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Resume
Widespread application of advanced transportation technologies in 
conditions of open-pit mining with the use of high-capacity belt conveyors 
is limited by the need for additional crushing of overburden rocks and 
minerals. Accordingly, the quality of crushing of rock mass, the output of 
oversize during drilling and blasting operations at quarries and open-pit 
operations significantly affect the possibility of using flow and cyclic-flow 
technologies with the use of conveyor transport. In this paper is presented a 
method of increasing the energy efficiency of the explosive pulse in drilling 
and blasting operations by means of developed gas pedal designs to improve 
the quality of crushing and conditions of conveyor delivery of rock mass.
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region) and at four deposits in the Karaganda region 
(Borlinskoye, Shubarkolskoye, Kushokinskoye and 
Saryadyrskoye). The total potential for extraction 
of projected open-pit coal reserves in the country is 
estimated at 400 million tons per year, and industrial 
reserves suitable for open-pit mining amount to 
21 billion tons [1]. The development of an open-
pit mining method, characterized by a combination 
of preparatory, stripping and mining workings in 
a quarry field, is accompanied by an increase in 
production concentration, an increase in depth, 
spatial dimensions of quarries and sections, distance 
and complexity of transporting rock mass. At the 
same time, the determining indicator is the depth 
of quarries; in particular, the depth of the eleven 

1	 Introduction

An undeniable trend in the development of 
the mining industry for the foreseeable future is 
considered to be the stable orientation of the industry 
towards an open method of development as providing 
the best economic indicators. It accounts for up 
to 73% of the total volume of mining in the world. 
For example, in the Republic of Kazakhstan, 70% 
of thermal coal is extracted by open-pit mining, 
while the main consumers are power plants (70%), 
industrial enterprises (20%) and the private sector 
(10%). Open-pit coal mining in Kazakhstan is carried 
out at three giant deposits (Bogatyr, Severny and 
Vostochny sections) in the Ekibastuz basin (Pavlodar 
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deepening a quarry for every 100 m, the cost of 
transportation for cyclic modes of transport increases 
by 1.5 times, and when using continuous modes by 
only 5-6% [6].

An analysis of the operation of technological 
equipment in open-pit mining shows that a third of 
the downtime is accounted for by transport due to its 
cyclical nature of work. In this research it was also 
found that the use of cyclic technologies in quarries 
is the most cost-effective at their depth of 150-250 m. 
When conducting open-pit mining operations at a 
depth of more than 250 m, it is economically feasible to 
use in-line and cyclic-in-line technologies [6].

2	 Substantiation of the relevance  
of the problem

A characteristic feature of the use of in-line 
and cyclic-in-line technologies is the widespread use 
of conveyors, while the main type of these means 
of continuous transport currently in operation in 
quarries are belt conveyors. This is determined by 
their main design advantages over other types of 
conveyor systems - comparative simplicity of design 
and relatively low metal consumption. As the 
experience of operation shows, modern belt conveyors 
are capable of providing the high level of production 
for the largest quarries and sections, but, in general, 
they are suitable only for transporting loose and semi-
hard rocks, and, most importantly, they are not able to 
move largesized loads of pieces larger than 600 mm, 
requiring crushing prior to transporting them, which 
leads to a significant increase in the cost of operating 
expenses [7-9].

This problem is especially relevant when 
transporting a large volume of overburden, the 
extraction of which, as a rule, is carried out in quarries 
by drilling and blasting. As a rule, the waste rock is 

largest coal mines in Kazakhstan varies from  
40 to 200 m.

The Molodezhny section of the Borlinsky deposit 
Kazakhmys Coal LLP uses the cyclic coal mining 
technology on three horizons - upper, middle and lower. 
The maximum depth of the incision is approximately 
130-140 m. In the faces of mining horizons, coal 
is loaded by electric and hydraulic excavators into 
BelAZ 75131 dump trucks. Dump trucks deliver coal 
from the faces to the average warehouses, where it 
is loaded onto the railway transport, Figure 1 [2]. 
At the Bogatyr section, a flow-through technology for 
the development of minerals and overburden rocks 
has been implemented, including transshipment of 
the latter into the developed space, while rotary 
excavators in combination with conveyors provide an 
annual productivity of 50 million tons. In-line mining 
technology has also been introduced at the Vostochny 
coal mine: coal mining, transportation, averaging and 
shipment are carried out by four rotary complexes 
consisting of the SRs(k)-2000 rotary excavator, 
downhole and interstage loaders, connecting, lifting 
and main conveyors and an averaging and loading 
machine. For the excavation of overburden rocks, 
a cyclic flow technology has been introduced at the 
quarry, including the operation of two lines of the 
overburden complex, Figure 2 [3-4].

