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GEOMECHANICAL SUBSTANTIATION OF PARAMETERS
FOR SAFE COMPLETION OF MINING THE COAL RESERVES ADJACENT
TO MAIN WORKINGS

Purpose. Geomechanical substantiation of the parameters for conducting stope operations, ensuring the operational state of
main workings.

Methodology. The research is performed using an algorithm which includes the sequential execution of interrelated stages:
analysis of mining-geological and mining-technical conditions for maintaining the network of main workings; mine observations
of their state with the identification of specifics of rock pressure manifestations and predicting the probable negative consequences
of conducting stope operations in the immediate vicinity; preliminary substantiation of possible technological options for mining
the coal seam, taking into account the preservation of operational state of main workings. Scientific calculations for determining
the most expedient option are based on the development of geomechanical models of the rock mass behavior around the main
workings when mining the adjacent extraction site; analysis of the mass stress-strain state with the prediction of probable rock
pressure manifestations; development of recommendations for limiting (or completely eliminating) the negative consequences of
conducting stope operations near main workings. The above algorithm of actions uses a combination of experimental mine re-
search methods with technologies for performing computational experiments based on the finite element method.

Findings. A systematic analysis of the mining-geological and mining-technical conditions for maintaining the network of main
workings has been performed, the results of which are used to substantiate ideas about the mechanism for the occurrence of specif-
ics of rock pressure manifestations, recorded during instrumental observations of their state. Three options have been developed
for completing the mining of the extraction site adjacent to the mine horizon main workings. For each of them, a geomechanical
model has been constructed for calculating the stress-strain state of the adjacent coal-bearing mass. Its analysis makes it possible
to formulate a number of recommendations regarding the rational parameters for conducting stope operations, as well as struc-
tural and technological solutions to increase the stability of the main workings and maintain the conditions for their safe operation.

Originality. New dependences of influence of the extraction sites on the main working network stability depending on the tex-
ture and mechanical properties of lithotypes have been obtained based on the research on the stress-strain state of a weakly meta-
morphosed mass. For the first time, geomechanical models have been developed of the mutual influence of main workings on the
parameters for conducting stope operations.

Practical value. The presented recommendations simultancously reduce the loss of coal reserves and preserve the network of
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main workings in proper operational state.
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Introduction. In the current geopolitical situation, the
Western Donbas in Ukraine has become the main structure
providing its energy security in the field of coal mining, gen-
eration of thermal and electrical energy. Despite the limited
coal reserves, reserves for extending the life of mines are being
sought, including through their more complete mining in the
“problematic” seam areas near the existing main workings.
Their safe operation is a non-negotiable priority. The need to
complete mining of the remaining reserves is realized by study-
ing geomechanical processes in the area of conducting stope
operations and adjacent main workings, searching for com-
promise ways to positively solve this mining situation with
substantiation of safe parameters for mining such coal reserves
in the conditions of the Western Donbas weakly metamor-
phosed rocks.

Literature review. The studied geomechanical problem dif-
fers from analogues in three main peculiarities: firstly, the ba-
sic option considers the possibility of conducting stope opera-
tions in the immediate vicinity of the main workings — the
distance between the extraction site and the nearest main
working is only 1—2 m; secondly, the main workings have been
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exploited for about 15—20 years, and during this period there
have been known transformations in the texture of the bound-
ary rocks in the form of their stratification and weakening in
the roof, sides and bottom; thirdly, weakly metamorphosed
lithotypes of the coal-bearing stratum have strongly pro-
nounced rheological properties, and low deformation charac-
teristics contribute to significant displacement of border rocks
into the mine working cavity.

The noted peculiarities limit the possibilities of analyzing
any similar studies on geomechanical processes. However,
there are other options for the development of stope opera-
tions in the studied mining-technical situation, when the main
attention is paid to the parameters of frontal and lateral bear-
ing pressure zones as key indicators for substantiating techni-
cal solutions for the safe completion of mining the coal re-
serves near main workings. From this point of view, there are a
sufficient number of publications that are of interest for this
scientific research.

