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GEOMECHANICAL PRINCIPLES AND SPECIFICS OF MODELING
A COMPLEX METHOD FOR DE-STRESSING GAS-DYNAMICALLY
ACTIVE ROCK MASSIF

Purpose. To substantiate geomechanical principles for reducing stress concentration peaks during mining opera-
tions in gas-dynamic rock masses at great depths in coal mines.

Methodology. The methodology integrates theoretical, numerical, and experimental approaches. Computational
modeling using the finite element method was performed to analyze the stress-strain state of the rock mass. Vertical
and horizontal stresses, stress intensity, and their distribution isolines were evaluated. In parallel, acoustic emission
measurements in the near-face zone were carried out to assess the degree of stress relief, with results compared against
sections excavated using conventional technology. The synthesis of numerical and experimental data enabled the
formulation of methodological principles for calculating the parameters of the proposed technology and assessing its
resource-saving effect.

Findings. The study confirms that the application of a comprehensive stress-relief technology, combining pre-
drilled boreholes with stress-relief slots, significantly enhances mine working stability in gas-dynamically active coal-
bearing rock masses at great depths. Vertical rock pressure manifestations are reduced by 7.3 % and horizontal pres-
sure by 10.2 %, leading to a decrease in cross-sectional area losses of up to 18.2 %. Acoustic emission measurements
demonstrated weakening of the near-face rock mass, with a 7—28 % reduction in energy at 2.0—2.5 m from the exca-
vation face and 32—58 % within 3.0—6.0 m. Energy consumption for rock fracturing decreased by 15—26 %, with an
average of 19.5 %.

Originality. A geomechanical model was developed that, for the first time, accounts for the combined effect of
boreholes and slots on the stability of mine workings. New correlations were established between stress redistribution
and acoustic signal energy as indicators of stress relief in the near-face zone.

Practical value. A safe and resource-efficient method for constructing excavations in gas-dynamically active rock

masses at great depths has been proposed, enabling a reduction in cross-sectional area loss by up to 20 %.
Keywords: coal mine, coal-bearing rock massif, stress-strain state, pre-drilled borehole, stress-relief slot

Introduction. In the context of energy independence
and development of a long-term plan for revitalizing the
country’s energy sector [1, 2], a pressing issue for the coal
industry is conducting mining operations in gas-dynami-
cally active rock massifs at great depth (over 1,000 m) in
coal mines [3, 4]. Multiple investigations [5, 6] indicate a
continuous increase in the depth of mining operations
[7]1, complications in mining-geological conditions
[8, 9], and consequently the occurrence of various gas-
dynamic phenomena (GDP) with the destruction of the
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bottom-hole zone of tunneling or stoping faces, intense
gas emissions, and displacement of rocks.

Literature review. The problem of sudden outbursts
has been considered for many years and is presented in
fundamental [10, 11] and applied research [12, 13].
However, the majority of publications do not address
the highly relevant issue of resource-saving during stop-
ing and preparatory operations in gas-dynamically ac-
tive rock massifs, namely the aspect of reducing the
stress state, which is particularly important in coal mines
at great depth [6, 14]. Thus, this study focuses on the
combination of two key components: safety and re-
source efficiency.
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The analysis of works in this direction [15] shows
that authors are focused on methods and technical
means for preventing gas and coal outbursts during min-
ing operations in gas-bearing coal-rock mass. These
studies are based on an analysis of literary sources, pat-
ent searches, and theoretical patterns. Reviewing local
means and methods allows us to conclude that their ap-
plication reduces the rate of mine working construction
(sometimes several times) [16, 17], which leads to a de-
crease in coal mining [8, 19]. Howeyver, the technology
of drilling pre-drilled de-stressing wells positively stands
out due to a combination of beneficial factors for de-
stressing the border rocks and the possibility of main-
taining advancement [8, 20]. To enhance this effect, the
authors propose combining the method for drilling pre-
drilled wells with de-stressing slots, which will increase
the level of stability and limit the gas-dynamic phenom-
ena manifestations.

In previous studies [9, 21], a series of computational
experiments using the finite element method were con-
ducted, which are part of an algorithm for the targeted
search, substantiation, and selection of rational param-
eters for the location of pre-drilled wells combined with
de-stressing slots, allowing safe and resource-saving
conduct of mine workings in gas-dynamically active
rock mass at depths over 1,000 m.

In works [22, 23], the methodological foundations
for conducting computational experiments are studied
and geomechanical model parameters for calculating
the stress-strain state (SSS) of the combined technology
of preliminary de-stressing the bottom-hole mass with a
combination of predrilled wells and de-stressing slots
are substantiated [24, 25]. The significant influence of
pre-drilled wells on changing the stress intensity of the
enclosing mine working mass has been proven [9, 21].
However, the study of the combination of wells with de-
stressing slots remains relevant. This solution will de-
stress the area around the stoping face, thus forming a
combination of two de-stressing methods.

