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1 ABSTRACT

In the 1975 and [989 AGARD Symposia siatlstics were
preacnted conecrning the wrvival aspecta of eanapart aircraft
accidents,  Although much refevant data was sull missing it
waa conehided that not much hnd changed in the intervening
years., Following the Manchester 8737 e scadentl 1in 1983
many imperiunt recommendotions were mude und much
fescureh hus been completed.  ‘The cumenl study reviews
relevunt necidents ‘post Munchester' and Iricz te adacaa to what
cxlent the changes that have been made have improved our
chunces of cacaping sufely from an aireraft thot is on fire or
has been damaged surficicntly for tuc to have been pilt

As lar a3 possible critena wenlical Lo these used previously
will be employed in order 10 moke the compansens vahd,
however ([ sl be gpprecigted thal internatronad aviation s
changing and any affects of thers changes that can be
quantificd will also be discussed..

1. INTRODUCTION

It is not vnugusl for the Abstract of a paper to be written well
before the paper itself and for intervening events 10 require
gorne alteration to the route originally anticipated. The above
Abstract, wrinen in Junce 1994 for the following papcr, wrinten
1wo yeare later iz no exception thug, before discuscing post-
Manchesier accldenis, 8 vadetly of poinis of & more general
mature will be inadle.

Previous papers (references 1 and 2) have supgested that i
order (o procecd along e roure owards ever safer alr
transport we nced to consider not only single significant
accldents but also such gencral wends and pofnrers as may be
gleancd {rom 3 stody of avcident statistics  The imphication
was thyt such consideration would lesd tw sensible and

“eflective action Bt has 17 - that is the important question

and if thls has nor always been the vase, as whll emerge, how
should we organise matters in the [uture to ensure the progress
that e ever increwsing nuinbers of Dights per year mskes
esseniinl?

In an ideal world tha investipation and rapaeting of incidents
wyyld guickly end effeciively prevent uecidents but we are
still apmae way shavr of this ideal  What may happen aftar an
acchlen is that the wreatigatur Jiseuvera thint icre fins bowu ot
lzast one previnus similar accident and any number of refated
mzidents  The farmer had been treated as a 'onc off and the

meidents as beng of Ro real significance since they had not led
10 an gccldent]

Refarence 3 paiared st that, i paraphrage the immaetal | ady
Biackunl i Oscw Wilde's “The lupuniawe of Buing
Carnest’, sl may he sad that %a [nse one awvcraft may be
regarded ars @ misfortnine, o lose two looks e carelessess’
Thus the dedicated and. i is sometimes soid, idenhistic work
of the eccident investigators may be dizmisied gince o 3ingle
accident, being mercly a msfortune, docs not secm to ment

any oxtensive and pechaps expensive action Now of course if
we have 8 second. something must be dene immediately!

AL the beginning of the jet era this approach pasid valuable
dividends; no country, sirling ot manufacturer had to wait
very lang tor a second or even a third actident so, whelher
due to carelesaness or something clas, the cause was not only
tound but acknowledged and action taken, As a resolt the
accident rate fel) dramatically  Tlowever a system i3 st
needed to ensure that we not only learn lessons from the past
but continue 1o sct upen them.

One difficulty that we appear w be facing i3 the increasingly
htigious nature ol the aflermath of an accident 1 which
lawycrs ¢laim that making a change is an admizsion that
maliers were not r1ghl before and 15 theretore an admission of
liabiliry. This does ol encourage chunge. To belance this
may be the fear that a further accident will occur belore a
changa hat been made, when circuinatances elearly, ot least 1o
the lawyar with 20724 hingsichl, show an early change to be
I]GC@S.‘-’J.I'}"

This question of balance is central 10 all guch discuszions
since, in spme cases, there are valid reasons for nof making a
change; the facts alwaye have 1o be waighed wp very
carcfully.

3. LEARNING LESSONS FROM FAST ACCIDENTS
The following example illusirates the consequences of not
making changes in dme.  [n Oclober 1971 & Vickers
Vanguard eraghed in Belgium, killing all 63 on board, due to
a Tallure of the rege pressure bulkhend allowing ¢abin air inte
the tail cone and hence into the horizontal stabiliser. The
stabiliser could not withstand the pressure, “blew up” and
detached (reference 4) This accidant has been amongst thoss
presented by the author (refercnce ) each year, from 1978
onwards, to airworthiness and design enginzerg from Eueape
and beyond, as an example of how the catastrophlc secondery
L'Unsc(lll('n'.'-(‘s Of 3 scrols but HOD-C&'L‘:LFT[OP}'I;C primar)f
failore could be overlooked or lgnored by deslpn and
certificaton teams alike.