The active introduction of in-line and cyclic-in-
line technologies in open-pit mining conditions is due 
to an increase in the depth of quarries, a progressive 
increase in their productivity, since cyclic technology 
with the delivery of rock mass by road and rail leads 
to a deterioration in technical and economic indicators 
due to an increase in the cost of production as a 
result of an increase in the cost of the transportation 
process [5]. In particular, according to the results 
of a number of studies conducted earlier at the 
Karaganda Polytechnic Institute (later - Karaganda 
State Technical University), it was found that when 

Figure 1 Cyclic technology of coal mining at the Molodezhny section: 1 - mining excavators,  
2 - BelAZ 75131 dump trucks, 3 - averaging warehouses, 4 - loading excavators, 5 - railway transport
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stockpile - 4, bulldozer Chetra T-25 - 5, receiving hopper 
NG - 6, auger-tooth crusher SHZD - 7, plate feeder - 8, 
belt conveyors - 9-11, waste rock dump or receiving 
hopper of the processing plant - 12 [11].

The rock mass from the upper and middle horizons 
is loaded into dump trucks BelAZ 7513, which deliver 
it to the chute for unloading into the receiving hopper; 
from the receiving hopper the rock mass flows by 
gravity through the chute to the site under the stack 
to the intermediate averaging yard. From the lower 
horizon, the rock mass is also loaded into dump trucks, 
which transport it to the averaging warehouse, from 
which it is shipped to the receiving hopper of the lower 
horizon by a Chetra T-25 bulldozer. The auger-tooth 
crusher, installed under the receiving hopper, crushes 
the mined rock mass; then it gets to the plate feeder, 
which transfers it further to the conveyor transport - belt 
conveyors, transporting it to the waste rock dumps or to 

too hard to be extracted without a certain number of 
explosions to grind the rock into smaller pieces, which 
can then be loaded onto a vehicle by excavators or 
other mechanical equipment. Figure 3 shows that the 
proportion of oversized material requiring additional 
crushing based on the results of drilling and blasting 
operations in quarries (with a piece size of 600 mm or 
more) is almost 20% of the total sample volume [10]. 

Thus, within the framework of implementation of 
cyclic-flow technology for the conditions of “Molodezhny” 
open-pit mine of Kazakhmys Coal LLP in Karaganda 
Technical University at the Department of Industrial 
Transport a promising technological scheme of delivery 
of rock mass, which can be used in the transportation of 
overburden and minerals in the case of increasing the 
depth of open-pit mining operations, presented in Figure 
4: mining excavators - 1, dump trucks BelAZ 75131 - 2, 
chute for rock mass descent - 3, intermediate averaging 

Figure 2 Cyclic-flow technology at the Vostochny open-pit mine

Figure 3 Average fractional composition for 33 largest quarries based  
on the results of drilling and blasting operations
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rock massif for a significant increase in the qualitative 
and quantitative indicators of the blasting process is 
considered.

The results of research on the control of explosion 
energy parameters to ensure intensive rock crushing at 
quarries are presented in the article by Nasirov et al. 
[17], which presents the experience of implementing the 
developed design using the turbo-explosion effect in rock 
crushing by borehole charges. 

The influence of the detonation velocity of explosives 
on the degree of rock pre-destruction was considered 
in the work of Khokhlov et al. [18]: the issues of using 
explosives with reduced detonation velocity to reduce 
the intensity of predestruction in the zone of controlled 
crushing during the drilling and blasting process are 
presented.  

One of the new publications on development 
of technologies aimed at improving the quality of 
rock crushing is a study on application of artificial 
intelligence and computer vision technologies to 
optimize the performance of the drilling and blasting 
complex at open-pit mining operations, Kovalchuk 
et al.  [19]. In particular, the influence of the 
granulometric composition of the blasted rock mass on 
further stages of ore preparation was considered, the 
processes that affect the quantitative and qualitative 
indicators of the granulometric composition of the 
rock mass are determined.

Thus, as the analysis of the results of the 
above-mentioned studies, conducted within the 
framework of the development of methods and ways 
of intensification of all the processes of mining 
production, including loading and transportation 
operations, the issues of improvement and efficiency 
of the technology of explosive stripping, providing 
a given mode of crushing and compact bulk of the 
stripped rock mass, undoubtedly, acquire actual 
importance.

the hopper of the enrichment plant. Table 1 shows the 
design parameters of belt conveyors, and Table 2 shows 
the general parameters of the conveyor line [11].

Estimated capital expenditures for implementation 
of this technological line also include costs for the 
purchase and construction of a crushing and reloading 
station, which, in particular, can be avoided by ensuring 
the necessary lumpiness of the rock mass extracted by 
the drilling and blasting method.

The lumpiness, quality of overburden rock mass 
crushing and oversize output during the blasting 
operations, as shown by the results of numerous studies, 
significantly affect the efficiency of application of flow 
and cyclic-flow technologies in open pit mining. To one of 
the first scientific researches in this direction belong the 
works of Baron, [12-13]. He systematized all the types 
of methods for measuring the lumpiness of rock mass in 
open pit and underground mining operations, based on 
the results of laboratory, polygon and production tests, 
analyzed various properties of explosives as criteria for 
their crushing ability in explosive rock removal [12-13].

