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Summary

Two pieces A and B of marble (each has dimensions 4cmxd4dcmx30cm) have been
separated by air gap (0, 4, 8, 16, 32mm). 10 gram of Ammon Gelatine (Shin kiri
dynamite) has been blasted at one end of the specimen .. The primary shock
wave produced within 4 by detonation reflects at another end (limited free end
or face) and brings about tension fracture producing several slabs or fragments.
The first slab from A4 moves with a velocity (the highest among all slabs) and it
gives impact on the near end of the specimen B. The impact gives rise to a
secondary shock wave within B and it reflects at another end of B (open end or
face) producing some slabs from B. The velocities of each slab or fragment from
both A4 and B have been measured by the Kodak highspeed camera and the shapes
of the primary and the seondary shock waves have been estimated. Gaps between
A and B have been filled with water, clay and sand respectively. In these cases the
secondary shock wave becomes weaker compared with the case of air-gap, because
materials other than air decelerate the impact of the first slab from .. By means of
the pre-cut slab method the shape of a shock wave within marble has been estimated.

£ 1. Introduction.

A question has been raised what could
be the effect of shock wave on fragmenta-
tion of rock when there were cracks or
gaps within rock®. In the present paper
the mechanism of fragmentation of two
specimens .4 and B of marble with
various amount of gap between them
(=0, 4, 8, 16, 32mm) blasted at one end
of the specimen .4 has been studied by

* Asa-machi, Asa-gun, Yamaguchi Prefecture,

Japan.

1) Prof. E. P. Pfleider, Department of
Mineral Engineering, School of Mines
and Metallurgy, University of Minnesota,
U. S. A. Private communication. May

2, 1956,

means of the experimen’ta! method and
shock wave theory of blasting described

in a previous paper by the present
author.” Gap has been filled with water,
clay and sand respectively and the frag-
mentation characteristics of marble have
also been investigated. The shape of a
shock wave within marble has been esti-
mated by means of the pre-cut slab
method.
§ 2. Effect of air gap.

Fig. 1 summarizes the results of ex-
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Vol. 17, No. 4 1956, pp. 286~241.
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periments on fragmentation patterns with
air gap. The velocities of each fragment
from the specimen . and B have been
measured by means of the Kodak 16mm
high speed movie camera with 3,200
pictures per second. An example of the
photographs taken is shown in Fig. 2
Fig. 3 shows the relation between displa-
cement of fragments, measured from the
open end of the specimen B which is
opposite to the detonation point, and
time ¢ measured from the instant of
detonation. From the inclination of the
straight lines which represent displace-
ment - time relation the velocity V of
.each fragment has been found as shown
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in Fig. 3. From Figures 1, 2 and 3 it
may be seen that the behaviour of shock
waves is as follows: (1) A primary
shock wave produced within the first
specimen A of marble by detonation of
10 grams Ammon Gelatin Dynamite
(Shin-kiri dynamite) reflects at a free
end of .1 and produces several slabs or
fragments according to the mechanism
described in the previous papert¢2’. The
free face or end of 4 may be defined
as a limited free face or end because
the space available to the movement of
the first slab from . is limited by the
existence of another specimen of rock B.
(2) The first slab from ., which has the

highest velocity among

all slabs, collides with the

near end of another speci-

men B with momentum

which corresponds to the
Y peak part of the primary

shock wave. This collision
gives rise to a secondary
shock wave within the
of
marble which reflects at

4

second specimen B

Fig, 1

a free end or face opposite

Effect of gap (air) on fragmentation. the point of impact. This
== e et (Gmm) ~ free face or end may be
No. Rock ‘ SSGIA'?'BH‘]?!{‘IS Gap Between two
b === e _ specimens defined as open free face
1 i aoRrhle (e e s Stem omm or end because there is
. |, | 4 semxicmxatem | o no restriction to the mo-
| | B = ' vement of the slabs or
2 l | A 4cm x4em x30cm ‘ \
& | e | B 7 . 8mm fragments produced by
|
| | A 4 & ¢ 30 . h
Pl ISR }; em % r:;n » 30cm S the secondary shock wave.
Y , B It must be noticed that an
= | » < 4cm X<4cm X 2lem 32mm )
B > : energy absorbing crushed
v ” ‘; e x-‘:c}m *30cm Between 4 and B 4mm zone does not appear from
& o Between B and O 4mm z
the action of the seconda-
Explosive : 10g. of Ammon Gelatine (Shinkiri Dynamite) ry shock wave because

3
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Fig. 2 Motion of rock fragments from two specimens
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the intensity of the secondary shock
wave at its origin is smaller than the
compressive strength of the rock in qu-
estion. Because of this situation the

=150 b=
=000 b=

-280

Kumao Hino

Fig.. 3 Displacement of marble fragments

from the first specimen A and
the second specimen B,
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Shapes of primary shock wave
(within rock specimen A4) and of
secondary shock wave (within rock
specimen H) for marble (U=
5,800m/sec. 4=2.6%10"%g/cm?).
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efficiency of the secondary shock wave

from the standpoint of fragmentation

is higher than that of the primary

shock wave which inevitably suffers
great loss of available energy within
crushed zone adjacent to a detonating
charge.