The Angnet 1989 accident 10 n B747 in Tapan, for very similar
teasity wnd with thic fess of 320 of e 5324 on byuard,
therefiee came 82 ® very nasty shack and a reminder thal
discussing an aceidont, without viiechmy Wl propai action

has been taken. does not prevent the next. Thi poimnt was
made in subsequent lecture notes. What wag even more

slutinling wus at even thien no aeiion was faken and f
appeacs 1o have been anly alter o similar but fortuiteusly non-
falal avcident W a Trsler uver Manchesier in December 1290
that repalatinns were evenfually amended

This 1s where 1t has been suggested that aceidenl statistics can
hadp. Is an acadent & onc-off or i3 it on¢ with many
sindannes to previous accidents? The inference 15 obvious
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and has been apelled out many imea before {references | and
2) nevertheiess o queslion remains as 10 whose Job it i3 to
point out the similaritics

In the UK the Air Accidenis Investigation Branch (AAI) of
the Lepariment ol ‘Lransport investigdles accidents and 18
maticulous in determining the facts, anolysing them, drawing
conclusions and making recommendations thal are usually of
& general, not too specific nature.  The Civil Avialien
Authonty {CAaAj then considers the recommendnlions,
decider whethber or not to act on them and publizhes ils
decision with explanations. Thus the invesligators, having
pin-pemted rafaty deficiencies, pacs thein fo the regulutors,
the regulators decide how to implement thein, What is nol
clear to the outeide phaarvar who studies the records is which
body 15 responsible Tor putting the regominendalions inio the
wider contest of past accidents and incidants. Since the CAA
15, m cffect, now part of the JAA, the Joint Airworthiness
Authoriiss of Evrupe, this matler hae become even mors
compiex and I is impurtant that an cffective system s
daveloped.

In the USA the National Transportation Safety Board (N1SD)
is charged not only wilth invesiigating individual aceidents sut
with  earrying out gpecial studies often invelving the
conslderation of many nccldemts.  Thus some US safery
recommendalions  made o the Federst  Aviation
Adminlstration (FAA) quite clearly emanate from secjdent
stulistics rather than from a single acaident. In the UK the
AAIB may refer, as it did following the Tristar bulkhead
foilure  over Manchester, 1o previeus acaidents andior
incidents in the majp fepor but (dus may nor always be
nhwvions 1n the recommendations  As & result we sometunes
have the desired result of the reeommendatton being
avpanded 10 cover & wide range of sirerafl types and thus
implanenting imest eMectively. whilc on e other hand the
wider implicatinne of & recammendation nay somelimes be
mivpud bocouse o specific 'Mx” s gppeopriae 1o the one
specific airerafl type of the aceident investigatinn and repnrt

The prohlam we are facing is peshaps one created by aur nwn
success. The accident rate Jias fon tho Jast fow yoars been ol a
level that entures that acedents noour so infranqnently
particularly to a given aiiveall ype o W a given aithoc w
gven in mosl counkries, that deagners, aperators and
sirworthiness avthoriies caeaet casily vany a clew [dea in
their minds of what i really wmportan Yeb nnlees we aceess
very carcfully indeed the results of all 0w ascideut 1uvivws,
we may waste lives as well as moncy

So why 15 the information that ts avatlable on past accidents
and from safety rezcarch not always used? It is eosy to
answer ‘fack of monev' bul that is not the real answer; if all
manufoeturers and all airlines ere colled vpon to make
Inerpationally agrecd changes, no one sutlers. 'The passenger
will have ta pav o littlz more but will have the benefut of zafar
Rights, aficr all a fow million pugnds 3 yow osy sound &
great deal of monegy., but chared hetween a few million
possengers it represents only a very small increase m the cust
ot cach ticket  Without understanding why agrestnent cannot
new bs reached in a reajonable time, when authoerilics in
Europe gre coming closer gnd closer together. and closer @
the FAA in the UUSA, 015 not posmble to offer o solution to
s internstlonsl probicm.

As another example of where it seems that Jessons hare uut
been lcarnt we need ook no further than the acculent on
Manchesier mirport i the UK on 22 August 1383 m which 53
people died in & B737 fircference 6. This accident is
extremely well documenied, a great deal of valuable rescarch
followed. yel many of the conclusions have sall not been
wiplemented. Bven, a3 in the instanes below, whore the CAA
has been whole-hearted 10 its endorsement of 8 finding and
recommendation we ore atill awaiting implomentatien, over
eleven years afler the accident' This is apparently because the
CAA i5 unnbie to aet alone and some of the other Curopean
autheritics 1n the JAA do not agree or do noi understand the
impentanee of the proposed changes

It musl be aceepted that some gefety aystems de have
balancing  dangers that have to be overcome before
implementation 30 a2 1o ¢navrs that thers will indecd be & net
benefit. However there can be no such danger 1o making the
minimum width of puscagewnys through cobin bulkheads 30
inches (3.7om), 5o why are we still waiting? “I'he Manchester
report wag absalulely olew in itz findings that @ 22 inch
{0.58im) wide passageway through the bulkhcad at the tront of
the passenger cobin was pot wide enough  This narrow gap
produced  bollleneck thay preventcd the two torward main
exitz beyond the bulkhead from being used effectively, yet
regulations sull allow tos gap 1o be even nacrower al 20
mches (0.51m)  CAA sponsored reseurch (refercnce 7)
clearly indicated thal 30 inches was the minghwm acceptable
widih of such 2 passageway and a swmdy of relevant
elergency evacualions {(refercnce 8} confirmed  that
evacualion through the front half of the exits and hence
through such 8 passsgewsy was common A comparison with
escape paths and doorway widths in buildings {refersnce 9}
suggested that a minimum width of 0.80m (315 nches)
would be appropriate, Uws there is lung established evidence
supporilng a chanpe.