Regarding the peculiarities of modeling the above-
grounded comprehensive de-stressing method, they
mainly involve changing the geometry of the bottom-
hole mass — the form of the tunneling face becomes
benched (stepped). Other model parameters remain
constant and are taken from the work [9, 21]: model di-
mensions, its loading boundary conditions, the adjacent
mass texture, and the mechanical properties of its lithot-
ypes, mine working dimensions, and the parameters for
the location of pre-drilled wells. As for the tunneling
face geometry, the following parameters are accepted:
D=0.8m, L=1.0m, Xs= 1.0 m. They correspond to the
technical characteristics of most modern tunneling ma-
chines, and the spatial formulation of the problem al-
lows for a complete reflection of the new form for the
tunneling face, considering the implementation of the
de-stressing slot in the lower part of the coal seam along
the contact plane boundary with the immediate bottom.

Unsolved aspects of the problem. Despite a consider-
able number of fundamental and applied studies devot-
ed to the prevention of gas-dynamic phenomena during
mining operations at great depth, several critical issues
remain unresolved. In particular, insufficient attention
has been paid to the resource-saving aspects of roadway
construction in gas-dynamically active rock massifs, as

well as to the integrated application of the near-face
zone under conditions of increased geostatic pressure.
This highlights the necessity of developing a compre-
hensive approach the combines geomechanical model-
ing, in-situ experiments, and methodological substan-
tiation of parameters for a new stress-relief technology,
which would simultaneously improve safety and ensure
the energy efficiency of mining operations.

The purpose is to substantiate the geomechanical
principles of reducing stress concentrations and en-
hancing the stability of mine working in gas-dynamical-
ly active rock massifs at great depth through the applica-
tion of comprehensive stress-relief technology that
combines pre-drilled boreholes with stress-relief slots.

To achieve this purpose, the following research ob-
jectives were defined:

1. To analyze the SSS of the rock massif, taking into
account the influence of pre-drilled boreholes and
stress-relief slots.

2. To substantiate the parameters of the compre-
hensive stress-relief technology for near-face zone of
the rock massif and to formulate methodological prin-
ciples for its application.

3. To investigate the variation of acoustic signal en-
ergy in the near-face zone of mine workings under the
new technology in comparison with the traditional one.

4. To assess the energy consumption for rock frac-
turing and determine the resource-saving effect of im-
plementing the developed technology.

Methods. The methodological basis of the study was
founded on a comprehensive combination of theoreti-
cal, numerical, and experimental approaches. To verify
the effectiveness of the proposed technology, a series of
computational experiments was carried out, aimed at
analyzing the SSS of the rock massif. The most infor-
mative components were evaluated, including vertical
and horizontal stresses, stress intensity, and isolines of
their distribution in characteristic cross-sections. In
parallel, laboratory and instrumental studies of acoustic
emission parameters in the near-face zone were con-
ducted to measure the energy associated with rock mas-
sif stress relief. The obtained values were compared with
the results from sections where traditional excavation
technology was applied. The generalization of numeri-
cal modeling results and experimental observations
made it possible to formulate methodological principled
for calculating the parameters of the comprehensive
technology, as well as to correlate them with actual data
on the condition of frame supports and the geometry of
mine workings. In addition, an assessment of energy
consumption for rock fracturing in the near-face zone
was carried out, enabling the determination of differ-
ences between the specific indicators of traditional and
proposed technologies and providing a quantitative
evaluation of the resource-saving effect.

Research of the SSS' of combined technology for de-
stressing the bottom-hole mass. Methodologically, all
data for conducting a computational experiment and vi-
sualizing the calculation results in the form of distribu-
tion curves of the SSS components in the space have
been prepared.

Firstly, modeling and calculating the SSS concern-
ing the influence of pre-drilled wells have been carried
out. Secondly, using the example of horizontal stress
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isolines and stress intensity isolines, a comparison with
the baseline data has been conducted.

Changes in the horizontal stress field. General trends
in the influence of the de-stressing slot on the changes
in the distribution of horizontal stresses are shown in
Fig. 1.

In the cross-section Z; = —10 m, the following pat-
terns in change of 5, are observed, which most informa-
tively demonstrate the bending processes of lithotypes in
the YX plane. Thus, in the main roof of the seam (at a
distance of more than 4.4 m from it), bending stresses o,
with a bend towards the mine working cavity can still be
observed over an area no less than its width and towards
the roof in the lateral adjacent rock areas (Fig. 1). Evi-
dence of such bending in the main roof is the formation
of a complete de-stressing area (o, ~ 0) above the mine
working, and in its lateral parts, there are areas of con-
centrated compressive horizontal stresses o, with a level
of K, = 1.9-2.8. It should be noted that the de-stressing
slot influence is manifested in the increase of both the
complete de-stressing zone and the compressive 6, con-
centration areas. This indicates an increase in the defor-
mation of the main roof bending of different signs, rep-
resenting the overall de-stressing process of the adjacent
rocks in the main roof when using the de-stressing slot.
This is an entirely expected result, which does not con-
tradict the existing concepts and confirms the adequate
performance of the geomechanical model. The same
observations apply to the immediate roof border rocks,
but the influence of the de-stressing slot is more signifi-
cant — even areas of tensile o, stresses of 3—5 MPa level
appear, which are several times larger (in size) than
those in the case of using the de-stressing slot.

