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Abstract. Using the well-known laws of the theory of elasticity and the 
basic principles of the quasi-static wave hypothesis of the mechanism of 
destruction of a solid medium by an explosion, methods have been developed 
for calculating the parameters of drilling and blasting (D&B) for raises 
advance using the methods of blast-hole and borehole charges. It has been 
established that the calculating D&B parameters is carried out in the same 
sequence as when drifting operation. To check the calculating D&B 
parameters using the new method during raise advance, a numerical 
simulation of changes in the stress-strain state of a rock mass under the 
influence of an explosion was carried out. According to the results of 
numerical simulation, the formation of zones of inelastic deformation in the 
face of a rising mine working under blast load, uniform grinding of the rock 
was obtained, which will avoid the release of oversized pieces after the 
explosion. The developed methodology was tested in the conditions of the 
“Yuvileina” mine of PJSC “Sukha Balka” during the raise advance of a 1420 
m level using a sticked emulsion explosive (EE) Anemix P. Test explosions 
obtained good results in blasting the face of a raise, uniform crushing of the 
rock and a high coefficient of use of bore-holes has been established. 

1 Introduction 
Drivage preparatory and subordinate mining works within stope blocks or drawns stope for 
the extraction of ores using the underground mining method is one of the main and most 
labor-intensive production processes necessary to prepare for actual mining [1]. 
Technological development of various underground mining methods of ore deposits has led 
to the emergence of mine workings, which are characterized by a small cross-section and 
constitute the structural design of the mining methods [2]. In these mining methods, to first 
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workings for actual mining, raises of different sizes and shapes are used, performing 
various functions, as well as inclined or vertical draw holes. To first workings for actual 
mining, up to 50% of the total labor and material costs are spent on these mine workings 
[3]. Therefore, the development of a new methodology for calculating D&B parameters for 
raises advance is of current importance.  

2 The choice of object to study 
Depending on the purpose, raise mines are carried out through ore or rocks and are 
equipped with one, two or three compartments for minerals, rocks, staircases, etc. 
According to their purpose, rising mine workings are divided into running, vent-escape, 
transfer, fill, material and economic, cut and drill. The shape and cross-sectional 
dimensions of raises depend on their purpose, fastening material and the number of 
compartments. The most common are square, rectangular, and round cross-sectional shapes 
of raises with an area from 1.44 m2 to 8.0 m2. Each ore mine develops its own standard 
sections and dimensions of the raises, which are most appropriate to the specific conditions 
of mining. Today, there are two ways to carry out raise advances – drilling and blasting and 
machine (combine). The drilling and blasting method include: the hole-hole method with the 
equipment of temporary shelves and ladders and using tunneling complexes such as raisebore, 
and the sectional method with the detonation of deep borehole charges [4]. An analysis of 
scientific and technical sources has established that in the iron ore mines of the Kryvyi Rih 
basin, about 27 thousand m of raised mine workings pass annually [5], and in the conditions 
of the Private Joint Stock Company “Zaporizhzhia Ore Plant” (PJSC “ZOP”) – up to 3 
thousand m [6]. 

Using the blast-hole method with the equipment of temporary shelves in the mines of 
the Kryvyi Rih basin, raised mine workings are carried out in a square shape with an area of 
1.44 m2 and dimensions of 1.2 m × 1.2 m, 2.25 m2 and dimensions of 1.5 m × 1.5 m, as 
well as a round shape with an area of 1.8 m2 and a diameter 1.5 m. The height of these 
raises does not exceed 25 – 30 m. The main working processes in this method are drilling 
blast-hole, loading and blasting, ventilation, removing the rock mass and arranging shelves. 
This technology is characterized by a low level of safety, high labor intensity of operations, 
low monthly penetration rates, unfavorable working conditions, and huge labor costs [5]. 
However, it has advantages in simplicity, versatility, low weight of equipment and cost-
effectiveness with a low height of the raised mine workings. In the mines of the Kryvyi Rih 
basin, the annual volume of raises with the equipment of temporary shelves and ladders is 
6% for an area of 1.44 m2, 73% for an area of 2.25 m2. In the conditions of the PJSC “ZOP” 
mines, this method is not used due to technological limitations and features of the design 
elements of the underground mining method. 

