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FOLLOWING ARE THE CORRESPONDING RUSSIAN AND ENGLISH
DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Ruszian English
510 egin
cos cos

tg tan
ctg cot
sac sec
cosec csc

sh gink;
ch cosh
tis tanh
cth coth
sch sech
cach csch
arc sin sin—l
arc cos cos™!
arc tg tan-1
arc ctg cot—i
arc sec sec‘l
arc cogec cse”
arc sh eainh"‘l
arc ch cosh~1
arc th tanh~1
arc cth coth-1
arc sch sech~1
arc csch esch~1
rot curl
1g log
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INVESTIGATION OF THE EFFCITIVENESS
OF AN EXPLOSION WITH MULTI-POINT
INITIATION OF DISTRIBUTED CHARGES

P. Seinov, Cand. Tech. Seci.;

N. Marchenko, Doc. Tezch. Sci.;

. F. Zharikov, B. S. Valiyev, and

G. Udachin, Cand. Phys.-Math. Seci.

(Institute of Mining im. A. A.
Skochinskiy)
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As investigations have shown [1], to improve the dynamics of
the demolitlion process and to increase the effectiveness of an E
explosion it 1is necessary to assure repeated action of the source
on the medium due to a change .n the internal gas dynamics In the
charge hole. This can also be attained by using multi-point
initiation of a distributed charge.

et us examine a charge placed in a hole and bounded on one
side by a solid plug. Let us assume that with one-point initiation
a detornation wave arises at the coordinate origin at moment t=0 at
the w:ll, and is propagated 1n a rositive direction. Then the
pressure at the front of the detonation wave PH, the velocity of ;
the detonaticn products behind the wave front UH, the density at 3
the wave front P, and tne speed of sound CH will be defined by the

A

expressions [2]:

SLAASIANE s
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where D - detonation rate; y - specific heat ratio.

The movement of the wave 1s described by the equations

U—}-C:-;—;

..
U-=2::0
0(...1

From the condition U=0, let us determine the equation of line
x=(D/2)t on which C=D/2.

Consequently, graphs of the distribution of velocity U and the
speed of sound C behind the Ifront of the detonavion wave can be
expressed as a function of x/t by straight lines in vhe interval
Dt/(2)<x<Dt, while in the interval 0<x<{Dt)/2 the velocity of the
explosion products (EP) 1s equal to zero while the speed of sound
remains constant.

The distribution of pressure will be defined by a power
function. At a certain distance behind the wave front the average
pressure will be established:

P~ Lux _ poD?
™~y g °

The movement of the front of the detonation wave is described
by the equation x=Dt. In thls case the functions of the gas
velocity and the speed of sound will have the form

_bhrir

U=2 -1];

2 Lt
D[ 2x
C'“—,r i 1]
FTD-HT-23-1572-T4 2
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Since U=0, C=0/2 at the wall, consequently, behind the deto-
nation wave a rarefaction wave will follow at the speed of sound C.
H
At the instant o." complete detonation of the charge t181$ the
detonation wave will reach the end of the charge and it will be
reflected frori the bottom of the hole.

N L TR

The paraneters of the reflected wave are defined by the
relationships [2]:

Pop _ Sy+ 44+ VIiy a2y 11,

Py 4y *
Porp __ SV2+y-+14VITEFoyFI
Pr 2(2y2—y—1) ’
Doy _ v 3+ VI 2y
D, 4(v-H1) )
which, for y=3, gives
Pm‘p =2,APy;
Porp = 1o259u;
D, = —0,77D.

Considering that after reflectlion the wave will move through
the gas having a positive velocity, we obtain the rate of movement
of the reflected wave relative to the axis of the hole ;

D;Tp-": D—‘U.

