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Abstract. The mine face is a high-risk zone, where a loss of stability, an occurrence of dynamic and gas-dynamic
processes, and an increase in the content of harmful gases are possible. All these negative consequences to certain
extent depend on the near-face stress field. This article presents the results of numerical study of the peculiarities of its
time-dependent formation in rocks with different properties, when using such means of reducing the outburst hazard as
water injection and unloading cavities.

It is shown that with the course of time in the rocks around the mine working, the area of increased difference of the
stress tensor components spreads, which leads to the formation of cracks of varying degrees of intensity. The maximum
component of the stress tensor increases; the abutment pressure zone is formed in the near-face region. The simultane-
ous increase of vertical stress in the abutment pressure zone and unloading of horizontal stress leads to displacement of
the coal seam in the mine working and loss of the mine face stability. If the mine working is driven through hard rocks, Q"
parameter values, as well as the maximum vertical stresses in the abutment pressure zone, are significantly increased.
The zone of inelastic deformations begins to form with a long delay and has noticeably smaller dimensions. Hard rocks
can withstand greater difference of the stress tensor components and greater vertical loads without breaking.

Coal moistening leads to a significant decrease in the difference of the stress tensor components in the near-face
zone of the coal seam. Values of Q" parameter in moistened coal in the three-meter near-face zone is 1.5-5 times lower
than in the coal seam with a natural moisture content. The growth of the abutment pressure zone in moistened coal
slows down; the zone of inelastic deformations becomes somewhat larger. The near-face stresses in the mine working
with the unloading cavity is radically different from the previous cases. The peak values of Q" parameter and maximum
stress are moved to the depth of unloading cavity. At the same time, both the difference of the stress tensor components
and the maximum stress remain at a low level, which corresponds to moistened coal and in a long time interval ensures
deformation of the near-face zone in the elastic mode. Unloading of this zone from rock pressure occurs in two direc-
tions: in the direction of the mine face and in the direction of the unloading cavity.

Keywords: mine face, time-dependent stress field, moistening of coal seam, unloading cavity, numerical simulation.

1. Introduction

During mining, the stress field in the host rocks is formed gradually: from the
moment of advancing, the host rocks begin to be unloaded from rock pressure, sys-
tems of cracks spread, the exposed surface shifts toward the mine working, delamina-
tion and destruction of the rocks occur. At the same time, the conditions for filtration
processes and the occurrence of gas-dynamic phenomena change over time, which
fully depends on the mode of rocks deformation.

The mine face, where collapse failure happens easily because of stress release, is a
high-risk zone during the process of the mine working drivage [1, 2]. The threat of
loss of the mine face stability depends on the rocks properties [3], the technologies of
drivage [4, 5] and supporting [6]. In addition, there is a risk of dynamic and gas-
dynamic processes occurrence, which depends on the distribution of stress values in
the zones of abutment pressure and horizontal unloading [2, 7-9]. The near-face
stress determines filtration permeability in this zone [10—12], and therefore, the vol-
ume and rate of gas release from gas-bearing rocks and coal, adding to the risk of in-
creasing methane content in the mine working atmosphere.

Many factors influence the redistribution of the stress field in the mine face:

- the time passed from the advance of the mine face;

- the properties of the host rocks;
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- the use of methods aimed at reducing gas release and the risk of coal and gas
outbursts.

Understanding of the peculiarities of the time-dependent stress field formation in
rocks with different properties and under different technological influences, is very
important for reducing the above-mentioned risks and ensuring the safety of miners
near the mine face. Many natural, experimental and numerical studies of the time-
dependent stress field have been performed recently [13—16]. Numerical simulation
of changes in stress field over time provides an opportunity to study the initial for-
mation of the stress field around underground structures or long-term displacements
of their contours. In works [17-21], the spatial and temporal evolution of the stress
field in the process of tunnelling and mine working driving is studied in detail. In the
calculations, the authors took into account the presence of initial stress field [18, 20]
and supporting [15, 17, 20, 21], rock properties [14, 16], different rheological behav-
iour of soft rocks [19], and duration of outage of tunnels with different unsupported
roof spans [14]. But currently, not enough attention has been paid to the peculiarities
of formation of the stress field in time, which are determined by such technological
factors as water injection and the creation of unloading cavities. Therefore, the aim of
this study is to establish the regularities of changes in the stress field around mine
working during its driving under various natural and technological influences.