Similar trends of intensified bending of lithotypes
(under the influence of the de-stressing slot) are ob-
served in the mine working sides and bottom: not only
do tensile stress zones o, appear and grow, but local
zones of compressive stress concentrations o, of
K.=4.7-5.6 level also emerge. These examples confirm
the trends of the de-stressing slot influence, character-
ized by the growth of areas under reduced compressive
and even tensile stresses o,. These areas are the most af-
fected by lithotype destruction since, according to exist-
ing rock strength theories, the difference in the stress
components (in this case, vertical and horizontal) cre-
ates conditions for their destruction [26]. Conditions for
the local coal seam destruction and its immediate bot-
tom are created by compressive stress concentrations o,
that exceed the compressive strength of the respective
lithotypes. Thus, the de-stressing slot facilitates the for-
mation and expansion of areas of partial weakening of
the border rocks, acting as a damping layer and reducing
the load on the mine working support. Simultaneously,
this promotes the previously noted positive trends of re-
ducing the energy required for the destruction of par-
tially weakened rocks and limiting the probability of
GDP occurrence.

The second cross-section under thorough study is
located in the mass along the mine working route at a
distance of Z,=2.0—2.5 m from the tunneling face plane
(Fig. 1, ). Despite being located in the mass and under
high geostatic pressure (o, = yH = -25 MPa), bending
deformations with the emergence of de-stressing zones
and compressive stress concentrations o, manifest

1S
De-strdssing slot 3
. T

a b

Fig. 1. Isolines of horizontal stresses c, in the mine work-
ing cross-section when using ( ) de-stressing slot
and without it (- — -):

a — at a distance of Z;, = —10 m to the tunneling face plane;
b — at a distance of Z, = 2.0—2.5 m to the tunneling face
plane; | —o,=+(3—5) MPa; 2—o,~0(K,~0); 3— o, ~
~ MWH ~ —(9—12) MPa (K, = 1.9-2.8); 4 — o, =
=—(20—-30) MPa (K,=1.9—2.8); 5— 6,=—(50—65) MPa
(K.=4.7-5.6)

themselves in the adjacent lithotypes. The general trend
of the de-stressing slot influence remains unchanged:
de-stressing and stress concentration areas o, expand,
positively influencing the triune goal of enhancing mine
working stability, reducing the energy required to de-
stroy bottom-hole mass lithotypes and lowering the
risks of GDP occurrence.

Another SSS component — horizontal stresses ¢, —
are studied in the direction of coordinate Zin two YZlon-
gitudinal section planes (Fig. 2): along the central vertical
axis of the mine working (X—0) and along the planes of
the de-stressing slot ends (X = X;). In the central longitu-
dinal section, the following trends of the de-stressing slot
influence are observed (Fig. 2, a). The primary trend is
the growth of de-stressing zones, which, according to ex-
isting theories, reduces the probability of GDP occur-
rence. Alongside this, compressive stress concentration
areas o, increase, and their combined action with zones
of reduced horizontal stresses o, (Fig. 1) facilitates the
weakening of the rocks adjacent to the tunneling face.
This is a positive aspect in reducing the energy required
for the bottom-hole mass destruction. The maximum
compressive stress concentrations o, of K, =3.27—4.67 le-
vel are located near the de-stressing slot face, a complete-
ly expected result indicating the adequacy of the geome-
chanical model to modern understandings.

On the peripheral (X = X)) longitudinal sections
(Fig. 2, b), the obtained patterns of &, distribution large-
ly confirm the above mentioned results. It should be
noted here that the de-stressing slot moves the compres-
sive o, concentrations away from the contour of the
mine working sides by at least the value of X,. This re-
duces rock pressure in the lateral direction and contrib-
utes to the stability of extraction drifts.

The analysis of the SSS, by the factor of horizontal
stresses o, and o, confirms the trend of rock weakening
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Fig. 2. Isolines of horizontal stresses G in the mine work-
ing longitudinal section when using (——) de-stress-
ing slot and without it (- — -):

a — at a distance of Z;=—10 m to the tunneling face plane;
b — at a distance of Z,= 2.0—2.5 m to the tunneling face
plane; 1 — o,=+(3—-5) MPa; 2—o,~0(K.~0); 3—0o,=
= —(13-17) MPa (K, = 121-159); 4 — o, =
= —(20-28) MPa (K, = 187-2.62); 5 — o, =
=—(35—-50) MPa (K = 3.27—4.67)

to the depth of the mine working route (up to 4—5 m)
due to the de-stressing slot and the possibility of con-
ducting mining operations in a gas-dynamically active
mass at depths above 1,000 m.

