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Abstract

Purpose. The research aims to substantiate the geological principles and peculiarities of modeling complex de-stressing of
a stressed bottom-hole mass during the construction of mine workings at depths of more than 1000 m.

Methods. A comprehensive research methodology is proposed, which consists of conducting a computational experiment for
calculating a complex de-stressing scheme and analyzing the stress-strain state (SSS) of the bottom-hole mass in the most in-
formative mine working cross-sections, conducting experimental studies on the effectiveness of the method using the developed
methodology for observing rock pressure manifestations and estimating energy consumption on the tunneling face rock destruction.

Findings. A combination of two methods for de-stressing a rock mass adjacent to the tunneling face using advance slots
has been substantiated. A geomechanical model has been created that takes into account the specifics of the proposed method.
The stress-strain state of the rock mass adjacent to the tunneling face has been calculated in a series of cross-sections and lon-
gitudinal section of mine working.

Originality. Three geotechnological principles of simultaneous de-stressing of both rocks adjacent to the face and rocks
within the mass along the mine working route has been formulated and elaborated, embodied in the construction of a geome-
chanical model of complex adjacent rock mass de-stressing. Based on the obtained stress-strain state, five positions of have
been developed for complex consideration of changes in the distribution fields of determining stress components. The method-
ological principle for assessing energy consumption for rock destruction has been substantiated, and an evidence base has been
created to confirm the advantages of the proposed mine working construction technology at depths above 1000 m in a gas-
dynamically active rock mass.

Practical implications. The method for complex de-stressing the rock mass adjacent to the tunneling face, using pre-
drilled wells and de-stressing slots, is proposed. Experimental studies confirm the proposed method feasibility in three direc-
tions for safe and resource-saving construction of mine workings in a gas-dynamically active rock mass at great depths. Calcu-
lations have proven that energy consumption for bottom-hole rock destruction has decreased in the range of 15-26%.
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1. Introduction emission [12]-[15]. The history of the emergence and resolu-
According to research [1]-[4], the dynamics for coal min- tion of gas—dyna_mic phenomeqa _man_ifestations spans more
ing growth is positive both in major coal-producing countries than two centuries to substantiating its relevaqce based on
and globally (Fig. 1), despite the intensive development of ~ Modern concepts [16]-[22]. Currently, in Ukraine there are
renewable energy sources and the use of alternative ener-  Practical solutions for pre-venting these phenomena con-
gy [5]-[8]. Ukraine ranks among the top countries in terms of ~ tained in normative documents [23]-[28]. _
coal reserves and in the overall structure for organic fuel re- At present, there is a database of industrial and experi-
serves worldwide. Therefore, the intensification of mining ~ Mmental tests of new methods for preventing gas-dynamic
remains a top priority in the country's energy strategy [9]-[10]. ~ Phenomena (GDP) manifestations [29]-[32]. Various hypo-
The specifics of mining-geological and mining-technical ~ theses and theories are proposed based on GDP con-
conditions for mining coal seams in Ukraine indicate an  CePts [33], [34]. Additionally, the formation of gas hydrates
increase in the depth of mining operations and, as a result, an N Mining operations is another significant factor that war-
increase in gas-dynamic phenomena manifestations, which ~ rants attention. While the energy potential and rock pressure
involve sudden processes of destruction of the bottom-hole ~ @ré primary considerations in the initiation of gas-dynamic
face zone with the displacement of rocks and intense gas phenomena, the role of gas hydrates cannot be overlooked.
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Figure 1. Tendency of coal mining in Ukraine (a) and world
mining (b)

However, the question of what initiates GDP — energy
potential or rock pressure — remains unresolved. This ambi-
guity hinders the development of universally effective pre-
ventive measures.

When studying technologies to combat GDP, it should be
noted that hydraulic influence methods are actively devel-
oped at the present stage [37], [38]. Hydrodynamic and hy-
dro-pulse methods are the most developed [39]-[42]. It
should be noted that the analysis of methods for preventing
sudden coal, gas, and rock outbursts has shown that they lead
to a decrease in the velocity of mining operations. In this
sense, attention should be paid to the method of drilling de-
stressing pre-drilled wells [43], [44]. Geomechanical studies
of stress distribution around workings [45]-[50] allow for the
search for rational parameters for the location of wells based
on determining the most stressed zones [51]-[53].