The use of self-propelled raisebore complexes for raises advance makes it possible to 
mechanize the delivery of drifters, equipment, and materials to the face of the mine 
workings. This method is used for raises advance square and rectangular shapes with an 
area of 3.2 m2 and 4 m2 with dimensions of 1.6 m × 2 m and 2 m × 2 m and a height of at 
least 60 – 80 m [4]. The tunneling cycle consists of the following work processes: removing 
the rock mass, drilling holes for anchors, building up a monorail, drilling blast-holes in the 
face, loading and blast-holes, and ventilating the face. However, the disadvantage of this 
method is that the miners carry out most of the working operations manually since they are 
constantly in the face of the raise [5]. In the mines of the Kryvyi Rih basin, the volume of 
raises advance with an area of 3.2 m2 using tunneling complexes is 11%, and with an area 
of 4 m2 – 10%. In the mines of PJSC “ZOP”, this method is no longer used. 

Also, another way to raises advance using D&B devices is sectional blasting of deep 
borehole charges. This method assumes that there are no people in the face of the raise. All 
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work on drilling, charging and blasting boreholes is carried out from adjacent horizontal 
mine workings. To raises advance using this method, boreholes with a diameter of 0.089 – 
0.105 m are drilled from the upper mine workings to the full height, with a distance 
between them of 0.5 – 0.9 m [4]. A raise is formed by sequentially blasting individual 
sections 2 – 4 m long in the direction from bottom to top. This method can be used to make 
raises advance up to 40 m high, which is due to the curvature of the boreholes during 
drilling. Before charging, the lower part of the boreholes is covered with wooden conical 
plugs, which are lowered into the well using twine or wire, and loading occurs from above 
from the mouth side. A layer of rock or sand is poured above the charge to a height of 0.5 –
1.0 m, used as a plug. This method is used for cutting raises, ventilating raises and gravity 
ore passes that do not require fastening. Today, in the mines of the Kryvyi Rih basin, raises 
advance by sectional blasting of deep boreholes is not used for various reasons, but in the 
conditions of PJSC “ZOP”, the above method is used to drifting out up to 72% of the total 
length of raises with an area of 4 m2 and 6 m2. 

In the conditions of the mines of the Kryvyi Rih basin, 3.3% of raises advance out using a 
machine (combine) method, and in PJSC “ZOP” – 28% of their total length. The cross-
sectional area of raises advance from 2.5 m2 to 4.5 m2. This method is competitive with D&B 
only when raises advance with a height of more than 80 m. Usually drilling is raises advance 
between two concentration levels. The most common technology is drilling a pilot hole with a 
diameter of up to 0.3 m to the full height along the axis of a raise, followed by expansion from 
bottom to top to the design diameter. First workings begin with selecting a location for 
drilling a pilot hole and drilling a chamber with a volume of 60 – 140 m3 to accommodate the 
combine and erect a foundation for it at the wellhead. The basis is a concrete platform 
(foundation), on which the paws are attached to the combine frame with collet bolts. The pilot 
hole is drilled with a roller bit using guide rods that prevent the pilot hole from deviating from 
the given direction. After the pilot hole reaches the lower level, the roller bit is removed, and 
the drilling rod is equipped with an expander of a given end diameter of the raise. Raise 
advance with a height of up to 80 m using a combine is considered impractical due to the high 
cost of manual labor in the construction of drilling chambers and concrete foundations, the 
high labor intensity of installation, dismantling and transportation of combines. The 
disadvantages of this method are the high cost of combines and rock-destroying tools, their 
dimensions and large weight [4]. 