Although bulkhead wldths have not yer increased, other
features that could reduce the number of pastengers being
uvefvuine by fire hive been  Introduced, though not
necessorily world-wide A ecarcfol study of the eccident
revord is reguired o see if the incoduction of these features
has made any dulference to survivability.

4. THE PAST TEN ¥EARS

Unfonwnaely the pramised review of Jet and wrpoprop
aireraft accidents since Manchester has not baen able 1o go into
an inch detait as previvus such revlews, for reasons that will
he explained later Puahermore due 1o the changes in, for
caanple, alrerall 1ypey wnd sizes, it hus 1ot been practicable to
make exact camparicans  Note that in earlier papers where
tiere was tw duect indivativg Uial thee bad been u fire or 3piit
fuel the prohahility of there being sufficient damage (0 provide
a real risk of fire was ollen & saticr ol judgenent  Tlhe
citenon for inclusion s now based, if there s ne ather
rebev pnl alacmulion, on the quated ook paccantyge® 1€ thic ic
[02% he wecident 15 (ncluded (This TgUre may be revised
downwards when the erilenia uged in assessing this fipure nre
bl wideistuad)

Netwithstanding the shortage vl Jetaded ifonnativo it van be
shuwn that the proportion of those killed in sorvivahle
sccideniy a: opposcd 1o thosc killed in non-smvivable
accldents bas remained essentially unchuneed, For the carliest



perivd considered, 1935 to 1974 some 43% of all fatalitics
occurred an survivable aceidents {refercnce 10).  This
decscased w 367 for 1967 to 1980 (reference 11) or to 39%
for the pre-Manchesier period 1976 to 1985 (reference 2).

For the period 1986 to 1925 the figure has remaincd at about
38%, however, although for 1989 ta 1995 1t 15 18% and For the
three year poried 1993 to 1295 i1 i3 up 1o 43%, the varialions
from veur Lo year do not allow us 10 be sure that the propotion
i3 1 fect dncreasing, nor of course to eloim that it i3
decreasing! 'I'ne safest thing W say 1s that gverall it scems to
have stayed at around 4094, which i3 to sy thot in o yeor
where 1000 are Killed in all pecidents some 400 witl have died
in surviveble aceidents and 600 in non-aurvivable accidents Tt
therafore appears that despite the incalporation of sone now
_mﬂ:,ty featurcs in some  olreroft no [mpro\-cmcm is Yot
apparent. This is disappointing since maiy peopie had hoped
that changes in eabin materials, hetter acating arrangements,
floor level lighting ete would have reduced Ihe number of tire
denths, and higher stength sealing ets would both huve
reduced e number of (mpact geaths and afso, by reducing the
number of incopacitafing njurics, huve reduced the number of
tirc deaths as well

The figure of YN Gaalilies per year has bean a convenient yet
wmunably aceurote round awnber © use fou a remarkally
Inng period. / fact that demonstrates how fatal accident rates
have sicadily deocrcased  Yhat is now oppoerent is that this
round figure should increased to 1400, the average over the
past four yows and with little variation from year to year.
Thus the actial numbers Killed in survivabie acoidents. in
round [igures, now appears to be about 600 per year with the
other 30U being killed in non-survivable accidents.

What is clear is that we do «till need 10 make further
impovenents in ordet tu cdiange the chioneas of sursiviug an
aecidem as well of conrse as necding to redune the prabahilin
ul liaving an avcident in e fust plaue,

References 10 and, laiee, 2 atteinpted o establish how many of
the {then) 400 were a¢ a result of the impact and how many
were as aresult of a flre or, ina fow cBscs, other causes such as
drowning The conclusions were that some 220 died as g
result of the Impact and 180 as a resulr of flre, other causes
ware not discugsed but should not be considered negligible
Consequently ar objectlve of the present paper had been 10 sce
if these  figures had  changed a¢ a resuli of the
rccommendatlons and rescarch that followed  Manchesier.
Unfuoriunately, while some manufactures have haen helpfisf,
wihers, Tor example Fokker, have bee wngble w God thie e
to help as thay have in the past, snih other availehle records,
luding e 1ICAO data Lase, provided wformaiion on tuo
fow accidents for any conchndnns 10 he made ennceming canse
ol death, Tlds last fact weuld appear o be because many

nccident investication arencies sull fail to make a complete
return to ICAD. In eome such cases, but probably not all, this

is Decause the nauonal cuimlre docs hat permit e Ume Lo
" make an autopsy when a large number of falulities is involved

This makes it expedient 1o take o wider lank at the oeeident
statistics and af the roufe lhat we might tollow 1o echieve
improved cobin gafety, though firet of all it iuzt be etated that
no unprovement had been expecied sinee the few safety
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fratures that have boen introduced in some aircraft flave not
you been inlroduced world-wide.  Se where do we ga from
here?