Changes in the stress intensity field. As an example,
Fig. 3 shows the stress intensity isolines o in two cross-
sections Z; =—10 m and Z, =2.0-2.5 m.

In the first mine working cross-section (£, =—10 m),
the following trends in the de-stressing slot influence are
observed (Fig. 3, a). In the coal seam main roof, a mod-
erate lithotype bending is observed with the formation
of de-stressing zones (K, = 0.42—0.5) and concentration
zones o (K; = 2.0—3.0). Both zones have increased
propagation for the variant with the de-stressing slot,
which is expected due to increased bending deforma-
tions of the rock layers. Thus, two conclusions can be
drawn: first, some influence of the de-stressing slot ex-
tends to the main roof rocks; second, it contributes to
the already indicated trends of de-stressing the rock
mass and its weakening by increased o concentrations.

More significant rock layer bending is observed in
the immediate roof of the seam, even forming an arch of
unstable rocks, but the trend of expanding de-stressing
zones remains in this area of the border rocks. A similar
de-stressing slot influence occurs in the mine working
bottom.

In the mine working sides, the o concentration areas
extend with the application of the de-stressing slot. This
extension occurs towards the adjacent mass while simul-
taneously moving away from the mine working side
contour. That is, the bearing pressure moves deeper into
the mass, and de-stressing zone is formed near the mine
working, positively affecting its stability.

Regarding the second cross-section, in the mass
along mine working route (Z, = 2.0—2.5 m), the follow-
ing results can be highlighted. Despite the action of high
geostatic pressure, de-stressing areas (K, = 0.42—0.56)
are formed in the roof and bottom of the mine working,
and their (although local) propagation is facilitated by
the de-stressing slot (Fig. 3, b); a small de-stressing area
even appears in the main roof of the coal seam.

In the mine working sides, the acting bearing pres-
sure zone (concentration ¢) moves away into the mass
by 0.7—1.0 m, contributing to reduction of stress in the
lateral border rocks and the risk of GDP occurrence.

Summarizing the directions of changes in the stress
intensity field o, the positive influence of the de-stress-
ing slot can be emphasized on all three aspects of safety
and resource-saving improvement during mine working
construction at great depths in a gas-dynamically active
rock mass.

Next, the situation regarding the de-stressing slot in-
fluence in the longitudinal central and peripheral sec-
tions of the already constructed mine working and its
route is studied (Fig. 4). It should be noted immediately
that the de-stressing slot influence on the stress intensity
field o fully corresponds to the previously noted trends.
That is, in the section of the already constructed mine
working, the propagation of de-stressing areas into the
roof and bottom increases, as shown by both the central
and peripheral YZ planes of longitudinal sections. Here,
the peculiarity is the expansion of the de-stressing area
to the bottom-hole mass to a depth of 1.2—1.4 m.

P
De-stressing slot

Fig. 3. Isolines of intensity stresses o in the mine working

cross-section when using ( ) de-stressing slot and
without it (— — -):
a — at a distance of Z; = —10 m to the tunneling face plane;
b — at a distance of Z, = 2.0—2.5 m to the tunneling face
plane; 1 — o = +6—8 MPa (K, = 0.42—0.56); 2 — ¢ =
= 13—16 MPa (K, = 1.0); 3 — 6 = 30—45 MPa (K, =
=2.0-3.0); 4 — o= 50—65MPa (K, = 3.5-4.5)
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Along the mine working route deep into the still un-
disturbed mass at a distance of 2.5—4.0 m (from the tun-
neling face), disturbances in the stress intensity o,
caused by the de-stressing slot, can be observed. These
disturbances are noted in both the central and periph-
eral YX sections and contribute to a more significant
weakening of the rocks near the tunneling face, requir-
ing less energy for their destruction.

In conclusion, the research confirms a reduction in
the risk of gas-dynamic phenomena and the energy re-
quired for the destruction of bottom-hole zone rocks, as
well as an increase in the mine working stability. The
effectiveness of the method for complex bottom-hole
zone de-stressing is studied using a mine experiment.