In the work [1], based on a combination of mine observa-
tions of rock pressure manifestations and modeling of geome-
chanical processes using finite element method (FEM), ideas
about the mechanism and patterns of coal-bearing stratum
displacement during coal mining under conditions of weakly
metamorphosed rocks have been further developed. Here, a
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number of interrelated tendencies in the textural transforma-
tions of the coal-overlaying formation, the influence of the
mechanical characteristics of its lithotypes, and the formation
of the load on the support of stope faces and extraction drifts
have been consistently studied. Thus, a complex of mine stud-
ies has been performed on the development of the contour dis-
placements in the extraction drifts as the longwall face ap-
proaches and retreats from the fixed sections of mine work-
ings, where the benchmark stations are set. A number of ex-
traction sites at the Western Donbas mines are covered, while
determining some peculiarities conditioned by the texture and
mechanical properties of the coal-bearing stratum of weakly
metamorphosed rocks. The longwall face influence is notice-
able at a distance closer to the face from 15—20 to 30—40 m,
that is, the bearing pressure zone is shortened, which is condi-
tioned by a higher ratio of the rigidity of coal seams and weak,
easily deformable roof and bottom rocks. Another peculiarity
is a significant increase in the ratio of convergences in the
mine working sides to the roof and bottom convergences: in
contrast to the recommendations of normative documents,
this ratio not only approaches unity, but also exceeds it in some
areas of the mine workings. A number of other peculiarities,
due to the specific Western Donbas conditions, have also been
identified and explained. In general, the work [ 1] provides new
knowledge that is used when conducting this research: from
general ideas about the peculiarities of displacements in the
coal-overlaying formation of weakly metamorphosed rocks [2]
to the disclosure of the mechanism for the formation and de-
velopment of technogenic fractures in rock layers with the for-
mation of a hinged-block displacement zone; tendencies of
changes in the parameters of the bearing pressure zones de-
pending on the texture and mechanical properties of the mass,
the repulse reaction of the stope face powered support [3], the
influence of factors weakening the rock, such as moisture satu-
ration, fracturing and rheology (Baryshnikov A.S.). The ex-
perimental results of monitoring the loading of powered sup-
port sections, depending on the technological parameters of
stope operations, are also of great interest.

In the work [4], large-scale research has been performed
on the experimental study of the rock mass discontinuity
around the extraction drifts and end areas of longwall faces,
which are very useful for quantifying the sizes of the disconti-
nuity areas in the coal-bearing stratum and predicting the rock
pressure manifestations. The results obtained in [5], including
the FEM modeling, are used to substantiate the parameters of
the geomechanical models in the present research.

The second task is to substantiate the methods and means
for maintaining the main workings operated for a long period
within the requirements of the relevant safety regulations. In
this case, based on the performed mine observations of the
rock pressure manifestations, the opinion is formed on the
feasibility of using roof bolting, including the so-called deep-
laid rope bolts [6]. In this regard, a number of works on this
topic have been analyzed, where the experience [7] is studied
specifically for the Western Donbas conditions, mine [8] and
computational experiments have been performed to calculate
the stress-strain state of a mass [9] strengthened with roof bolt-
ing. The closest of all the studies is the publication [10], which
provides a geomechanical substantiation and proves the feasi-
bility of using combinations of resin-grouted rockbolts and
rope bolts, as well as flexible yielding couplings of roof-bolts
and frames to counteract increased lateral rock pressure; rec-
ommendations are also given on the choice of parameters for
strengthening support for conditions of increased vertical and
oblique rock pressure, and a methodology for predicting heav-
ing of bottom rocks is proposed. All this information is ex-
tremely useful and is used in current research [11]. Also of in-
terest are some peculiarities of the operation of roof-bolts in
terms of their strengthening effect even in partially disturbed
rocks [12], especially in the mine working sides, which are de-
scribed in the work [13].

In general, despite the research topic specificity, the analy-
sis of some works in the closest areas of development of ideas
about the geomechanics of the weakly metamorphosed coal-
bearing mass behavior in the zone of stope operations influ-
ence turned out to be useful for improving the formulation and
subsequent implementation of relevant tasks.

Problem formulation. In the Western Donbas, the problem
of depletion of coal reserves during the planned closure of
some existing mines is quite acute, including for environmen-
tal reasons due to global trends in the predominant develop-
ment of renewable energy technologies [14]. However, the
current geopolitical situation [15] corrects this concept in view
of the need to replace (for a certain period) temporarily limited
resources with coal to ensure the energy security of Ukraine
and a number of European countries [16]. Therefore, the
problem of maintaining the coal production volume is ex-
tremely relevant, and its comprehensive solution in the form of
maintaining mine capacities, more complete mining of re-
serves and preservation of jobs has a certain prospect in the
current conditions [17].

