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Photo. 2. Comparison of strain figures obtained from TNT
with ones from RDX.
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An Explosive Attack on Metals (1)

Strain Figures of Mild Steel Plates Attacked by Explosions

by Yokan Nomura, Shotaro Tobisawa and Tomoo Takahashi

Metallographic observations have been
made on a deformation of mild steel plates
on which explosives are detonated. The
densities and detonation velocities of cyrin-
drical charges of TNT and of RDX were
155g/em® and 8,000m/sec., and 1.50g/cm’
and 6200m/sec., respectively.

(I) A strain figure appeared very sensi-
tively on etching a cross section of a plate
with Fry's reagent. As shown in Photo. 1,
a strong strain caused by an explosive attack
are restricted to a semilunar zone of which
a well-defined boundary can be distinguished
visually. This fact shows that a magnitude
of stress becomes feeble discontinously at
the distance of several miilimeters from an
impact surface. In Photo. 2, strain figures
obtained from TNT are compared with ones
from RDX. A extension of strain figure is
governed largely by a brisance or a deton-
ation velocity. A strain figure could bg ob-
very
On the other hand, it is a well-

tained easily without heat-treating
specimen.
known fact that Fry's reagent is very active
for a specimen annealed for about 30 min-
utes in the temperature range from 200°C,
to 250°C. It can be, therefore, estimated
that the temperature of the violent stressed
zone would rise beyond 200°C., at least.

(2) Photographs of micro-structures of
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grains were taken at the magnification of
600 by etching the specimen with 2 per cent
nitric-alcohol solution. Photos. 3, 4 and 5
were obtained at regions A, Band C, design-
ated in Photo. 1, respectively. Many slip
bands in various directions are observed in
grains at B and their abundance become
countless at A. A severe grain flow in Photo.
4 is a well-known texture of steel subjected
to a violent cold working, and is observed
only in the narrow region close to a surface.
On purpose of comparison, the grains of
original metal are shown in Photo. 6. It is
presumable that a velocity of propagation of
stress generated within a mild steel under
explosive attack has an abnormal spatial
distribution, owing to a momentary occur-
ance of the slip characterized by Photo. 4.

(3) As seen distinctly in Photos. 1 and
2, the
strain figure is less sensitive for Fry's rea-

zone immediatly above semilunar
gent. This fact shows that a heat of explo-
sion is scarcely effective to raise a temper-
ature of the region below a explosive. Photo.
4 suggests that a rise of temperature in a
semilunar strain figure is due to a momentary
occurance of violent slip, because such a slip
can be accompanied by an adiabatic accu-
mulation of heat due to a slip.

(Defence Academy)
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Fig. 1. An internally loaded cylinder of mild
steel with explosives (in mm unit).
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Explosive Attack on Metals, (1I)

Cracks in a Mild Steel Attacked by an Explosion

By Yokan Nomura, Shitaro Tobisawa and Tomoo Takahashi

Microscopic examinations have been made
on a crack in a mild steel attacked by an
types
cracks of specimens obtained under different

explosion. There are two among

conditons.
(€Y)
condition illustrated in Fig. 1.

Explpsion was carried out under a
A weight and
density of cylindrical charge of INT were
10g. and 1.50g/em®, respectively, and those of
charge of RDX are 10g. and 1.55g/cm®. Fig.
2 shows the forms, fragments of which were
returned to their original seats. and speci-
mens were obtained from the zone marked
by the oblique lines. As shown in Photo.
1, cracks develop in the middle region of
the wall.

Photos. 2 and 3 show cracks of a speci-
men attacked by RDX. Photo. 4 shows cracks
obtained by etching a specimen with 2 per
cent picric acid-alcohol solution, and shows
that there is no close connection between a

crack-formation and a grain of pearlite.

5~7 by

etching a specimen with 2 per cent nitric-

Photos. show cracks obtained
alcohol solution to observe the relation bet-
ween a crack-formation and a grain of ferrite.
From Photos. 5~7, the authors can find the
one type of crack of which features are as
follows: a crack is rather apt to occur
independently within each grain of ferrite

or of pearlite, and the length and width of

each crack are ca. 1/20mm. and 1/200mm..
respectively. If an abundance of the inde-
pendent cracks reachs to some extent, the
independent cracks connect one another to
form a network of crack.

(2) Inorder to attack a mild steel plate
with high-intensity stress, an explosive charge
with a unlined-cavity was placed on it. In
Fig. 8 a example is given. The figure of
cracks and texture indicate that the specimen
was attacked with stresses of various magn-
itudes and directions. These cracks are long
The

type of them is different from that mentioned

and narrow, ca. 1/1,000mm. in width.
above. This crack could be observed on

many specimens obtained under the con-

dition mentioned above. It is presumable
that a brittle-fracture occurs in a mild steel
by attacking with a high-intensity explosion.

(3
whether a branching of crack in a plastic:
Cracks

Photos. 2~4 shows a branching at a glance..

It has been not sfliciently established,

metal occurs or not. observed in
but it must be emphasized from Photos. 5~7
that the crack-formation takes place indepen-
dently. Although in Photo. 8 branchings
are also recognized at a glance, it is difficult
to decide whether branchings occur actually
or crossing of an independently generated
cracks take place.

(Defence Academy):
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