An analysis of the technology for raises advance has established that in the conditions 
of the mines of the Kryvyi Rih basin, up to 97% of their total length is carried out using 
D&B, and in the conditions of the mines of PJSC “ZOP” – up to 72%. This indicates that 
the use of self-propelled complexes and combines for raises advance cannot completely 
solve the problem of increasing the efficiency of stope blocks for actual mining. The time 
for stope blocks and putting them into operation largely depends on the rate of penetration 
of raises advance. The length of the raise, which are carried out at the mines of the Kryvyi 
Rih basin and PJSC “ZOP” when stope blocks or cuts for actual mining, together with low 
productivity and difficult working conditions during their excavation, require the search for 
modern technological and technical solutions to increase efficiency their buildings. This is 
possible thanks to the development and determination of rational parameters of D&B for 
the raises advance using methods of blast-hole and borehole charges, as well as the use of 
domestically produced emulsion explosives (EE) [7], which are safe in transportation [8] 
and storage [9], environmentally friendly [10] and economically beneficial [11]. 

3 Research methods 
The development of methods for determining D&B parameters for raises included the 
following steps: 
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– design and sequence of calculation of straight cuts along the radius of the crumple 
zone; 

– development of methods for calculating D&B parameters for raises advance using 
the methods of blast-hole and borehole charges; 

– verification of D&B parameters calculated using a new method for real conditions 
using numerical simulation of the stress-strain state of a rock mass in the face of a raise 
under a blast load; 

– approbation of the methodology for calculating D&B parameters for carrying out 
raise using EE. 

To develop methods for calculating D&B parameters when carrying out raising mine 
workings using the methods of blast-hole and borehole charges, we used the well-known 
laws of the theory of elasticity and the basic provisions of the quasi-static wave 
hypothesis of the mechanism of destruction of a solid medium by an explosion. To 
determine zones of inelastic deformation, because of changes in the stress-strain state of 
the rock mass in the face of a raise under the influence of an explosion, numerical 
simulation was carried out using the finite element method in a licensed software product 
for engineering analysis SolidWorks Simulation. Approbation of the calculating D&B 
parameters using the developed methodology for carrying out raising mine workings, 
using cartridgeed EE, was carried out under the conditions of a real object. 

4 Research results 
The calculating D&B parameters for raises advance using the blast-hole charge method is 
carried out in the same sequence as when drifting out horizontal mine workings [12] but 
differs in that when drifting out raises advance there is no group of outside holes. This is 
because the area of raises is of little importance. Therefore, in some cut designs, auxiliary 
drill blast-holes are used to expand its area. From practical experience, when raises advance 
using the blast-hole charge method, straight prismatic cuts are used. According to the 
results of studies given in [13, 14], the punching distance between blast-holes in a straight 
cut is equal to the radius of the crush zone and is determined by the formula 

2
0.5 1

2
dz

zm
st sp s u

D K
R d

K K K
ρ

σ
⋅ ⋅

= ⋅ ⋅ +
⋅ ⋅ ⋅ ⋅

, m,       (1) 

where d is the blast-hole or borehole diameter, m; ρ is the explosive density (E) or EE density 
[15], kg/m3; D is the E detonation velocity, m/s; σst is the compressive strength of rocks, Pa; 
Kdz is the coefficient taking into account the change in the pressure of explosion products on 
the walls of the charging cavity depending on the diameter of the Е charge [14]; Ksp is the 
rock structure coefficient, depending on the properties of the massif [14]: for viscous, elastic 
and porous rocks Ksp = 2.0, for dislocated rocks, with varying occurrence and fine fracturing 
Ksp = 1.4, for shale rocks, with varying strength and layering perpendicular to the direction of 
the charge cavities.Ksp = 1.3, for massive, brittle Ksp = 1.1, for monolithic Ksp = 1.0, for 
monolithic Ksp = 0.8; Ks is the coefficient of structural weakening of the array, determined by 
one of the formulas provided in [13, 16]; Ku is the empirical coefficient of rock compaction 
under the influence of rock pressure [14]. 

0.910.144 ( )sh
vr

zm

l
N

R
η⋅ ⋅

= ,         (2) 

where lsh is the length of the set of blast-holes equal to 1.3 – 2.2 m. 
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Estimated specific expenditures of E are determined using the most universal formula of 
Pokrovsky M.M. 

