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Abstract

Purpose. Geomechanical substantiation and determination of the parting state parameters for specific mining-geological
and mining-technical conditions based on the analysis in order to substantiate the safe operating conditions of the undermined
main working network.

Methods. An algorithm for studying the state of the undermined main working network includes: analysis of the texture
and mechanical properties of parting rocks; mine instrumental observations of the rock pressure manifestations in the main
workings; modeling of the parting state using the finite element method (FEM); calculation and analysis of its stress-strain
state (SSS) with prediction of the degree of stope operations influence on possible violations of the requirements to safety rules
for the main working network operation.

Findings. The texture peculiarities and mechanical properties of lithotypes around the network of main workings, the parting
and the zone of future stope operations in the lower seam have been analyzed. The current state of the main workings has been
studied and, together with the preliminary analysis, the rock pressure manifestations with an emphasis on the probable stope
operations influence in the lower seam are predicted. For the final solution of this issue, the parameters have been substantiated
and a geomechanical model of a parting behavior has been developed. Having calculated and analyzed the SSS of parting
rocks, the conclusion can be drawn about the possibility of safe operation of the main working network.

Originality. New knowledge has been gained about the peculiarities of distributing SSS components in the parting, which
are distinguished by its large thickness (about 100 m), but by weak strength properties of all lithotypes without exception,
which are further reduced by weakening factors of fracturing, stratification and moisture from a large number of coal seams
occurring throughout the height of a parting. To study the state of a parting, for the first time, a spatial geomechanical model
has been validated and constructed, taking into account all the elements reflecting mining-technical situation.

Practical implications. Based on the analysis of parting SSS, the existence of its stable part with a thickness of about 37 m
has been proven, which ensures the absence of the stope operations influence in the lower seam on the state of the main working
network of the upper horizon, that is, the safe conditions for their operation have been substantiated. The conducted research is the
basis for the development of recommendations for ensuring accident-free operation.
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1. Introduction environmental troubles, the problem of increasing the vol-

Today, the value of coal as an energy raw material is in- ~ UMe of_ coal production or, at least, preventing its decrease, is
creasing in Ukraine and some European countries due to the ~ Pecoming an urgent one [6]-[8]. -
current geopolitical situation. Coal is the main energy source This main factor in the Western Donbas conditions bor-
material in Ukraine, the guarantor of economic and political ~ ders on some others, namely: completeness of mining of
independence, a stable basis for the production of thermal ~ @lready prepared coal reserves, which reduces its produc-
and electrical energy [1]-[4]. tion cost; maintaining the mine prodL_Jctlon capacity by

Despite the recent tendency towards a decrease in coal ~ Mining of new horizons with predominantly off-balance
consumption and transition to alternative energy sources, this ~ reserves; preservation of jobs while improving social condi-
energy source material is of strategic importance for the  tions in the region [9], [10]. It should also be taken into
country, since about 35% of electricity generation comes  account that coal enterprises are budget-generating for
from thermal power plants [5]. Therefore, despite certain ~ Many mining regions [11]-[14].
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The problem of resource saving in the mining of seams is
extremely relevant in current conditions of conducting coal
mine operations [15]-[19]. This is particularly true in the case
of intensive growth in the volume of mineral mined, which
leads to an increase in the mining depth and complicates the
geomechanical conditions of mining operations [20]-[22]. In
this sense, it has a scientific and practical perspective to
substantiate the possibility of safe operation of the network
of main workings when they are undermined in the lower
seam, which ensures the introduction of new production
capacities [23], [24]. This issue is very important, as it con-
cerns the safety of the entire mine horizon operation. There-
fore, taking into account the above, a complex research
methodology has been developed, followed by an algorithm
for its phased implementation.

2. Research methodology

The prerequisite for the entire research is the analysis of
the texture and mechanical properties of the rocks of a par-
ticular area in the Zakhidno-Donbaska mine field of the Mine
Administration “Ternivske”, PJSC “DTEK Pavlohradvuhil-
lia”. This analysis was conducted according to the geological
information provided for selected wells located near the main
working network of the Cg® seam, namely, No. 14241,
No. 14335, No. 15110, with averaging the thickness of the
rock layers and coal seams. With regard to the mechanical
properties of lithotypes, the Geological Survey data from the
Mine Administration “Ternivske”, the results of testing the
rock samples at the Institute of Geotechnical Mechanics
named by N. Poljakov National Academy of Sciences of
Ukraine, as well as generalization of studies [25] for the
Western Donbas conditions, are used.

The experience studied and results of studies on the par-
ting state during the simultaneous mining of several coal
seams in the Western Donbas [26], [27], as well as in other
coal-bearing regions [28]-[33], prove the high effectiveness
of using numerical methods and, in particular, FEM. Usually,
spatial geomechanical models are constructed [34]-[39],
which make it possible to obtain curves of the SSS compo-
nents in any rock mass section. Particular attention is paid to
the reflection of the texture transformations in the coal-
overlaying formation of the mined-out area, modeling of
contact disturbances of adjacent lithotypes, as well as deter-
mination of the rock weakening and destruction zones. The
following studies [40]-[44] are very useful here. In general,
based on the analysis of the results of modern studies in this
area, an algorithm for studying the state of a parting within
the Cs® and Cs seams has been constructed and implemented.

An obligatory methodological component of improving
the adequacy and reliability of the final results was detailed
instrumental observations [45]-[49] of all main workings of
the Cg” seam, which are included in the list of research ob-
jects. The peculiarities of the rock pressure manifestations
are systematized, and a proper understanding of their occur-
rence is given through the mechanism of occurrence and
development of geomechanical processes: mainly vertical,
obliquely directed and lateral pressure, the pressing of the
frame support prop stay bearings into the rocks of the mine
working bottom, and in some places the complete loss of
their operating condition. At the same time, it is necessary to
note the predominantly satisfactory state of the mine wor-
kings, where the residual plane of their cross-section is usual-
ly 10-15 m? and does not violate the requirements for proper
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horizon ventilation and safety rules for motor-vehicle traffic
and people movement.

