Injury Dynamics in Aircraft Accident
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Introduciine

=
[‘l'lE lmportance ol erash injury analysis in aircraft
aceidents  was reeognised  gince the beginuing ol
aviation in Wright brothers” arcraft accident in 1908,
Orvile Weigl with Lt Thomas Sellridge were involv-
el in an aireralr aceident in the vear and Lo Thomas
died due to head snjury,  Sinee then a number of full
seale studies including crash ests ol arernfis were
carried out to Tormulate puidelines lor cengingering
design and life support system for erash survival.  But
even with modern salely messures incorporated in
aireralt desipn there are cases wherein deathfverivus
injury of the ocoupants hive occurred under patentia
ally survivable aceident conditions.  This proves thar
presemt day application of established crash safety
norws in aiveralt design leaves much 10 be desired,

Enswledge of interaction of the aircraflt and the
geoupinl during the dynamic phase of crash is a
prevequisice in the woderstandisg of injuries. The
study of injury dynamics helps the medical invest-
gator Lo pin point the cavse and also the mode of
dearh,  Tnoaddition, it repders valuable infurmation
for atreraft designer,

Impact Forees

The forees encountered in aireraft accidents are
penerully  abrupt accslerations of short  duration
usually less than 1 sec.  These lorees cause mechani-
ral damape resulting in injuries.

The major comprnents of impact [orces dunng
crash are usually alopg the longitudinal axis (Ga)
of the aireraft or vertical (Guz). In rolling and
slewing crashes the maximum forces in lateral
{Gy ) and rearward (Gs— ) axes are approximately
75% and 500% of the maximum forees in the forward
axls (Gx+).  The magnitude and duration of impuct

farces depend npon impace speed, impact angle and
structiural strength of the aircrale,  With EECpening
angle of opact 22°-27° the lhorigontal component
of forces in relation o long axis of the aireralt rises
than the wvertical component®, In belly

landing the vertical component of foree will pready

e
exceed the longitudinal lorces

Spudies have shown that lor better attenuation
of farces, the basic desion ol the airerall should Le
such thut the cockpit area does not collapse helow
g, and complete structure seound G0g. 'The at-
renuation of energy in air crash will depend upon
the configuration and struetural strength of the
aireralt  (Prossorised, low wing  atrcrall
tenuate energy better than unpressurised hiph wing
atreraft snd maximum energy atenuation
arnund centre of gravicy),  The energy atenuation
is caused by erumpling of strocture or plowing inle
the pround or by lovalised stirkes against nhsreuction.

Curl  al-

CCCurs

Humzn Tolerance to Abrupt Accelerations

Human bedy can talerare considerable [orees
while striking a relatively large smooth surface,  Bur
tolerance s very limited when body is impaled
against nacrow rigid Axwures, sharp dged  insiru-
ments and confrals eie.  Research workera aver the
past years have subjected Innumwerable animals and
human voluntcers Lo determing the human tolerance
The human g tolerance depends

upon various factors like :—

1o degelerations,

{a) Marnitude znd duration

(b} Ratc of onset [ jolt)

(¢) Dircetion of application (bady orientation)
{d) Swurfarce arca cxposed to force

* Gruded Speciabist in Aviatlon Medicme, lasiinne of Aviation Medicice, IAF Bavpalore-S60017
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In aircraft accidents wherein accelerations of
short duration ol 0.1 sec or even less are encountered,
anly the overall change in velocity is the oriteria
{determining factor) and not the peak g*. For higher
rate ol onset the wwlerable limmit and duration decrease
vongiderably,  Body oricntation (direction of force)
plays important part in human g tolerance values,
The hwoan g wlerance al various body erientation
assessed from the experimental siadics and analysis of

Very

correlation of the injurics ta the aireraft environment
and analysis of use/abuse of restraint system will help
the medical investizalur to rcconstruct the sequence
ol events., The crazsh injurics are classified as
follows :—

(n) Crusthing injuries

(b)  Coopluact injurics

{c) Decelerative injuries

accidents

are categorised as  tolerable,

and latal? (Table 1),

Adrcralt Crash Injuries and Dynamics

Whenever the impact forces ransmitted o the
secupants are more than the human g °
would oecur,

SEFIOWS  IRJUres

and farahnes

injurious

telerance,

lixeepr for those accidents
wtally  disintegrates,
sole  detérminant Mctor oo

The below:

TABLE 1

{cdy  Tnjuries due to post coush complications.

in which the aircrall
accident  severity  is not the
; cither  probubility  of
serioug injuries or the [inal ourcome,
causes and wechunism of these injuries is discussed

The  basie:

Huwman rofevance Hmits to shart duration aceeleeation on basiy of researelt by Cal. Strap and asso-

cfates (Restrant Swstem Consisied of a Special Research Model harness with £.7°" nylon shoulder harnesy
avion lap belt straps, an lwverted YV shaped thigh strap anid special

with 37 wide

vhest bund, 3

A &5 buckle and firtings.)