0.01 st sp zatq K k eσ= ⋅ ⋅ ⋅ ⋅ , kg/m3,             (3) 

where σst is the compressive strength of rocks, MPa; e is the coefficient of relative explosive 
performance is calculated according to the methodology presented in [17]; kzat is the rock 
clamping coefficient, varying within 1.2 – 1.5 or calculated by the expression 

3 /zat sh prk l S= ⋅ ,              (4) 

where Spr is the overall cross-section area of the raise, m2. 
The volume of blasted rock in the massif is 

pr shV S l= ⋅ , m3.             (5) 

The estimated amount of E per face is 

Q q V= ⋅ , kg.            (6) 

Taking into account the operating conditions of the blast-hole charges and their location 
relative to the open surface, as well as when drifting out horizontal mineworkings, the line 
of least resistance (LLR) for a hole is equal to the radius of the intensive grinding zone and 
is determined by the formula [14] 

2
1

8
dz

zm
zm st sp s u

D d K
W R

R K K K
ρ

σ
⋅ ⋅ ⋅

= ⋅ +
⋅ ⋅ ⋅ ⋅ ⋅

, m.      (7) 

Number of cropper holes 
– across the width of the raise rectangular and square shape 

( )( 2 ) / 1b pr оN B W= − ⋅ Δ + ;         (8) 

– along the length of the raise rectangular and square shape 

( )( 2 ) / 1h pr оN H W= − ⋅ Δ − ;         (9) 

– for raise round shape 

( )2 (0.5 ) /k pr оN D Wπ= ⋅ ⋅ ⋅ − Δ .        (10) 

where Bpr is the width of the raise in the drifting, m; Hpr is the length of the raise in the 
drifting, m; Δо is the distance from the excavation contours to the line of cropper holes, 
equal to the radius of the crush zone Rzm, according to practical experience, this distance is 
taken within 0.15 – 0.25 m; Dpr is the diameter of the raise in the drifting, sq.m. 

The total number of cropper holes for raise rectangular and square shapes is 

2 ( 2)k b hN N N= ⋅ + − .         (11) 

Actual distance between cropper holes 
– across the width of the raise rectangular and square shape 

( )( 2 ) / 1b pr о ba B N= − ⋅ Δ − , m;          (12) 
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– along the length of the raise rectangular and square shape 

( ) ( )2 / 1h pr о ha H N= − ⋅ Δ + , m;          (13) 

– for raise round shape 

( )sin 180 / ( 2 )k pr оa N D= ⋅ − ⋅ Δ , m.         (14) 

Cutholes and cropper holes in the face of the raise are located according to the 
calculation scheme presented in Fig. 1. 

The total number of blast-holes in the battle of the insurgent will be  

vr kN N N= + .               (15) 

The average value of the charge per blast-hole will be 

/shQ Q N= , kg.              (16) 

The value of the charge in the cuthole and cropper hole is found by the expression  

z p shQ K Q= ⋅ , kg,     (17) 

where Kp is the coefficient that takes into account the increase or decrease of the explosive 
charge in the blast-hole, depending on its purpose: for a cuthole Kp = 1.1 – 1.2, for a 
cropper hole Kp = 0.9 – 1.0. 

 
a b c 

  
Fig. 1. Design diagram for the location of blast-holes in the face of a raise of rectangular (a), square 
(b) and round (c) shapes. 

When using a sticked E, the charge value is adjusted taking into account the mass of the 
E sticked. 

The actual costs of E for face are 

f vr vr k kQ N Q N Q= ⋅ + ⋅ , kg,     (18) 

where Qvr is the amount of E charge in the cuthole, kg; Qk is the amount of explosive charge 
in the cropper hole, kg. 