The level of influence of complex de-stressing meth-
od is assessed using values of the displacement of the
mine working contour into its cavity. Using standard
measurement methods employed by the mine surveying
service of PJSC “Mine Management “Pokrovske”, two
parameters are regularly determined: the current mine
working height #,, as a distance between the center of its
arch and the bottom, that is, along the central vertical
axis of the mine working; the current width B at the lev-
el of rolling stock and passage of people. When measur-
ing these distances, the mine working section is fixed
relative to the corresponding pickets. As a result, objec-
tive information is collected on the change in the di-

b
Fig. 4. Isolines of stress intensity in the mine working lon-
gitudinal section when using (——) de-stressing slot

and without it (— - -):

a — along the central vertical axis (X = 0); b — along the
peripheral vertical axes (X=1Xs); | —c=6—8 MPa (K=
=0.42—-0.56); 2 — 6 = 13—16 MPa (K; ~ 1.0); 3 — o =
= 30—45 MPa (K, = 2.0-3.0); 4 — 6 = (50—-65) MPa
(K;=3.5—-4.5)

mensions of the mine working, which is crucial for cri-
teria such as effective ventilation and adherence to clear-
ances and distances regulated by safety rules.

In addition to this instrumental information, a visual
assessment is also made of the frame support state and
its irreversible damages: bending of the frame cap board
under excessive vertical rock pressure; bending and tor-
sion of special profile of the prop stays under excessive
lateral rock pressure; loss of the initial shape of the frame
support under oblique rock pressure; the condition of
the frame joists and their yielding property value.

The experimental section, where the complex de-
stressing method is applied, is over 100 m long. The
schemes for summarizing and analyzing the values of
rock pressure manifestations are shown in Fig. 5.

The range of variation of current values is outlined
by two graphs shown with dotted lines (on the example
of the value 4,,), which reflect the minimum (“min”)
and maximum (“max”) deviations of the mine working
height from the nominal value under the influence of
rock pressure. Thus, the outlined range of change in the
current mine working height is the most objective pa-
rameter reflecting the consequences of rock pressure in
the vertical direction (Fig. 5, a).

When comparing the two technologies for mine
working construction (Fig. 5, b), it is very convenient
and illustrative to show their advantages and disadvan-

Initial (passport) size

-~

U/t , %

b

Fig. 5. Schemes for generalization and analysis of rock
pressure value in the mine working:

a — determining the graphs of changes in the minimum
(“min”) and maximum (“max”) deviations of the current
mine working dimensions from the initial (passport) values
on the example of its height h,,; b — change in the relative
value U, /h,.P of the reduction in the mine working height
using the complex unloading method ( ) and the tradi-
tional technology (— — ) of the mine working construction
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tages. For this purpose, a generalized value P is pro-
posed, which is a specific physical value — the area be-
tween the two lines representing the proposed complex
de-stressing method and the existing mine working con-
struction technology

Trends in acoustic signal energy changes. It is well-
known that the seismic-acoustic response to any force-
ful action characterizes not only the deformation prop-
erties of the mass lithotypes, but also the degree of its
disturbance. In this context, it is important to have a
physical value that can be measured and used to assess
the degree of disturbance of the mass adjacent to the
tunneling face of the mass. This property exists and is
called the energy of the acoustic signal. This parameter
W can be reasonably used for indirect assessment of the
degree of stratification and weakening of the surround-
ing mass.

Methodologically, this stage of experimental re-
search involves the ongoing recording of W, primarily in
the mine working section, where complex de-stressing
of the bottom-hole mass is conducted. The results ob-
tained are compared with the W parameter values in the
mine working sections with approximately the same tex-
ture of the surrounding mass, serving as a basis for com-
parative analysis.

The analysis itself is visually represented in graphs of
the change in acoustic signal energy W over the length Z
(into the mass) to the tunneling face plane. The infor-
mativeness of the comparative analysis results is im-
proved by using the relative value W,, calculated as the
ratio of Win the experimental section of the mine work-
ing (application of the complex de-stressing technolo-
gy) to the averaged W, value in the baseline sections, but
at the same distance Zto the tunneling face plane.

As a result, W,(Z) graphs are constructed, showing
changes in relative energy W, along the distance coordi-
nate Z to the tunneling face (Fig. 6). Since W values are
somewhat stochastic, to enhance their reliability, it was
decided to outline the range of W, changes at each fixed Z
with two values — minimum (“min”) and maximum
(“max”) deviations. Consequently, we obtain two graphs
that fully reflect the variation range of the relative decrease
in W,.acoustic signal energy with the proposed technology
for complex de-stressing of the bottom-hole rock mass.

The analysis of graphs has revealed the following ex-
perimentally observed characteristics of lithotypes
weakening in the bottom-hole mass.

Firstly, in the bottom-hole zone up to 2.0—2.5 m in
length, active lithotype weakening occurs, which is fully

“min”

We, %

L e |

/_%/\
Ve

//\

0 5 10 15 20 Zw.m

Fig. 6. Graphs of the relative decrease in energy W, of the
acoustic signal in the bottom-hole part (by Z coordi-
nate) of the mine working route under the complex
rock mass de-stressing compared to the traditional
technology of its construction

consistent with stress intensity isolines o (Fig. 4) and is
explained by active rock stratification near the de-stress-
ing slot. Here, the relative value fluctuates within
W,.=7-28 %, demonstrating high efficiency of the com-
plex de-stressing method.