In previous works [54]-[56], the significance of the in-
fluence of pre-drilled wells on the process of reducing
stress levels in the rock mass adjacent to mine working was
demonstrated: both the value of the SSS component maxi-
ma and the sizes of their spread areas decrease. To
strengthen these positive tendencies, a technology for com-
plex bottom-hole zone de-stressing was proposed, which
involves adding de-stressing slots (in addition to the de-
stressing wells) extending beyond the mine working bound-
aries to a distance X (Fig. 2). This technical solution can be
substantiated as follows.

De-stressing wells reduce the stress in the adjacent rock
mass deep along the mine working route to a depth of up to
10-15 m, sometimes more. Thus, we have a component of
partial de-stressing of rocks at a relatively far distance from
the tunneling face plane [57].
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Figure 2. Scheme for complex de-stressing the rock mass bottom-
hole zone

At the same time, maximum SSS component concentra-
tions are observed near the tunneling face plane [58]-[60];
undoubtedly, they are influenced by pre-drilled wells, but it
is desirable to enhance the restriction on the action of bot-
tom-hole stress concentrations, for which an additional de-
stressing slot can be applied. Thus, a combination of two
methods for de-stressing (using wells and slots) has been
formed, called “complex de-stressing” [61].

There is a need to lower the maximum stress concentra-
tions located by the Z coordinate a few meters from the tun-
neling face plane. This geomechanical problem can be fully
addressed by de-stressing slot with a depth of up to 1.0 m; if
the slot is near the face, the rock pressure has reduced value
(although it gradually increases by the Z coordinate) and
intersects previously formed maxima in such a way that they
ultimately decrease, leading to some leveling of SSS disturb-
ances along the bottom-hole zone of the mine working route.
This constitutes the first geotechnological principle of com-
plex bottom-hole mass de-stressing.

The second geotechnological principle implements the
requirement of reducing the rock pressure concentration
outside the constructed mine working boundary. Therefore,
the technical decision was made to extend the de-stressing
slot to the maximum possible width X;, limited only by the
tunneling machine design characteristics. It is quite logical
that the process of de-stressing the adjacent rock mass will
extend beyond the mine working boundaries, which positive-
ly affects the rock pressure manifestations around it. Thus, a
layer of de-stressed rocks is formed in the border rock mass,
which will (in the future) transfer reduced rock pressure to
the support of mine workings, while the main concentration
of bearing pressure will be shifted into the depth of the side
rocks. In other words, in both sides of the mine working, a
protective structure resembling a protective strip is formed
from the destroyed and caved rocks. From numerous stu-
dies [62]-[64], it is known that increased deformability of the
gob pack (or any other protective structure with a yielding
operating mode) contributes to reducing both vertical and
lateral loads on the mine working support by forming a zone
of reduced stress around it. In addition, such similarity to a
protective structure will contribute to increasing the stability
of preparatory in-seam workings in the zone of stope opera-
tions influence [65].

The third geotechnological principle contains a simple
technical solution related to the use of tunneling machines:
there are no restrictions on the de-stressing slot construction
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conditioned by the actuating unit. The slot height D equals
the diameter of the actuating unit, its depth L depends on the
ability to feed the drill head by the machine boom hydraulic
jack, and the width X; of the slot areas in the mine working
sides is determined by the tunneling machine maneuvering
capabilities, taking into account its dimensions and machine
boom movement. Regarding in-seam workings, rock destruc-
tion usually starts from the weakest lithotype, that is, from
the coal seam. This is a common practice in the construction
of mine workings by the so-called mechanized method.

2. Methodology

2.1. Methodological peculiarities of border mass
stress-strain state and patterns of its change

Main principles assessing the influence of complex de-
stressing adjacent mass are as follows. Firstly, a database,
reflecting the influence of the first complex de-stressing
component — pre-drilled wells [66]-[68], has been created.

Secondly, the results of SSS calculations for the bottom-
hole mass when applying the second component — de-
stressing slot (according to the scheme in Figure 2), will be
compared with database on the influence of the first complex
de-stressing component.

Thirdly, for the purpose of specifying presentation of ma-
terial, a comparative analysis is presented in isolines of the
most informative stress components: vertical a,, horizontal o
and a;, as well as stress intensity . Regarding the compre-
hensiveness of the comparative analysis, isoline graphs are
provided in both cross-sections (plane YX) and longitudinal
(plane YZ) sections of the mine working route.

Fourthly, the assessment of the adjacent mass SSS
changes is mainly provided based on indicators of the spread
distances of stress concentration components at a certain
level and intervals of action of these concentration values.