The above research stages form the basis for substantia-
ting the parameters and creating a sufficiently adequate geo-
mechanical model for the parting behavior with already
mined-out Cg” seam reserves and the beginning of mining the
Cs seam. Based on the results of the calculation and analysis
of the SSS components, the zones of weakening of the part-
ing rocks and the areas of their stable state have been deter-
mined, as well as the main conclusion has been substantiated
on the possibility of further safe operation of the main work-
ing network under the condition of implementation of local
current repair and restoration works.

In accordance with the developed methodology, the pre-
scribed research stages are consistently performed. As a result
of the analysis of the texture and mechanical properties of the
parting rocks of the Cs® and Cs seams, Table 1 has been com-
piled, which gives the main lithotype parameters used to con-
struct a geomechanical model that reflects the parting state.

Table 1. Average parameters of texture and mechanical properties
of the parting rocks in the Cs° and Cs seams

Compressive Calculated Elasticity
Thickness, resistance in compressive modulus

Lithotype m the sample  resistance  E-10%,
Ocompr, MPa R, MPa MPa

Coal seam Cg° 0.9 40.0 11.5 0.35
Argillite 3.6 14.6 3.1 0.20
Coal seam Cs 0.3 30.0 12.0 0.35
Argillite 3.2 14.6 6.2 0.40
Coal seam C7'° 0.5 30.0 12.0 0.35
Argillite 3.7 14.6 3.1 0.20
Coal seam C7° 0.6 30.0 12.0 0.35
Argillite 13.8 14.6 6.2 0.40
Siltstone 4.8 15.3 9.8 1.00
Argillite 8.1 14.6 8.8 0.50
Siltstone 9.4 15.3 9.8 1.00
Argillite 7.5 14.6 8.8 0.50
Siltstone 14.2 15.3 9.8 1.00
Coal seam Cs'°? 0.45 30.0 12.0 0.35
Argillite 1.0 14.6 13.1 0.20
Coal seam Cg° 0.45 30.0 12.0 0.35
Siltstone 8.9 15.3 9.8 1.00
Sandstone 6.7 20.1 11.6 1.80
Siltstone 5.0 15.3 9.8 1.00
Argillite 9.1 14.6 8.8 0.50
Coal seam Cs 0.8 40.0 115 0.35

The total parting thickness is 102.0 m, which, according
to preliminary assessments, eliminates the stope operations
influence in the Cs seam on the network of main workings in
the Cs® seam. However, the scientific basis for this point of
view has been provided by modeling the state of a parting
using the FEM. Therefore, the properties of lithotypes form-
ing the parting of the Cg® and Cs seams have been studied in
more detail.

3. Research results

In accordance with the developed methodology, the pre-
scribed research stages are consistently performed. As a
result of the analysis of the texture and mechanical proper-
ties of the parting rocks of the Cs® and Cs seams, Table 1
has been compiled, which gives the main lithotype parame-
ters used to construct a geomechanical model that reflects
the parting state.
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The total parting thickness is 102.0 m, which, according to
preliminary assessments, eliminates the stope operations influ-
ence in the Cs seam on the network of main workings in the
Cs® seam. However, the scientific basis for this point of view
has been provided by modeling the state of a parting using the
FEM. Therefore, the properties of lithotypes forming the part-
ing of the Cs® and Cs seams have been studied in more detail.

The Cg° coal seam with a thickness of 0.9 m, compres-
sive strength in the sample ocompr = 40 MPa, moistened,
fractured, and has a weak coherence with the rocks in the
immediate roof and bottom. Due to moistening and intense
fracturing, the Cs” seam calculated strength decreases in
accordance with [50] to R = 11.5 MPa. The elasticity modu-
lus £ =0.35-10* MPa is chosen according to the results of
studies at the Institute of Geotechnical Mechanics named by
N. Poljakov of National Academy of Sciences of Ukraine, as
well as based on the work [25].

The argillite is massive, with horizontal stratification,
3.6 m thick and a compressive strength in the sample
ocompr = 9.0-20.1 MPa. The calculated compressive strength
averages R = 3.1 MPa due to moistening from the Cs® seam,
stratification, fracturing, and rheological properties. The
elasticity modulus is chosen to be £ = 0.20-10* MPa.

Coal seams Cs™, C7'°P, C+*, C¢® have the same mechani-
cal characteristics: ultimate compressive strength in the
sample is gcompr = 30 MPa, calculated compressive strength
is R =12.0 MPa, elasticity modulus is £ =0.35-10* MPa;
all seams are ultra-thin seams with a thickness ranging from
0.3m to 0.6 m, with very weak coherence with adjacent
rock layers.

The argillite forming the Cs™ seam bottom has a thick-
ness of 3.2m with an ultimate compressive strength
ocompr = 9.0-20.1 MP, but it is not significantly moistened,
with reduced fracturing intensity; therefore, it has an in-
creased calculated compressive resistance R = 6.2 MPa and
an elasticity modulus of £ =0.40-10* MPa. The argillite in
the C;* seam immediate bottom has similar mechanical prop-
erties, as its large thickness of 13.8 m contributes to the ab-
sence of moisture throughout the entire thickness.

In contrast, the argillite occurring between the C7' and
C+° seams is probably moistened throughout its entire thick-
ness of 3.7 m; therefore, for this lithotype, R =3.1 MPa,
E =0.20-10* MPa.

The C7* coal seam main bottom is composed of mica-
ceous and fine-grained siltstone with a stratified texture. Its
thickness is 4.8 m with an ultimate compressive strength in
the sample ocompr = 9.5-21.1 MPa. Low moistening causes the
calculated compressive strength R = 9.8 MPa, and the elastic-
ity modulus is £ = 1.0-10* MPa. Siltstones with similar me-
chanical properties also occur below, up to the Cs coal seam.

In this segment of a parting, argillite layers appear, which
have reduced fracturing and a natural moistened state. There-
fore, their calculated compressive resistance (R = 8.8 MPa)
and elasticity modulus (£ = 0.50-10* MPa) increase.

