Defence Science Joumal, Vol 46, No. 4, Octobcr 1996, pp 233-236
©1996, DESIDOC .

|

|
Rupture of Human Skin Membrane under Impact of Paraboloidal
. | Projectile: Bullet Wound Ballistics

M. Mukhtar Ali, Vijay Paul Singh and GH. Nabi Parrey

| Z.H. C'ollege of Enginee'ring & Technology, Aligarh Muslim University, Aligarh-202 002

i )
i |

" ABSTRACT

{
This paper attempts to stq‘dy the effect of the impact of a paraboloi dal projectile on human skin membyane.
{ The tip of the projectile (i.e., the bullet tip) has been considered to be paraboloidal and is made of lead or steel.
The threshold velocity, i.e., the velocity when the skin membrane is about to rupture has been calculated for
a human beings of various age groups. The threshold velocity for a pamboloxdal projectile of certain dimensions
* has been found for all age groups, to be less than that of a spherical projectile under similar conditions.

1. INTRODUCTION

The effect of the impact of a spherical projectile
has already qccn studied by Jauhari and Mohanta'. The
classic breakdown of human skin under the impact of a
spherical prOJecule has bcen theorised by Jauhari and
Bandhopadhyay by taklng recourse to the thgory of
elasticity. As a first approximation, the skin has been
treated as homo¢geneous, isotropic, elastic membrane
like a ductile miterial. On the basis of maximum shear
theory, the elastic breakdown was investigated anll a
expression for the jthreshold velocity for the elastic
break down was derived. As in the yieldirig of an elastic
body, the elastic breakdown of the skin mémbrane is the
first stage in the process leading to its ultimate rupture.
Once yielding starts the melastlc strain increases,
eventually leadmg to the ruptu:;e

It has been assumed that tﬂc skin membrane would
just rupture when kinetic energy of the bullet projcctil’c
per unit volume of the strained skin membrane equals
the strain energy per unit volume obtained in a simple
tension test of the skin membrane. If m is the mass of
the bullet, Vi is the thresholM velocity just to rupture
the skin membrane,'A, the volume of the skin strained
due to impact, and A the area under the stress-strain
curve in a simple ‘tension test, then the threshold
velocity for penctragioln of the skin membrane is given
as: L

I

Vin=2 Ay 4n ) 6))

}
Equation (1) can be used to calculate the threshold
velocity for the penetration, provided A Ao and m are
known.

2. EXPRESSION FOR A,

The tip of the bullet is taken as the origin, its axis
as X-axis and the frame of reference as moving with
the bullet. The punch of the bullet is considered up to
distance x in the membrane (Fig. 1). The paraboloid is
considered as the solid of revolution obtained by
revolving about X-axis, the parabola,:

=4Cx, C = b */4a 2)

A lcngth 2y of the unstrained skm will be stressed

to a length L given by
L/2=«/;.\lx+c+c1og————”ﬂﬁc“/—" 3

The percentage ’eloqgation of the strained skin is.

given by
L-L. (4

-, x 100

Equation (4) gives the percentage elongation so
long as the bullet has pressed the skin up to a distance
only less than or equal to a. For further depression, the
percentage elongation & will be independent of y
which takes the constant value b.
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Figure 1. Impact of a bullet on skin membrane.
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In particular, when b = a

€ = 48% (approximately)

The expression for A, is obtained by multiplying
the area of presentation of the bullet with the thickness
of the skin. Thus,

) 2 )

Ao=Ty to=1t—a—xto

1

where t, is the thickness of the rskin. Therefore, the
maximum value of A, is obtained when x'= a and is
given by

®

max ( Ao)=ﬂ:b2 to

3. EXPRESSION FOR m
The mass of the bullet consists of two parts, viz.,
the paraboloidal part and the cylindrical part. Thus,

234

:

m=%1tb2(a+21)p . ®
where p is the density of the matgri'al of the bullet.
Here¢, the bullet is considered to be of steel or lead for
which p (steel) = 7.8 g/cc, P (lead) = 11 glcc.

4. EXPRESSION FOR A '
The A represents the area under the stress- stram
curve of skin in a simple tension test. According to
Seely3 this, in the case of ductile materials,. is
approximately represented las : !

(10

A=é(Sy“Su)£u

where Sy and §y are the yield point and jhe ultimate
strength of the malerial respectively and e,lis the strain
at the rupture poml Stress strain curves for various age
groups are avaxlablc . The area under these curves has
been djrectly calculated and is given in ’Iiable 1.

5. EXPRESSION FOR Vi ,
Finally, expression for ({he threshold velocity Vi is
obtained by substltutmg the valucs of Apy, m and A in
Eqn. (1) i.e., v,
V4% 1o A
th= a(a+20p l
Equation (11) can be used to find the |threshold
velocity when the other parameters are known. It
is further assumed that 1 =2'p. thqreby reducing the
Egn. (i1) to ’ )
_ W ]
Vin= Saaop ' !
The threshold velocities for various values (x/a),
(to/a) and A are calculated for dlfferent age groups for
bullet of steel or lead.

an

12)

Tablel. A, percenln'ge elongatioh at rupture and thrTshold velocity
(r= V16" and to = S mm) for different age groups
T

Age group A Elongation at

(ft-poundal/ rupture (%)

cu.inch)
15-30 years 822.55 55 13
30-50 years 837.79 33 13
50-80 years 891.10 31 115
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6. DISCUSSION |
The variations ofath:z threshold velocity for the
bullets of lead and steel for different 'values of to/a in
the age group 30- 50 yéars have been shown in Eig. 2.
Under identical conditibns, a‘steel bullet has a greater
threshold velocity than a lead bullet of same
dimensions. Further, V.4 increase with increase in the
value of to/g. o

Figure 3 shows the variations of the threshold
velocity of a steel bullet for different age
groups (to/a =2.0). It is‘> clear from the curves that more
the age, greater is the threshold velocity. This change is
more appreciable between the age groups of under three
years and 15-30 years than between the age groups of
15-30 yéars and 50-80 years. '

In| Fig. 4,'comparison between the 'thlreshold
velocities of a spherical projectije and a paraboloidal
bullet, both of steel, has been shéwn for the age group
30-50 years. If the two projec’:tili:s are of same mass,
then from Eqn. (1) it is seen thal for the two should
be cq{xal, other conditions remaining the same. The

]

curveg have been drawn with r = b = a and 1 = 2a. The
1
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Figure 2. Threshold velocity Vi (ft/s) for the age grdup 30-50
years for different values of skin thickness. 1

threshold velocity for the bullet has been found 1o be
considerably less than that of spherical projectile. In
fact, the radias of curvature of the bullet tip is a/2 as
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Figure 3. Threshold velocity Vi, (ft/s) of steel bullet for different
age groups with to=22. '
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Figure 4. Threshold vélocities for spherical and paraboloidal
projectiles of same mass for different values of skin
thickness.

!
compared to a of the spherical projectile, i.c., the bullet

has a more sharp tip.
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