The plan for the development of mining operations at one
of the leading mines in the region (Zakhidno-Donbaska Mine
of PJSC DTEK Pavlohradvuhillia) provides for the temporary
use of a network of main workings in the cg seam, for example:
Western Main Conveyor Drift No. 1-bis, Western Main Con-
veyor Drift No. 3, Eastern Main Ventilation Drift of the 420—
445 m horizon, Southern Main Haulage Drift, their junctions
in the form of inclines and slits, as well as a number of other
mine workings. Over time, the corresponding main workings
in the c; seam will be put into operation, and the need to main-
tain mine workings through the cf{ seam can disappear.

At the same time, the situation is complicated by the fact
that in order to maintain the mine capacity and more fully
mine the reserves of the c§ seam, it is planned to mine an area
in the mine field with the 850 longwall face, which at some of
its length will be located close to the Western Main Conveyor
Drift No. 1-bis (a coal pillar remains here with a width of only
1—2 m). This is shown in the excerpt from the plan of the cé’
seam mine workings (Fig. 1).

Such a technical solution requires a comprehensive substan-
tiation with a possible adjustment of the technological parame-
ters of mining the 850 extraction site. The main attention is paid
to the research on the state of the mass surrounding the Western
Main Conveyor Drift No. 1-bis, since it is this main working
that will be subjected to the maximum impact of stope opera-
tions in the 850 longwall face. Prediction of this impact (relative
to a specific mining-technical situation) is not provided for in
any of the current normative documents of the coal industry in
Ukraine. Therefore, new studies are needed on the geomechan-
ics of displacement of the rock mass surrounding the Western
Main Conveyor Drift No. 1-bis with an assessment of its state
when driving the 850 longwall face along the main working.

In the light of the above, a preliminary assessment of the
current mining-technical situation indicates the need to de-
velop several options for solving the problem of maintaining
the operational state of the Western Main Conveyor Drift No.
1-bis and other adjacent main workings:

- adopt the existing plan for the development of mining
operations with the fastening system strengthening of the

Fig. 1. Fragment of the mining plan for the cé’ seam
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Western Main Conveyor Drift No. 1-bis in the hazardous
area;

- stop the stope face of the 850 longwall face at a safe dis-
tance, which will be enough to eliminate the impact of stope
operations;

- when approaching the Western Main Conveyor Drift No.
1-bis to a safe distance, shorten the length of the 850 longwall
face with the formation of a protecting coal pillar between the
850 prefabricated drift and the Western Main Conveyor Drift
No. 1-bis.

Research methods. The algorithm for performing research,
which is summarized in the abstract, provides for the use of a
complex of well-known proven methods, namely: analysis of
mining-geological and mining-technical conditions for main-
taining the network of main workings of the cg seam; mine in-
strumental observations of their state with fixation of the char-
acteristic peculiarities of rock pressure manifestations, as well
as explaining the mechanism of their occurrence and develop-
ment; substantiation and construction of geomechanical
models for studying the state of the rock mass surrounding the
main workings for calculating its SSS based on the FEM, de-
termining the zones of unstable rock mass state and predicting
the rock pressure manifestations. The final result is the devel-
opment of a set of recommendations for the selection of ratio-
nal parameters for conducting stope operations at the 850"
extraction site and maintaining the network of main workings
of the cé’ seam.

During the research, the following is used: technical docu-
mentation and geological information provided by the mine
administration, the research results of Dnipro University of
Technology [18] and M. S. Polyakov Institute of Geotechnical
Mechanics of the National Academy of Sciences of Ukraine in
terms of modern methodological properties of lithotypes in
the Western Donbas, information from mining-technical lit-
erature on the specificity of rock pressure manifestations and
mechanical characteristics of the Western Donbas coal-bear-
ing stratum [19].