Fifthly, information on the SSS component concentra-
tions in the adjacent border rocks in the area of the already
constructed mine working is quite important, since the reduc-
tion of stress concentrations in these areas positively affects
the limitation of rock pressure manifestations and increase in
the stability of preparatory workings. Using the example of
the distribution of vertical stresses o, along the length (coor-
dinate Z) of the mine working route, the most informative
cross-sections (plane YX) of the mine working have been
selected for analyzing the de-stressing slot influence.

The first cross-section has been made in the already con-
structed mine working at a distance Z; =-10 m, where the
influence of the tunneling face is almost insignificant. Here,
the main task is to comparatively assess the change in the
vertical stress o, level specifically in the border rocks, where
the load on the mine working support is formed. This is im-
portant because, according to existing concepts [69]-[72], the
formation of a de-stressed rock layer around mine working
contributes to reducing the rock pressure on the mine work-
ing support, including the area affected by stope operations
when the future longwall face will advance nearby. After all,
the important ultimate result is a satisfactory stability of
extraction drifts for the stable conduct of stope operations
and their possible reuse [73]-[75].

The second YX section is expedient to study at a distance
Z,=2.0-25m from the tunneling face. Two important
tendencies are observed here: firstly, there is a highest gradi-
ent of growth in g, concentration spread distances at different
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levels (into the roof and bottom) formed by pre-drilled wells;
secondly, at this distance, there is a maximum bearing pres-
sure due to de-stressing slot action.

The third YX section is reasonable to make at a distance
Z3=11-12 m (from the tunneling face along the mine wor-
king route deep into the mass), where the maximum spread
in the roof and bottom of different o, concentrations is
achieved due to the action of de-stressing wells.

These specified cross-sections in the YX plane are com-
plemented by longitudinal sections YZ, when studying the
change in o, concentration spread along the mine working
route. Similar mine working sections are examined by stu-
dying the patterns of change in stress intensity o.

Regarding the horizontal stresses o, and o, the following
should be noted. The o, component can be studied only in the
YX plane, which reflects the bending of rock layers specifical-
ly in the cross-section of the mine working route. Studying
the o, field in the Z; =-10 m section is reasonable due to
significant influence of the de-stressing slot despite its some-
what distant location from the tunneling face. This occurs
because the de-stressing slot extends beyond the mine work-
ing contour, and this area of border rocks undoubtedly “expe-
riences” changes in the o, field. Conversely, in the distant
section Zz = 11-12 m along the mine working route, the influence
of de-stressing slot is found to be insignificant. Therefore, the
influence of de-stressing slot is studied in detail only in sec-
tions YX at distances Z; =-10 m and Z, = 2.0-2.5 m.

Horizontal stresses o; are studied not only in the longitu-
dinal section YX along the mine working route. We are inter-
ested not only in the YZ section by the central vertical coor-
dinate of mine working, but also in the YZ section located at
a distance X; along the horizontal coordinate X of the mine
working (Fig. 2). The reason for studying an additional YZ
section is that the de-stressing slot endfaces will add certain
bending stresses o; in the border rocks outside the mine
working. This requires studying the components ¢, and o in
the YZ section at the distance X; from the mine working con-
tour, because this area generates oblique and lateral rock
pressure on the mine working support.

Ultimately, the reasoned sections selected for study
provide a comprehensive understanding of the de-stressing
slot in-fluence on SSS of the rock mass adjacent to
the tunneling face.

2.2. Vertical stress field changes

Following the provided algorithm, the patterns
of change in the position of vertical stress o, isolines
under the influence of de-stressing slot have been
sequentially analyzed.

In the first section (Z = -10 m), the following results have
been obtained (Fig. 3a). The main attention is paid to the
adjacent rock de-stressing zone, which is formed around the
mine working perimeter and is crucial in terms of reducing
the rock pressure on its support. Thus, in the mine working
roof, de-stressing zone (K, =0.48-0.60) in the form of an
arch spreads up to 3.1 m along the vertical axis Y and occu-
pies the central part of the arch up to 3.3 m wide. This size of
the de-stressing zone is sufficient for a significant reduction
in vertical rock pressure, and at the same time, it is capable
of generating moderate loading from its own weight — up to a
maximum of 80-100 kN per frame (with an installation step
of 0.5m). This is several times less than the load-bearing
capacity of the support.
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Figure 3. Isolines of vertical stresses o, in the mine working cross-
section when using (—) de-stressing slot slot and with-
out it (--9: (a) at a distance of Z:=-10 m to the tunne-
ling face plane; (b) at a distance of Z> = 2.0-2.5 m to the
tunneling face plane; 1-o6y=+(4-5) MPa; 2-o0y=
-(12-15) MPa (Ky=0.48-0.60); 3 -0y =yH=-25MPa
(Ky=1.0); 4-06y=-(31-348) MPa  (Ky=1.24-1.36);
5— 6y = -(40-48) MPa (Ky = 1.60-1.92); 6 — 6y = -(50-65) MPa
(Ky =2.0-2.6)