2. Methods

Since most often mine workings are driven through a coal seam, and coal in the
conditions of coal mines of Ukraine has a high natural gas content, the effect of gas
pressure in the fracture-pore space of coal on its stress state was taken into account in
the calculations. Neglecting the influence of gas pressure when calculating stress
fields in gas-bearing rocks can lead to errors reaching 80% [22]. The time-dependent
deformation of a gas-bearing coal-rock mass can be described by the following sys-
tem of equations [23, 24]:
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where u; — displacements, m; ¢, — damping coefficient, kg/(m*-s); aijj — derivatives of
the stress tensor components for x and y axes respectively, Pa/m; ¢ — time, s; Xi(¢) —
projections of the external forces per unit volume of solid onto axes, N/m?; Pi(f) —
projections of forces due to gas pressure within the crack-pore space, N/m?; O*— ge-
omechanical parameter characterizing difference of the stress tensor components field
[22]; P* — geomechanical parameter characterizing geostatic pressure unload of the
rocks [25, 26]; o1, 03 — maximum and minimum component values of the principal
stress tensor, Pa; y — average weigh of the overlying rock seams, N/m*; H — mining
depth, m; kiecn — filtration permeability caused by mining process, dependencies are
built based on the analysis of experimental data [27-29]; kmin — minimum value of the
permeability coefficient required for the beginning of a filtration process, m?; kmax —
permeability value within the breaking zone, m?; p — gas pressure, Pa; 1, — gas vis-
cosity, Pa-s; m — rock porosity, %; g — gas release function, that simulates methane
desorption.

The problems of stress research in the rocks around the mine working were solved
in the elastic-plastic formulation [30, 31] using the Coulomb-Mohr strength criterion
[32, 33]. The initial and boundary conditions set are:
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where A — the side thrust coefficient; po — formation methane pressure, Pa; Qi — the
vertical boundaries of the outer contour; €2, — the horizontal boundaries of the outer
contour; )3 — the mine working contour; 24(¢) — the time-dependent boundary of the
filtering area; p. — air pressure, Pa.

The finite element method [34, 35] was used to solve equations (1)-(4) with initial
and boundary conditions (5)-(6). The stress state of rocks around the mine working
was analysed using parameters Q" and P* from equation (2) and the following:

- Lode-Nadai parameter i characterizing the type of stress state
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- reduced maximum component of the principal stress tensor (o1 / yH);
- reduced horizontal and vertical components of the stress tensor (ox /yH, oy /yH).

3. Problem definition
The paper examines the influence of various technological factors on the distribu-
tion of stresses in a 3-m-high mine face located at a depth of 1200 m. The thickness
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of the coal seam is 1.5 m, the compressive strength o = 10.4 MPa. The rock in the
roof and floor of the coal seam is argillite, oc = 17.3 MPa, figure 1.

1 — mine face; 2 — coal seam; 3 — argillite
Figure 1 — The central fragment of the finite-element grid

In the calculations, it was assumed that p9 = 8 MPa, p.. = 0.1 MPa, A = 1. The du-
ration of one time step 7 is approximately 2.5 hours.

4. Time change of the near-face stress under the influence of natural and techno-
logical factors

4.1 Time change of the near-face stress field

The change of the stress field was investigated starting from the moment of the
face advancing. Usually, the maximum outage of a mine face is equal to the duration
of a repair shift, namely 6-8 hours. But we analysed the near-face stress for 2-3 days
in order to track the consequences when drivage stops. Figures 2-7 present the results
of numerical calculations of the geomechanical parameters in the near-face zone.