In the work of Kolomnikov [14] the requirements 
for the coarseness of the transported material when 
controlling the energy of borehole charges, in the 
conditions of development at the mine “Muruntau” 
(Republic of Uzbekistan), using the cyclic-flow 
technology, are considered. The results of the complex 
research on improvement of ore crushing quality by 
borehole charges, based on consideration of physical 
and mechanical parameters of rock mass, are presented 
in the dissertation of Scherbich, G. V. Plekhanov St. 
Petersburg State Mining Institute, Russian Federation 
[15], which considered in detail the issues of optimizing 
the parameters of the drilling and blasting process to 
ensure a given degree of ore crushing. Optimization 
of blasting parameters by increasing the deceleration 
intervals is also presented in the work of Mityushkin 
et al. [16], in particular, multiple explosive loading of 

Figure 4 Technological scheme of transportation using cyclic-flow technology  
at Molodezhny open pit mine of Kazakhmys Coal LLP
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enhanced effect of the cumulative effect can also be 
obtained by placing dispersed cone-shaped caps on the 
detonating cord along the axis of the borehole charge. 
The overall effect of amplifying the explosion energy 
in this case is obtained from the cumulative effect of 
cumulative flows focused in the cone-shaped cavities 
into the bottom of the well, as a result of which the 
crushing of rock mass in the quarry is improved [24].

Determining the cumulative explosion pulses along 
the borehole formation presents significant difficulties 
because axial and radial expansion and various wave 
processes must be taken into account. The problem is 
simplified if the radial expansion of detonation products 
is neglected.

Explosions of charges with different shapes or 
notches give rise to complex wave processes associated 
with the collision of cumulative jets and gas flows from 
individual parts of the charge moving toward each other. 
The exact solution of the problem on the distribution of 
explosion parameters along the borehole in these cases 
is a rather complicated mathematical problem [25-26]. 
These difficulties are circumvented in various ways. For 
example, in the study of charges with air gaps, Baum et 
al. [27] and Baker et al. [28] propose to consider them as 
a solid charge, but with a greater height than that of a 
conventional charge at a lower density, and further, all 
the calculations should be carried out similarly to a solid 
charge. It is proposed to extend these assumptions for 
charges with different shapes of notches.

Let H3 - be the height of a cylindrical charge, PH 
- the initial pressure, CH - the speed of sound in the 
detonation products before the onset of their expansion, 
and D - the diameter of the borehole. It is known that 

,P D C D8
1

8
3

H cd H
2t= = ,	 (1)

where: cdt  - is the charge density.   

3	 Theoretical basis of the study

The main phenomena accompanying explosive 
rebound during the mining operations - the explosion 
of an explosive charge in a destructible array are 
reduced to the following processes: detonation of the 
charge; expansion of the charging cavity by detonation 
products; mechanical interaction of detonation 
products with the destructible medium; propagation 
of shock waves and stress waves in rocks and, directly, 
the destruction of the mountain range. It has been 
established that a more uniform crushing of rocks 
is obtained by the explosion of borehole explosive 
charges with air gaps - this is explained by the 
interference of the shock waves, that is, a mutual 
increase in the resulting amplitude of waves formed 
during the explosion of various parts of the charge 
[20]. During the explosion of solid charges, as studies 
have shown, the rock, which is destroyed mainly due 
to compression forces, is crushed extremely unevenly, 
moreover, a large proportion of the explosion energy 
is spent on the re-crushing of rocks around the bottom 
of the charge. The separation of the charge column 
into separate parts and their simultaneous initiation 
contribute to the collision of detonation products at 
the locations of air gaps, which has a positive effect on 
the crushing of rocks.

The shape of the explosive charge also has a 
significant influence on the destructive effect of the 
explosion. In particular, it was found that using 
various forms of charge, or charges with recesses of 
various shapes (conical, spherical, parabolic, etc.), it 
is possible to create a cumulative effect, that is, to 
achieve a concentration of explosion energy that allows 
significantly enhancing the penetration effect of the 
charge on the mountain range by creating tensile and 
bending forces in it [21-23]. It was also found that the 

Table 1 Design parameters of belt conveyors

No. of conveyor in Figure 4 Length of the pack, m Lift angle, deg

9 380 12

10 650 4

11 560 2

Table 2 General parameters of the conveyor line

No. n/a Name Significance

1 Hourly capacity of a conveyor line (estimated), tons/hour 1153.85

2 Hourly productivity of a conveyor line (accepted), tons/hour 1200

3 Density of cargo in loosened state, tons/m3 1.24

4 Belt width (calculated), m 1.22

5 Belt width (accepted), mm 1400

6 Linear mass of the load on the conveyor, N/m 1308

7 Linear mass of rotating parts of the roller supports on the load branch of a conveyor, N/m 498.68

8 Linear mass of rotating parts of the roller supports on the idle branch of a conveyor, N/m 176.58
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F H22 3=-  and V C t
x H2 3+ =
+ .	 (12)

The front of the reflected wave moves according to 
the law

  

dt
dx

V C t
x

t
H2 3= + = + .	 (13)

Consequently, at / ,t H C x HH3 3= =-  and 
x C t H2H 3= - .	

Thus, the reflected wave front and the detonation 
product front propagate with the same velocity CH. 

Next, one has to find the pressure in the reflected 
wave. Taking into account that /C H t3=  one obtains

P
P

C
C

C t
H

H H H

2 2
3

3
3

= =c bm l .	 (14)

Equality (14) shows that the pressure in the reflected 
wave varies only in time. Knowing the distribution of 
pressure by time t and by coordinate x, one can write the 
total momentum:

 
,J d P x t dt dx

H

x

3
03

2

r=
3

-
^ h## ,	 (15)

where ,x H H Hhole hole2 3= -  - is the height of the hole 
(borehole). 