However, this applies only to the central arch contour
area, because, when the advance is towards the mine working
sides (beyond a width of 1.5 m from the central axis), the de-
stressing zone disappears, and a zone of bearing pressure
develops: initially, in an area up to 0.5 m wide, the geostatic
pressure o, =yH of the undisturbed mass acts, and then
(down to the mine working bottom), the bearing pressure
increases up to a concentration of Ky, =1.60-1.92 and in the
mine working angle, the concentration Ky =2.0-2.6 acts.
Therefore, in the mine workings sides, increased oblique and
horizontal rock pressure should be expected.

Due to de-stressing slots, there is a displacement of the
bearing pressure zone (of varying K, concentration levels)
laterally from the mine working for a distance not less than
X size (Fig. 3a). Therefore, we can reliably predict an in-
crease in the stability of extraction drifts both outside and
within the zone of stope operations influence.

The second important cross-section of the mine working
route is made at a distance Z; = 2.0-2.5 m into the mass from
the tunneling face, and isolines of vertical stresses o, are
presented in Figure 3b.

The general tendency is the displacement of the bearing
pressure zone deeper into the mass for a distance Xs, which
reduces the border rock stress (to the future mine working)
and somewhat contributes to limiting the risk of GDP occur-
rence. From this perspective, it should be noticed that due to
de-stressing slot, even a zone of de-stressing of Ky = 0.48-0.60
level is formed, which spreads along the entire contour of the
future mine working. Thus, the safety of tunneling operations
directly near the face and at a depth into the mass of more
than 2.0-2.5 m increases. Such an effect is not achieved from
the action of pre-drilled wells alone, hence their combination
with the de-stressing slot is quite effective.

Regarding the comprehensive study of the de-stressing
slot influence, changes in the vertical stress o, field in the
longitudinal direction along the mine working route by the
coordinate Z (Fig. 4) have been analyzed.
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Figure 4. Isolines of vertical stresses 6y in the mine working longi-
tudinal section when using (—) de-stressing slot and
without (---): (@) along the central vertical axis (X = 0);
(b) along the peripheral vertical axes (X =+X;); 1-
6y = +(4-5) MPa; 2 - oy = -(12-15) MPa (Ky = 0.48-0.60);
3-6,=yH = -25 MPa (Ky = 1.0); 4 — 6, = -(31-34) MPa
(Ky = 1.24-1.36); 5 — 6y = -(40-48) MPa (Ky = 1.60-1.92);
6 — 6, = -(50-65) MPa (Ky = 2.0-2.6)

Here, two longitudinal sections in the YZ plane are present-
ed: along the central vertical axis of the mine working route
and along the vertical axis (peripheral), located in the plane of
de-stressing slot endface (X = X;) in the side of the future mine
working. Regarding the YZ section along the central vertical
axis of the mine working route, the follo-wing can be stated.

At a depth L of the de-stressing slot (Fig. 2), in its roof
and bottom, there is a decrease in vertical stresses until they
reach low tensile values of o, = 4-5 MPa level. Starting from
the mark Z =L (de-stressing slot face plane), compression
stress concentration Ky > 1 arises and spreads deep into the
mine working route. By the Z coordinate, the spread of o,
concentration increases rapidly both into the roof and bottom
of the future mine working, and at a distance of 1.4-2.0 m
(from the de-stressing slot face plane) it reaches its maxi-
mum, exceeding (in limited areas) the spread of correspond-
ing concentrations in the absence of the de-stressing slot.
However, further into the mine working route (by the Z
coordinate), the spread distances of o, concentrations ap-
proach each other, and at Z = 7-8 m, the difference between
them is almost negligible, which means that the influence of
the de-stressing slot disappears.