We can see that with the course of time in the rocks around the mine working, the
area of increased difference of the stress tensor components spreads (figure 2a), which
leads to the formation of cracks of varying degrees of intensity. With volumetric load-
ing in the region of beginning of microcracking (0.4 < Q" < 0.6), there is an accumula-
tion of single, non-interacting defects [36]. Beyond the limits of elasticity and upon
reaching the strength limit, which corresponds to the region of intense crack formation
(0.6 < Q" < 1.0), uncontrollable crack growth occurs. At this stage, deformations rapid-
ly increase due to the propagation of cracks and loosening of the rock [36]. If Q" pa-
rameter values decrease, the host rocks, and therefore the mine working, become
more stable.

Figure 3 shows graphs of changes in Q" parameter values along the horizontal line
passing through the centre of the coal seam at different time points. In 2 days (i = 20)
from the moment of the face advancing, the zone where Q" > 0.4 extends deep into the
coal seam by 2.8 m. The maximum of difference of the stress tensor components is
moved away from the mine face by a distance of up to 1.0 m in the first 20 hours and
then practically does not move from this position.
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a) Q" parameter; b) zone of inelastic deformations (red color)

Figure 2 — Distributions of stress parameters values in the moments of time:
t=5h,t=25handt=50h
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Figure 3 — Changes in Q" parameter values in the coal seam

When stresses reach the strength limit of the rock, the process of macroscopic de-
struction begins. Brittle failure of the rock is characterized by the growth of defor-
mations, loosening and, accordingly, the volume of the material [36]. The zone of ine-
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lastic deformations, in which the strength limit was exceeded, in 2 days moves 1.1 m
from the mine face deep into the coal seam, figure 2b.

L
o

a) P* parameter; b) reduced horizontal components of the stress tensor ox/yH

Figure 4 — Distributions of stress parameters values in the moments of time:
t=5h,t=25handt=50h
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Figure 5 — Change of P* parameter in the coal seam

The P* parameter characterizes the unloading of rocks from rock pressure: if P* pa-
rameter values approach unity, then the rocks state approaches to uniform compression
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and the host rocks become more stable. In the undisturbed rock mass, at a distance
from the mine working, P* parameter values are equal to 1, in the immediate vicinity of
the exposed surface they tend to zero (figures 4a and 5). Over time, the volume of un-
loaded near-face rocks increases, the depth of the zone where P* < 0.4 reaches 1.4 m.

It can be seen that in the coal seam, in the near-face zone, the values of the mini-
mum component of the principal stress tensor and the horizontal component of the
stress tensor coincide, figures 4a and 4b. Unloading of the near-face zone occurs in the
horizontal direction. Therefore, in the future, we will use only the P* parameter to ana-
lyse the degree of rock unloading in this zone.

The values of the maximum component of the principal stress tensor and the verti-
cal component of the stress tensor, which also coincide in the area of the coal seam,
characterize abutment pressure zone, figures 6a and 6b. Over time the maximum
component of the stress tensor increases (figures 6 and 7), the abutment pressure zone
is formed in front of the mine face.

a) Et
b) EE
a) o1/yH; b) oy/yH.

Figure 6 — Distributions of stress parameters values in the moments of time:
t=5h,t=25handr=50h
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An increase in the values of the reduced maximum component of the principal
stress tensor by 1.3 times occurs at a distance of 1.2 m in front of the mine face. From
the mark of 0.5 m and deeper into the coal seam, the maximum stresses remain high,
for this zone o1/yH > 1 (figure 7).
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Figure 7 — Change of values of reduced maximum component of the principal stress tensor

Lode-Nadai parameter 14 characterizes the type of stress state; its values vary
from —1 to 1. For us = 1, the rock is in a state of generalized compression; for zs =0
it is in a state of generalized shear; for 1 = —1 it is in a state of generalized stretch-
ing. Indeed, at a sufficient distance from the mine face, where mining effects have not
yet been felt, the state of the coal seam approaches uniform compression. In this
zone, the parameter 1 — 1 (figure 8).
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Figure 8 — Change of Lode-Nadai parameter values in the coal seam

In the near-contour area, at a distance of 0.2-1.2 m from the mine face, at different
moments of time, the coal seam undergoes generalized stretching, at this interval
Us=—1. Parameter P takes very low values here (figure 4a) and when the coal
strength is low, its destruction occurs (figure 2b).