The pressure P of the primary and
secondary shock waves may be cal-
culated by means of the following
relation” beween P and the density
of rock 4, the velocity V of move-
ment of a slab or a fragment and
the velocity U of a shock wave.

P=Z 4TV (1)

To a first the
velocity of a shock wave may be as-
sumed to be the same (except very
near the origin of detonation) with
that of a sound wave within rock.

approximation

The velocities of sound waves within
Marble, Sandstone and Granite have
been calculated by means of the fol-
lowing equation® while the Young
modulus E kg/cm® has been measured
by dynamic (sonic) method.”’

U=y &2 (2)

The results of measurement and
calculation on velocity have been
summarized in Table 1.

The shapes of the primary and
the secondary shock waves are illus-
trated in Fig 4. The results of the
experiments on fragmentation with
air gap have been summarized in

Table 2.

3) Young's Modulus meter, the Nippon-
Denshi-Sokuki Co. Ltd. Type CT 2.
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Table 1. Velocity of shock waves Fig. & Effect of an inserted layer on
in various rock specimens. fragmentation.
... Young's Velocity T — —
No-% Rock E;r;;l:f modulus | of wave SpecaenB o SPeiseRA W‘
., kz'cm® | cm sec. FIIataTIviaian c334s nrfﬂdﬂt}ﬂﬂﬁ =
1 Marble 2.62%1C7% S.0x1CY | 5.8x108 : C water s b,
2 [Marble  2.63x1073 6.4x108 | 4.8x10° 1 W o
2 |Granite R7x1073) 4.8%10% | 4.6x10° 2 — Wy
4 |Sandstone [2.283x1073 3,3x10% | 3.8%x10% - sl : J
5 |Sandstone [2.47x 1077 2.3%10% | 3.6x108 (1) Water
6 |5 2.5 3 4.3x 108 M o8 e r——
Sandstone {258 1077 4.3x1 3.8x 10 I : Thickness of
No.| Rock @ Size of Specimens layer (Water)
Sy bt s __ i Gmm
1 |murbIe|}} wmaicasion 2mm
A 4em x4em % 30cm
Table 2. Characteristics of fragments % | w2 by » s

or slabs in two rock pieces
A and B with air gap.

(1) before collision
(2) after collision.

Velocity Pressure of

Thickness
No. Air gap| of siab of slab lshock wave
1am| cm m;seci kg cm*
1 0 |B-1 6.2 5.3 715
(B-2 1. 8.0 | 615
-z - 6.4 492
}8—4 3.6 27
1A=-1 v 0.7 | 53.8
2| s« B 8.3 W38
B-2 0 4.4 338
B-z 4 3.6 | 277
R 12 2.7 i 208
A=l 7 2.4 185
:A—Z 0.8 2.4 1685
lA-3 4.2 2.4 185
A4 20 2.4 185
4-5 6.7 2.4 185
3 8 -1 7.7 5.4 415
B-2 5.7 2.5 269
B-3 22 a.3 | 254
B-4« 5.0 1.9 146
B-5 93 1,9 146
A-1 3.8 2.5 192
[4-2 3.5 2.3 177
A=3 8. 2.2 169
4 16 |[B-1 85 5.0 385
B-2 57 3.3 254
\B-3 5.9 2.4 | 185
B—s 97 2.7 ; 208
(L)1 C¢2) [(1)je2)
A-1 &2 79| 23 | 08| 177
lA-2 36 7.5 | 1.9 | 577 | 146
| A-3 50 50| 1.5 | 385/ 115
A-4 64 40 1.2 | 08| 923
5 32 [B-1 7.0 3.2 246
IB-2 4.6 2.7 208
{B-3 182 2.5 | 192
| CYI(2) (1)) C2)
(A-1 2.8 140 25 (1,077] 192
l4-2 50 120! 2.5 ‘ 923 192
| iA-3 L7 110 25 B-Iﬁl 192
i 4-5 LD Z25 192
lA-s 8.8 50 25| as8s| 192

Explosive: 10g of Ammon Gelatine
(Shinkiri Dynamite).

Srecimen B
f13454T 0000

(2) Clay With 30% water
e AT " | Thickness of
No. Roeck [ Size of Specimens I layer (Clay)
— - - amm_ —

r [erashle .!: fem % -lc’m x 30cm Lasm

2 marble ,:, fcm % -‘-c)m %30cr: 2mm

3 | marble g dcmx -ic)m xBOcml 4mm

' ]
4 |marble ﬂ' 4em xéc’mx.sucm- B

Explosive: 10g of Ammon Gelatine
{Shinkiri Dynamite)

(3) Dry Sand

2 imenB - - &
1334 3iTasnitanian "
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| B Thickness of
No.] Rock | Size of Thickness layer (Sand)
SEN I~ T _Gmm_
1 | marble ;f} 4cmx4c,mx30cm' imm
2 ]marhlo ﬁ 4anx4c:nx30cmf s
| o
A 4cm x4cm x 30cm! =
3 | marble|p , | Smm
Explosive: 10g of Ammon Gelatine

(Shinkiri Dynamite)

§ 3. Effect of gap filled with water,
clay and sand respectively.