After the interaction of the reflected wave and the rarefaction
wave a new wave appears which will propagate to the bottom of the
hole according to the law [3]

D

. and to the mouth of the hole x=0 according to the law

sior, 2wt iend
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The parameters of this wave will be defined by the expressions

U=~ %[3%3—”"“%]
o=+l

p=o:3p.[i‘%’£a +17-

Consequently, the pressure in the shock wave which is propagated
along the EP will be the less, the greater the distance it travels.
In addition, the formation of the secondary compression wave will
be determined by the time of detonation of the entire charge and by
the time of travel of the shock wave along the hole. This time can
be greater than the time of the initial compression wave, as a
result of which the formation of the secondary wave does not yield
the desired results.

In this plan, due to repeated initiation, there can be, first,
a significant pressure increase in the shock wave and, second, an
optimum pulse repetition frequency of the secondary compression
waves.

The movement of the plug in the hole 1s determined by the
magnitude of the impulse transmitted to it by the EP, which is
proportional to the welght of the charge. With one-point initiation
the impulse transmitted to the plug is determined by the entire
charge, while in multiple-point inltilation 1t is determined by the
value Ha/n, vrere n - number of points of initiation. Consequently,
the delay of ejection of the explosion gases in the case of multiple-
point initiation should be substantially greater, which means an
even greater depressurization time of the charge chamber.

Thus, due to the use of multiple~point initiation, the acting
time of the EP on the surrounding medium can increase and thelr
optimum muitiple action on the mass can be realized.
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In 1967 at the quarry of the Uralasbest combine, one
experimental-industrial massive blast was set off using multiple-
point initiation of the hole charges, and in 1970 at the Kal'makyr
quarry of the Almalyk mining-metallurgical combine, three-
experimental-industrial massive blasts were set off using multiple-
point initiaticn of the hole charges.

Experimental explosions were set off in ledges 10-~12 m high in
moderately fissured rocks, consisting of secondary quartzites and
altered syenite-diorites with a rock hardness ratio according to
Prof. M. M. Protod'yakonov's scale of f=7-9. The rational parémeters
of the blasting works developc 1 by the production workers for the
given category of rocks are preéenced in the teyvle.

Method of olasting
Indices Conventional | Multiple-point
Initiation

Height of the ledge, Miceveeesn. vee 10 10
Diameter of the charge hole, mm.... 190 190
Resistance from the floor, m....... 8.5 8.8
Distance between charge holes, m... 6.8 7.1
Number of charge holes....eeveecese 1-2 1-2
Distance between strings of c.aarges,

ces 6 6
Length, m

overdrillingsS.eeeeeerresrsensanas 3.0 3.0

tamping.. Crececesreesenans ce 6.5 6.0
opecific consumption explosive,

kg/m cresesnnan Ceareens . 0.36 0.35
Weight of the charge in the hole,

KBeoooos Lo eseserestes e eaessnne . 220 220
Yield of the rock mass, m3/m ....... hy.5 48.6

Among the number of explosives, Zernogranulit 79/21 and

granulite AS were used.

For the experimental explosions, sections of a stope were
selected with uniform rocks based on hardness ratio and fissured
state; these sections were divided lengthwise into two parts.
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The length of each section was 60-80 m. In each of the sections

the setting off of the hole charges was done by the usual method,
and in the other - using multiple-point initiation. Three tampings,
thelr amounts, and all their blasting conditions were the same.

The initlation of the charges was done with the help of a
detonating fuse {with a primer at the end) which is placed approxi-
mately in the center of the charge (Fig. 1b). Ammonite cartridges
No. 6-2hV each containing twc 2leectric detonators ED-8-56 were used

as the primers in the multiple-point initiavion.

Figure 1. Diagram of the place-

.32__.__"__“_3) ’ ment of the primers in a charge
To_the blasting station and their blasting using multiple-
Z:] oy g point (a) and conventional (b)
By b TN methods of initiation of the
34} El Ny \ charges: 1 - exploslve charge;
: | g.To the surface] \ 2 - primers with electric detona-
A 11\‘ tors; 3 - tamring; 4 - electric
¢ év / wire; 5 - primer; 6 - electric
2L é \ / detonator: 7 - main wire.
I~ 3 2}:‘5 \\//

In order to reduce a possible spread in the response time of
the electric detonators, they were carefully selected based on
resistance, and were placed in twos in each of the primers.