Analysing the obtained results, we see that the consequence of an outage, if for
some reason the next cycle of coal and rock excavation is not performed after the end
of the repair shift, there will be a significant spread of the zone of increased differ-
ence of the stress tensor components deep into the coal seam, an increase in the depth
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of the zone of generalized stretching and the zone of inelastic deformations in the
near-face area from 0.5 m to 1.125 m (for given initial and boundary conditions, ge-
ometric parameters and rock properties). The volume of unloaded rocks at the mine
face will increase; during the time passing from the 3rd time step to the 30th time
step, the depth of the zone where P* < 0.4 will change from 0.8 m to 1.4 m. The max-
imum stresses in the abutment pressure zone will increase by 1.3 times during this
time.

Thus, the redistribution of the stress field in the near-face zone of the coal seam is
characterized by a simultaneous increase in the abutment pressure and unloading of
the horizontal component of the stress tensor, which leads to the spread of the
cracked zone deep into the coal seam, its delamination and displacement in the mine
working (figure 9). This indicates a loss of the mine face stability, as well as the pos-
sibility of an active course of filtration processes in disturbed coal.
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Figure 9 — The coal bed expanding in front of the mine face, i =10

4.2 Effect of the rock characteristic on the stress field formation in the near-
face zone

In the previous part, the near-face stresses were analysed in the case when mine
working is driven through the coal seam with a rather low compressive strength. For
comparison, we considered the case when mine working is driven through the hard
sandstone with o = 34.6 MPa. The results of the stress determination are shown in
figure 10.

Comparing the obtained data with previous computations, we can note an increase
in Q" parameter values in the near-face zone. In the coal seam, the maximum differ-
ence of the stress tensor components during the studied time interval did not exceed 1.2
(figure 2a), and in the sandstone it reaches 1.6 (figure 10a). The values of the maxi-
mum vertical stresses in the abutment pressure zone are significantly higher in the case
when mine working is driven through hard rocks. The region where 1.2 < o1/yH < 1.6
in figure 6a has a much smaller area than in figure 10b, on which a large region ap-
pears where oi/yH > 1.6. At the same time, the zone of inelastic deformations in the
coal seam, in contrast to the case when there is sandstone at the mine face, begins to
form almost from the first hours after the face advancing (figure 2b) and during the
studied time spreads deep into the seam to a depth of 1.5 times greater than in hard
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sandstone (figure 10d). Hard rocks can withstand greater difference of the stress tensor
components and greater vertical loads in the abutment pressure zone without breaking.

1.6
1.2
0.8
0.4
a)
b) I

T

d)

a) Q" parameter; b) o1/yH; c) P* parameter; d) zones of inelastic deformations (red color).

Figure 10 — Distributions of geomechanical parameters values in the moments of time:
t=5h,t=25hand t= 50 h, the mine working is driven through the hard sandstone

4.3 Effect of coal moistening on the stress field formation in the near-face zone
In order to prevent instantaneous coal and gas outbursts, instantaneous coal extru-
sions and rock bumps, according to the standard [37], coal seam moistening and its hy-
draulic loosening are used. It is known that moisture saturation leads to a decrease in
the strength and bearing capacity of rocks, changes the character of their behaviour af-
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ter reaching the limit state [36, 38-41]. As a result of determining the modulus of elas-
ticity £ and Poisson's ratio u of coal samples at different moisture levels, the depend-
ences of the moisture effect on the coal deformation characteristics were established

[40, 41], table. 1.

Table 1 — Moisture effect on the coal characteristics

Moisture Modulus of elasticity £-10~, MPa Poisson's ratio u
w, % According | According Average According | According Average
to [40] to [41] value to [40] to [41] value
1 3.449 3.3 3.375 0.38 0.419 0.399
2 2.528 2.046 2.287 0.41 0.456 0.433
3 1.709 1.546 1.628 0.432 0.469 0.451
4 1.02 1.268 1.144 0.459 0.476 0.468

Tests showed that increasing the moisture content of wetting rocks can lead to a
10-fold decrease in their compressive strength [36] (figure 11).