Type ol
Aveelératinon

Poaitive 4 (e

Digection ol
Acceleration

Headward

MNepgative + Gz

Transverse + (3%

Transverse —{x

Lateral 4Gy

120

Heud 1o feet

Spineward (frant
to Tack)

Sternward (back
to fromt)

330 @ 5000 fsee

LIMITS

Lnjurious

Talerance

I'atal

Over 35G @

in eptimum M /sec in

position optinium posictian
Less than 100 Owver 106G )

o 20000 feec MG sec in
with back poor position
hyperflexed

160G @ 200G fsee Cwver 2303
000G sec [or
0.02 ta 0.1 sec
386G @ 4000 sec
for 0.1 sec

600G 30006 fsec
top 0.1 1o 0.5 see

GG fm SO0Gfsee
bor (3235 sec

253G @ 10006 sec
for 1.0 seg

Over 100G o
20000 fsee for

0.1 ta 1.5 sec

Owver WG (@

200006 fsec for

(L5 1o 0.20 zec
Over 2000 (@
000 /sec oy
01 o 0.0 see

Over 400G @
100G fsec far
0.25 sce

Gz o 30000 fsec
for 0.1 to O.38cc

Owver 200G (@
Al0Gsee fox
0l to 0.5 sec

9G @ 5000 sec
for 0.1 sec
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(a) Crushing within the aircraft structure : In
high speed and near vertical crash, extreme degree of
impant [orces are imposed oo the aircralt and
occupants, which cause their disintegration into zmall
pieces.  In luss severe circumstances sheletal fracrires
and solt tissue injuries are encountercd.  Because of
the vertival component of the furee, head injuries
and compressed fractures of spine are very common.
The basic cause is the poor crash werthiness of air-
eraft seencture, with the resnlt uputtenuated impact
energy it rransmilled to the accupan through tic
down chain system.  The occupiable area is not only
veduced but broken inte multiple pieces. The air-
cralt parts may act ay missiles and Jead 10 secondary
injuries.  The bady parts muy get crushed in between
the hard surfaces of aircraft leuding to crushing
injuries, There @y no aireraft at present which
can give 100% survival potential, To ach ieve
maximum survival potential, the aircrafr structure
and sear streagth including the tie down chuin should
not be steessed below the human © g " tolerance,

(h) Lack of restraint: The restraim system in
tighter/fighter wainer aireraft is lap belr, shoulder
straps, negative g straps and inertia recl system,
The static design strenpth of 4000 Ihs is equal to
recommend 10 g shoulder harness®. Most of the
transport and ratary wing ancraft scats lor aircrew
are provided with shoulder harness and lap belt where
as the passengers are provided only with o fap helr of
2 1o %" width, Due to inadequacy ol restraint
systern and its subsequent [ailure, the occupail is
thrown violently inside the oceupiable arca and
sirikes against the injurious environment i. €. project-
ing controls, knobs, instrument ete, leading to multi-
ple superficial injuries known as contact injuries.
The injurics like abrasions, cuts, comustions and
fraclures are produced by body parts forcefully coming
in contact with non-yiclding, sherp rigid or abrasive
items ©. g. aireraft instruments, Impact with broad
smooth surface may produce large wounds and skin
may e torn from the under structures,  Lacal injury
due o belt may be produced, by parting or detach-
ment of the lap belts.  'When floor breaks up, damage
to the lower legs s prominent.  However, due to lack
of restraint the oconpant may be thrown clear miside
the aireraft and Lody parts may inicrmingle with air-
craft parts and or ulher surrounding siruclures in
vicinily.

Example : Ina HT2 aircraft crash, the breaking
strength of the harness system was assessed 10 be 2079,

HECEMBER 1FE

Fig. 1 Old Horpess with frayed edgey

less as compured to new harness of same type. This
harness was soiled with oil, grease and cdges were
frayed, It was torn and gave way during the aceis
dent and lead 10 mubiple faral injuries in an other-
wise survivable crush proved hy analysis of crash
dynanucs, This harnecss could stand only 10g
wheress uircraft seat structure have been stressed upto
much higher g (26x).  Figs | and 2 show old and new
hariesses respectively,

{e) Application of excessive foree to the pariially
restrained body : The lap belt alune becomes inade-
quate restraint when the [ucces applied are otherwise
within human ‘g’ malerance limits because of beavy

Fig 2 Mew |larness
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loads imposed,
injury  device
mochanisms.