An analysis of modern research in the field of geomechan-
ics of coal-bearing mass displacement of weakly metamor-
phosed rocks makes it possible to more substantively assess the
specific mining-geological and mining-technical conditions
for maintaining the network of main workings of the c'§ seam
and the consequences of conducting stope operations at the
adjacent 850 extraction site. In order to gain a more objective
and complete understanding of the mining-technical situa-
tion, mine research has been conducted with fixing the residu-
al dimensions of the main workings, especially in hazardous
areas. These observations make it possible to systematize the
most typical cases of disturbances of the operational state of
mine workings in terms of the peculiarities of rock pressure
manifestations. A preliminary (at the level of expert assess-
ments) prediction of changes in the state of main workings
during mining of the 850 extraction site has been made, and
ways of eliminating the negative consequences of stope opera-
tions have been formulated. To substantiate a reasonable tech-
nical decision-making on this problem, the results of compu-
tational experiments based on the FEM, as well as two geome-
chanical models reflecting the three previously formulated
options for mining the 850 extraction site, are used. Based on
the above set of studies, recommendations have been devel-
oped for the safe mining of the 850 extraction site and for
maintaining the network of main workings of the clg’ seam in
proper operational state within the planned period of time.

Research results. At the first stage, the mining-geological
and mining-technical conditions for maintaining the network
of main workings of the clg’ seam have been studied, taking into
account the prospect of mining the 850 extraction site in the
immediate vicinity of them. It has been determined that out-
side the zone of stope operations influence, the height of the
area of unstable rocks in the roof of the nearest mine working
(Western Main Conveyor Drift No. 1-bis) ranges within 1.0—

3.0 m and generates a vertical load of 115—350 kN/m; this
value corresponds to the yield load of frame supports of the
TSYS and KMK-4 series and is approximately twice as low as
their maximum load-bearing capacity. It should be noted here
that calculations according to normative methodologies give
the height of the ultimate equilibrium arch in the range of 1.2—
1.6 m, which approximately corresponds to expert estimates.
The lateral load on the frame support in the range of 40—
115 kN/m is relatively moderate, which makes it possible to
prevent excessive convergence of the frame prop stays and the
loss of their cross-sectional area over most of the length of the
main workings. Moderate heaving of bottom rocks is also pre-
dicted which may well be compensated by periodic dinting
during the remaining period of conducting the main workings.

Mine instrumental observations of the state of the studied
network of main workings generally confirm the previous con-
clusions that their satisfactory state is recorded in most areas.
This is evidenced, first of all, by the value of the residual sec-
tion area, which varies within 10—15 m? and is quite sufficient
for the factor of reliable horizon ventilation. Clearances for the
factor of transport and people movement also do not violate
the relevant safety rules. In general, it can be argued about
moderate rock pressure on both types of frame support (TSYS
and KMK-4 series), which provide satisfactory state of mine
workings.

At the same time, in some areas of the main workings, es-
pecially at their junctions, the most common (according to
observational data) type of support deformation is observed
with excessive convergence of its prop stays (Fig. 2). Another
common case is excessive vertical rock pressure, which de-
forms not only the cap board (it flattens out with a decrease in
the lifting boom), but the entire frame (Fig. 3). Other periodi-
cally occurring disturbances of the operational state of mine
workings have also been identified, such as: intensive pressing

Fig. 2. Fragment of the state of the Western Main Ventilation
Drift (PK 244)

10.08.2022 11750

Fig. 3. Fragment of the state of the Western Main Conveyor
Drift (PK 58)
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ofthe TSYS-series frame support prop stays into bottom rocks;
there is also such a level of the support deformation, at which
any strengthening of it does not make sense and it is necessary
to further fasten this local mine working area.

All facts are given an appropriate geomechanical explana-
tion in terms of the mechanism of excessive multi-vector rock
pressure development. Structural and technological ways for
solving the problem of increasing the studied network stability
of the c,’;’ seam main workings are proposed.

On the other hand, the impact of stope operations in the
850 longwall face certainly intensifies the rock pressure mani-
festations, especially in the nearest Western Main Conveyor
Drift No. 1-bis. In this case, special research on the state of the
mass surrounding the main workings is needed in a specific
geomechanical situation of mining the 850 extraction site.

Therefore, the second stage of research is devoted to sub-
stantiation and construction of geomechanical models of the
coal-bearing mass behavior around the network of main work-
ings of the cg seam during mining of the 850 extraction site.
They are used to calculate the SSS of an adjacent mass (using
FEM technologies), its analysis and issuance of appropriate
recommendations.