50
40
30
20

10

Compressive strength
o., MPa

0
0 2 4 6 8 10 12 14

Moisture content w, %

Figure 11 — Compressive strength of wetting rocks depending on their moisture content
(according to [36])

Formation of the stress field was investigated in two cases: under the condition of
natural moisture content w = 1% and under the condition of w = 4% after water injec-
tion into coal seam. Average data from table 1 were used in the computations, and it
was assumed that the compressive strength of coal is reduced by 2 times when the
moisture content reaches 4%. Figure 12 shows the results of computations of geome-
chanical parameters at the time step i = 20 (r = 50 h).

From figure 12a, it can be seen that water injection significantly reduces the dif-
ference of the stress tensor components in the near-face zone of the coal seam. In 10
hours after the face advancing, Q" parameter values in moistened coal in the three-
meter near-face zone is 1.5-5 times lower than in the coal seam with a natural mois-
ture content of 1%. It is this parameter that affects the frequency and amplitude of
seismoacoustic signals, which determine the position of the unloading zone by the
seismoacoustic signal transmission equipment SSTE [42]. The growth of the abut-
ment pressure zone in moistened coal slows down (figure 12b, right side). The
change in coal properties leads to a decrease in the level of the maximum component
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of the principal stress tensor in the near-face zone by 4-16%. At the same time, the
values of the reduced minimum component of the principal stress tensor (P parame-
ter) in moistened coal increase by 10-75% at various points in the coal seam (figure
12¢, right side). The zone of inelastic deformations after water injection becomes
somewhat larger, on the 20th time step, it increases by 11%.

d)

a) Q" parameter; b) o1/yH; c) P* parameter; d) zones of inelastic deformations (red color).

Figure 12 — Distributions of geomechanical parameters values in the moments of time ¢ = 50 h,
moisture content w = 1% (left side) and w = 4% (right side)
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The analysed results reflect the combined effect of two factors, namely strain re-
lief (reduction of the modulus of elasticity) and weakening (reduction of the com-
pressive strength) of coal during its moistening [42].

4.4 Changes in the stress field in the near-face zone when using an unloading
cavity

Unloading cavities in the host rocks are formed to prevent coal and gas outbursts
when mine working is driven through outburst-prone coal seams with combines or by
blasting [37, 43]. In this work, it was investigated how the near-face stress field
changes when using an unloading cavity 2 m deep. Figure 13 shows the results of
computations of geomechanical parameters characterizing the stressed state of host
rocks.

a) Q" parameter; b) o1/yH; c) P* parameter

Figure 13 — Distributions of geomechanical parameters values in the moments of time:
t=5h,t=25hand ¢t = 50 h; the mine working is driven using the unloading cavity
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The distribution of the reduced maximum component of the principal stress ten-
sor, which is shown in figure 13a, reveals a large zone located under the unloading
cavity, where o1/yH < 0.4. The length of this zone is equal to the length of the unload-
ing cavity. In each of the cases considered above (figures 6a, 10b, 12b), the maximum
stresses in the near-face zone were not lower than 0.4. On the contrary, the maximum
abutment pressure was located within the two-meter near-face zone (figures 7 and 9).
In the presence of the unloading cavity, the abutment pressure zone moves from the
near-face region of the mine working to the near-face region of the unloading cavity
(figure 13a). The spread of the zone of increased difference of the stress tensor com-
ponents, in which the process of crack formation is actively occurring, deep into the
coal seam slows down, and the peak of Q" parameter values moves away from the
mine face (figure 13b). The area of rocks unloaded from rock pressure, where
P’ < 0.4, increases significantly compared to the all previous cases (figures 4a, 10c,
12¢).