Conclusion from these results is as follows. Some ex-
ceedances of the distribution of o, concentrations in a limited
(by coordinate Z) area occur when using de-stressing slot,
but this area of g, concentrations is shifted towards the side
rocks, and in the absence of a de-stressing slot, increased
g, (Ky > 1) concentrations spread around the entire perimeter
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of the future mine working and may provoke dangerous
GDP. The second conclusion is that immediately adjacent to
the tunneling face, to the depth of the entry way, the rocks
are in a de-stressed state with the appearance of even tensile
oy, actively strengthening them and contributing to energy
savings in the mass destruction.

The second longitudinal section (X =X;) also demon-
strates the positive de-stressing slot influence on the distri-
bution of vertical stresses o, (Fig. 4b). Along the length of
the already driven mine working, there is a significant de-
crease in the height of concentration distribution at the
Ky=1.24-1.36 and Ky =1.60-1.92 levels against the back-
ground of their displacement deep into the side rocks. Addi-
tional concentrations of the Ky = 2.0-2.6 level arise, but they
have a very localized spread near the corners of the de-
stressing slot endface. At Z > 1.0 m, along the working route,
anomalies of o, with increased spread in height appear, but at
Z >3.0-3.5m, they quickly decrease, and at a certain dis-
tance, the influence of the de-stressing slot disappears.

The overall conclusion can be formulated as a positive in-
fluence of the combination of pre-drilled wells and de-
stressing slots on the mass state in terms of the action of
vertical stresses a,: firstly, the degree of de-stressing the
adjacent mass bottom-hole zone is enhanced, reducing the
risk of GDP; secondly, this part of the rocks surrounding the
tunneling face is more intensively strengthened, reducing the
energy needs for their destruction; thirdly, a layer of de-
stressed rocks adjacent to the mine working (around its entire
perimeter) arises, reducing differently directed rock pressure
on the mine working support, thereby increasing its stability
and substantiating the possibility of saving resources for
support and maintenance of the mine working, including in
the area of stope operations influence.

The general tendencies of de-stressing slot influence on
changes in the distribution of horizontal stresses o, confirm
the previous conclusions regarding vertical stresses o,.

In general, by the factor of cumulative action of horizon-
tal stresses o, and o, it is possible to assert that the de-
stressing slot develops a tendency to weaken rocks up to
4-5m deep into the mine working route and is expedient
when solving the set triunique task of safe and resource-
saving conduct of a mine working at a depth of more than
1000 m in a gas-dynamically active rock mass.

Regarding the tendencies of de-stressing slot influence on
changes in the stress intensity field o, it can be argued that
there are consistent patterns of mainly extending de-stressing
areas in the rocks adjacent to the tunneling face.

Summarizing the analysis results of the tendencies in the de-
stressing slot influence on the fields of the most effective SSS
components, it can be stated (based on finite element modeling)
the expediency of a comprehensive de-stressing of the bottom-
hole rock mass for the implementation of the triunique task:
reducing the risks of GDP and the energy spent for bottom-hole
rock destruction, while increasing mine working stability.

3. Experimental studies on the effectiveness
of complex bottom-hole mass de-stressing

3.1. Results of observations of rock
pressure manifestations
The main task of this research stage is to assess the relia-

bility of finite element modeling (FEM) results of the techno-
logical solution for complex bottom-hole de-stressing of
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high-stress bottom-hole mass during the construction of mine
working at a depth above 1000 m and even in conditions of
gas-dynamically active adjacent rocks. The necessity of
conducting these experimental studies lies in verifying a new
technological solution involving the combination of two
known methods for de-stressing (pre-drilled wells and de-
stressing slots), considering that the de-stressing slot extends
beyond the mine working side contours by a certain distance
Xs from them. When filling this cavity with destroyed litho-
types (coal seam and rocks of its immediate roof), something
similar to a protective gob pack is formed, which displaces
the bearing pressure from the mine working due to its own
yielding mode of operation. Therefore, it is crucial to deter-
mine the extent to which the proposed technological solution
contributes to enhancing the stability of extraction drifts even
at the stage of their maintenance beyond the zone of stope
operations influence.

To perform a comparative analysis, an experimental mine
working area with a length of at least 100 m is created, where
the method of complex bottom-hole mass de-stressing is ap-
plied. The basis for comparison are all other mine working
areas with approximately the same adjacent rock mass texture.

As for enhancing the degree of in formativeness and ob-
jectivity of the comparative analysis, the following methodo-
logical approaches are proposed.