Geomechanical models have been developed on the basis
of geological information about the texture and mechanical
properties of the rock mass surrounding the network of the c§
seam main workings. Previously, the need to consider three
options for mining the 850 longwall face at the end of its ex-
traction site has been substantiated, and this makes it possible
to comprehensively study the current geomechanical situation.
To study them, two geomechanical models have been con-
structed. The only difference between the two models is the
absence (Fig. 4) and the presence (Fig. 5) of a protecting coal
pillar up to 20 m wide.

According to the first option of mining the 850 extraction
site, the maximum lateral bearing pressure is determined,
which affects the Western Main Conveyor Drift No.1-bis, and
a decision is made on the feasibility of such a technology based
on its value; in this case, the first geomechanical model is used
(Fig. 4).

According to the second option, the safe distance of stop-
ping the 850 longwall face is determined by the length of the
frontal bearing pressure zone. The criterion is the condition
that the initial geostatic vertical pressure o, = yH does not ex-
ceed by 15—-20 %, that is,

o, < (1.15 - 1.20)yH, (1)

where vy is weight-average unit specific gravity of the rocks in
the coal-overlaying formation; H is depth of placing the 850
longwall face and the Western Main Conveyor Drift No. 1-bis.
In this case, the first geomechanical model is also used (Fig. 4).

According to the third option of mining the 850 extraction
site, the width of the lateral bearing pressure propagation is
determined and, according to the criterion (1), the safe width
AX of the coal pillar between the Western Main Conveyor
Drift No. 1-bis and the 850 prefabricated drift is selected. In
this case, the second geomechanical model is used (Fig. 5).

The methodology for substantiating the parameters and
constructing geomechanical models includes three stages. The
first stage provides the rationale for the sufficient dimensions
of the models, with regard to the implementation of the re-
quirement to obtain a satisfactory level of adequacy and reli-
ability of the computational experiment results. This problem
is substantiated on the basis of long-term experience in model-
ing geomechanical processes, which is described in sufficient
detail, for example, in the publication [6]. As a result, the fol-
lowing model dimensions have been determined (to accurately
reflect the geomechanical processes of displacement in the
coal-overlaying formation): height ¥'= 60 m, width (to the dip,
rise) X= 60 m, length (along the strike) Z= 300 m.

The second important component of the substantiation
and construction of geomechanical models is the formation of

Fig. 4. Geomechanical model of mining the 850 extraction site of
the cé’ seam with the location of the 850 prefabricated drift at
the undercut to the Western Main Conveyor Drift No. 1-bis

Fig. 5. Geomechanical model of mining the 850 extraction site
of the cg seam with leaving the protecting pillar between the
&850 prefabricated drift and the Western Main Conveyor
Drift No. 1-bis

boundary conditions that are close to real ones. In this case,
the classical provision is used, such as initial vertical geostatic
pressure of an undisturbed mass

c,=VH,

initial pressure on the YX and YZ side surfaces

n
0r =0 =1 " vH,
where p is transverse deformation coefficient of rock layers.

On the lower horizontal surface of the model, a widely
used condition is taken — a rigid support. Other boundary
conditions include modeling of disturbed contacts between
adjacent lithotypes, repulse reaction of the 850 powered sup-
port and the actual dimensions of mine workings.

The third component is the reflection of the mass texture,
assigning to each ofits rock layers real mechanical characteris-
tics on the basis of the available geological information, using
extensive information from the results of testing lithotype
samples from the Western Donbas. In the mined-out space,
the texture and mechanical properties are modeled by two
classical zones —uncontrolled collapse and hinged-block dis-
placement.

Thus, all the basic conditions for an adequate and reliable
reflection of the current geomechanical situation with obtain-
ing reliable SSS calculation results of two geomechanical
models have been met.

Analysis of the rock mass SSS is performed on three main
components — vertical o,, horizontal o, along the strike and
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horizontal o, to the dip (rise) of the coal seam; one more indi-
cator is added to them, which integrally reflects the surround-
ing mass state — stress intensity ¢ — and is used in determining
the areas of weakening and destruction of rocks.

One of the most informative SSS indicators is the field of ver-
tical stresses o, distribution, which clearly reflects the disturbanc-
es in the rock mass state in the form of bearing pressure and de-
stressing zones. For both geomechanical models, Figs. 6 and 7
show the spatial curves of vertical stresses o,, the main fragments
of which do not contradict the existing ideas about the coal-bear-
ing mass deformation processes during stope operations.