Fragmentation patterns of two pieces
of marble separated through a layer of
water, clay (with 302 water), and dry
sand respectively are shown in Fig. 5
(1), Fig. 5(2), Fig. 5 (3 ) respectively.
The velocity and pressure characteristics
have been summarized in Table 3. From
the fragmentation patterns and the
photographs taken by the Kodak high
speed camera it may be seen that the
gap forms a semi-free face for the spe-
cimen i, p

The primary shock wave produced
within rock A by detonation of a charge
reflects at the semi-free face or end and
brings about tension fractures in rock
A. A part of the primary shock wave
may be transferred over the inserted
layer to rock B and this may reflect at
an open end of rock B bringing about

tension fracture in rock B. In addition

lengta of wmve
Fig. 7 Shape of shock wave within marble.
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Table 3. Characteristics of fragments
or slabs for two marble pieces
A and 1? with gaps filled with
water, clay or sand.
-1 8 AR .. Pressure
. kness | Velocity
No.| Gap | THE of shock
_“|_ | of slab of slab | wave
| em m/sec  kgiem®
1 jwater B-1 5.1 as 269
2mm B-2 249 3.0 231
A= 9.9 3.0 231
| 4-2 2.3 2.5 192
| A-3 20| 20 154
2 lwater B-1 200 | 3.0 231
4mm 4d-1 10.1 2.8 21
A-2 15| 275 211
A-3 10.6 | 2.5 192
3 clay | B-1 4.1 7.5 577
| imm B-2 54 3.5 249
(with 0%, B-3 205| 27 208
|” water) 4-1 19.0| 225 | 173
4 ciay - B-1 4.5 375 | 285
2mm B-2 255 3.0 231
(with 30%| A-1 9.4 2.75 211
i water)l 4=2 5.6 2.5 192
| A-3 4.3 24 | 185
5 [clay B-1 46| 43 a3l
4mm B-2 254 4.0 W8
(with 30% A-1 10.6 3.75 283
" water) A-2 62| 33 254
| o . _
6 iclay B-1 30.0 3.3 254
Bmm A-1 6.7 3.6 277
(with 302 A-2 39 3.5 269
water) A-2 7.9 3.2 246
7 ldry sand | B-1 s?.oi 55 | 423
. lmm B-2 13.0 a0 | 231
. A-1 196 23 177
, A-2 B89 1.75 135
8 ldry sand | B=1 12| 40 308
| " 2mm| B-2 129| 338 254
. A-1 2,5 2.6 200
' A-2 29| 1.87 144
A-3 73 0.75 58
A-4 1.8 - -
el ldry sand  B-1 20.0 3.75 288
4mm A-1 9.0 3.6 27
A-2 45 2.0 154
| 4-3 8.7 | 2.0 154

to the transferred shock the secondary
shock wave may be produced by an
impact of the first slab from rock A
againt rock B. This impact may be
reduced by the existence of a layer of
water, clay or sand because materials
other than air may decelerate the velocity
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No. 1 No. 7
before 4.1
detonation millisec
No. 2 No. 8
detonation ;
0 millisec millisec
No. 3
-~ 1 .\\.0- c;
millisec 12.7
millisec
No. 1
No. 4
iy 16,4
phae millisec
millisec
No. - maTble
1.23 I " ~
millisec 30mn R Ao f
3 e 1—150m-;| A e TRty
¥
4.0mm
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Fig. &6 Motion of multiple-time-pieces of marble.
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of the first slab. In total the secondary

shock effect in rock B may be supposed

to be smaller in the case of gap fllled
with water, clay or sand than in the
case of air-gap.

§ 4. Shape of shock wave within marble
estimated by means of pre-cut slab
method.

Five short pieces (pre-cut slabs or
multiple time-pieces) and one long piece
of marble with circular section have
been put into contact and a charge of
10 grams of ammon gelatin dynamite
(Shinkiri dynamite) has been detonated
at one end of the long rod. The shock
wave reflects at an open end of a short
piece which corresponds to the first slab
in the case of a continuous rod of rock,
By measuring the velocity of each piece
by the Kodak high speed camera the
shape of a shock wave produced within
rock by detonation may be estimated
according to the principle described in
the previous paper (1). Fig. 6. shows
an example of the photographs,. Fig, 7.
illustrates the shape of a shock wave
within marble. Effects of gap between a
charge and rock, thickness of wrapper of
a charge on the shape of the shock wave
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have been investigated by the same me-
thod. The result shows that the peak
pressure of shock waves under various
conditions remain nearly the same while
the effective length cf shock waves be-
comes shorter when gap between rock
and a charge becomes greater. This re-
sult may be considered natural because
the peak pressure is chiefly determined
by the compressive strength of marble
and not by the pressure of a detonated
charge so far as the pressure from deto-
nation exceeds the compressive strength
of rock which is usually the case.
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