As a result, fine-grained sandstone, moistened on clay-
limestone cement and fractured occurs in the seam Cs main
roof. It has a thickness of 6.7 m, but a small compressive
resistance in the sample ocompr = 20.1 MPa; therefore, its
calculated compressive resistance is only R = 11.6 MPa, and
the elasticity modulus is £ = 1.80-10* MPa. The performed
analysis of the texture and mechanical properties of the part-
ing lithotypes in the Cs® and Cs seams is used in the construc-
tion of its geomechanical model and calculation of SSS.
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The task of studying the SSS of a parting in the Cg® and Cs
seams has the ultimate purpose to answer the question —
whether the main working network state of the Cs® seam will
be influenced by the stope operations in the 518 longwall face
and in other extraction sites of the Cs seam? That is, whether
the disturbances of the Cs seam roof rocks will develop to the
Cg® seam (taking into account the disturbances of its bottom
from the stope operations of the past)? To do this, it is neces-
sary to study the state of the parting rocks, to identify the zone
of weakening and a holistic zone, which will restrain the dis-
placements in coal-overlaying formation into the mined-out
area of the Cs seam. A geomechanical model (Fig. 1) has been
substantiated and constructed to solve the questions posed.

Figure 1. Model of undermining the main working network of the
Cs° seam with the 518 longwall face of the Cs seam

As a matter of fact, the research purpose is that the
geomechanical model should be spatial, because it necessari-
ly includes:

—the main working network of the seam Cg° the entire
network is located approximately at the same distance from
the Cs seam, then it is enough to model two mine workings,
for example, the Western Main Conveyor Drift No. 3
(WMCD No. 3) and the Eastern Main Ventilation Drift
(EMVD) of the 420-445 m horizon;

— the Cs seam roof is modeled to a height of up to 30 m —
this is necessary to eliminate distortions in the distribution of
SSS components associated with the imposition of boundary
conditions on the upper horizontal surface of the model (XZ
plane); then the state of the parting rocks will be determined
as adequately as possible;

— for similar reasons, the Cs seam bottom is also modeled
to a depth of 30 m;

—seam Cs is modeled at a depth of 102 m from seam Cs?,
which characterizes the average parting thickness according
to data of a number of geological wells; given the seam Cg°
roof height and the seam Cs bottom depth, the total geome-
chanical model height is Y =160 m;

—in the Cg seam, the actual distance of approximately
35-40 m between the WMCD No.3 and EMVD of the
420-445 m horizon is shown; on their sides, a sufficient dis-
tance to the vertical model boundaries is modeled (to avoid
SSS distortions), but the main factor to substantiate the mo-
del width according to the X coordinate is the stope opera-
tions in the Cs seam 518 longwall face;
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— the experience of modeling stope operations indicates a
sufficient size along the extraction site length X of 100 m,
which completely encloses the frontal bearing pressure zone
ahead of the 518 longwall face and the stabilization zone of
the coal-overlaying formation displacement processes into
the mined-out area after the 518 longwall face is mined out;
thus, the model size is taken as X =100 m;

—along the 518 extraction site length, the following are
necessarily modeled: extraction drifts (prefabricated and
boundary), powered support of the stoping face, mined-out
area with rocks of the uncontrolled collapse and hinged-
block displacement zones, security system with appropriate
resistance to rock pressure;

— the size of the model along the strike (Z coordinate) is
determined by the following factors: the length of the
518 longwall face, the width of both extraction drifts, the
width of the virgin mass zones, sufficient to eliminate SSS
distortions; in general, the acceptable size of the model along
the strike is Z = 320 m.

The texture and mechanical properties of the lithotypes
forming the partings of the Cg and Cs seams are shown in
Table 1. The traditional boundary conditions are taken for the
rock mass SSS geomechanical studies, that is, there is an
applied vertical geostatic pressure on the upper face:

o, = yH, (1)
there is a rigid bearing on the lower face, and horizontal
geostatic pressure acts on the side surfaces:

__H

O]

o

x =0

271, vH,
where:

y —weight-average unit specific gravity of the coal-
overlaying formation rocks;

H — depth of mine working location;

u — coefficient of transverse rock deformation.

According to the given spatial geomechanical model, a
computational experiment is performed, as a result of which the
distribution curves for the main stress components in the part-
ing of the Cg” and Cs seams are constructed. The SSS analysis
is performed for all main stress components: vertical o, hori-
zontal o, (to the rise — dip), horizontal o; (along the strike), and
according to generalizing indicator — stress intensity o.

Before proceeding to the analysis of the stress component
distribution, it is necessary to explain and substantiate the
approach to this analysis in accordance with the specifics of
the task set and the geomechanical model constructed.

Firstly, the upper Cs® coal seam has already been almost
mined out near the main working network. And if the 850
extraction site is completely mined out (or will be in the
stage of mining), then the disturbances of the Cs” seam bot-
tom rocks will approach the bottom of the main workings by
propagating the reverse trough of the mass shift at a certain
angle (15-30°) to the vertical. Therefore, regarding distur-
bances and weakening of rocks in the parting, it is neces-
sary to study them also in the Cg” seam bottom, that is, to
determine the depth of distribution of bearing pressure
zones (ahead of the stoping face) and de-stressing zone (in
the mined-out area) influenced by the stope operations at
least in the 850 longwall face. Such a condition brings the
model closer to the real state of parting texture transfor-
mations and is a factor in obtaining more reliable results in
terms of its stability.
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Secondly, of course, the main factor in the disturbance of
the balanced state of the parting and the probable stability
loss of its part are the stope operations in the 518 longwall
face. Here, the transformations of the coal-overlaying for-
mation texture in the Cs seam with the appearance of classi-
cal problems are of great interest. These are uncontrolled
collapse, hinged-block displacement, and smooth deflection
of layers without loss of continuity [51]. Accordingly, it
becomes necessary to determine the propagation distance of
concentration zones (de-stressing) of SSS components into
the Cs seam roof, which cause disturbance of the rock layers
and affect the parting stability.

Therefore, the geomechanical situation peculiarities,
when mining the Cs seam 518 extraction site, require the
study of discontinuity and the development of weakening
zones both in the Cg” seam bottom and in the Cs seam roof.