5. A WAY FORWARD?

If we accept, as has the International Society of Air Safety
Invesiigators [ISAST), that the AAIB s report {reference &) on
the B737 accidont at Manchester in 1925 was a milestone in
the Investigatlon of gccldens Ibvolving cabln 1lre, men we
must also accept that in the pagt eleven years we have not
travelled far beyond this milestone. AS with an actual aceldent
mvestigation it is all 100 2asy Lo bry to 2llocate blame, 1 this
cese for tack of progress, when we should be looking for the
way forward. Parhaps, to conclude the anafagy, we have been
stuck a1 cross-roads and need urgently 10 wrn off the road that
seems lo have made propress vitually impossible.

The wadelying spirit beliud e Mancliesiar  repant’s
recommendntians seems o he that there was nn single answear
but, rather a need 1o tackle 2 wide range of problom areas;
these were listed and discussed at Sintra in 1989 {reference 2
and others). Many, including the present auther, agieed with
this wider approach and have emphasised the point that we
should tackle fire protection on a broad freat rather than
concentrate on any one priority issue,

Howeser although sesearch has been conducted inte 4 number
ol the issuey site 1953, there dues ot appeuf W bave been a
umlied approach 1o the problem; same single issuas have baen
ubnost doally acjected, olices have been enwuuraged (ol
scveral years andy 1a be drapped laler as haing ot ensd
cffective. TUust nuw be Twpaed that e covently anmvuneed
{refrrence 12) jaint §IS, Canadian and Furopean Avistinn
Aulbwtitivs Cabin Safuty Resvaich Progian, ‘described 1 4
tetnily dntegrated plan thot allews thres ceparate aviation-
sufely wuthurities (o gel e st from thelr culinsufety
rewoarch hudgets will he phle ta achieve nol just agreement on
rescaced progrannues but evtion based on the resulis of s
research and on that which has gone hefare it

Until now one significant reason for cur Jack of progress
could well be that with whe very luw gocidem rale thsl the
industry has achieved over the past few decades, no single
safery featnic is ikely to eppear w be cost effective. I one
looks at the money needed to be spent cach year, usually
amounting to muny millions of pounds, tw ssve only o few
lives, then the argument that it would he hetier to spent the
money clsewhere iy scem rewsognble. On wic uthier hind 0
one lnnke at the additional enst nn every ficket required o
recorer Uils gy, pobubly vnly a Fow pounds vi a ticket
cashng perhaps anywhere hetween £100 and £300. depending
vpon how and  when  purchased, then it oray  seem
anceasnnahle naf to peoceed  But f so. haw showld we
praceed?

Oug suggeshion is mt we scconsider the veasvas beliad ow
lack of progress. mavbe the apparenily small benefits to be
derived from any onv salety feature, the way many rescarch
programmes have concentrated on proving and/or improving
benefita rather than on mimimising the disbenefits of a
pAriCuiar Jemure, and S0 on We should aiso consider the
consequent dangers of suddenly calling for the immedinte
provision of one of more Of the safely Temiures under review
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befora we con be abselutely surs that the benefits dp outwsigh
the disbenetits.

Perhaps we should seek 2 new philosophy in which we aim at
tiaving & colleciion of safewy fedtures waiting on the shelf unidl
their need 15 wgrecd by ull concerned. To zchicve this we must
cuncentrae RED on minimising, w an acceptable level, the
dishenelils of any [cature  Chnly when this bas been achicved
should Turher improvements or further proof of panlcular
benefits be sought

Cxamples from sality fealurs alrcady in use are stick pushers
and [uel Jellison sysiems  In these the most important issue is
o cujure that the chances of inadverivnt {nnd potentially
catastrophic) operation are minimised (o an gceeptable level.
That the aystems should vaually work on the very rue
occasions that they are needed 13 of course highly desirable but
soverel orders of magnitude leas important.  Similaely it is
abselutely essenttal that doors do not come open (n thght. vel
they muat open readily on the very rarc occasions that they sre
nceded tor an emergency evacuation following an accident that
may well have enuacd fusclage damage and distortion,

Of those other features relevant 1o cabln safaly several huve
parallels; Anti-Misting Keroging, AMK should never couse all
chglnes w stop ot the same thne;  external video Syslems
<hsuld never distract the crew and contribute towards causing
an  accldent; water mist sysiems shouvld not operaic
Inadvertemtly {or, if they do, they should nol jeopurdise the
pifcralt even If they do dampen the passengers);, use of
smokehoods, whether as instrocted or otherwise, should not
reduce the number of passengers successfully evacuating an
airceoft {aole that this is mof the swme as yuying that they
should not ingrease e tine W evacuie); and so on,

Such an approach would, it is suggested, repiesent a major
change in philosophy but it is a fail-safc one in that should a
major aceident clearly reinforce the need for one or more of
these features then there would be ne misgivings about o
rpid or unconsidersd nfroduction, s may be fearced at
preacnt.