Secondly, at a distance of Z=3.0—6.0 m, an increase
in W, to 32—58 % is observed, which can be interpreted
as an action of bearing pressure from the de-stressing
slot with partial preservation of mass continuity.

Substantiation and selection of parameters for complex
bottom-hole zone de-stressing technology during the con-
struction of mine workings at depths above 1,000 m. Based
on the formulated purpose, the objectives for conduct-
ing the necessary analytical experimental studies are
substantiated. The obtained results require synthesis
and practical application in the form of an appropriate
methodology for selecting rational parameters of com-
plex bottom-hole zone de-stressing technology for
highly stressed bottom-hole rock mass during the con-
struction of mine workings at depths above 1,000 m.
This synthesis of research results is based on the sub-
stantiation of a series of methodological principles that
are interconnected and united by the triunity goal of re-
ducing stress intensity in the bottom-hole mass:

- limiting the probability of GDP occurrence using
existing prevention methods;

- creating a zone of de-stressed rocks around the
mine workings to prevent excessive rock pressure;

- saving energy resources during tunneling face rock
destruction.

The first methodological principle summarizes the
influence of pre-drilled wells on the de-stressing process
of the rock mass along a specific section of the mine
working route. Significant limitation of excessive stress
intensity o propagation zones in the bottom-hole part of
the rock mass has been set, both on the sides of the al-
ready constructed mine working part and along its route
into the mass. For instance, excessive (and therefore
hazardous due to GDP occurrence) concentration
zones ¢ propagate along the mine working route at dis-
tances up to 9.5—12.2 m (by Z coordinate) from the tun-
neling face plane of the field working. Beyond its con-
tour, the distance of excessive concentration action to-
wards the roof is up to 5.2—7.5 m, towards the bottom it
is up to 7.7—8.2 m, and towards the side rocks it is up to
4.1—4.3 m. Drilling just three wells in the field working
contributes to an average 45—55 % reduction in exces-
sive concentration ¢ propagation distances. As for in-
seam workings (typically extraction drifts), the propaga-
tion of excessive concentrations ¢ (compared to field
workings) towards the sides is stable at 25—40 %, verti-
cally at 20—25 %, and along the working route into the
mass at 50—75 %. However, the effectiveness of limiting
these o concentrations remains approximately the same,
with its enhancement depending on the number of de-
stressing wells and the rational parameters of their
placement.

The second methodological principle concludes that
de-stressing the mass should be expedient not only
along the mine working route, but also beyond its
boundaries in adjacent rocks. This approach simultane-
ously achieves two objectives: reducing the risks of GDP
occurrence and limiting excessive manifestations of rock
pressure by forming a layer of de-stressed rocks, which
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positively affects the mine working stability. For this
purpose, wells should be drilled at a specific angle to-
wards the mine working contour, and to ensure the most
complete de-stressing of stressed mass volume along the
mine working route, it is advisable to drill new wells in
the tunneling face when the previous wells are (as the
face advances) beyond the mine working contour, with
their residual length not exceeding the propagation zone
of hazardous concentrations ¢ by Z coordinate of its
route. This ensures de-stressing of the stressed rocks
both in the plane of the mine working face and beyond
its contour in adjacent mass.

The criterion for starting the drilling of a new group of
wells in the tunneling face is the condition that (as the
face advances) the deepened part of the pre-drilled wells
reaches the contour of the mass-hazardous zone propa-
gation (Fig. 7). Together with the accepted length of wells
(based on technological processes and technical charac-
teristics of drilling equipment), this condition determines
the frequency of the operation to drill new wells.

The contour of the hazardous rock zone propagation
is determined by the degree of its stress due to the geo-
static pressure, which depends on the ratio of the stress
intensity ¢ and the calculated compressive strength of
the rock R [27, 28]. The first component (the level of
stress in hazardous rocks) is determined by calculating
the SSS of the rock mass adjacent to the mine working
using FEM. The second component is provided in the
geological documentation of PJSC “Mine Management
“Pokrovske” (Ukraine) based on rock characteristics:
ultimate compressive strength c,,,,, in a sample, fracture
intensity and moisture content; considering these data
and the influence of the rheological factor [29], the cal-
culated value R of rock compressive strength is deter-
mined according to the normative methodology [30].

The third methodological provision concerns the se-
lection of appropriate parameters for the placement of
pre-drilled wells. It is recommended to separate the
schemes of their placement separately for field and in-
seam workings. The unifying factor is that the central
well is drilled perpendicular to the tunneling face plane
(parallel to Z axis coordinate), while the mentioned pe-
ripheral wells are drilled with a slight inclination to the
Z-axis, or there is a requirement to de-stress the rock
mass outside the mine working contour.