Let the following dimensionless parameters be 
introduced as:
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Since
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6
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P d d
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H
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3
2

01

1hole
3 x a=

3

-

-
rb l ## .	 (19)

next equation (19) is integrated first by a  and then 
by x  and the final expression for the value of the 
total explosion impulse along the wellbore formation is 
obtained:

.ln

J H
H H

H
H

H

H

H
H
H

8
3 1

2
16
3 1

1

1

hole hole

hole

hole

hole

3 3 3
2

3

3

= + - -

-

+

b bl l

	 (20)

Thus, the obtained equation reflects the correlation 
dependence between the parameters of explosive blasting 
and the structural values of the borehole and it can be 
used in solving problems of the penetration action of the 

Let x  - denote the coordinate and t  - denote the time 
of detonation product dispersal.

A rarefaction wave appears in the cross section  
x = 0 with the beginning of detonation product dispersal, 
which is described by the known equations of gas 
dynamics up to the time t1 = H3/CH. When the isoentropic 
expansion of detonation products, PV3 = const, is taken 
into account, they are of the form

,x V C t F V V C const= - + + =^ ^h h ,	 (2)

where: V - is the detonation velocity,   
Based on the boundary conditions: t = 0, V = 0, x = 0, 

C = CH one obtains: F(V) = 0, CH = const. 
Then, Equation (2) can be written in the form

,x V C t V C CH= - + =^ h .	 (3)

Consequently, the expression C C VH= -  is 
substituted into the first equation of the system of 
Equations (3) and V is found as:

 
,V t

x C V C t
x

2
1

H= + = +` j .	 (4)

Thus, the solution of the system of Equations (2) can 
be written in the form

V
C

C t
x

2 1H

H
= +a k ,	 (5)

C
C

C t
x

2 1H

H
= -a k .	 (6)

The pressure in the detonation products is 
determined from the relation

P
P

C
C

C t
X

8
1 1

H H H

1 1
3 3

= = -c bm l .	 (7)

At the moment of time /t H CH3=  the wave reaches 
the end of the charge, a new reflected rarefaction wave 
appears, the motion of which is described by the general 
equations of gas dynamics.

X V C t F V C1= - + -^ ^h h ,	 (8)

X V C t F V C2= + + +^ ^h h .	 (9)

At the moment /t H CH3=  the velocity V becomes 
equal to 0, x H3= , hence F 01 =  and 

  
V C t

x- = .	 (10)

In the section x H3=- , at any moment of time 
V 0= , whence it follows that

F H Ct2 3=- - .	 (11)
  

Expressing t
V C
x

C
H3=

-
=  from Equation (10) 

one finds:
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Department of “Rock Destruction by explosion” of 
the Moscow Mining Institute [30]. A mixture formed 
from building gypsum in various ratios with water 
and plexiglass was used as the test material (Table 
3). As the material was being prepared, gypsum and 
water in the form of a mixture were poured into special 
molds and dried at room temperature. Samples of 
material with a thickness of 8 mm were prepared, 
the value of which was determined experimentally, 
taking into account the available amount of explosive 
to achieve the necessary cracking and crushing of the 
samples under consideration. The explosive charge in 
the thickness of the prepared material sample was 
formed using a PVC tube of an inner diameter of 
3 mm. A constantan wire of a diameter of 0.3 mm was 
passed through the tubes, and then the tubes were 
filled with an explosive substance ammonite 6ZHV, 
giving them the shape of a cavity (Figure 5).

Each charge contained one cavity made of thick 
paper and filled with an explosive substance from 
the outside, which included sulfur and aluminum 
powder. The cavities were given various types of 
shapes: spherical; cones of different heights; cones 
connected by bases and ellipsoidal. The initiation of 
the explosive charge occurred as a result of passing 
a low-voltage current through a constantan wire. 
The process of explosive rebounding was recorded by 
high-speed photography. The actual distribution of the 
lumpiness of the destroyed sample on the laboratory 
model from the explosion of charges in various forms 
of the cumulative cavity is shown in Figure 6.

As a part of pilot tests, experimental explosions 
were carried out in the conditions of the Akzhal quarry 
of the Altaizoloto combine in the East Kazakhstan 
region with specially designed structures of one-, 
two- and three-cone volumetric cumulative cavities 

cumulative jet and the distribution of specific explosion 
impulses along the borehole formation. 

At the same time as experimental data show, 
determination of the influence of the blast wave impulse 
on the processes of rock mass crushing during the 
drilling and blasting excavation is possible only by 
modelling during the experimental studies, range or 
pilot tests in the conditions of real mining enterprises 
[29]. 

4	 Experimental results 

Analysis of the applied technologies of explosive 
stripping shows that in many cases the counter-impact 
of explosion products in air gaps is usually carried 
out at the detonation velocity of the explosive charge, 
which is insufficient to create a significant impulse and, 
accordingly, to increase the explosion energy acting 
on the massif to be destroyed to achieve the required 
lumpiness [30]. 