The zone of inelastic deformations in the coal seam until the sixth time step (i = 6)
is practically absent, figure 14. Breaking of the near-face part of the coal seam begins
from the face of unloading cavity downward and from the lower corner of the mine
face upwards (figure 14c). At the time step i = 12, these zones are closed, covering
the coal seam at a distance of 2 m from the mine face, which is equal to the depth of
the unloading cavity (figure 14f). A significant part of the coal seam is separated.

d) e) f)

a)i=2;b)i=4¢c)i=6;d)i=8;¢)i=10;1)i=12

Figure 14 — Temporal progress of the zone of inelastic deformations (red colour) in the mine face
with the unloading cavity
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Thus, when using an unloading cavity, a zone completely unloaded from rock
pressure is formed near the mine face, in which the occurrence of cracking and de-
struction processes is excluded. This zone is preserved for the first 15 hours, and then
the coal seam begins to fracture slowly there. The use of an unloading cavity signifi-
cantly slows down the process of fracturing, which prevents the onset of dynamic
phenomena.

4.5 Comparison of near-face stress fields formed under the influence of the
considered factors

In order to compare the near-face stress fields in the host rocks formed under the
considered influences, the graphs of changes in geomechanical parameters were con-
structed along a horizontal line passing at a distance of 1.25 m from the floor of the
mine working (in the centre of the coal seam, in three cases), for 4th time step, 10
hours after the face advancing, figure 15.
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Figure 15 — Graphs of changes in geomechanical parameters, i = 4

The stress field has the maximum difference of the stress tensor components in the
case when the mine working is driven through hard sandstone (figure 15a), the peak
Q" parameter value is 35% greater than in the coal seam. At a distance of 1 m from
the mine face, the sandstone also withstands 15-50% higher maximum stresses (fig-
ure 15b).

Coal moistening leads to a significant decrease in the difference of the stress tensor
components, at a distance of 0.75 m from the mine face where its peak is located, Q"
parameter values in the coal seam with w =4% are 30% lower than in the seam with
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w = 1%. At the same time, the maximum stresses in these two cases differ little, by
3% on average. The decrease in Q° parameter values in moistened coal occurs due to
the increase in the values of the minimum component of the principal stress tensor
(P" parameter), which are the highest of all the considered cases, figure 15¢. Having
the lowest compressive strength, the moistened coal at the mine face is the first to en-
ter the zone of inelastic deformations (figure 16) and begins to fracture.

The situation with the near-face stresses for the mine working with the unloading
cavity is significantly different from the previous ones. The peak values of Q" and
o1/yH parameters are moved from a position of 0.75 m from the plane of the mine
face to a distance of 2 m. At the same time, both the difference of the stress tensor
components and the maximum stress remain at a low level, which corresponds to
moistened coal (figures 15a and 15b) and in this time interval ensures the defor-
mation of the near-face zone under the unloading cavity in the elastic mode (figure
16). Unloading of this zone from rock pressure occurs in two directions: in the direc-
tion of the mine face and in the direction of the unloading cavity. Therefore P* pa-
rameter values for this case (figure 15¢) is lower than the others.
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Figure 16 — Graphs of time change in the depth of the near-face zone of inelastic deformations

Lode-Nadai parameter indicates that at the time step i = 4, the zone of generalized
stretching covers the coal seam at a distance of 0.6-1.0 m from the mine face; mois-
tened coal seam at a distance of 0.6-0.7 m; sandstone at a distance of 0.9-1.2 m from
the mine face (figure 15d). Harder sandstone withstands tensile stresses and does not
undergo destruction at this time point (figure 16), unlike the coal seam. Lode-Nadai
parameter values under the unloading cavity do not decrease to —1, the coal seam at a
distance of up to 3.5 m from the mine face is in a stressed state close to a generalized
shear.

From the graphs of the spread of the zone of inelastic deformations (figure 16), we
can see that fracturing of coal with moisture content of 1% and 4% begins already from
the first time iteration (2.5 hours after the mine face advance). The zones of inelastic
deformations for these cases grow gradually and have approximately the same depth
during the studied time interval, 1.125 and 1.25 m, respectively.
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In the coal seam under the unloading cavity, the zone of inelastic deformation
spreads very slowly until the time moment i = 6, figure 16. Fracturing of the near-face
part of the coal seam occurs in a relatively short time, from 10 to 12 time steps, when
the depth of the inelastic deformations zone increases from 0.25 m to 2 m (figure 16),
which is equal to the depth of the unloading cavity. Further, the zone of inelastic de-
formations continues to increase deep into the coal seam up to 2.4 m.