The length of the charge of placer E or liquid EE in the blast-hole without taking into 
account the priming cartridge 

2/ (0.785 )z zl Q d ρ= ⋅ ⋅ , m.       (19) 

Actual specific consumption of explosives 
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f
f

pr sh

Q
q

S l η
=

⋅ ⋅
, kg/m3.        (20) 

where η is the coefficient of use of blast-holes (CUB), is equal to 0.85 – 0.95. 
It is proposed to calculating D&B operations parameters for raises advance method of 

sectional blasting of boreholes in the following sequence. Having carried out an analysis of 
standard D&B drilling passports, as well as the technology of raises advance method of 
sectional blasting of boreholes in the conditions of the mines of PJSC “ZOP”, an empirical 
dependence was established on the minimum number of boreholes in a cut depending on 
the compressive strength of rocks or ore. 

0.5vr s stN k σ= ⋅ ⋅ ,    (21) 

where ks is the coefficient taking into account the shape and cross-sectional area: for round 
arises when Spr = 2.5 m2 and 3.8 m2 ks = 0.2, for rising square and rectangular shapes when 
Spr = 1.7 m2 and 2.25 m2 ks = 0.2, when Spr = 4 m2 and 6 m2 ks = 1.0.  

According to research results [13, 14], the punching distance between boreholes in a cut 
is equal to the radius of the crush zone, determined by formula (1). Due to the small cross-
sectional areas, both when raises advance method of blasthole charges, and when sectional 
blasting boreholes, there will be no group of outside holes. Taking into account the 
operating conditions of borehole charges in a compressed environment and their location 
relative to the open surface of the LLR for a borehole, it will be equal to the radius of the 
zone of intensive grinding, determined by formula (7). 

Number of cropper borholes 
– across the width of the raise rectangular and square shape 

( )/ 1b prN B W= + ;    (22) 

– along the length of the raise rectangular and square shape 

( )/ 1h prN H W= − ;    (23) 

– for raise round shape 

( ) /k prN D Wπ= ⋅ .    (24) 

The total number of cropper boreholes for raise rectangular and square shapes is 
determined by the formula (11). 

Actual distance between cropper borholes 
– across the width of the raise rectangular and square shape 

( )/ 1b pr ba B N= − , m;    (25) 

– along the length of the raise rectangular and square shape 

( )/ 1h pr ha H N= + , m;    (26) 

– for raise round shape 

( )sin 180 / k pra N D= ⋅ , m.   (27) 

Cutholes and cropper boreholes in the raise face are located according to the design 
diagram presented in Fig. 2. 
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a b c 

 
 

Fig. 2. Design diagram for the location of boreholes in the face of a raise of rectangular (a), square (b) 
and round (c) shapes. 

 
The total number of boreholes in the bottom of the riser is determined by formula (15). 

Charge amount per borehole 
– for placer E or liquid EE 

20.25 ( )s s zab pbQ d l l lπ ρ= ⋅ ⋅ ⋅ − − ⋅ , kg;        (28) 

– for sticked E 

s pat patQ n m= ⋅ , kg,    (29) 

where lс is the length of the section, which is equal to 2 – 4 m; lzab is the driving length 
equal to 1 m; mpat is the mass of sticked Е, kg;; npat is the number of sticked E, taking into 
account the priming cartridge 

( ) /pat s zab patn l l l= − ,    (30) 

where lpat is the Length of sticked E, m. 
The resulting number of sticked E cartridges is rounded to the nearest whole number. 
Actual consumption of explosives per slaughter 

f sQ N Q= ⋅ , kg.     (31) 

Actual specific consumption of E 

( )/f f pr sq Q S l= ⋅ , kg/m3.       (32) 

As an example, let us consider the calculating D&B parameters when raises advance in 
the conditions of the “Yuvileina” mine of PJSC “Sukha Balka” according to the following 
initial data given in Table 1. 

The results of calculating D&B parameters when raises advance in the conditions of the 
“Yuvileina” mine PJSC “Sukha Balka” according to the developed methodology are given 
in Table. 2. 
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Table 1. Initial data for calculating D&B parameters when raises advance in the conditions of the 
“Yuvileina” mine PJSC “Sukha Balka”. 