In this regard, the ideas outlined in the above 
works can be developed by pulsing an increase in 
the explosive charge explosion energy dispersed at 
intervals along the length of the charge. To do this, 
it is proposed to place the volumetric cavities of a 
special geometric shape (accelerators) in the explosive 
charge [31]. A sharp increase in the charge energy at 
the installation site of the cavity would take place if 
the explosive charge around the elongated cavity is 
initiated from its inner part over the entire surface 
simultaneously. In this case, a large mass and volume 
of explosives around a hollow volumetric cavity can be 
detonated. Modelling of explosive stripping processes 
with various forms of volumetric cumulative cavities 
was carried out in the laboratory conditions of the 

Table 3 Strength of samples after testing

No. n/a Gypsum to water ratio
Sample testing, MPa/mm

ϭс / ϭрfor compression, ϭс tensile, ϭр
1 0.5 : 1 0.06 0.024 2.5

2 1 : 1 0.66 0.10 6.6

3 1.5 : 1 1.25 0.15 8.3

4 2 : 1 2.12 0.242 8.8

a)                                                       b)

Figure 5 Location of spherical shaped cavities in an explosive charge - a) and in the form of two cones connected by bases - 
b): 1 - gypsum sample, 2 - volumetric cavity, 3 - explosive charge
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In general, for 72 exploding wells, the consumption 
of accelerators was 3-4 cavities per 1 well, with 
the upper location of the fuse, electric detonation 
was carried out in an orderly manner. According to 
the results of explosive stripping, the average size 
of the pieces of the chipped rock mass was mainly 
90-120 mm, and the maximum diameter of the pieces 
was 320-450 mm (Figure 9). At the same time, as can 
be seen from Figure 8, with a decrease in the diameter 
of the well from 250 to 150 mm, the diameter of the 
average piece of destroyed rock mass decreased from 
170-190 to 90-120 mm.

The analysis of high-speed photography data 
obtained in laboratory studies, as well as the results of 
pilot tests, in authors’ opinion, confirm the previously 
suggested assumptions that the use of volumetric 
cavities (accelerators) in the explosive charge focusing 
the cumulative flow on the destructible medium, 
increases the rate of detonation of the charge and, 
accordingly, creates an increased pulse of the explosive 

(accelerators) [31], Figure 7. The diameter of the 
wells was 150-250 mm, the depth was 3-5 m, the rock 
strength on the Protodyakonov scale was 13-15, the 
explosive used was grammonite 79/21.

The charge was formed as follows. An air partition 
2, made of expanded polystyrene or polyethylene, 
was lowered into the well 1 (Figure 8), then a portion 
of explosive substance 3 was filled in, a three-cone 
accelerator 4 was lowered and a portion of explosive 
substance 3 was poured until the cavity was completely 
covered. Then the air partition 5 was lowered again, a 
portion of explosive substance 6 was filled in, a two-
cone accelerator 7 was lowered and a small amount 
of explosive substance was poured. In the upper part 
of the well, similar operations were performed with a 
single-cone accelerator 10. Then, fuse 11 was lowered 
into the well on a detonating cord, which was also 
filled with explosives until it was completely covered. 
When the accelerators were installed, their cones were 
turned towards the fuse.

Figure 6 Distribution of the lumpiness of the destroyed sample on a laboratory model  
with various shapes of the cumulative cavity: 1 - ellipse, 2 - cones connected by bases,  

3 - cones of different heights, 4 - spherical shape

Figure 7 Design of a three-cone cumulative cavity charge
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same quarry, 50 tons of explosives were detonated in 
70 boreholes and almost 1,000,000 m3 of rock mass 
with expected lumpiness (400-450 mm) and absence 
of oversize was prepared by blasting. According to the 
test results, the production specialists noted that the 
proposed drilling and blasting technology of mineral 
extraction promotes wider application at the open pits 
of SSGPO JSC of the means of transportation providing 
continuous delivery of ore from the bottom of the pit to 
the surface: conveyors, pneumatic or hydraulic transport. 
It was also noted that the results obtained from pilot 
tests, in general, reflected the correlation dependence 
between the parameters of explosive stripping and the 
design values of the hole, presented in Equation (20).

Experimental explosions with the proposed 
accelerator design were also conducted in conditions 
of underground mining, in particular, at the mine 
“Kvartsitka” of JSC “Altynalmas” (Stepnogorsk), 
developing gold-bearing ores. Total of 28 boreholes were 
drilled through the viscous quartzites. With the length 

wave, which, in the end, makes it possible to improve 
the quality of crushing of the test sample (rock mass).

To confirm the results obtained by the authors, the 
pilot experimental explosions were carried out in 2016-
2019 at a number of mining facilities in Kazakhstan. 
At the Sarbaisky iron ore quarry of JSC “Sokolovsko-
Sarbaisko Concentrating Production Association” (JSC 
“SSGPO”, Rudnyy) at the height of the ledge of 27 m, 
the wells were mainly drilled 30 m deep with a re-drill of 
3 m, and the delivery of explosively prepared rock mass 
from a considerable depth to the surface of the quarry 
was carried out by dump trucks of large load capacity. 
The cyclical nature of the technological process of 
transportation of rock mass using road transport, which 
takes considerable time to lift the ore to the surface, 
leads to a decrease in mining productivity. 