Usually, the most informative and visual SSS component
is the vertical stress o, distribution curve, an example of
which is shown in Figure 2a. First of all, it should be noted
that the o, distribution parameters are fully consistent with
the existing results of modeling the state of the coal-bearing
stratum during the coal seam mining. More specifically,
when mining the Cs coal seam, we are interested in the
propagation of 4, anomalies (concentration, de-stressing) in
its bottom, which is part of a parting. Ahead of the 850
longwall face there is a frontal bearing pressure zone with the
following parameters:

— definitely destructive concentration o, of the level:

%y
Y oH
penetrates into the bottom to a depth of 8-9 m and causes
weakening and stratification of the upper part of a parting;

—a slightly lower concentration of Ky,=1.9-2.1 also
weakens the soft rocks of the Cs” seam bottom, since they are
mainly represented by weak moistened argillites, and the
coal seams Cg™, C/°° and C7° are ultra-thin and are not able
to resist increased rock pressure; this area propagates to a
depth of up to 17-19 m;

—a moderate concentration o, of Ky=1.5-1.6 level rea-
ches a depth of 25-28 m and intersects with stronger silt-
stones and argillites; some partial weakening and stratifica-
tion is possible here.

From the point of view of the calculation reliability, we
will assume with a certain margin that the loss of continuity
and stability of the Cs® seam bottom rocks occurs up to a
depth of 30 m.

Next, the destressing zone oy, which is formed in the
mined-out area behind the 850 longwall face, is studied. Here
there is a stratification of rocks under the action of tensile g,
stresses near the mined coal seam boundary with vertical
displacement of the bottom rocks into the mined-out area.
Tensile g, stresses penetrate into the Cs® seam bottom to a
relatively shallow depth of 3.7-4.0 m. But the most intense
de-stressing of the Ky = 0.02-0.17 level is dangerous because
any poorly predicted rock pressure manifestations unbalance
a sufficiently large rock volume, and it begins to move to-
wards the mined-out area with corresponding stratification
and weakening. This phenomenon can lead to potential in-
stability and hazards, highlighting the importance of accurate
prediction and management of rock pressure to ensure the
safety of the mined-out area.

K =25-30, 3)
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(b)

Figure 2. Curve of vertical stresses ay: (a) when mining the Cs°
seam 850 longwall face in the YZ section (along the 850
extraction site); (b) when mining the Cs seam 518
longwall face in the YX section (along the 518 extrac-
tion site)

In addition, there is one factor — the action of horizontal
stresses oy and oz, which reflect additional zones of tension
and compression: tension intensifies rock stratification; com-
pression concentrations — the lithotype destruction, since
there are practically no vertical (restraining) stresses a,, and
in any rock strength theory such a ratio of stress components
is dangerous.

Therefore, the weakening of the bottom rocks in the de-
stressing zone up to 20-23 m is quite probable; this is some-
what less than the weakening depth in the frontal bearing pres-
sure zone, therefore, the depth of disturbances in the Cg® seam
bottom, 30 m is taken as the final indicator.

This conclusion is confirmed by the analysis of horizontal
oy, 07 Stresses and stress ¢ intensity distribution, the results of
which will be presented a little later, and now the main atten-
tion is paid to the disturbances of the Cs seam roof rocks when
mining the 518 longwall face. The curve of vertical stresses is
shown in Figure 2b.

The frontal bearing pressure zone ahead of the longwall
face has the following indicators:

— the rock-destroying vertical stress concentration of the
Ky =2.5-3.0 level propagates into the roof to a height of
6.5-7.0 m; here the rock destruction definitely occurs, because
in absolute terms, the compressive stresses o, exceed the cal-
culated strength of argillite and siltstone by 2.6-3.4 times;

—a somewhat lower concentration of the Ky=1.9-2.1
level penetrates to a height of up to 9.0-11.5m and also
causes the weakening and destruction of argillite and silt-
stone rock layers;

—even higher, the concentration o, of the Ky=1.6-1.8
level acts towards the roof, which is also destructive for the
siltstone, and the sandstone is able to withstand such compres-
sive stresses with some disturbances near the siltstone stratifi-
cation; this zone propagates into the roof up to 14.0-17.5 m;

— further, the concentration of o, decreases when moving
into the Cs seam main roof, but local zones are possible
where partial weakening of lithotypes occurs, especially
slightly moistened argillite (between the C¢'° and Cs® seams)
at a distance of up to 31.2 m. These local zones are unlikely
to be involved in the active displacement of the coal-
overlaying formation and mostly do not lose stability. But
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with a certain margin to increase the calculation reliability,
the height of the possible weakening zone of rocks influ-
enced by stope operations in the 518 longwall face can be
taken up to 35 m.

The de-stressing zone behind the 518 longwall face is
characterized as follows:

—the maximum degree of de-stressing Ky =0.02-0.17
propagates to a height of up to 27-28 m and, as noted earlier,
this zone is potentially dangerous in terms of weakening the
coal-overlaying formation;

— higher into the main roof, the vertical stresses o, increase
quite quickly to the Ky = 0.31-0.60 level, and this zone can be
considered quite stable with regard to the absence of weaken-
ing and stratification of the rocks in the Cs seam main roof.

Summarizing the above stated, it is possible with a fairly
high degree of probability to consider the stope operations
influence in the 518 longwall face up to 35 m high as limited.
Then the total influence on the parting state (from 850 and
518 longwall faces) is predicted for a distance of up to 65 m.
Thus, 37 m of parting rocks remain stable.

The rest of the stress components basically confirm the
given conclusion. As an example, the distribution of horizon-
tal stresses oy in the YX plane is shown in Figure 3a. There is
an intense bending of the main roof lithotypes near the Cs
seam and the main bottom lithotypes near the Cs® seam, and
inside the parting this bending slows down, which corre-
sponds to the classical zone of “smooth bending of rock
layers without discontinuity”. Figure 3b shows the curve of
the stress intensity o in a certain area along the 518 extrac-
tion panel length. The weakening and destruction of the
bottom rock layers near the Cs® seam is also predicted here,
while the middle part of the parting is in a stable state.