The experimental hole charges were initiated at five equidistant
points along the charge. The distance between the points of ini-

tiation was 1 m (Fig. 1la).

The electrical circult for the blasting 1s wired In series.

The results of the experimental blasts were evaluated according
to the degree of fragmentation of the hard rock.
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Measurements of the granulometric composition of the blasted
rock mass (Fig. 2) attest to the high effectiveness of the blasting
method using multiple-point initiation of the charge. The yield of
“he fraction with a size of more than 300 mm was reduced by 3-4

times, and amounted to 5-6%.

During the first stage of

(fé )&\ the investigations, for the pur-
3 / :)\% \ pose of establishing a difference
Q
S 2 in the discharge velocity of the
VTS

(// explosion products from the mouth
Y7 m(x; )_gg % 4 9 % "™  of the bore holes using various
Id L
R Endnty v methods of initiation, an SKS-1m

Figure 2. Granulometric com- high-speed camera with a speed

position of the blasted rock of 1,800 frames per second was

mass: 1 .- using multiple-point used

initiation; 2 - using a conven- S

tional method of initiation of

the charges. i

Key: (a) yield of the fraction, Such investigations are very

%; (b) size of the fractions, complex, and can be regarded as

. supplementary in the study of

the processes of the destruction
of hard rocks conducted using multiple-point initiation or the hole
charges. However, a comparison of the discharge velocities of the
explosion gases from the mouth of tlie bore hole as a function of
the method of initiation 1is of specific interest.

In order to fix the moment of initiation of the charges using
the conventional method of blasting, in the dip of the stope the
detonating fuses with nodes at the ends with a length equal to the
length of the fuse were placed from the electric detonator to the
primer in the bore hole. The moment of initiation of the experi-
mental charges was determined from the flash of the electric

detonator.

The examination of the motion plctures indicated that the
discharge of the EP from the mouth of “he bore holes using

FTD-HT-23-1572-T4 7
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multiple-point initiation occurs much later than when using the
conventional method of initiation. During the conventional method
of blasting, the discharge of the products of the explosion appears
approximately 15-20 ms frcm the moment of initiation.of the charge,
while during a multiple-point initiation this time increases by
several times. It was found that during the explosicn of charges
with multiple-point initiation, the 131d time of the detonation
products in the charge chamber increases significantly, and the
initial discharge velocity of the EP from the mouth of the bore holc‘
is reduced (Fig. 3). Further development of the ejection of explo-
sion gases occurs less intensively.
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Figure 3. The change in the dis-
charge veloclty of the EP from
the mouth of the bore hole v and
in time t: 1 - using the con-
ventional method of ini.iation of
the charges; 2 - using multiple- .
point initiation of the charge.

: One can assume that the interaction of detonation and shock

i waves 1n the blasting chamber durlng the explosion of charges using

‘ multiple-point initiation is promoted ty devising a gas-dynamic
breech which delays the ejectlon of the EP from the mouth of fthe

bore hole into the atmosphere and facilitates the transfer of a

large part of the energy of the explosive into the amblent medium.
Such development of the action of an explosion in a medium will
assist in reducing the loss of energy and will increase 1its practical

okl T AR T ke SR

use.
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Development of the investigations should be directed to the
study of the erfect of the diameter and length of the charge,
properties of the rocks, types of explosives, parameters of the
placement of the charge, and its design on the optimum number of
points of initiation.

=i ERERNS R

At the same time it 1is necessary to intensify the search for
the development of new explosives which insure reliability and
simplicity for setting off blasts using multiple-point initiation.
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