In 2016, for experimental purposes, 10 tons of 
explosives were detonated at the Sarbaisky open pit 
using developed accelerator designs in 18 boreholes 
250 mm in diameter and 23 m deep. In 2019 at the 

Figure 8 Formation in a well: 1 - well, 3, 6, 9 - portions of explosives,  
4, 7, 10 - accelerators, 2, 5, 8 - air barriers, 11 - fuse on a detonating cord

Figure 9 Dependence of the average piece during the downhole drilling on the diameter  
of the well: I - 150 mm, II - 250 mm and III - the distribution of the lumpiness of the blasted rock mass
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elongated redistributive part of the accelerator 10, 
changes the direction of its propagation perpendicular 
to the surface of the concave accelerator generatrix.

The cumulative flow, while simultaneously 
exciting the explosion of the explosive charge 
located around the accelerator, increases the mass 
of explosives exploding per unit of time. Considering 
that the generatrix of the redistributive part of the 
accelerator 10 has an inward concavity, the voltage 
waves are focused outside the charge at points F  
(Figure 11, a).

The explosion products, approaching the air 
partition 8, reduce their speed, but on the way to the 
middle part of the charge they acquire the detonation 
rate of the explosive substance charge 6. When the 
explosion products pass through the accelerator 7 
(Figure 8), they gather into an amplified two-fold 
cumulative flow, the speed of which is higher than the 
flow rate after the accelerator 10.

This enhanced cumulative flow penetrates the 
void of the twin accelerator 7 and explodes the 
explosive charge 6, directing the explosion products 
perpendicular to the surface of the accelerator 7, 
and given that its surface is concave inward, voltage 
waves focus at points F outside the charge (Figure 
11, b). Further, the explosion products, approaching 
the air partition 5, reduce its speed, but when 
the explosive substance 3 charge is excited in its 
lower part, it again acquires the detonation velocity 

of the borehole up to 3 m and the number of cartridges 
in one borehole equal to 6, each cartridge was filled with 
one volume cavity. Experimental explosions during the 
drifting, along with a significant crushing of rock mass, 
also showed an increase in the borehole utilization 
factor to 0.94, with the existing normative value of 0.84,  
Figure 10. 

5	 Analysis of the results obtained 

As is known, the basic information about the 
detonation process of condensed media is provided 
by experiment, and the criterion for the successful 
application of the hydrodynamic theory should be the 
compliance of the detonation parameters obtained 
experimentally with the theoretical results [29]. In 
this regard, the results of laboratory and pilot tests 
for conducting explosive stripping using volumetric 
cumulative cavities (accelerators) allowed us to propose 
the following physical model of the processes occurring 
during the explosion of a borehole explosive charge. 
During the explosion of the borehole charge shown 
in Figure 8, the detonation products, spreading from 
the fuse 11, pass through the single-cone accelerator 
10 and assemble into a single cumulative flow, the 
speed of which is higher than the detonation velocity 
of explosive substance 9 to the accelerator. Such a 
flow has high kinetic energy and, getting into the 

Figure 10 Values of the borehole utilization factor during the borehole coring:  
I - without the use of volume cavities, II - with the use of accelerators

a)                                                             b)                                                             c)
Figure 11 Sections of the down hole explosive charge, shown in Figure 7, with one-, two- and three-cone accelerators
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contributes to the possibility of wider application of flow 
transport means at open pits: conveyors, pneumatic and 
hydraulic transport.  

In addition, the results of the conducted pilot tests 
in conditions of open-pit and underground mining 
showed the possibility of: 
•	 reduction of explosive charge mass in a borehole 

by 32-36% in comparison to the approved passport 
of drilling and blasting operations by means of 
arrangement of air gaps in boreholes; 

•	 reduction of drilling costs by 24-28% due to the 
transition to a smaller borehole diameter;

•	 increasing the borehole utilization factor up to 0.94.
The results of preliminary design study of 

implementation of the proposed technology of drilling 
and blasting operations and the effectiveness of 
cyclic-flow technology, using the belt conveyors at 
the Molodezhny open pit mine (Karaganda region, 
Republic of Kazakhstan), showed an increase in mining 
productivity up to 5 million tons, reducing development 
costs by 25-30%, and, accordingly, the possibility of 
effective development of deeper horizons.
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of explosive substance 3. When the explosion 
products pass through the accelerator 4 (Figure 8),  
they gather again into a more amplified three-fold 
cumulative flow, the speed of which is higher than 
the flow rate after the accelerator 7. The three-fold 
amplified cumulative flow penetrates the void of the 
accelerator 4, explodes a large mass of explosive 
substance 3 charge around the elongated accelerator 
and focuses voltage waves outside the charge in the 
destructible array at points F (Figure 11, c). In other 
words, accelerators in charges, firstly, accelerate 
the speed of explosion products, and secondly, 
provide dynamic braking of explosive gases, which 
ensures the explosion of a larger mass of explosive 
charge and the reversal of the explosive pulse by 90  
degrees. 