The growth of the inelastic deformations zone in harder rocks begins much later, a
day after the mine face advancing, and in 3 days it spreads only 0.75 m deep into the
coal seam.

5. Conclusions

With the help of numerical simulation methods, the peculiarities of redistribution
of the near-face stress field were investigated: time change of stress; in rocks with
different properties; under various technological influences. Stresses fields, parame-
ters for their analysis, zones of inelastic deformations were calculated for the speci-
fied cases.

It is shown that with the course of time in the rocks around the mine working, the
area of increased difference of the stress tensor components spreads, which leads to the
formation of cracks of varying degrees of intensity. The maximum component of the
stress tensor increases by 1.3 times during the considered time; the abutment pressure
zone is formed in the near-face region. In the near-contour area, at a distance of 0.2-
1.2 m from the mine face, at different moments of time, the coal seam undergoes gen-
eralized stretching, at this interval Lode-Nadai parameter is equal to -1. The zone of
inelastic deformations, in which the strength limit is exceeded, moves from the surface
of the mine face deep into the coal seam. The simultaneous increase of the abutment
pressure and unloading of the horizontal component of the stress tensor leads to spread
of the cracked zone deep into the massif, displacement of the coal seam in the mine
working and loss of the mine face stability. If the mine working is driven through hard
rocks, the difference of the stress tensor components, as well as the maximum vertical
stresses in the abutment pressure zone, are significantly increased. At the same time,
the zone of inelastic deformations begins to form with a long delay and has noticeably
smaller dimensions. Hard rocks can withstand greater difference of the stress tensor
components and greater vertical loads without breaking.

Coal moistening leads to a significant decrease in the difference of the stress tensor
components in the near-face zone of the coal seam. In 10 hours after the face advanc-
ing, Q" parameter values in moistened coal in the three-meter near-face zone is 1.5-5
times lower than in the coal seam with a natural moisture content. The growth of the
abutment pressure zone in moistened coal slows down; the zone of inelastic defor-
mations becomes somewhat larger.

The near-face stresses in the mine working with the unloading cavity are radically
different from the previous cases. The peak Q" and o1/yH parameters values are
moved from the position of 0.75 m from the plane of mine face to the depth of un-
loading cavity. At the same time, both the difference of the stress tensor components
and the maximum stress remain at a low level, which corresponds to moistened coal
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and, in a long time interval, ensures deformation of the near-face zone in the elastic
mode. Unloading of this zone from rock pressure occurs in two directions: in the di-
rection of the mine face and in the direction of the unloading cavity, therefore P* pa-
rameter values for this case is lower than the others.
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®OPMYBAHHSA Nons HANPYXXEHb Y BUEOI MPHUYOI BUPOBKM MiA BNIMBOM MPUPOOHUX |
TEXHONOI4YHUX ®AKTOPIB
Kpykoeceka B.B., Kpykoscbkudi O.f1.

AHorTauif. Bubii ripH14oi BUpOBKN € 30HOK BUCOKOTO PU3NKY, A€ MOXNMWBI BTpaTa CTIMKOCTI, PO3B’A3yBaHHs AMHa-
MiYHMX | ra3ognHaMiYHUX NPOLIECIB, MiABULLEHHS BMICTY LWKIANMBMX rasiB. Bei Ui HeraTMBHI Hacnigkv neBHO Mipoko 3a-
nexatb Bif NONS HanpyXeHb B NpuBWOGINHINA 30HI. B i CTaTTi NpeacTaBneHo pesynbTaTit YMCENBHOTO AOCHIMKEHHS
0cobnnBocTen oro hopMyBaHHS B Yaci, B NOPO4ax i3 PisHUMK BNAcTMBOCTSIMU, NMPU 3aCTOCYBaHHI Takux 3acobiB 3HK-
KEHHS BUKNOOHEOE3NEKM, IK HArHITaHHS BOAM | pO3BaHTaXyBarbHi NOPOXHUHU.