Priority is given to frontal and lateral bearing pressure zones;
the latter is not visible in Figs. 6 and 7, as it is in the middle of the
model, and in order to clearly show and study it, cross sections
are made in the YX plane along the Z coordinate of acting maxi-
mum frontal bearing pressure. With the same purpose of a more
detailed study on the frontal bearing pressure parameters, a
number of longitudinal sections of the YZ spatial model are
made, which, thus, make it possible to study the vertical stress
field o, parameters (as well as other SSS components) at arbi-
trary points and sections of the rock mass. The results of the o,
field analysis indicate a high probability of the development of
intense rock pressure manifestations in the immediate vicinity of
the Western Main Conveyor Drift No. 1-bis, which are caused
by the stope operations influence according to the first techno-
logical option for mining the 850 extraction site of the cé’ seam.

Firstly, the height of the ultimate equilibrium arch reaches
dimensions that contribute to the vertical load formation of
the level of 1000—1150 kN/m and exceeds the ultimate load-
bearing capacity of the supports of the TSYS and KMK-4 se-
ries even with a 0.5 m step of setting.

Secondly, the dimensions of the arch do not even allow
fastening securely the rope bolts in holistic roof rocks of the
Western Main Conveyor Drift No. 1-bis. Therefore, it is only
possible to counteract excessive vertical load by setting wood-
en prop stays of the strengthening support.

Thirdly, the extensive distribution of the area of weakened
and destroyed rocks in the sides of the Western Main Conveyor

Fig. 6. Curve of vertical stresses oy in the first spatial model for
the option of the 850 prefabricated drift located at the un-
dercut to the Western Main Conveyor Drift No. 1-bis
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Fig. 7. Curve of vertical stresses ay in the second spatial model
for the option of leaving the protecting pillar between the
850 prefabricated drift and the Western Main Conveyor
Drift No. 1-bis

Drift No. 1-bis, for the same reason, does not allow using rope
bolts to increase the resistance to lateral load. Its value will cause
an intensive convergence of the prop stays in the TSYS frames
with their corresponding excessive deformation; the KMK-4
support is able to withstand the predicted lateral pressure.

Fourthly, it is predicted that there is an increased heaving
of the bottom rocks in the Western Main Conveyor Drift No.
1-bis with a probable loss of its required operational state.

The analysis of other SSS components (horizontal &, , and
stress intensity o) generally confirms the negative prediction of
the state of the Western Main Conveyor Drift No. 1-bis ac-
cording to the first option of the 850 prefabricated drift loca-
tion almost at the undercut to it. The following should be
noted here. Horizontal stresses o, , very clearly visualize the
bending deformations of the rock layers around the Western
Main Conveyor Drift No. 1-bis, which cause the formation of
tension cracks in the bedding plane: the rock layers are divided
into blocks and this process originates ahead of the 850 long-
wall face and in its sides above the 850 prefabricated drift and
the Western Main Conveyor Drift No. 1-bis. A zone of hinged-
block displacement is created and it activates the displace-
ments of the rocks in the roof, sides and bottom around the
Western Main Conveyor Drift No. 1-bis. The peculiarities of
the stress intensity field o confirm the formation of widespread
areas of rock weakening in the roof, sides, and bottom of the
Western Main Conveyor Drift No. 1-bis.

To give a better idea of the degree of the 850 longwall face
influence in the zone of maximum frontal bearing pressure,
the cross section YXis shown (Fig. 8), which shows the level of
increase in multi-vector rock pressure anomalies (in the com-
ponent c,) around the Western Main Conveyor Drift No. 1-bis
during the implementation of the first technological option for
mining the 850 extraction site.

The second technological option for mining the 850 extrac-
tion site of the cé’ seam involves stopping of the 850 longwall
face at a safe distance from the Western Main Conveyor Drift
No. 1-bis. For this, the spatial curve o, is used in Fig. 6, and a
special attention is focused on the YZ plane, especially the fron-
tal bearing pressure zone ahead of the stope face, which in the Z
coordinate propagates almost the same distance in the area of
the lateral bearing pressure zone; the latter has a radical effect
on the state of the Western Main Conveyor Drift No. 1-bis.