  

6	 Conclusions 

Based on the results of modelling the process 
of explosive stripping in laboratory conditions and 
conducted pilot tests at a number of mining sites in 
Kazakhstan a method is proposed for the controlled 
explosive stripping of rock mass with the use of developed 
designs of volumetric cavities (accelerators). Due to the 
use of accelerators in the borehole explosive charge 
dynamic braking of explosion products is carried out, 
contributing to the emergence of localized destruction 
due to tensile and bending forces acting on the destroyed 
massif.

As a result, the specified mode of crushing of the 
crushed rock mass is provided (maximum lump size 
according to the results of tests in the conditions of 
mining enterprises does not exceed 450 mm), which, 
according to the estimation of production specialists, 

References

[1]	 AKHUNBAYEV, A. Coal industry of Kazakhstan: return to growth. Mining and Metallurgical Industry. 
2018, 8, p. 14-18.

[2]	 DANIYAROV, N. A., BALGABEKOV, T. K., AKASHEV, A. Z. Regulation of carriage flows and management 
of the transportation process in railway transport of JSC NC “Kazakhstan Temir Zholy”. Innovative 
Transport. 2012, 1, p. 27-32. ISSN 2311-164X.

[3]	 RAKISHEV, B. R. Mining industry in the light of accelerated industrial and innovative development 
of the Republic of Kazakhstan. Mining Information and Analytical Bulletin. 2012, S1, p. 404-415.  
ISSN 0236-1493.

[4]	 MUMINOV, R. O., KUZIEV, D. A., ZOTOV, V. V., SAZANKOVA, E. S. Performability of electro-hydro-mechanical 
rotary head of drill rig in open pit mining: a case-study. Eurasian Mining [online]. 2022, 37(1), p. 76-80.  
ISSN 2072-0823. Available from: http://doi.org/10.17580/em.2022.01.16

[5]	 GALKIN, V. I., SHESHKO, E. E., DYACHENKO, V. P., SAZANKOVA, E. S. The main directions of increasing the 
operational efficiency of high productive belt conveyors in the mining industry. Eurasian Mining [online]. 2021, 
36(2), p. 64-68. ISSN 2072-0823. Available from: http://doi.org/10.17580/em.2021.02.14

[6]	 DANIYAROV, A. N. Research and establishment of operational and design parameters of quarry conveyors 
with a complex route for rocky rocks. Abstract of the dissertation for the degree of Doctor of Technical 
Sciences. Moscow: Moscow State University, 1984.

Buk
eto

v u
niv

ers
ity



I M P R O V I N G  T H E  E N E R G Y  E F F I C I E N C Y  O F  T H E  E X P L O S I V E  P U L S E  D U R I N G  D R I L L I N G . . . 	 B107

V O L U M E  2 7 	 C O M M U N I C A T I O N S    2 / 2 0 2 5

[7]	 ALIYEV, S. V., BREIDO, I. V., DANIYAROV, N. A., KELISBEKOV, A. K. Control of load distribution 
between electric drives of a multi-motor plate conveyor during non-overloading coal delivery in open-pit 
mining conditions. Ugol [online]. 2020, 9, p. 14-17. ISSN 0041-5790, eISSN 2412-8333. Available from: 
http://dx.doi.org/10.18796/0041-5790-2020-9-14-17

[8]	 DANIYAROV, N. A., DANIYAROVA, A. E., KELISBEKOV, A. K. Professor Solod G. I. - the founder of the 
theory of calculation of multi-drive conveyors calculations. Ugol [online]. 2022, 1, p. 63-66. ISSN 0041-5790, 
eISSN 2412-8333. Available from: http://dx.doi.org/10.18796/0041-5790-2022-1-63-66

[9]	 KELISBEKOV, A. K., DANIYAROV, N. A., MOLDABAEV, B. G. Improving the energy efficiency of operation 
of a multi-motor plate conveyor in the steady-state operation mode. Communications - Scientific Letters of 
the University of Zilina [online]. 2024, 26(2). p. C1-C8. ISSN 1335-4205, eISSN 2585-7878. Available from: 
http://doi.org/10.26552/com.C.2024.022

[10]	AKASHEV, Z. T., DANIYAROV, N. A., MALYBAEV, N. S. A non-expert method for evaluating career 
transport systems by technical level. Heavy Engineering. 2003, 8, p. 18-22. ISSN 1024-7106.

[11]	KUANYSHBAYEV, A., ROZHKOV, A., GORSHKOVA, N., NOGAYEV, K. Experimental studying the 
belt conveyor roller wear dependence on the intensity of technological dust accumulation in open pit mining. 
Communications - Scientific Letters of the University of Zilina [online]. 2023, 25(4). p. B327-B338.  
ISSN 1335-4205, eISSN 2585-7878. Available from: http://doi.org/10.26552/com.C.2023.071

[12]	BARON, L. I. Lumpiness and methods of its measurement. Moscow, 1960.
[13]	BARON, L. I., ROSSI, B. D., LEVCHIK, S. P. Crushing ability of explosives for rocks. Moscow: Institute of Mining 

Engineering, USSR Academy of Sciences, 1960.
[14]	KOLOMNIKOV, S. S. Energy management of borehole charges in conditions of development of different-

strength rock massifs at cyclic-flow technology. Mining Information and Analytical Bulletin. 2007, S5, p. 82-94.  
ISSN 0236-1493.

