smoke ang noxious fumes
which were funneled through the passenger
cabin as soon as the exits were opened.

(2) These sixteen passengers along with 65
other persons, occupied a cabin area in which
aisle width was minimal and only one door exit
was available — at the extreme rear of the
compartment,

(3) There was no placard or other sign in
this compartment indicating the existence of
emergeney exits in the forward (First Class)
section,

L]

(4) It was virtually impossible, due to the
narrow aisle width, for cabin attendants in the
tonrist section to ro forward and accelerate
the passengers towa:d the rear exit,

In contrast to this:
! ¥
{3) The first class cabin had three exits
available foriuse by only fortv-one ocenpants.

(8) Aisle width was  approximately 0
Freows 13 ureater Gian that in the tourist section,
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In addition:

(7) No: emergency evacuation instruction
" _wus given the passengers prior to the incident.’

" (8) The available fire-fightin _équipment
was unable to contain or control the post crash
fire within the required time

RECOMMENDATIONS
It is recommended that:

(1) Prior to any anticipated, unusual landing
situation — in which emergency evacuation
might be necessary — the passengers be in-
structed in emergency evacuation procadures. _

(2) Aisle widths in high density cabin areas
he re-evaluated through a comprehensive re-
scarch program in which evacuation time is
related to impaired breathing and sight as may
occur in a post erash fire situation,

{3) Placards or other appropriate means be
utilized in transport cabins to acquaint all pas-
sengers with the location of emergency exits
in other — distant — arcas of the aireraft.

(4) Effective means be found through fur-
ther rescarch to contain and control post crash
fires occurring on airports.

(3) Research be conducted on means of pro-
viding passengers with yncontaminated breath-
ing air for time periods sufficient to evacuate
a buming airéraft. :

T el

. (6) Requirements and regulations govern-

jng the number and location. of exits in trans-

‘/ port aircraft be re-evaluated in relation to

’ aisle  width, passenger cdpacity and  cabin
compartmentation.

i .
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