Firstly, we are more interested not in the absolute values
of the mine working contour displacements in the vertical Uy
and horizontal Uy directions (although they are also im-
portant for compliance with operational safety rules), but in
the relative improvement (or deterioration) of the mine wor-
king state when applying the method of complex bottom-
hole mass de-stressing. Such relative indicators vertically 4,
and horizontally 4, immediately substantiate the evidence
base regarding the effectiveness of the proposed method in
terms of increasing the stability of mine workings.

Secondly, the experience of analyzing the surveying re-
sults indicates the complexity of their perception when re-
producing the full volume of observations over a relatively
large area of the mine working.

More informative are the values of mine working contour
displacements vertically Uy and horizontally Uy, which are
calculated as the difference between the initial (passport) height
hy™ and width B values and the current h, and B values:

U :hin_h .
y b b
1

U, =B"-B. @

The change in the mine working state under the proposed
complex bottom-hole de-stressing method will be assessed
based on the parameters Uy and Uy

Thirdly, the “rapid” change in the mine working dimen-
sions along its length complicates comparative analysis, so
the next proposed step is to somewhat “smooth” the graphs
of distribution of the measured current indicators h, and B.

Fourthly, we need to reflect the change in two parameters
of the mine working cross-section, so it is most expedient to
do this in relative values of 4, and A,

U

y.
Ay—

i )
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Since there may be discrete advantages of one technology
over another, the planes P are marked as positive P. and
negative P-, and their result will be equal to:

P=P, —P_. 3)

In addition, we have two pairs of lines (“min” and
“max”), so the generalized result P, g, iS calculated as the
average value of the two P values, and the averaged devia-

tion A9 is equal to:
a5 =2, @
Zar

where:

Zar — is the length of the observation area.

In our opinion, such a methodological approach will be
the most objective in assessing the effectiveness of the pro-
posed complex bottom-hole de-stressing method in terms of
improving the operational condition of the mine workings.

Using the provided methodology, indicators of vertical U,
and horizontal Uy displacements are measured, the obtained
dataset is processed, and graphs (Fig. 5) of changes in rela-
tive indicators along the experimental and nearly “identical”
base mine working areas are constructed.
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Figure 5. Graph for comparative analysis of the limitation degree
of vertical (a) and lateral (b) mine working contour dis-
placements when using the technology of complex de-
stressing of the bottom-hole mass

As a result, a limitation can be determined on a decrease
in the mine working height by 7.3% and a convergence of its
sides by 10.2%. Thus, the positive influence of the technolo-
gy for complex bottom-hole mass de-stressing on the stabi-
lity of preparatory workings has been experimentally proven.
This results (ultimately reducing the loss of cross-sectional
area by 18.2%) in one of the arguments for the expediency of
applying the proposed technology for the construction of
mine workings at depths above 100 m.
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3.2. Assessing the energy consumption
for tunneling face rock destruction

Experimental results demonstrate partial weakening of
lithotypes in the bottom-hole zone, especially along the mine
working entry way. Such weakening is expected to influence
the energy consumption for tunneling face rock destruction.

The methodological specifics of this experimental stage
is as follows. The existing traditional method for construc-
ting mine workings using a tunneling machine provides a
basis for further comparative analysis; for this purpose, the
mine working areas with approximately similar textures of
surrounding rocks are selected compared to the experimental
area where the proposed complex bottom-hole mass de-
stressing technology is applied. The energy G spent for rock
destruction is determined by current and voltage indicators
(in real-time mode) during the tunneling machine boom
motor operation. That is, the design of tunneling machines
with separate drives for their main mechanisms allows isola-
ting the energy spent solely for tunneling face rock destruc-
tion from other technological processes.

For the traditional method of conducting mine workings,
the basic energy value Gy for destruction of lithotypes (per
linear meter of its length) is determined as an averaged value
over an area up to 100 m long. Such length for averaging
allows for “absorbing” small-amplitude lithotype thickness
fluctuations (within the mine working plane), some unpre-
dictable disturbances of their continuity, changes in mechan-
ical properties when encountering so-called “inclusions” of
other rocks, and so on.

The same approach to averaging is used in the experi-
mental area when determining the energy values G spent for
rock destruction, but the mine working length for averaging
is reduced to 5 m to assess the entire spectrum of G fluctua-
tions for the reliability of comparative analysis.

Also, towards enhancing reliability, a methodological ap-
proach is used, which involves dividing the recording of
energy spent for rock destruction into the following opera-
tions: Gy — drilling pre-drilled wells; G, — formation of the
de-stressing slot; Gs — destruction of the bottom-hole rock
volume along reduced planes.