It has been determined that the maximum frontal bearing
pressure (the maximum vertical stresses gy concentration) acts
at a distance of 3—4 m ahead of the longwall face, where its
concentration coefficient K|, reaches K, = 2.0—3.6 and causes
the destruction of weak roof and bottom rocks in the cj seam.
The maximum o, concentration propagates up to 5.6 m into
the roof and up to 4.8 m into the bottom of the seam, but we
are more interested in the propagation of excessive concentra-
tions of oy in the Z coordinate, that is, into the depth of the
undisturbed mass ahead of the longwall face. In this regard,

Y (Nmm2 (4Pa)

it

SEEER IR

A
s b EEEE

R R

Fig. 8. Curve of vertical stresses ay distribution in the first tech-
nological option for placing the 850 prefabricated drift al-
most close to the Western Main Conveyor Drift No. 1-bis
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the propagation distance of maximum oy concentrations is de-
termined up to 4.2 m, and they are definitely destructive.

With the advancement of the coal-bearing mass into the
depth (in the Z coordinate), the concentration oy decreases, but
still poses a danger to the stability of the Western Main Con-
veyor Drift No. 1-bis. Thus, the level of K, — 1.4—1.7 concen-
tration propagates to a distance of 8—9 m ahead of the longwall
face, and the rock pressure increased by 40—70 % in combina-
tion with weak rocks contributes to the formation of an exces-
sive load on the support of the Western Main Conveyor Drift
No. 1-bis. In view of the foregoing, the question arises as to the
safe distance ahead of the longwall face, at which the frontal
bearing pressure decreases so much that it has little effect on the
SSS of the mass surrounding the Western Main Conveyor Drift
No. 1-bis. In this sense, the initial geostatic pressure can be in-
creased to 15—20 % according to criterion (1). With a certain
reserve of calculations for poorly predictable random rock pres-
sure manifestations, a distance of about 20—25 m from the
longwall face is recommended. That is, it is considered expedi-
ent to stop the 850 longwall face at a distance of 20—25 m from
the Western Main Conveyor Drift No. 1-bis. Thus, the negative
impact of stope operations on the stability of the mine working
is eliminated, which is currently in a predominantly satisfactory
operational state and performs the proper functions.

At the same time, the studied second technological option
for mining the 850 extraction site has a certain disadvantage,
due to the loss of some part of the cf;’ seam reserves. Therefore,
the third technological option is studied, the essence of which
is to reduce the length of the 850 longwall face by 10—12 pow-
ered supports (by 15—18 m); then, between the 850 prefabri-
cated drift and the Western Main Conveyor Drift No. 1-bis, a
16—19 m wide coal pillar is formed, which performs the func-
tion of protecting it, as it prevents the distributed influence of
the lateral bearing pressure from the 850 longwall face onto the
Western Main Conveyor Drift No. 1-bis. This technical solu-
tion makes it possible to reduce the coal losses by up to 10—
13 times compared to the second technological option for the
complete mining of the Cgb coal seam.

To substantiate the third technological option, an appro-
priate geomechanical model has been constructed (Fig. 5) and
its SSS has been calculated (Fig. 7). For a more obvious repre-
sentation of changes in the curve of vertical stresses G,, a cross
section (in the YX plane) of the area of acting maximum fron-
tal bearing pressure is provided (Fig. 9). The main differences
in the distribution of oy are as follows.

Firstly, the lateral bearing pressure from the 850 longwall
face does not reach the boundary rocks around the Western
Main Conveyor Drift No. 1-bis: an area is formed across the
coal pillar width, where the vertical stresses o, almost corre-
spond to the initial geostatic pressure yH of the virgin mass —
the excess is not more than 8—10 % of yH. This makes it pos-
sible to predict the rock mass stable state in the coal pillar area
closest to the Western Main Conveyor Drift No. 1-bis.

Secondly, a zone of lateral bearing pressure is formed in
the sides of the Western Main Conveyor Drift No. 1-bis, which
is caused only by the existence of the mine working itself. It is

Fig. 9. Curve of vertical stresses G, distribution in the third tech-
nological option with leaving the protecting pillar between
the 850 prefabricated drift and the Western Main Conveyor
Drift No. 1-bis

significantly smaller in size than in the first technological op-
tion for complete mining of the c’§ coal seam. Thus, the maxi-
mum concentration of K, = 2.0—3.6 propagates into the roof
up to 3.6 m and into the bottom up to 2.6 m — the area is re-
duced in the roof by 35 % and in the bottom — by 46 %. The
concentration oy of K, = 1.4—1.7 level is also dangerous; it de-
creases in the roof by 35 % and in the bottom by 32 %, and the
width of the area decreases by 31—38 %.