6. SURVI¥ABLE ACCIDENTS

6.1 Accidents with deaths by fire

Although accidents, both non-fatal and fatal bui whese no-one
died a5 a result of the fire, are of mpine importance 1o any
camplete study, 1 s intciemg W louk ab those whae e
cause of death ls known. Table | ltus these 24 *fre doach’
accldents and shows how many dicd by ympact snd by fire, [n
addilion the twa “percentaee’ columns show the percentage of
thosc on board who dicd a3 n reault of the impact, and the
percentage  of those who survived the impact who
subsequently died Bs o result of the fire. These Aigures have
DeCn QCCIVED IMOM 3 variety 0l Toulccs ana arc GCIEYLd 10 0C
correct, however alernative figuras with the necessary
Justificativn wuuld Lo wcleomed.

1015 also wmportant Lo consuler, 1 all survivable accidents. the
number of serious injunicz Mot only do injuries afteet the
progress of an cvacuanon but many, whether due o e impact
or to o fire, may resultin permanent disabilimes.
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Tuble | Accidents with known deaths by fire, 1985 - 1995

It will be noted that zeveral “Fastera’ butlt sircruft sre included
snd w0 may be prgued chat thelr cabln materlals may be (o
difTerent siendard (not necessanly lower « look at the record)
tw Uose (vund in “Wesiern® alreraft. As this aspect has not
heen invegtignted the passibility that this could make a
duTercuee his W be aeepted, however it shvuld alse be noted
that tha airceaft fuel and the baggage. in boih the cargo hold
end vabin, are likely w0 dutmimae the fire and the producdon of
taxie gwmoke  Thus even the use of totally non-flammable,
non-sinvke producing cabin matenals will not prevent peaple
from dying ns a result of & post impact fire, Nevertheless in ot
loust vie avvident, that woahe B727 o 31 Augost 1988
(reference 13} the inveshpatars were shle to ennclude that ‘e
nuanher of fhves werg suved Decuse the seat cuahivnn were
covered with fire hlockang marzrial but that ‘due 10 A wumber
vadrfubi'c‘.l cen tder s ﬂumbw U/per;una whu WESE auvgd -
cannot be determined’.

Tn order to establish in which kind of scodent the maparity of
fire deathis occur relerenne 1wy ded a histogra showing the
nuimber of fice deaths in turbine powered airerafs up 1o the year
1978 ploted against the pereemnge of wae vabivald why wac
kitled by the wmpact At that time just over 300 had been
kitled where no-ane had dicd in the inpact and anuther 450
where up to 20% of those onboard dicd in the impact. In the
remaintng survivabie wecidenls, mare severe o torms of the
impact, angther 150 died as a result of the fire.

The accidents fisted in Table | mic plotted individually in
Figure 1 and Fipure 2, by Ihe porcentage and by the scmal
rumber Kilted by the Unpact respectively. [t v Do sovn tigt,
as in the carlier period considered ahove, aver hall of these
sceidenta, like the Menvhester B737, invelve no impact deaths
or only a tew impact dealhs but also that 1 would be unwise 1o
1znare Mhe olhera
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In addition to these 23 accidents there are gome 137 whers the
cause of death is as yot unknown and as the detals from thesz
will obvicusly affeet tha reeults of any analysis this will be
pursucd no further.

6.2 Catceorising susvivable accidents

The fipding that the majority of {ine deaths oceur when fow if
ahy have died as o result of nmpact forces can lead to Lhe
categorization of eecidenta in terma of impact severity but care
must be laken when using such data.  The ainvoithiness
auihoritiey have the unenviuble tugk of exploining te the media
why 11 is nol alwavs possible (o oroduce the Tinstant 1ix" called
for, it musi be very difficult to got neross to the medie why we
have 10 be 50 careful belord we introduce changes, Ferhaps
becnuse of this o rother defensive nitilude muy have bocn
adopted. In general of ¢ourse we must heed Murphy, in that
‘avary solulion brocds new prub!r_-m.r " bul a; with the bulichead
gap these now problems are sometimes difficult o subslantiale,

In reterence |1 Lhe scope of cabin salety improvements was
sensibly considercd under three headings, one pon-zuryvvable,
involving some 64% of all fitalities and Lwo survivablc
invelving some 22% and 14% respeclively.  The diffecenec
berween 1he larter bwo was whether cabin sately improvemenrs
wotld be wnlthely 1o make a significant improvement to
survival’, or ‘may improve survval,

an accident that typificd an accident where it would he
unreativife to axpact that more than o very marginal meraase

tn survival woufd  have  resulted  from  improved  fire
precautions. evacuation provisions or seating ' was slated 1o be
Uie DC-10 ueardent i Sioux Ciy on 19 July 1939, While no-
nne wonld disagree that fhus was a very severe acridenl the
appropriale details appear iv Table 1 and in the above Dguies,
i may bc considered  Ihat such a  cateporisalinn s
inapproprintuly defeatist and conscquently counterproductive
to our search tor improved cabin salcly.
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Thae were 236 peuple oo buad of whon 111 dicd, the
accrdent repont {reference 14) states that ‘'35 paecamgars dicd
of asphyala diee to smoke Inhiulufivn, including 24 withyui
fraumatic dunt force injurles  The nthar fotnlly uyured
occopants dled of multipde (ynrics frum Duri furce impuct
Of the remaining 185 persons anboard, 47 sustained rterinus
irericy, 125 mdner injurics, and f3 were ot Infured.”
{aathor's emphasis).