Field workings are driven through more robust
lithotypes (usually sandstones and siltstones), charac-
terized by increased stiffness (greater thickness and
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Fig. 7. Principal scheme for drilling wells in the over-
stressed mass around the tunneling face of a mine
working at the stages of its advance

Young modulus) relative to the coal seam. This causes
several differences. The first is that to achieve effective
de-stressing of the mass outside the mine working
contour, it is necessary to distribute the wellheads
more or less uniformly along the mine working con-
tour, that is, a greater number of peripheral wells are
predominantly required. The second difference is
some limitation in o concentration propagation, but a
simultaneous increase in the peaks of these concentra-
tions compared to in-seam working. The third differ-
ence is that, for these reasons, the inclination of pe-
ripheral wells should be both vertically ¥ and horizon-
tally X'in the ZY and ZX planes.

In-seam workings have a coal seam in the cross-sec-
tion YX plane, which, due to its texture (cleavage, sys-
tematic fracturing, etc.) and low deformation proper-
ties, contributes to some de-stressing of the roof and
bottom rocks of the seam, which not only fall within the
cross-section plane, but also extend beyond the mine
working contour. Therefore, it is recommended to place
pre-drilled wells in the plane of the coal seam in quanti-
ties of 3—5 units: the central well is drilled perpendicular
to the face plane, and the peripheral wells are inclined in
the ZX plane.

Thus, there is a division of schemes for the place-
ment of pre-drilled wells in the tunneling face and deter-
mination of their rational parameters by the type of pre-
paratory workings — field or in-seam.

The fourth methodological principle determines the
requirements for the de-stressing slot parameters. First-
ly, the slot is made along the least strong lithotype with
a height equal to the diameter of the cutting head of the
tunneling machine, taking into account the extension of
the rock-breaking tool. Secondly, the depth L of the de-
stressing slot depends on the stroke of the hydraulic jack
rod of the tunneling machine boom and usually does
not exceed 1.0 m. Thirdly, the length of the de-stressing
slot extends from both sides beyond the mine working
contours by a value X;, which is determined by the capa-
bilities of the tunneling machine design and its maneu-
verability in the mine working, but usually, the length X
should be at least 1.0 m. Fourthly, when conducting in-
seam working, the de-stressing slot is made in the lower
part of the seam thickness along the plane of its bedding
with the immediate bottom.

The four presented methodological principles for se-
lecting the appropriate parameters for the technology of
complex bottom-hole zone de-stressing are fundamen-
tal and will allow the effective implementation of the
triunique research objectives.

Thus, the research formulates the geomechanical
principles and peculiarities of modeling the complex
method for de-stressing a gas-dynamically active rock
mass.

Conclusions. Based on numerical modeling and in-
situ studies, a new technology for comprehensive stress
relief of the rock massifs has been proposed, which com-
bines pre-drilled boreholes with stress-relief slots.

It has been proven that the application of this tech-
nology enhances the stability of mine working by limiting
the effects of rock pressure by 7.3 % in the vertical direc-
tion and by 10.2 % in the horizontal direction, thereby
reducing cross-sectional area losses by up to 18.2 %.

The studies showed an increased degree of weaken-
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ing of the near-face rock massif, confirmed by a relative
decrease in acoustic signal energy of 7—28 % at a dis-
tance of up to 2.0—2.5 m from the excavation face. In the
range of 3.0—6.0 m along the working, the reduction
level reached 32—58 %. At a distance of Z > 10—13 m,
the energy decreased to 70—85 %, and further along the
working route the weakening process ceased due to the
effect of the comprehensive stress-relief technology. As
a result, energy consumption for rock fracturing in the
near-face zone was reduced within the range of 15—26 %,
with an average of 19.5 %.

The geomecanical principles underlying the study
include the limitation of excessive stress concentrations
in the near-face zone of the rock massifs, the creation of
partially stress-relief zones to reduce rock pressure man-
ifestations, ensuring the stability of mine workings un-
der complex mining and geological conditions, and the
integration of borehole drilling with slot cutting as a
single comprehensive approach to stress relief of the
coal-bearing massif.

The practical significance of the study lies in the
possibility of safe and resource-efficient excavation in
gas-dynamically active coal-bearing rock massifs at
depths exceeding 1,000 m.

Future research prospects are associated with refin-
ing the optimal parameters for the placement of pre-
drilled boreholes and the geometry of stress-relief slots
for different rock types, as well as expanding the practi-
cal implementation of the technology under production
conditions in the Western Donbas coal mines and other
coal basins.
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Meta. OOrpyHTyBaTH Te€OMEXaHiYHi ITPUHIIUITA
3MEHIIIEHHSI MaKCUMYMiB HaIIpy>KeHOTO CTaHy IIiJI yac
BEIEHHS TipHUYMX POOIT y ra3oAMHaMiYHUX MacuBax
Ha BEJIMKUX MNIMOMHAX BYTUIbHUX I1AXT.

