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INTRODUCTION

Blast injuries were described in the esarly 1920'a.
jome experience with the syndrome was gained by the Alicies
ind the germen's in worid war II. Apert from toiel war,
injuries due to blast seem an Inescapable fact of 1life ,
reflecting upon the failure of men 4o live in pemceful
wimrmony together., These injuries now occur in all perts of
the world, They occur because thers are large numbers of the
sxplosives available for the use of eny frectiorn or group
that decidea to attempt to settle its differences with cther
rroups by force of arma . Thus, expleosives have become an

increasingly popular terrorist weapon used by exiremist groups.

The lagst few decades have seen a2 horrifying increase in
riolence involving explosives and of terrorism among civilian

sopulations,

Among the great numbers of blast-induced violence, in
*iviliana, explosions in overcrowded public spaces for texrri-
Bying purposes is the best exampie, Mentioned in thias Esaay
vag & terrorist bomb alttaeck on the central railway station

»f Bologna, Itely, 1980 .

On the cther hand, injuries due to blast mey occur
accidently. This is well apparant in situations whére explos-
ive substances are major coemponents of cerigin indusiries
2aZe Weapons menufacture . Arecent recorded catasirophy was

the explosion that happened in 2 military factory in Egypt 1984.

Central Library - Ain Shams University



'he more popular underground ges-pipes for home or indust-
iel usage mey be en additional hazerdous condition. IT
.eakage of this gag occurs In an inflammable event, serious

rdast injuries will occur. Many other examples are present.

Immersion-blest on the comtrary although less frequent
shan air-blast, yet it can oceour.
‘eraonnel working in a pressurized atmosphere underwater
1.8 in digging tunnels and clearance divers are the immed-

tate victims if underwster explosion takes place.

From the foregoing it appesrs that blast injuriea are
iommon civilian accidents. Actuslly, tpeace time' is perhaps
i inacurate description of the situation in which scociety

iow exigte .

Among the physicel fectors responsible for injury
*ollowing an explogion, direct exposure to overpressure 1s

the one dealt with in this Essesay.
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Aim of the Eesay

Tedpy any surgeon may suddenly be called upon to ftrest
e patlient or several patients injured by blast. Thus awereness
of the nature of blest injuries, mechanism and pathology of

injury is the aim of this Essay.

Central Library - Ain Shams University



Physical Aspects Of Blast
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refinition

The term blasgt injury designates the disruptive effects
¥ the sudden changes in pressure that result from en explo-
sion (W.A.D. Anderson and Joh B, Kissene 1977)

hysica of blast

Blast should be divided into two great varisties :

tir-transmiited bleat and water—transmitied blast .

‘hygical espectis of air-transmitted blast

There are three components of the compound blast wave

n air :

.~ Fositive wawve

The blast wave staris with & single pulse of incressed
regsure lesting & few milliseconds; this layer of compressed
iir has an extremely sharp front less then ore thousandth
1T an inch thick in which the pressure rises almost instant-

meously to peak levels {Fig.l).

It then falls refidly to reack a minimum pressure which
ls legg than the previous etmospheric pressure . The duration
»f the pulse depends on the type of explogive snd the distance
*rom the center of the explosion. The duration of the pulse
ig importent, for it represents the time an object in the
yath of & shock wave is subjected to the pressure squeesze.

Por TNT, an overpessure of 100 Ibf [/ i1n? may be agsociasted
rith a duration of 2 ms for a 25 Kg cherge and 10 ms for
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200 EKg charge,. The velocity of the bleet shock wave in air
nay be as high es 300 m/s but it soon falls to the speed
of sound within & varisble distence depending upon the

amount and composition of the explosive .

The maximum pressure of the blest wave immedistely
adjacent to the explosive charge is extremely high. Therea-
Pter the pressure fells off as the wave moves awsy from
the source of the exploasion, Por example with THT a 30 Kg
sherge produces 100 Ibf / in® &% 5m and 6 Ibf / in? at
l5m , whereas a 50Kg charge produces 200 Ibf / in? at 5 m
and 10 Ibf / in® et 15m . |

The incident pressure is the pressure level at 90° +to
the direction of the travel pf the blest shock front. The
blast pressure waves flow over and around en obstruction,
like & well, end effect some one sheltering behind it
(Fig.2}, The reflected pressure is the rapid build up of
pressure that occurs when & shock froni strikesg a flet
surface in its line of travel, a perscn standing near =&
wall fecing an explosion would be exposed to both inecident
and reflected pressure.

2~ HNegative Fhese

The negetive pressure or suction component of the blast
waeve is muck less than the pogitive pressure phese and can

never be greater than 15 Ibf / in? .

Centr[al Library - Ain Shams University



J. o0 |

Joo |

A
Overpressire

ELS.:!; ?ﬂ'_l

J 5 fo #3227 a5 30 3¢

/%%.Tecaﬂm/f’ [ Y
/;;/ /{«;ym of & %J‘ZL Wave

Diwection of

BeX Jocicbn? FPessure
Fravel

& Basrier

foird OF [;}a[ oSion

é/?’ 2 Digrm of ar &%aﬂan Dhowing @ ox/?—ec%?? or

/o»—a/o?a/};ﬁ of o Blasl wave amo Aocw 7He incident

poressure witl! oftec? a é’w.jjecf J’/ﬁg!?é’ﬁ'ﬁy Ze/;/ﬁ'no/
Cerﬂréd/ﬂiﬁary - Ain Shams University



-6 -

t follows immedlately efter the positive wave bhut lests sbout
an times es long .

- Measgg movement of air

The rapidly expending gases from an exploslion displace
n equel volume of air and this alr rushes out &t wvery high
slocity. Any surfece facing an explosion will be subjected
5t only to excess hydrostatic pressure but also to preasure
rom this high wvelocity wind which travels immedistely
shind the shoek front of the blmsi wave, This 1s ealled the
ynamic pressure. Close to the expleoslion the dynamic pressure
2y be as greet as the hydrostatic pressure of the shock
ront , but further from the explosior the effect falls off
apidly {¥.S. Cwen - Smith 1981).
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hygicel espects of water ~ trarsmitted blast

= Shock wave

When an underwater explosion tekes place the gaseocus
roducts are subjected toc a high pressure. Pressure is
rengmitted to the water layer in contact with the gases
nd g shock wave is propagated radislly at approximately
he speed of sound in water {1450 m/s). The shock wave
ises to its meximum in the order of 1 ms, and decays
owards zero In the order of & few milliseconds.

f the total energy of the explosion, approximetely one -
nerter is radiated in the shock wave.

(Rawlins J.S.P. 1978}

The blast wave ¥travels much wmore rapidly snd much fur-
her in water then in gir due {0 the incompressibility of

ater,

~ HNegetive phase and mass movement of weter are absent or
negligible .
{ M,5. Owen -~ Smith 1981}

FFECTS OF A DEPTH CHARGE

The expliogion of a depth cherge produces s bubble of
es at a very high pressure of the order of 100,000 atmosp-
ereg. This high presgure ia transmitted as a pressure pulse.
he reflection of this at the free surface of the water
roduces the cheracteristic 'dome'.s few seconds later the

xploaion producis, which have formed a bubble many times
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