Although parts of the cabin may have been tnirlly non-
surviveble it i3 difficult to accept that only & marginal
reduction in the number killed would have resulied feom some
of the steuctural end restrmnt system improvements under
consideration. But what of the 24 without injurics who dicd of
asphyxia duc to mmoke ivhalation?  Surcly some eof the
measures  discussed before and, more eslensively afier
Munchester could hove helped these pniscngers 1o sumive,
Unlortunalely such judgemnents have seriously atlecled the
estimates of the number of lives that might be 3ascd and henee
the stated benefits and. consequently, the opinton of many
otheza. Catcgerising other similor accidents in the samic way
scricusly  diminishes the ecase tor making cabin safely
1mpm\'cmcnt3.

6.3 The patential for seving lives

With the breakdown suggested above the maximum aumber of
lives that might be gaved, by the whole ronge of cabin safety
fratures, 15 only 14% of those killed each year, say 140 out of
the nominal 1008, Reference 11 wenl on to suggest that in
praclice not al) of even ths small number could be saved.
Howaver on the basis it lives ¢ould be soved in aecidants
ypiied’ by the doux LIty De-lv while gt s sbll
unreasonable w claim that all, for whis peried, 160 could bo
saved, something much closer 10 this shotid be within Qur
grasp [f, instead of 360, wa use the average number killed 1n
survivable accidents over the three year period 1993 10 1YY,
approximately 600, Lhen the putential for zating lives ic aven
greater and merefore werth exploring nurther

if, 1 the absence of any better dale, we assuive that of ihese
A00 falatines 330 were a8 a vesolt of The impact and the
remaining 270 died as aresult ol the fue Wien we miay eathiate
how many in ench calegory might he saved

The second calegary i§ easicr In that il we could prevenl a tire
from oceurring then el fre deaths would be clinunated,
hewever even with a usahle AMK, anlh-mistng KCrosine, we
might not quite achizve this  Smokehaeds would not save all
SINCe SQME PasscnEces might not be ¢onscious of & in statc
o don them and some might not ¢hooze Lo A water mi
sysiecen couwld not be puaranteed to work on all occasions.
porficulurly with extremely severe fuzelage break up (it bas
been supgested that such 2 syslem should have three
independent sections bul not cope with preater break-up).
Faster evacuations would certainly bencfit some but not all.
MNeverthelror in the Tang min we might cirive ta fave, by a
variety of means, pethaps 20% or say 240 of these fatalinies

Improvements to pastenger reslraint syslems, seats, floays, soat
o floar awachments, oyerhcad blns and other equipment would
save a congularahle sumber of lives bt we musk accopt that
some parts of e cabin will coolnee e be wielly non-
survivahle. Although na extimare has heen made of this figure
we might reasonably aim at saving 6076 ol hiupact fatahitivs
say 200. Thus as a first guess we mipht be able o save 440 of




2-6

our 600 faalitics, Unfortunatcly there i3 & further
complication {reference 13% reducing the number of impact
fatalitica increnascs the number art eisk ahould there ohao be a
firs. Since many of those previously fatally injured may suil
be scriously injured we might save only 80%% of them {o!l
witere there s no tire and some lowst percenlags where there
12). Thoy of the 200 suved from death by umpadt furces 40
may suceumb 10 the Dre, reducing our ovarall benefll 1o 40U
lives saved each year. ltmwusl be appreciated 1hat thiz is only
an esttrmale but 1t 15 one hat can be improved upon as more
data becomes available 1o justify a fuller analysie.

Since categorising survivable gccidems can cenainly be useful
then 2 better oxample of an accident where cabin safety
improvements would have been unhkely (o have helped might
bave been the JAL B747 seaident on 12 Aupust 1985 relerred
to carlicr and where just four of the 524 onbonrd aurvived.
llowever even hers it 18 conceivable that many more did
sevive the impast and that hod the fice not spread then they
too would have survived the accident as a whole, but without
autopsies of wseful s1atements from the survivors we will never
know fer sure, Or SUCh sevefe impacls perhaps oniy AMK
might hove helped but this 15 pure speedlation.