Metoauka. MeToauka OOCHiIXEeHb IPYHTYEThCS
Ha TO€IHAHHI TEOPETUYHOIO, YMCEILHOTO I eKcIie-

pUMeHTabHOTO MiaxoAiB. g aHamizy HampyXeHo-
nechOpMOBAHOTO CTaHY BYIJIEMIOPOJHOTO MAaCUBY OYJI0
3aCTOCOBAaHE YMCEJIbHE MOJETIOBAHHS METOIOM CKiH-
YEeHHUX eJeMeHTiB. OLliHIOBaINUCS BePTUKAIbHI i TO-
pUM3OHTaNbHI HaMpy:KEeHHSI, IHTEHCUBHICTb HaMpy-
KeHb Ta 130J1iHii iX po3mnoainy. [lapanenbHo y MpuBU-
OiiiHii1 30HI BUKOHYBaJIMCSI BUMipIOBAaHHS aKyCTUUHOI
eMicii ISt BUSHaUCHHS CTYIICHST pO3BaHTaXXCHHS, pe-
3yJIbTaTU SIKMX TTOPiBHIOBAJIMCS i3 TaHUMM IJIs [TijIsIi-
HOK, MMPOMAEHUX 3a TPAAULIIHOIO TEXHOJIOTiEW. Y3a-
TATbHEHHST PE3Y/IbTaTiB YMCEIBPHUX Ta €KCIICPUMEH-
TaJbHUX JOCIIKEHb TO3BOIWIO chOPMYBATH METO-
IWYHI TPUHLIHWITA PO3PaxXyHKy ITapaMeTpiB 3aIpoIro-
HOBAHOI TEXHOJIOTI1 I OLIIHUTH 11 pecypco3bepiraroumnii
eexT.

PesyabTaTu. HocniakeHHs MiATBEPAUIO, IO 3a-
CTOCYBaHHSI KOMIIJIEKCHOI TEXHOJIOTil po3BaHTaXKeH-
Hsl, sIKa TIO€IHYE OypiHHS BUIlepeIXKaJlbHUX CBEPI-
JIOBUH i CTBOPEHHS PO3BaHTaXyBaJIbHUX LLIJIUH, CYT-
TEBO TIiABUINYE CTIMKICTh FipHUYMX BUPOOOK Y Tra3o-
IMHAMIYHO aKTUBHUX BYIJICIIOPOOHUX MacuBaxX Ha
BeUKUX rimbuHax. [TposiBU TipCbKOTo TUCKY 3HU-
XyloTbes Ha 7,3 % y BepTukaibHoMy Ta Ha 10,2 %
Yy TOPU30HTAJIBHOMY HaIIpsIMKaX, 110 3MEHIIIYE BTpa-
TU TUIOLLI ToIepeyHoro mnepepisy mno 18,2 %. Bumi-
pIOBaHHS aKyCTUYHOI eMicii 3aCBiIUMIN 3HEMIiLIHEeH-
HsI TPpUBUOIHOTO MaCUBY: 3HUKEHHS €eHeprii CTaHO-
Buio 7—28 % Ha Bigcrani 2,0—2,5 M Big BuGOIO Ta
32—-58 % y mexax 3,0—6,0 M. Burpatu eHeprii Ha
pyiiHYyBaHHs MOpix 3MeHIIvIMcd Ha 15—26 %, y ce-
penHboMy Ha 19,5 %.

HaykoBa HoBuM3Ha. Po3po0ieHa reomexaHiyHa
MOIIeJIb, IIIO BIIEPIIE BPAXOBYE CYMICHUI BILINB
CBEPIJIOBUH 1 LIiIJIMH Ha CTiMKICTh TipHUYUX BUPO-
00K. BcTaHOBJIEH] HOBI 3a71€3KHOCTI MiX MepPepO3Io-
IIIJIOM HaIIpy>KeHb Ta EHEPri€lo aKyCTUIHOTO CUTHA-
JIy 9K iHIMKAaTOpOM CTYIEHsI pO3BaHTaXKECHHSI MPU-
BUOilTHOT 30HU.

IIpakTiyna 3HaYMMicTh. 3arpONOHOBAHO Oe3Mey-
HUI1 i pecypco30epiraroumii MeToJ CropyIKeHHS BU-
poOOK Yy ra30AMHAMiYHO aKTUBHMX MacHBax TipChbKMUX
MOpiA Ha BEJUKMX IMNIMOMHAX, IO TO3BOJISIE 3HU3UTU
BTpaTH ILJIOLLII IonepeyHoro nepepisy mo 20 %.

KimouoBi caoBa: gyeinena waxma, eyenenopoduuil
macue, HanpyjiceHull Cmat, eunepedycarn4a ceepososu-
Ha, PO36AHMANCYIOUA WINUHA
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