The total energy G spent for rock destruction using the
proposed technology is determined as the sum of components:

G =G +G, +G3, ©)

recalculated per 1 linear meter of mine working.

It is considered expedient to use the most informative re-
lative indicator Gp, which positions energy G as a fraction of
energy Gp. Thus, the following ratio is considered:

(6)

as a clear evidence of energy savings during bottom-hole
rock destruction using the proposed mine working technolo-
gy, as shown in Figure 6. Analyzing the obtained graph, a
minimum indicator of (Gr)min = 74% and a maximum value
of (Gnhmax = 85% can be obtained; in general, the averaged
value of energy resource savings is 19.5%.

The summary of the conducted experimental research
is unequivocally positive — all three directions confirm
the advantages of the proposed mine working construction
technology at depths above 1000 m in a gas-dynamically
active rock mass.
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4, Conclusions

1. Regarding the increased effectiveness of achieving the
research purpose, a combination of two methods for de-
stressing the rock mass adjacent to the stoping face using pre-
drilled wells and de-stressing slots, which is called “complex
de-stressing”, has been substantiated. For this purpose, three
geotechnological principles have been formulated and dis-
closed for simultaneous de-stressing of both the rocks adjacent
to the face and the rocks deep in the mass along the mine work-
ing route. To create an evidence base for expedient complex
de-stressing, a geomechanical model has been constructed,
taking into account the peculiarities of the proposed method.

2. Methodological principles have been developed for
comprehensive investigation of the de-stressing slot influence
patterns on the SSS of the rock mass adjacent to the tunne-
ling face. For this purpose, five positions of comprehensive
consideration of changes in the distribution fields of deter-
mining stress components have been developed: vertical o,
horizontal o, and o7, as well as stress intensity ¢. A number
of cross-sections and longitudinal sections of the mine wor-
king have been substantiated, which fully reflect the tenden-
cies of the de-stressing slot influence.

3. A positive influence on the mass state of a combination
of pre-drilled wells with a de-stressing slot has been identified,
confirmed by the analysis of the fields of distribution of the
main, most informative stress components. The technical solu-
tion under study allows developing rational directions for sol-
ving three interconnected tasks: first — to enhance the degree of
de-stressing the adjacent mass bottom-hole zone, thus reducing
the risks of GDP; second — this part of the rocks surrounding
the tunneling face is strengthened more intensively, thus re-
ducing the energy intensity for their destruction; third — a layer
of de-stressed rocks adjacent to the mine working (around its
entire perimeter) is formed, which reduces differently directed
rock pressures on the mine working support, thereby increa-
sing its stability and substantiating the possibilities of resource
savings when fastening and maintaining mine working, inclu-
ding in the area of stope operations influence.

4. Experimental research of the proposed method for com-
plex de-stressing has confirmed its expediency in three direc-
tions for the safe and resource-saving construction of mine
workings in a gas-dynamically active rock mass at great depths.
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OOrpyHTyBaHHS Ta MOJCTIOBAHHS TEXHOJIOTIl KOMILIEKCHOT0 PO3BAHTAKEHHSA
NpUBHOIIHOT YACTHHH ra30ANHAMIYHO AKTHBHOI'O IPCHKOr0 MACHBY

T". Cumanosuy, 1. JlicoBuupka, M. Oxgnosoi, P. Araes, C. IloiimanoB

Meta. OOrpyHTyBaHHS I'€OJIOTIYHNX TPHHIUIIB H 0COOIMBOCTEH MOJIEIIOBAHHS KOMIIEKCHOTO PO3BAaHTAKCHHS HANPY>KEHOTO NPUBH-
61fHOTO MacHBY IPH CIOPY/PKEHHI BUPOOOK Ha rimuouHax moHan 1000 m.

MeToauka. 3aporoHOBaHO KOMIUICKCHY METOAMKY IPOBEICHHS JOCIIUKCHb, SKa CKIAJAEThCs 3 MPOBEACHHS 00YUCITIOBAIBHOIO EKCIIe-
PUMEHTY 3 pO3paxyHKy KOMIUIEKCHOI CXeMH PO3BAaHTAKCHHS W aHAJII3y HaIlpyKeHO-Ie(opMOBaHOTO CTaHy MPHUBUOIIHOTO MacHBY B HaHOLIBII
iHQOPMATHBHUX MOMEPEYHHX Iepepizax BHUPOOKHU, MPOBEICHHA EKCIIEPUMEHTAIBHHUX IOCHIKEHb €(EeKTUBHOCTI CIIOCO0Y 3a pO3pOOICHOI0
METOJIMKOIO CIIOCTEPEKEHB 3a MPOsBAMHU TiPCHKOTO THCKY Ta OLIHKOIO BUTPAT CHEPTii Ha pyHHYBaHHS MOPi MPOXiTHAIIEKOTO BHOOIO.