Naming Units of measurement Meaning 
Mine width m 1.6 
Mine width m 1.8 
Mine height m 54 
Cross-sectional area of the mine working m2 2.88 
Rock compressive strength MPa 90 – 100 
Poisson’s ratio – 0.25 
Rock Density kg/m3 3200 
Depth of mine working m 1420 
Rock fracturing – Cracked 
Depth of cutholes m 1.5 
Blast-hole set depth m 1.3 
Blast-hole diameter m 0.04 
Cut – Prismatic 
Density of sticked EE Anemix P kg/m3 1140 
Detonation velocity of sticked EE Anemix P m/s 5500 

 
Table 2. Results of calculating D&B parameters when raises advance in the conditions of the 

“Yuvileina” mine PJSC “Sukha Balka”. 

Naming Units of measurement Meaning 

Rock structure coefficient, Ksp fractions of units 1.4 
Structural weakening coefficient of the array, Ks fractions of units 0.4 
Array compaction coefficient, Ku fractions of units 1.04 
Estimated specific consumption of E, q kg/m3 3.55 
Estimated quantity of explosives per face, Q kg 11.83 
The radius of the crush zone, Rzm m 0.25 
Design breaker LLR for hole, W m 0.66 
Number of cutholes, Nvr units 5 
Number of cropper holes, Nk units 8 
Total number of blast-holes, N units 13 
Actual distance between cropper holes along the 
width of the raise, ab, m m 0.65 

Actual distance between cropper holes length, ah, m m 0.75 
Average charge per blast-hole, Qsh kg 0.91 
Diameter of sticked EE Anemix P m 0.032 
Mass of sticked EE Anemix P kg 0.20 
Length of EE Anemix P m 0.24 
Charge amount: 
– for cuthole, Qvr kg 1.2 
– for cropper hole, Qk kg 1.0 
Actual consumption of E at face, Qf kg 14 
Charge length from a priming cartridge:
– cuthole, lz.vr m 1.4 
– cropper hole, lz.k m 1.2 
CUB, η fractions of units 0.9 – 0.95 
Actual forecast specific losses of E, qf kg/m3 4.15 – 3.94 

 
Based on the results of calculating the D&B parameters for the recovery, the location of 

the blast-holes in the face of the mine working was drawn, shown in Fig. 3. 
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Fig. 3. The location of the blast-holes in the face of the raise and the design of the cut. 

 
Comparing the developed D&B passport with the current passport for raise advance in 

the conditions of the “Yuvileina” mine of PJSC “Sukha Balka”, it was found that the 
calculating D&B parameters using the developed method will make it possible to reduce 
the number of blast-holes in the face of the riser by 24% out of 17 pcs. up to 13 pcs. This 
indicates that the proposed method for calculating D&B parameters for blasting considers 
not only the physical and mechanical properties of the rock mass, but also the detonation 
characteristics of explosives, which makes it possible to obtain correct results. 

To check the calculating D&B parameters using the new method during raise advance, it 
is necessary to conduct a numerical simulation of the change in the stress-strain state of the 
rock mass under the influence of an explosion. Today, one of the most effective methods for 
studying the mechanism of explosive destruction of rocks is the use of numerical simulation 
by the finite element method (FEM) [18, 19], which is one of the most developed methods for 
simulation phenomena and processes with maximum approximation to reality [20, 21]. The 
use of numerical modeling makes it possible to study processes and phenomena that are 
impossible or economically impractical to study under practical conditions [22 – 24]. Despite 
the development of mathematical and computer technologies, there is a limited number of 
software products that can simulate the explosion process with high accuracy. The leaders in 
this area are the software products SolidWorks [24] and ANSYS [25], which use FEM and 
are widely used in mining to simulation changes in the stress-strain state of rocks under the 
influence of rock pressure [26] and explosion. 

According to the theory of strength of materials [27], dynamic calculations can be 
replaced by static ones by considering the dynamic coefficient. Thus, to simulate the 
change in the stress-strain state of a rock mass during its explosive destruction, the licensed 
software of the SolidWorks Simulation engineering analysis system, available at the Dnipro 
University of Technology, was used. Compared to ANSYS, using SolidWorks Simulation 
to solve static problems reduces the time required to complete a single experiment. In 
addition, working with SolidWorks Simulation is easier than working with the highly 
advanced ANSYS package because it requires fewer approaches to defining the problem. 