It has already been mentioned rhat o study of the data available
an sirvivable  accidenie will  show  thal many  accident
brvestigation agenvics vondinee W ignwe e scoonuncudntivis
of TCAOD (reference 18) concerning the vannls reasons for
determining and recording the cause of death of each persan
onboard. This has mcant that the cause of death has not been
catablished in & considerable aumber of possibly important
sccidents involving both 2 significant impact and 2 post (mpact
firc. Ofthe 117 guch fatal but survlvable accidents the 21 with
al least 30 fatalities are listed n Table 2,

“Dats  [Aircraft Sof6. [Dead [SInj[MA[Totdl
850222 [An-14 Mali 50 ] 0 ©
X20K1Z [B-747 Japun '|"3‘EG 4] D152
861212 |TU-134 Qeowgy | 69| (2] 6] &
851235 |B 737 200 [Saudi Arubia | 53 | 31| 13006
£7010% [RF07.9206 [Tvary Caast | s8] 1| af €
SY1019 [B-737-200  |[nda 24| 5| 0129
890607 |DC-8-62  |Surlnam 177 | 8| 2| TRT
7890727 |DC-10-30 | Libyon AJ B2 o117 199
2an904 1162 Criba 125 1 nlik
901002 [B-737.247  Chine | 82 20| ©]|i07]
: 92073) [Yuk-42B [Ctiwa | i66| 0] 26126
930305 [Fekker 100 Maccdonia g1 18] 1 97
O [AINIH e SR 47 R
| 930723 |DAe 146-300 [China S5] 0] 48713 |
| 931120 [Yak-a2D  |maccdonls | 113] 1 006
930426 |A-306-6321 |Tapan 264 | 71 0271 |
40U (E-dx-60U0 [ Mavritania | 9 4 | 93]
94122% |B-737-400  |[Turkey stle] ol 7o,
| oso111 [DC-5-10 [Cotombin | $1| 1| o s2!
051N RIAT. 0000 [Cameronn T2 f 0 ?R!
Y3218 |L-1%% Llect:e’a]Kﬂg‘ota’ IR i"fi'h]

Table 2 Severe accidents where cauge of deah (5 unknoun

Any relevent nformation recaived  penaining to thase
accidenis wolld be particularly apprecisted.

7. ACCIDENT STATISTICS

7.1 FroGlems with the statistics of survivalle accidents

There are also some peculiar difficulties in acwially deahng
with accident statistics even swwhen the basic figures are agreed.
For example if the recent craphasis in reducing the likelihood
of CFIT accideots, virtually all of which arc non-survivable,
is successful then the result will be thar a laraer preportion
will be kitled in survivable accidents. This section therefore
gocs back over old ground in an attempt o clanify matters.

Aay evamination of the acctdent recard aver the last twenly
ur thiry yeurs will show thut the secident rig w givi)
tranzpart aircraft has fallen dramatically b a rioger Inak has
showu diat the fatality vate i Qs accidents dist have stitl
occutied has remained much the same We have 1L seems
succecded in considerably reducing the chances ul havig an
accident but not the chances of dying should we ke unlnghy
cnough o be invelved in an accident. This Is @ vitvel reason
behind the need 1n dncrease our vndersteniding of the
l a:;hwullh;utsb al bul‘-i\rd-l d;yt\-la ufnu.l'dClll).

30 rar, s0 good; one can divide the accldents as sugrested, the
only difficulty being to agrae & definition of & *survivable
aceldent’.  Although several deflnitlons exist the one that
scema most useful is ‘an gecident in which at least one person
survises (he impuct’. o w few accidents where 81! on board
hive died, some hove survived the impart only to die as =
resull of the pust-impuce Ore Such sccidents arzs surviveble
by the definitian bur ran only be so attributed if the cause of
death Iy hpown, thiee aldddents of diis nalure appear in
Tahla 1 It iz theeefore unfarmmate that the researcher
soietivres sUIL iy dilTiculy T wacking dywn the
winnmation nacessary In #atahlish thic exiermely important
point ewd il swinetimes e ioformation tias ot been
rerorded

There have inavitably been o few accidents where one or more
persans  nave  suevlved e impact  epparenuy  quile
mivaculously and thees is the reasonable temptation to make a
Judpement that such aceldenes should be ctassifled as non-
survivahle  This has been resistad by the author, or rather tha
wimptarlon has been refected partdy o keep mangrs simple and
partly on the bagis that it wauld be surprising if thers were not
dlso & few accidenits where dll dicd but where more detaled
infarmation would indicare that same did in fact sorvive the
ungat, Luckily sudht borderlioe aveidents seetn 1w be very
rare and thus do nnt affecl the pverall amimbece fa any preat
Lali il

The real diTHculUes starr when we try 10 read signlficance into
The ctharcaminge af lanking Anly st feial
accidents arc pmportant,  In short mony cleacly sigmilicant
difterences are Lotally obscured. the most obvious being the
presence er oot of o poestimpaer fire (reference 10).
Considenng Tata) accidents alone and out of conlext can lead
e came quite ridiculous cenclusions.  The findiug that
roughly e same percentage Of those on board did In
accidents with a post.-impact fire a5 when impact was the only
killer possibie should alert one to the problem, Bringlng ino

the numhere



the equotion opproprinte non fatal accidenty produces senzible
results which ¢an lead {o sensible conclusions and useful
recommendations.