(b)

vonMses Duimer2 (4P}

Figure 3. Curve of horizontal stresses ax: (a) when mining the
Cs seam 518 longwall face with already mined-out (in
this area) 850 longwall face; (b) when mining the Cs
seam 518 extraction site with already mined-out ex-
traction panel

Thus, summarizing the research results, it can be stated
with confidence that the discontinuities of the parting litho-
types are limited (with a certain margin) at a distance of up to
65 m, and at the remaining 37 m, the rock layers are in a
stable state. This leads to a conclusion that there is no stope
operations influence in the 518 longwall face on the main
working network stability in the Cs® seam.
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This conclusion is confirmed by a series of mine studies,
fragments of which are shown in Figure 4, as well as the
existing experience in studying the rock stability throughout
the parting thickness [52], [53].

10.08:2022 1 28223

Figure 4. Fragments of the mine working state during mine studies

A series of multivariate computational experiments on
the calculation of the stress-strain state of rocks, conducted
using a new methodology reflecting the structural rock trans-
formations, is compared with a complex of mine studies with
constant monitoring of the mine working state. The data
obtained provide an objective assessment of the degree of
reliability of the conclusions drawn. Thus, the adequacy of
the conducted research on the assessment of the safety de-
gree of the main working network state during their mining
has been proved.

4, Conclusions

The probable stability loss of the main working network
in the Cg” seam in the process of their undermining with
stope operations in the Cs seam is studied. For this purpose,
the texture and mechanical properties of the parting rocks
have been analyzed on the basis of geological information on
a number of wells located near the Cs® seam main workings,
and the geomechanical parameters have been generalized
throughout the entire parting thickness.

Instrumental observations of the main working network state
give grounds to consider it mostly satisfactory, provided there is
no planned stope operations influence in the lower Cs coal seam.

To study the parting state, the parameters have been sub-
stantiated and a spatial geomechanical model has been con-
tructed, which includes all the main elements reflecting the
mining-technical situation.

The parting SSS analysis has proved that with a certain
margin of calculation reliability, its weakening and stratifica-
tion are predicted to be up to 30 m in the Cg seam bottom
and up to 35 m in the Cs seam roof. There are 37 m of solid
rocks left, which ensures a stable state of the parting and the
absence of the stope operations influence in the Cs seam on
the main workings network of the Cg® seam.

Acknowledgements

The authors express their gratitude to the management of
PJSC “DTEK Pavlohradvuhillia” and PJSC “MM “Pokrovske”
for their help in organizing the experimental research.

References

[1] Chepeliev, M., Diachuk, O., Podolets, R., & Semeniuk, A. (2023). Can
Ukraine go “green” on the post-war recovery path? Joule, 7(4), 606-
611. https://doi.org/10.1016/j.joule.2023.02.007

96

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Dyczko, A. (2007). Thin coal seams, their role in the reserve base of
Poland. Technical, Technological and Economic Aspects of Thin-
Seams Coal Mining International Mining, 81-87.
https://doi.org/10.1201/n0e0415436700.ch10

Dubinski, J. (2013). Sustainable Development of Mining Mineral
Resources.  Journal of Sustainable Mining, 12(1), 1-6.
https://doi.org/10.7424/jsm130102

Esposito, E., & Abramson, S.F. (2021). The European coal curse. Journal
of Economic Growth, (26), 77-112. https://doi.org/10.1007/s10887-021-
09187-w

Bondarenko, V., Salieiev, I., Kovalevska, I., Chervatiuk, V., Malash-
kevych, D., Shyshov, M., & Chernyak, V. (2023). A new concept for
complex mining of mineral raw material resources from DTEK coal
mines based on sustainable development and ESG strategy. Mining of
Mineral Deposits, 17(1), 1-16. https://doi.org/10.33271/mining17.01.001
Dubinski, J., Prusek, S., & Turek, M. (2017). Key tasks of science in
improving effectiveness of hard coal production in Poland. Archives of
Mining Sciences, 62(3), 597-610. https://doi.org/10.1515/amsc-2017-0043
Li, Y., Chiu, Y.H., & Lin, T.Y. (2019). Coal production efficiency and
land destruction in China’s coal mining industry. Resources Policy,
(63), 101449. https://doi.org/10.1016/j.resourpol.2019.101449

Kicki, J., Jarosz, J., Dyczko, A., & Paszcza, H. (2005). The economic
and technical aspects of mine closure in Poland. International Sympo-
sium on Mine Planning and Equipment Selection, 625-631.

Haidai, O., Ruskykh, V., Ulanova, N., Prykhodko, V., Cabana, E.C.,
Dychkovskyi, R., & Smolinski, A. (2022). Mine field preparation and
coal mining in Western Donbas: Energy security of Ukraine — A case
study. Energies, 15(13), 4653. https://doi.org/10.3390/en15134653
Vlasov, S., Moldavanov, Y., Dychkovskyi, R., Cabana, E., Howaniec, N.,
Widera, K., Bak, A., & Smolifiski, A. (2022). A generalized view of
longwall emergency stop prevention (Ukraine). Processes, 10(5), 878.
https://doi.org/10.3390/pr10050878

Vovk, 0.0., Rabosh, 1.O., Kharchenko, R.F., & Kukuiashnyi, E.V.
(2021). Perspektyvy ta vyklyky spravedlyvoi transformatsii vuhilnykh
rehioniv Ukrainy. Enerhetyka: Ekonomika, Tekhnolohii, Ekolohiia, (2),
59-72. https://doi.org/10.20535/1813-5420.2.2021.247379

Zablodska, 1.V., & Rohozian, Yu.S. (2020). Spravedlyva transformatsiia
vuhilnykh rehioniv: svitovyi dosvid ta pravovyi aspekt. Ekonomika ta
Pravo, (2), 14-31. https://doi.org/10.15407/econlaw.2020.02.014
Medianyk, V., & Cherniaiev, O. (2018). Technological aspects of
technogenic disturbance liquidation in the areas of coal-gas deposits
development. E3S Web of Conferences, (60), 00037.
https://doi.org/10.1051/e3sconf/20186000037

Boichenko, M.V. (2021). Renovatsiia zakrytykh wuhilnykh shakht.
Ekonomichnyi Visnyk Donbasu, 3(65), 75-80. https:/doi.org/10.12958/1817-
3772-2021-3(65)-75-80