Therefore, the goal of numerical simulation is to determine zones of inelastic 
deformation due to changes in the stress-strain state of the rock mass in the face of a raise 
under the influence of an explosion. The numerical simulation technique using the finite 
element method in the licensed software for engineering analysis SolidWorks Simulation 
included the following steps: 

– creation of model geometry; 
– determination of physical and mechanical properties of the model material; 
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– setting the initial load, constraints and model mesh; 
– conducting a computational experiment and processing the results. 
At the first stage of simulation, the geometry of the model was created. Since the raise has 

dimensions of 1.6 m × 1.8 m, to exclude edge effects on the modeling results, the following 
model geometry parameters were adopted: width and height – 9.4 m, length – 7.5 m. 

At the next stage of modeling, we determined the basic physical and mechanical 
properties of the model mass necessary for numerical simulation of the stress-strain state of 
rocks under the influence of an explosion: elastic modulus, Poisson’s ratio, shear modulus, 
density, tensile and compressive strength. Considering the structural structure of rocks, 
fracturing and compaction under the influence of rock pressure, the compressive strength of 
the model material is 

m
st st sp s uK K Kσ σ= ⋅ ⋅ ⋅ , MPа.         (33) 

The accepted physical and mechanical properties of the model material are presented in 
Table 3. 

 
Table 3. Physical and mechanical properties of the model material. 

Naming Meaning 
Elastic modulus, Pa 5.82·1010 
Poisson’s constant 0.25 
Shear modulus, Pa 2.328·1010 
Density, kg/m3 3200 
Tensile strength, ×106 Pa 5820000 
Compressive resistance, ×106 Pa 58200000 

 
The accuracy of the results of numerical simulation of the destruction of a rock mass by 

an explosion depends on the correctness of the specified conditions. Since an explosion is 
an impact, and then the action of pressure from the explosion products [28], to simulate this 
process, pressure was created perpendicular to the faces and bottom in all holes, 
considering the dynamic coefficient. The pressure value of explosion products in holes [29] 
for simulation the blasting of a raise face, taking into account the diameter of the charge, is 
determined by the expression 

2

8
dz d

m
D K K

P
ρ ⋅ ⋅ ⋅

= , Pа,    (34) 

where Kd is the dynamic coefficient. 
A computational experiment to determine changes in the stress-strain state of rocks in a 

raise face under the influence of an explosion was carried out in the following sequence. 
First, the geometry of the model was crossed out. A new statistical analysis was selected in 
the SolidWorks Simulation environment. Then the model material with physical and 
mechanical properties given in table was adopted. The Kulona-Mora criterion, used for 
materials with different tensile and compressive properties, was used as a rock failure 
criterion. After which the geometry of the model was fixed, the pressure of the explosion 
products was applied in the blast-holes along the entire length. To exclude the influence of 
the magnitude of the undercharge on the experimental results, it was not considered. Next, a 
model mesh was created based on curvature with a high density. The computational 
program for the current study was then run. Next, the results were debugged in the 
parameters. Diagrams of the deviator of the main stresses and the zone of inelastic 
deformations arising in the rock mass in the raise face of the uprising under the influence of 
an explosion are presented in Fig. 4. 
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a b 

 
Fig. 4. Plots of the deviator of principal stresses (a) and zones of inelastic deformations (b) formed of 
a rock mass in the face of a raise under a blast load. 

 
The places in the raise face of the uprising, where the diagrams of the deviator of the 

main stresses exceed the tensile strength of the model material [30], outline the areas of 
rock destruction under the influence of an explosion (Fig. 4a). This is confirmed by the red 
areas around the blast-holes in the raise face of the uplift, where the rock has a strength 
factor ≤ 1 (Fig. 4b), which means the formation of zones of inelastic deformation. The 
analysis of the results of numerical modeling of changes in the stress-strain state of the 
model material in the raise face under the influence of an explosion showed that the 
predicted granulometric composition of the rock after blasting will be < 0.2 m. This 
indicates that the use of the calculating D&B parameters according to the proposed 
methodology for raise in given mining and geological conditions will avoid the release of 
oversized pieces of rock after the explosion. 