MMokasaHo, L0 3 MIIMHOM Yacy B MOpPOAax HaBKOMO BUPOBKM MOLUMPIOETHCS 06MacTb MiABULLEHOT PI3HOKOMMOHEHT-
HOCTI NONS HanpyXeHb, WO NPU3BOAUTL 4O TPILLMHOYTBOPEHHS PI3HOTO CTYMEHIO iIHTEHCMBHOCTI. MakcumanbHa KoMno-
HeHTa TeH30pa HanpyxeHb 3pocTae, y B1bOi BUPOOKM DOpMYeTLCA 30Ha ONOPHOrO TUCKy. OgHOYacHe HapOCTaHHs Bep-
TUKaNbHUX HanpyxeHb B 30Hi OMOPHOrO TUCKY i PO3BAHTaXEHHS TOPU3OHTAmNbHUX MPU3BOAWTL OO 3MilleHb nnacTa B
BMpPODKY i BTpaTy CTilKoCTi BUGOI0. AKLLO BMpObKa NPOBOAMUTLCA MO MiLHUM NOpoAaM, 3HaueHHs napameTpy Q', Tak sk i
MakcumarbHi BEPTUKaNbHI HANPYXEeHHS B 30Hi OMOPHOrO TUCKY 3HAYHO MiABULLYIOTLCS. 30Ha HENPYXHUX aedopmalin y
BMOOI BMUPOOKK NouMHae hopMyBaTUCS He ogpasy MiCMs NoCyBaHHA BUOOLD, a i3 TPMBArOW 3aTPUMKOI, | Mae NOMITHO
MeHLi po3mipu. MilHi nopoan BUTPUMYIOTL 6€3 pyiHyBaHHS BinbLly Pi3HOKOMMOHEHTHICTL MONS HanpyXeHb i BinbLui
BEPTUKambHi HABAHTAXEHHS.

ligpoobpobka 3HAYHO 3HWXKYE PIBHOKOMMOHEHTHICTL NONS HaNpyXeHb B NpUBMBIAHIN 30HI ByrinbHOroO nnacra. 3Ha-
YeHHst napameTpa Q" B 3BONOXEHOMY BYrinfi B TPUMETPOBII NpuBmMGIiHIiA 30Hi B 1,5-5 pasiB MeHLUE, Hix B nnacTi 3 npu-
POAHOK BOJONICTH). 3pOCTaHHS 30HW OMOPHOTO TUCKY B 3BONOXEHOMY BYFiNMi YMOBINbHIOETHCSA, 30Ha HENPYXHUX Aedo-
pMmaliin nicns rigpoobpobku cTae gewo Oinbluow. HanpyxeHHs y B1OOi BUPOBKM 3 pO3BaHTaxyBarbHOK NOPOXHUHOK
KapAMHamNbHO BIOPI3HAKTLCS Bif nonepefHix Bunagkis. [MikoBi 3Ha4eHHs napameTpy Q° i MakCUManbHUX HanpyXeHb
NepeMiLLyoTbCS Ha MMUBKUHY pO3BaHTaXyBanbHOI NOPOXHWHM. [pU LIbOMY i PISHOKOMMOHEHTHICTb MOMS HaNpyXeHb, i
MakcumarbHi HanpyKeHHS 3amnuLLalTbCA Ha HU3bKOMY PIiBHI, SKWA BiANOBiAAE 3BOMOXEHOMY BYINMI0 i HA TpUBaNoMy
4acoBOMY NpOMiXKy 3abe3neuye gedopmyBaHHS NPUBMOBIAHOI 30HK B MPYXHOMY pexXuMi. PO3BaHTaXeHHs Liei 30HU Big
ripCbKOro TUCKY BinbYBaETLCA B ABOX HanpsiMKax: B HANPAIMKY NNOLWMHW BUOOK ripHWUYOi BUPODKY | B HANPAIMKY pO3BaH-
TaXXyBaNbHOI NOPOXHUHN.

KntoyoBi cnosa: BuGiit ripH140i BUpOBKN, 3BONOXEHHS BYFiNbHOTO NriacTa, nomne HanpyxeHb, pPO3BaHTaXyBanbHa
MOPOXHMHA, YNCEMNbHE MOLENIOBAHHS.
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