7.2 When [s an ilmprovement not an Improvement?

A further problem is that 2 genuine improvement in
surv[vabllity can make the record appear worse and of course,
If this 15 not already elear then the reader is
invued w consider vwvo consceurive years cach with 10
idenfical faal bul survivable scodents  If, for example, we
¥ave une iin every teu killed in ench of ihe 10 acclderus then
the pverzll fatality rate ic reduced hy 10% It on the other
Liand the sme varnber of lives s saved but 8y tme ot {ruin
anc accident, making this ane nonefatal, then we have only 9
fotal oveidenls with which v divide the fwahues gud the
apparent avarall fatality rale will bave remained nnchanged

viee versa

If we consider gn exlreme case then it ig hoped that the
argument pecomes 1oally obvions, Take two accidents cach
with 100 on board. Tn one accident only one dies, in the other
99, and the average fatallty cate 15 30%. [ we 3ave that one
person n the first accident then the fatality rate, now based
solcly oo the onc remalning fatal accldens, Increases w0 997,
If we fail to save the one survivor in the other accidant then
this becomes non-survivable and  we arc loft wiiy a facllry
rale in the survivable recidents of 1% These are cfearly
major distordons of the figures and fllusoaie the dangers of
lonking at fuial, survivable sccidents alone and out of context

Another distorion can arize if we do not reat with care any
combingtion of accidents invelving greatly differing nombers
of people.  Again conmdering an extreme example should
mike the poinl.  Supposc our 1wo accidents, o the same
gircrall type, are such that in enc 10 people ars killed out of
20 on board, while in the other 190 arc kiled oul of 380 on
board.  Cach kills $0% of thuee on bowrd. Docs a safety
measure that saves all 18 in one actident count for moare or
less than one thal saves 18 of the 190 in the other? The
aumbers s3y one (hing bot e real relathve meris must
depend on whether it is likely that, had the first atrerafl had
380G onboard, all or most of these would have beeo saved It
is hy no menans ¢ssy 1o make such a judgement even whea an
wenidesit tas been invegiluated thoroughly!?

7.3 New safetly features

Another difficult problem (reference 2y that we have to Jeal
with when trying to usc past accidents as a guide ta the
potential benehits of some new safety feature is that gthes
improvements may hive bcen incorporated since some of
theae past aceidents oceurecd, Tt hen bedomes necessary that
we iy 10 a53es5s how many lives might bave besn saved had
these other improvements been matalled carlicr, before rying
10 835255 how many more lives might have been saved ny the
new feature, In one accident we con only sove a life onece!
For spch calculations to be convencing W must hirst be shown
that there has been & genuine reduction in the faraling rate in
relevant survivable acendents ad tien Ui this coduelivn nray
reasonsbly be attributed to some particular previous <afety
feawre or features. Thiz technique is stll in its infancy and,
largely because soune relevant necidents were not nvestigated
in sufficient detail, the reaul of carly oitempts to stale ‘whal
would have happcned T have been  unavoidably
controvaitial
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The current postion 13 that untl we can esiablish the causes
ot death in & reasonable proportion of the aceidents that have
occurred during the ninclis we cannot aszess accurately
whelher any changes have occurred.  Nevertheless such
information ng we do have suggests tha litile, 1f anything has
changed and that action on cabin safety matters is still
urgently required,

8. CONCLUSIONS

Many accident nvestigation agencies do nol establish andior
report the couse of death in zueviveble oecidemts.  This
serlously cortils rescdrch into the means of preveniing such
fatahties

Since the Manchester B737 accident in 1985 and the safety
recoinimendallons and research that tollowed. there has been
no noticaabla impros emeal to the overall record of aurviveble
accidenis

Same cabin safety Improvements thai have been intendguced
are expected to lead to a reduction in fatalines but so far there
15 nsuflicicnt detalled informacen avatlable 1o estabhish 1f
they have had any beneficial effect

Many other recommendations made following the Manchacter
accldent have nol yet been implemenied, over eleven years
afler the accident,

The overall safety record 15 sufficiently good 1o make it very
unllkely that any pacticuldr safety featuce will appear @ be
cost-effective  Cansequently, 1f progress 18 10 be made, a new
way is needed of dealfog whih such safery features.

Emphasts should be placed on mlvmlsing the disbene/its of
potential safety features in order to optimise the net benzfit,

The wo:ld’s airwarthiness authorities are genting together
co-ordinaie cabln safoey matrers. They should be encouraged
1o gct upon relevant research glready complatad a3z well 25 10
iiate new research. They should cxamine past aceldent
staristies wath care and develop and use appropriate cross
thecks o wider o asuid distortions. They should seek to
eflahlish waye of speeding up a2l roures leading 1o the
implententation of signifivant pprurcinewls 0 Cabjn saflcly
thranghait the world
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