The lap belt usell mav act. as a
duc to Jack-knifine and fAcxion
In jack-knifing the uppm: torso whip-
lashes forward and mav steilke the back ol froat seat
in a transporr aireraft,  Without proper head protec-
tion with helmet, ocetupant may sustain serions head
both upper torso
and the legs undergo Aexion and may  produce spinal
fractore/dislecation.  Injurice of lower and uppe-
limbs due to flailing could bLe produced by the air-
cralt structures in immediate vicimity.  This may also
lead o bursting ingury of uninary hladder in hypo-
gastric area though overlying skin may show anly
slight ecchymosts.  Fig 3 shows the dynamics of
imurics produced on lower abdomen and vertebral
injuries due to lup belt”,

injuries, In the fexion acuon

FIG.5 LCPFECTS OF FORWARD & DOWHWARD BECELERATION
WHEN BODY 13 RESTRAIMED BY LA BELT

Example + In asurvivable Helicapter acvident,
one of the aircrew who had tightened the harness and
was rescued with serious injurics survived while the
other aircrew who had slackness in harness sustained
head injuries and crushing injuries of spleen and
eventually died,

(dy Application of excessive force te the adequ-
arely restrained body - Kecping the short comings of
various types of hurness system, the combined harness
(shoulder harncss and lap belt) will increass the raler-
ance limits upte maximum bur at level of 12-17 verti-
cal * ¢ * forves may caust costal cartilage fracture
and moderare shock. With use of maxipum tomp-
rehensive harness, rhe limit of haman g wlerance to
transverse aceelerations is much higher around $0g.°

(el Striking o the budy by inadeguarely restrained
aircruft contents @ Bombardment of missiles of various
kindsiincluding occupant with or wirhout scars, them-
selves is another cause of injuries in an improperiy
restrajned  cargo  comtemts ol aircrall, Proper
anchorage and lashing of equipment and material
is very i.mpnrtam and needs o be streseed, There
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has been instances wherein improper anchorage of 4
vochicle in transport aircralt lead o latalilies to the
passengars in the past which was otherwise suvvivable
aeeident.

{ 1 Trapping within the remaing of the aireraft
Having survived the forces of impact, il s not un-
common in aircralt accidents for ocoupants whe
beeome incapucitated Lo extricate themselves from the
crazhed aircralt and die due to shock, haemorrhage,
aud asphyxia.

(g) Postvrash The  higpgest
hazard in aircralt crash is fire hagard. ‘The other
past crash camplications like drowning aml  loxic
hazards are equally lethal,  Proper selection of pro-
tective clathing for special sorties over the sea and
inacdvertent aperation of OOk fire

coen plications |

precautions an
extinguishers cun reduce Lhese haeards,

Conelosion and Recommendations

e 1o lack of authentic data on sarvivable air-
cralt accidenty with recorded crash dyoamics and
adequate information on use of protective  eguipment
and life supporr system the feed back from antopsies
gets Hinited,  Uasesure on record where one occupant
survived and ather died.
serious injuries o few passengers and no mjuries ar
all ro others,

In szome cases there were

{a) For guick reevicval of information for cor-
velation of injuries with atrcrafe environment
during crash, & suppliment forw (g 1) 13 sugges-
ted to be incorporated o Form MS 1956 which

s currently in use!,

(bl Form MBS 1956 should also be raised onall
major/minor non-fatal sorvivable accidents in
addition to fatal accidents where the occupants
sustained injuries, because it will be muore useful
in such cases to suggest improvements and maodi-
fications on following arcas of cockpit envivon-
ment.

{1} Crash worthiness

(it} Restraint/Life supporl system
{iti) Delethalizarion and prevention of injurious
environment
{iv] prowective equipment ote,
AFTATION MEDIOINE
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fe)  Indoctrination should be given on the pro- 3. Grash Worthiness of arcraft, MIL Specifications. MILR
per use ol protective equipment and  proper 8236,
tightening ol harness system,
4. Fryer, D), Results of seoidents, Text book of Aviation
(dy A p:rindic:a.l cheock on maintenance/replace- Physiology (Ed} J.A. Gillies. Page 1150, 1962
ment of worn out harness, and deteriorated 'rusted
coupling of the components should be cnsured. 5 puyne, PH. The Uynermie of  human restraint systein,
7T NAC Washington D.G. 1962,
(e} Periodic mock-up crash rescue drills should
Le practiced at flying stations to minimise the &  Pinchel and Rosenbery, EG, Sout design und  crash

chances of fatalities and injuries due to post worthiness., MASA raport on asroplans  crash  Impact
crash complications, Inads. 1850
Refersncen 7 Reals, W Madical Invastigation of Aviation aceidents.
) ~ L fubllighed by College of Amerncon Fothologisis, Chicogo,
1 .-"I.FD'-1 G676 M5 1856 Madicat report on major aircraft llinois, USA, puge 2, 1968,
peoidents.

7 Gook, JLF and Mosley, 1D, Visceral displacement 0 8 Stapg, 1P, et al. Surmimarey of huinan wleeunaee linits Lo
Bluck Bears subjected 1o alwupt deceierations, Aaraspace ahart doration acealaration. Cragh survlval invastigations
Med, 31: 1.8, 1960, text boole poge 42, 1967
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