[15]	SHCHERBICH, S. V. Improvement of ore crushing quality by borehole charges on the basis of consideration of 
physical and technical parameters of the rock massif. Abstract of the dissertation for a candidate of technical 
sciences. St. Petersburg: St. Petersburg State Mining Institute named after G. V. Plekhanov, 2009.

[16]	MITYUSHKIN, Y. A., LYSAK, Y. A., PLOTNIKOV, A. Y., RUZHITSKY, A. V., SHEVKUN, G. B., LESCHINSKY, 
A. V. Optimization of blasting parameters by increasing the deceleration intervals. Mining Information and 
Analytical Bulletin. 2015, 4, p. 341-348. ISSN 0236-1493.

[17]	NASIROV, U. F., ZAIROV, S. S., MEKHMONOV, M. R., FATKHIDDINOV, A. U. Controlling blast energy 
parameters

to ensure intensive open-pit rock fragmentation. Mining Science and Technology [online]. 2022, 7(2), p. 137-149. 
eISSN 2500-0632. Available from: https://doi.org/10.17073/2500-0632-2022-2-137-149

[18]	KHOKHLOV, S. V., VINOGRADOV, Y. I., MAKKOEV, V. A., ABIEV, Z. A. Effect of explosive detonation velocity 
on the degree of rock pre-fracturing during blasting. Mining Science and Technology [online]. 2024, 9(2), p. 85-96. 
eISSN 2500-0632. Available from: https://doi.org/10.17073/2500-0632-2023-11-177

[19]	KOVALCHUK, I. O., KOVALKOV, S. A., IVANOVA, E. A., KLEBANOV, D. A., POPLAVSKY, S. F. Application of 
artificial intelligence and computer vision technologies for optimization of the drilling and blasting complex at 
open-pit mining. Globus. Geology and Business. 2024, 1(80), p. 152-155.

[20]	MELNIKOV, N. V., MARCHENKO, L. N. Explosion energy and charge design. Moscow, 1964.
[21]	BULAT, P. V. Shock and detonation waves from the point of view of the theory of interference of gas-dynamic 

ruptures - the task of designing the optimal configuration of shock and detonation waves. Fundamental 
Research. 2013, 10, p. 1951-1954. ISSN 1812-7339.

[22]	BAYAZITOVA, Y. R., BAYAZITOVA, A. R. Dynamics of detonation waves in an annular bubble layer. 
In: Trends and Prospects for the Development of Scientific Knowledge: Materials of the III International 
Scientific and Practical Conference: proceedings. 2012. p. 8-16.

[23]	JOHNSON, G. R., HOLMQUIST, T. J. A computational constitutive model for brittle materials subjected to large 
strains, high strain rates and high pressures. In: Shock Wave and High-Strain-Rate Phenomena in Materials. 
Boca Raton: CRC Press, 1992. eISBN 9781003418146, p. 1075-1081.

[24]	ZHARIKOV, I. F. Efficiency of management of processes of drilling and blasting preparation of a mountain 
range for excavation. Explosive Business. 2012, 108(65), p. 82-92. ISSN 0372-7009.

[25]	SINGH, P. K., ROY, M. P., PASWAN, R. K., DUBEY, R. K., DREBENSTEDT, C. blast vibration effects in an 
underground mine caused by open pit-mining. International Journal of Rock Mechanics and Mining Sciences 
[online]. 2015, 80, p. 79-88. ISSN 1365-1609, eISSN 1873-4545. Available from: https://doi.org/10.1016/j.
ijrmms.2015.09.009

[26]	SINGH, P. K. Blast vibration damage to underground coal mines from adjacent open-pit blasting. International 
Journal of Rock Mechanics and Mining Sciences [online]. 2002, 39(8). p. 959-973. ISSN 1365-1609,  
eISSN 1873-4545. Available from: https://doi.org/10.1016/S1365-1609(02)00098-9

Buk
eto

v u
niv

ers
ity



B108 	 I G B A E V  e t  a l .

C O M M U N I C A T I O N S    2 / 2 0 2 5 	 V O L U M E  2 7

[27]	BAUM, F. A., ORLENKO, L. P., STANYUKOVICH, K. P., CHELYSHEV, V. P., SHEKHTER, B. I. Physics of 
explosion. Moscow: Publishers of Physical and Mathematical Literature, 1975.

[28]	BAKER, W., COX, P., WESTINE, P., KULESZ, J., STREHLOW, R. Explosive events. Assessment and 
Consequences. Moscow: Mir, 1986. 

[29]	KUTUZOV, B. N. Methods of conducting blasting operations. Part 2: Blasting in mining and industry. 
Moscow: Mining Book, MGU, 2008. p. 57-92. ISBN 978-598672-197-2.

[30]	IGBAEV, T. M. Destruction of a mountain range by cumulative charges. Almaty: Science, 1998.  
ISBN 5-628-02222-5. 

[31]	IGBAEV, T. M., DANIYAROV, N. A. Device for destruction of rocks by high-frequency explosion. Patent of 
the Republic of Kazakhstan 23622. 12/15/2010. Bulletin 12.

Buk
eto

v u
niv

ers
ity