Zhulay Y., Zberovskiy V., Angelovskiy A., & Chugunkov I. (2012).
Hydrodynamic cavitation in energy-saving technological processes of
mining sector. Geomechanical Processes During Underground Mining —
Proceedings of the School of Underground Mining, 51-56.
https://doi.org/10.1201/b13157-11

Lewinska, P. (2016). Thermal digital terrain model of a coal spoil tip —
A way of improving monitoring and early diagnostics of potential
spontaneous combustion areas. Journal of Ecological Engineering,
17(4), 170-179. https://doi.org/10.12911/22998993/64605

Matkowski, P., Ostrowski, L., & Bednarek, L. (2020). The effect of
selected factors on floor upheaval in roadways — in situ testing. Ener-
gies, 13(21), 5686. https://doi.org/10.3390/en13215686

Majcherczyk, T., Matkowski, P., & Niedbalski, Z. (2008). Rock mass
movements around development workings in various density of stand-
ing-and-roof-bolting support. Journal of Coal Science and Engineering
(China), 14(3), 356-360. https://doi.org/10.1007/s12404-008-0078-1
Lewinska, P., Dyczko, A., & Matula, R. (2017). Integration of thermal digital
3D model and a MASW (Multichannel Analysis of Surface Wave) as a
means of improving monitoring of spoail tip stability. Baltic Geodetic Con-
gress, (232-236), 8071478. https://doi.org/10.1109/BGC.Geomatics.2017.29
Kovalevs’ka, 1., Symanovych, G., & Fomychov, V. (2013). Research
of stress-strain state of cracked coal-containing massif near-the-
working area using finite elements technique. A4nnual Scientific-
Technical Collection — Mining of Mineral Deposits, 159-163.
https://doi.org/10.1201/b16354-28

Zberovskyi, V., Sofiiskyi, K., Stasevych, R., Pazynych, A., Pinka, J., &
Sidorova, M. (2020). The results of monitoring of hydroimpulsive disinte-
gration of outburst-prone coal seams using ZUA-98 system. E3S Web of
Conferences, (168), 00068. https://doi.org/10.1051/e3sconf/202016800068
Petlovanyi, M, Medianyk, V., Sai, K., Malashkevych, D., & Popovych, V.
(2021). Geomechanical substantiation of the parameters for coal auger
mining in the protecting pillars of mine workings during thin seams



https://doi.org/10.1016/j.joule.2023.02.007
https://doi.org/10.1201/noe0415436700.ch10
https://doi.org/10.7424/jsm130102
https://doi.org/10.1007/s10887-021-09187-w
https://doi.org/10.1007/s10887-021-09187-w
https://doi.org/10.33271/mining17.01.001
https://doi.org/10.1515/amsc-2017-0043
https://doi.org/10.1016/j.resourpol.2019.101449
https://doi.org/10.3390/en15134653
https://doi.org/10.3390/pr10050878
https://doi.org/10.20535/1813-5420.2.2021.247379
https://doi.org/10.15407/econlaw.2020.02.014
https://doi.org/10.1051/e3sconf/20186000037
https://doi.org/10.12958/1817-3772-2021-3(65)-75-80
https://doi.org/10.12958/1817-3772-2021-3(65)-75-80
https://doi.org/10.1201/b13157-11
https://doi.org/10.12911/22998993/64605
https://doi.org/10.3390/en13215686
https://doi.org/10.1007/s12404-008-0078-1
https://doi.org/10.1109/BGC.Geomatics.2017.29
https://doi.org/10.1201/b16354-28
https://doi.org/10.1051/e3sconf/202016800068

H. Symanovych et al. (2023). Mining of Mineral Deposits, 17(2), 91-98

development. ARPN Journal of Engineering and Applied Sciences,
16(15), 1572-1582.

[23] Griadushchiy, Y., Korz, P., Koval, O., Bondarenko, V., & Dychkov-
skiy, R. (2007). Advanced experience and direction of mining of thin
coal seams in Ukraine. Technical, Technological and Economical
Aspects of Thin-Seams Coal Mining, 2-7.
https://doi.org/10.1201/n0e0415436700.ch1

[24] Kicki, J., & Dyczko, A. (2010). The concept of automation and monitor-
ing of the production process in an underground mine. New Techniques
and Technologies in Mining, 245-253. https://doi.org/10.1201/b11329-41

[25] Usachenko, B.M. (1979). Svoystva porod i ustoychivost'gornykh
vyrabotok. Kyiv, Ukraina: Naukova dumka, 136 s.

[26] Kovalevska, I., Samusia, V., Kolosov, D., & Pysmenkova, T. (2020).
Stability of the overworked slightly metamorphosed massif around
mine working. Mining of Mineral Deposits, 14(2), 43-52.
https://doi.org/10.33271/mining14.02.043

[27] Kovalevs’ka, I., llliashov, M., Fomychov, V., & Chervatuk, V. (2012).
The formation of the finite-element model of the system “undermined
massif — support of stope”. Geomechanical Processes During Under-
ground Mining — Proceedings of the School of Underground Mining,
73-79. https://doi.org/10.1201/b13157-13

[28] Shashenko, O., & Cherednyk, V. (2020). Patterns of conveyor excava-
tion deformation in mining and geological conditions of the Krasnoly-
manska coal mine. Tidings of Donetsk Mining Institute, 176-183.
https://doi.org/10.31474/1999-981x-2020-2-176-183

[29] Krukovskyi, O., & Krukovska, V. (2019). Numerical simulation of the
stress state of the layered gas-bearing rocks in the bottom of mine
working. E3S  Web  of Conferences, (109),  00043.
https://doi.org/10.1051/e3sconf/201910900043

[30] Prusek, S., Rajwa, S., Wrana, A., & Krzemien, A. (2017). Assessment
of roof fall risk in longwall coal mines. International Journal of Min-
ing, Reclamation and Environment, 31(8), 558-574.
https://doi.org/10.1080/17480930.2016.1200897

[31] Lozynskyi, V., Saik, P., Petlovanyi, M., Sai, K., & Malanchuk, Y.
(2018). Analytical research of the stress-deformed state in the rock massif
around faulting. International Journal of Engineering Research in Africa,
(35), 77-88. https://doi.org/10.4028/www.scientific.net/jera.35.77

[32] Ishchenko, K.S., Krukovskyi, O.P., Krukovska, V.V., & Ishchenko, O.K.
(2012). Fizychne i chyselne modeliuvannia napruzheno-deformovancho
stanu masyvu hirskykh porid u zaboi vyrobky. Viznyk Natsionalnoho
Hirnychoho Universytetu, (2), 85-91.