PesyabsTaTn. OGrpyHTOBaHO KOMOIHAIIIIO IBOX CIIOCO0IB PO3BAHTAXKEHHS IIPUJIETIIONO A0 MPOXiAHUIBKOTO BHOOIO TIPCHKOTO MacHBY 3a
JIOTIOMOT' 010 BHIEpeLKao4nX inH. CTBOPEHO reOMeXaHiqHy MOJIEIb, SIka BPaXOBY€E OCOOIMBOCTI 3aIPOIIOHOBAHOrO crnocody. Po3paxosa-
HO HAaIpy>KeHO-Ae(OPMOBAHUI CTaH MPHIETIIOTO JI0 NMPOXiTHHUIBKOTO BHOOI MacHBY IipCHKUX IMOPIJ y HU3LI MONEPEYHHUX Ta IO3IOBXKHIX
nepepiziB BUPOOKH.

HaykoBa HoBu3HA. CHOpPMYITHOBAHO 1 PO3KPHUTO TPU T€OTEXHOJOTIUHI MPUHIUIK OJHOYACHOTO PO3BAHTAKEHHS SIK MPIJIETIIUX A0 BH-
0010 TOpif, TaK i B TIHMOMHI MAacHBY II0 Tpaci BUPOOKH, SIKi BTUICHO B MOOYIOBY reOMEeXaHiYHOT MO/IENI KOMITIEKCHOTO PO3BaHTAXCHHS NP H-
JIETJIOTO TipChKOTo MacuBy. Ha 6a3i oTpuMaHOTo HampyXeHO-IepOpPMOBAaHOTO CTaHy PO3pPOOIEHO I’ ATh MO3HULIH KOMIUIEKCHOTO BpaxXyBaHH
3MiH y MOJSIX PO3MOAUTY BH3HAYAIbHUX KOMIIOHEHT HampykeHb. OOIpyHTOBaHO METOAWYHUI MPHUHIMII OLIHKY BUTPAT CHEPrii HA pyHHY-
BaHHS TOPIJ 1 CTBOPEHO J0Ka30BY 0a3y MiATBEpUKEHHS IEpeBard 3alpoIIOHOBAHOI TEXHOJIOTII CIIOPYMKEeHHs BUPOOKM Ha TNIMOHMHI ITOHAX
1000 M y ra30JMHaMI9HO aKTUBHOMY T'ipCHKOMY MAaCHBI.

IIpakTHyHa 3HAYMMIiCTh. 3aIIPOIIOHOBAHO CIIOCI0 KOMIUIEKCHOTO PO3BAHTa)KEHHS IPIJIETIIONO 10 MPOXiJHUIBKOTO BHOOIO TipCHKOTO
MAacHBY 3a JIOIOMOTOI0 BHIIEPEDKAIOYMX CBEPJUIOBMH 1 PO3BAaHTAXYBaJIbHUX IIUIMH. ExcriepuMeHTabHI TOCHiHKEHHS MiATBEPANIN TOCTi-
JDKEHHS 3allPOTIOHOBAHOTO CMOCO0Y B TPHOX HampsiMax OE3MEYHOTO Ta pPecypco30epirarodoro CHOPYMKEHHS BHPOOOK Y Ta30IMHAMIYHO
aKTHBHOMY MacHBi IpCHKHX MOPiJ HA BENMKKX IIMOMHAX. Po3paxyHKaMu JIOBEEHO, 110 3HU3WIMCS BUTPATH €IEKTPOCHEprii Ha pyiHyBaH-
Hs IpUBHOIHAX mopin y mianas3oHi 15-26%.

Knrwuoei cnosa: wiaxma, 2a300uHamiuui A8uwa, 6UNepeo’caroyi ceepOsio8UHI, HANPYHCEHO-0ehOpMOBaHULl CMAaH, NOPOOHULL MACUs,
DO3BAHMANCYBANBHA WITUHA
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