To confirm the obtained results of numerical simulation of D&B parameters for the 
raise, calculated using the developed methodology, a test explosion was carried out under 
natural conditions at a real object. Therefore, as an example, the results of a test explosion 
of the face of a rising horizon of 1420 m in highly fractured goethite-hematite quartzite 
with a compressive strength of 90 – 100 MPa are given according to the calculating 
drilling-and-blasting operations parameters in the conditions of the “Yuvileina” mine of 
PJSC “Sukha Balka” (Fig. 5). 

 

 
Fig. 5. Photo recording of the face of a raise of a 1420 m after the explosion according to the 
calculating D&B parameters device in the conditions of the “Yuvileina” mine of PJSC “Sukha 
Balka”. 
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As can be seen from the photo of the face of the raise after the explosion (Fig. 5), the 
goethite-hematite quartzite is well crushed and, according to actual measurements, has an 
almost uniform granulometric composition with a size of less than 0.2 m. Failure of charges 
in the face has not been established. The coefficient of CUB was 0.95 – 0.97. Based on the 
results of explosions carried out in raise using a cartridgeed EE Anemix P, it can be argued 
that the developed methodology for calculating D&B parameters when raises advance is 
suitable for calculating D&B parameters, and detonation of charges in the face shows good 
results. 

5 Conclusions 
Based on the radii of the deformation zones of the rock mass around the charging cavity, 
fundamentally new methods for calculating D&B parameters techniques have been 
developed for raises advance using the methods of blast-hole and borehole charges. Due to 
the small cross-sectional areas, both when Raises advance using the blast-hole charge 
method, and when sectional blasting of boreholes, there will be no group of outside holes. 
Considering the operating conditions of blast-hole and borehole charges in a clamped 
environment and their location relative to the open surface of the line of least resistance for 
a blast-hole or borehole, it is proposed to determine the intensive crushing zone by the 
radius of the zone. When determining the line of least resistance of a blast-hole or borehole 
along the radius of the zone of intensive grinding, the radius of the crushing zone, the 
diameters of the charging cavity and the E charge, the detonation characteristics of the E, 
the compressive strength of rocks, their structural structure, fracturing and compaction 
under the influence of rock pressure are comprehensively taken into account. The location 
parameters of blast-holes or boreholes have actually calculated values, as well as the 
amount of charge for each blast-hole or borehole in the group. 

To check the calculating D&B parameters using the new method during raise, numerical 
simulation of changes in the stress-strain state of a rock mass under the influence of an 
explosion was carried out. By analyzing the results of numerical simulation of the 
formation of zones of inelastic deformation in the face of a raise under the influence of an 
explosion, it was established that the predicted granulometric composition of the rock after 
blasting will be <0.2 m. This indicates that the use of the calculating D&B parameters using 
a new technique for raises advance in given mining and geological conditions will avoid the 
release of oversized pieces of rock after an explosion. The use of the proposed D&B 
parameters when raises advance in the conditions of the “Yuvileina” mine of PJSC “Sukha 
Balka” makes it possible to rationalize the uniform arrangement of blast-holes in the face, 
which will lead to a reduction in their number by 24% from 17 pieces up to 13 pieces. 

The developed methodology was tested in the conditions of the “Yuvileina” mine of 
PJSC “Sukha Balka” during the excavation of a raise of a level of 1420 m using an Anemix 
P sticked EE, for which calculating D&B parameters using the proposed method and 
numerical simulation was carried out. Test blasts showed good results in blasting the face 
of a raise and uniform crushing of goethite-hematite quartzite to a piece less than 0.2 m in 
size. Based on the blasting results, the CUB was established at 0.95 – 0.97. 

Based on the simulation and test explosion, it was established that the developed 
methods are suitable for calculating D&B parameters for raises advance using the methods 
of blast-hole and borehole charges. 
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