[33] Skipochka, S. (2019). Conceptual basis of mining intensification by the
geomechanical factor. E3S Web of Conferences, (109), 00089.
https://doi.org/10.1051/e3sconf/201910900089

[34] Matkowski, P., Niedbalski, Z., & Balarabe, T. (2021). A statistical
analysis of geomechanical data and its effect on rock mass numerical
modeling: A case study. International Journal of Coal Science &
Technology, (8), 312-323. https://doi.org/10.1007/s40789-020-00369-2

[35] Wang, J., Apel, D.B., Dyczko, A., Walentek, A., Prusek, S., Xu, H., & Wei,
C. (2022). Analysis of the damage mechanism of strainbursts by a global-
local modeling approach. Journal of Rock Mechanics and Geotechnical
Engineering, 14(6), 1671-1696. https://doi.org/10.1016/j.jrmge.2022.01.009

[36] Kovalevska, I., Symanovych, H., Jarosz, J., Barabash, M., & Husiev, O.
(2020). Geomechanics of overworked mine working support resistance
in the laminal massif of soft rocks. E3S Web of Conferences, (201),
01003. https://doi.org/10.1051/e3sconf/202020101003

[37] Sotskov, V., & Saleev, I. (2013). Investigation of the rock massif stress
strain state in conditions of the drainage drift overworking. Annual Scien-
tific-Technical Collection — Mining of Mineral Deposits, 197-201.
https://doi.org/10.1201/b16354-35

[38] Dyczko, A., Kaminski, P., Jarosz, J., Rak, Z., Jasiulek, D., & Sinka, T.
(2021). Monitoring of roof bolting as an element of the project of the

introduction of roof bolting in polish coal mines-case study. Energies,
15(1), 95. https://doi.org/10.3390/en15010095

[39] Pivnyak, G., Bondarenko, V., Kovalevs’ka, L., & Illiashov, M. (2012).
Geomechanical processes during underground mining — Proceedings
of the School of Underground Mining. London, United Kingdom: CRC
Press, 238 p. https://doi.org/10.1201/b13157

[40] Bondarenko, V., Kovalevska, I., Cawood, F., Husiev, O., Snihur, V., &
Jimu, D. (2021). Development and testing of an algorithm for calculat-
ing the load on support of mine workings. Mining of Mineral Deposits,
15(1), 1-10. https://doi.org/10.33271/mining15.01.001

[41] Bondarenko, V., Kovalevska, ., Symanovych, G., Sotskov, V., &
Barabash, M. (2018). Geomechanics of interference between the opera-
tion modes of mine working support elements at their loading. Mining
Science, (25), 219-235. https://doi.org/10.5277/msc182515

[42] Pivnyak, G., Bondarenko, V., & Kovalevska, I. (2015). New develop-
ments in mining engineering 2015: Theoretical and practical solutions
of mineral resources mining. London, United Kingdom: CRC Press,
607 p. https://doi.org/10.1201/b19901

[43] Smolifski, A., Malashkevych, D., Petlovanyi, M., Rysbekov, K.,
Lozynskyi, V., & Sai, K. (2022). Research into impact of leaving waste
rocks in the mined-out space on the geomechanical state of the rock
mass surrounding the longwall face. Energies, 15(24), 9522.
https://doi.org/10.3390/en15249522

[44] Matkowski, P., & Ostrowski, L. (2017). The methodology for the
young modulus derivation for and its. Procedia Engineering, (191),
134-141. https://doi.org/10.1016/j.proeng.2017.05.164

[45] Bondarenko, V., Kovalevska, I, Symanovych, H., Barabash, M., &
Snihur, V. (2018). Aassessment of parting rocks weak zones under the
joint and downward mining of coal seams. E3S Web of Conferences,
(66), 03001. https://doi.org/10.1051/e3sconf/20186603001

[46] Bazaluk, O., Ashcheulova, O., Mamaikin, O., Khorolskyi, A., Lozyn-
skyi, V., & Saik, P. (2022). Innovative activities in the sphere of min-
ing process management. Frontiers in Environmental Science, (10),
878977. https://doi.org/10.3389/fenvs.2022.878977

[47] Bondarenko, V.1., Kovalevska, I.A., Podkopaiev, S.V., Sheka, I.V., &
Tsivka, Y.S. (2022). Substantiating arched support made of composite
materials (carbon fiber-reinforced plastic) for mine workings in coal
mines. IOP Conference Series: Earth and Environmental Science,
(1049), 012026. https://doi.org/10.1088/1755-1315/1049/1/012026

[48] Rajwa, S., Lubosik, Z., & Plonka, M. (2019). Safety of longwall min-
ing with caving in the light of data from monitoring systems. IOP Con-
ference Series: Materials Science and Engineering, 679(1), 012021.
https://doi.org/10.1088/1757-899X/679/1/012021

[49] Bondarenko, V., Symanovych, H., Kicki, J., Barabash, M., & Salieiev, I.
(2019). The influence of rigidity of the collapsed roof rocks in the mined-
out space on the state of the preparatory mine workings. Mining of Min-
eral Deposits, 13(2), 27-33. https://doi.org/10.33271/mining13.02.027

[50] SOU 10.1.00185790.011:2007. (2007). Pidhotovchi vyrobky na polohykh
plastakh. Vybir kriplennia, sposobiv i zasobiv okhorony. Kyiv,
Ukraina: Ministerstvo vuhilnoi promyslovosti Ukrainy, 113 s.

[51] Bondarenko, V., Kovalevska, I., & Dychkovskiy, R. (2010). New
techniques and technologies in mining. London, United Kingdom:
CRC Press, 266 p. https://doi.org/10.1201/b11329

[52] Bondarenko, V.I., Symanovych, H.A., Kovalevska, LA., Shyshov, M.V.,
& Yakovenko, V.H. (2023). Geomechanical substantiation of parame-
ters for completion of mining the coal reserves adjacent to main work-
ings. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, (1),
46-52. https://doi.org/10.33271/nvngu/2023-1/046

[53] Rajwa, S., Janoszek, T., & Prusek, S. (2020). Model tests of the effect of
active roof support on the working stability of a longwall. Computers and
Geotechnics, (118), 103302. https:/doi.org/10.1016/j.compgeo.2019.103302

OuiHka reoMexaHiYHOro cTaHy Mepesi MaricTpajJbLHUX BUPOOOK

npu ix miapodui B ymoBax ciagomeramop(izoBaHuX mopin

I'. CumanoBuy, M. OgnoBou, B. SIkoBenko, P. Cauxo, 1. [llaiixmicnamoBa, T. Pemerinosa, M. Ctagnaiuyk

Merta. ['eomexaHiuHe OOTPYHTYBaHHS Ta BU3HAUCHHS MapaMeTPiB CTaHY MIKIUIACTS TipHHYO-TEOJNOTIYHUX Ta TIPHUYOTEXHIYHHX YMOB
Ha 0a3i aHaJi3y Ui 0OIPyHTYBaHHs O€3MEYHUX YMOB KCILTyaTamii Mepexi MiApoOII0BaHNX MariCTpaibHUX BUPOOOK.

MeTtoauka. AJropuT™M BUBUSHHS CTaHy Mepexi MiapoOIIIoBaHMX MaricTpalbHUX BUPOOOK, SIKUH BKITIOYA€E: aHaJi3 TEKCTYpH i MeXaHiu-
HHX BJIACTHBOCTEH MOPIiZ MIXKIUIACTS; MIAXTHI IHCTPYMEHTaIbHI CIIOCTEPEIKESHHS 3a MPOSIBAMH TPCHKOT0 THCKY Y MaricTpajbHHX BHPOOKax;
MOJICIOBaHH CTaHy MDKIUIACTSI 3a JOMOMOrol Merony ckiHueHHUX enemeHTiB (MCE), po3paxyHok i aHami3 #oro Hampy»KeHo-
nedopmosanoro crany (HC) 3 mporuo3yBaHHSIM CTYIEHS BIUIMBY OYHCHUX POOIT Ha MOXKIMBI NOPYIIEHHS BUMOT IIPaBWII OE3MEKH 100

eKCILTyaTalil Mepeski MaricTpanbHUX BUPOOOK.

Pe3yasTarn. [IpoBeneno anamiz 0coOMMBOCTEH TEKCTYPH 1 MEXaHIYHHUX BIACTUBOCTEH JITOTHUITIB HABKOJIO MEPEeXi MaricTpaJbHUX BHPO-
00K, MDXKIUTACTS Ta 30HU MaifOyTHBOTO BEJCHHS OYMCHHX POOIT MO HIKHBOMY IUIACTy. JIOCII/DKEHO TeNepilIHiil cTaH MaricTpaJbHUX BHPO-
00K 1 pa3oM 3 MONEpeIHIM aHaTi30M 3p00JIEHO IPOTHO3 IPOSBIB TiPCHKOTO THUCKY 3 aKIIEHTOM Ha HMOBIpHHMII BIUIUB OYHCHUX POOIT MO HIX-
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HbOMY IIacty. JIJist OCTaTOYHOTO BHPIIIEHHS LbOTO NMHUTaHHA OOIPYHTOBAHO MAPaMETPHU Ta CTBOPEHO I'€OMEXaHiYHY MOJEINb IOBEIIHKU
Mmikitacts. [IpoBeneno pospaxynok i ananiz HIC mopix mikmacts, Ha 6a3i sSIKMX c(OPMOBAHO BHCHOBOK IIOJI0 MOXIIMBOCTI Oe3MeYHOT
eKCIUTyaTalii Mepeki MaricTpalbHUX BHPOOOK.

HaykoBa noBu3Ha. OTprMaHi HOBI 3HaHHS 3 ocoOIMBOCTeH po3noiny komnoneHT H/IC y MKIIAcTi, 0 BiAPi3HAIOTECS ypaxyBaHHIM
HOro BeNMKOI NOTYXHOCTI (B paiioni 100 M), ane craGKMMHU MIIHICHUMH BIACTUBOCTSIMH YCiX 0€3 BHHSTKY JIITOTHIIB, SKi Ie OLIbIIe 3HU-
JKYIOTBCSI TIOCTa0IOI0YNMH (paKTOpaMH TPIIIMHYBATOCTI, IIAPYBATOCTI Ta 3BOJIOXKEHHS BiJl BEIMKOI KUIBKOCTI ByTUIBHUX IUIACTIB, IO 3aJIs-
TaloTh MO BHCOTI MDKIUIACTA. JIJI1 BUBUCHHS CTaHy MDXKIUIACTS BIIEpIe OOIPYHTOBAHO i MOOYOBAaHO MPOCTOPOBY T'€OMEXaHIYHYy MOJETb 3
ypaxyBaHHSIM BCIX €IEMEHTIB, 10 Bi10OOPaxaloTh TIPHUYOTEXHIYHY CUTYALiIO.

IpaxkTuyna 3HaynmicTb. Ha 6a3i ananizy H/IC mixmacts 1oBefieHO iCHYBaHHS HOTO CTIHKOI YaCTHHU MOTYKHICTIO Oiu3bK0 37 M, siKa
3abe3neuye BiACYTHICTh BIUIUBY OYHMCHHX POOIT IO HIJKHBOMY IUIACTY Ha CTaH MEpEeXi MariCTpajlbHUX BHPOOOK BEPXHBHOTO T'OPHU3OHTY,
T00TO, 0OTpyHTOBaHI Oe3Me4Hi YMOBH iX ekciuiyartarii. [IpoBeneHi gocmimkeHHs € 6a3010 AT PO3poOKH peKOMEHAAIlH ATl 3a0e3medeHHs
6e3aBapiifHOI eKCIUTyaTarii.

Knrwuosi cnosa: cipcokuii macusg, miscniacms, 6upooka, niopooxa, MoOento8anHs
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