The data presented indicate a significant improvement in
the geomechanical situation around the Western Main Con-
veyor Drift No. 1-bis, when it is separated from the 850 prefab-
ricated drift by a protecting pillar up to 20 m wide. A decrease in
the vertical, oblique and lateral load on the support of the West-
ern Main Conveyor Drift No. 1-bis is predicted, which contrib-
utes to maintaining its operational state. Other main workings
should not be under the impact of stope operations in the 850
longwall face, as they are separated from the extraction site by
thicker protecting pillars, for example, the nearest Western Main
Haulage Drift has a protecting pillar of at least 75 m. As for the
current state of the network of main workings in the c§ seam,
recommendations have been developed for their safe operation,
provided the mining operations are developed under the third
technological option for mining the 850 extraction site.

Conclusions. In accordance with the purpose set, an algo-
rithm has been developed for studying the integrated assess-
ment of the impact on the stability of network of main workings
in the ¢ seam when mining the extraction site in the immediate
vicinity of them. For its implementation, an analysis of the tex-
ture and mechanical properties of lithotypes occurring around
the network of main workings, as well as instrumental observa-
tions of their state were performed, on the basis of which the
need to consider three possible technological options for the
development of mining operations has been substantiated.

The existing geomechanical situation has no closest ana-
logues and it differs from the known ones, which necessitates
the substantiation and development of two geomechanical
models of three technological options for mining an extraction
site near the main workings for a comprehensive assessment of
the degree of stope operations impact.

The performed SSS analysis of geomechanical models has
confirmed the significant impact of stope operations. If the ex-
traction drift is practically adjacent to the main working, the
formation of a high vertical and oblique load is predicted,
which is up to 2 times higher than the maximum load-bearing
capacity of the frame support types used; lateral pressure defi-
nitely plastically deforms the frame prop stays with a signifi-
cant loss of the cross-sectional area of the mine working and a
violation of its operational state as a whole.

The study on the technological option of stopping the
stope face at a safe distance to the main working with an anal-
ysis of frontal and lateral bearing pressure propagation makes
it possible to set this safe distance at a level of up to 20—25 m.

The geomechanical model of the technological option for
mining the extraction site with a reduction in the longwall face
length by 10—12 powered support sections is characterized by
the formation of a protecting pillar 16—19 m wide. The sur-
rounding mass SSS analysis with such a technological solution
proves a significant reduction in the load on the support: verti-
cal — by 1.54—1.56 times, lateral — by 1.57—1.62 times; in ad-
dition, the areas of weakened rocks in the mine working bot-
tom are limited up to 1.47—1.85 times. Such results make it
possible to predict a satisfactory state of the main workings.
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Mera. ['eomexaHiuHe OOIpYHTYBaHHSI IapaMeTpiB Be-
JIEHHST OYUCHUX POOIT i3 3a0e3MeueHHsIM eKCIuTyaTaliifHoro
CTaHy pO3TalIOBaHUX MOPSIA MariCTpaTbHUX BUPOOOK.

Mertoauka. J1ocitimkeHHsI BAKOHYBATUCS MPU 3aCTOCYBaH-
Hi QITOpPUTMY, IO BKJIIOYA€ TOCIiTOBHE BHUKOHAHHS
B3aEMOITOB’I3aHUX €TaIliB: aHaJIi3 TiPHUYO-TCOIOTIYHUX i Tip-
HUYOTEXHIYHUX YMOB MiATPUMKU MEpeXi MaricTpaJibHuX BU-
pOOOK; IIaXTHiI CIIOCTEPEXKEHHS 3a IX CTAaHOM 3 BUSIBJICHHSIM
0COOIMBOCTEI MPOSIBIB TIPCBKOTO TUCKY Ta MPOTHO3YBAHHIM
IMOBIpHMX HETraTMBHMX HACJHiAKiB BEIEHHS Yy Oe3rnocepenHiit
OJIM3BKOCTI OUMCHMX POOIT; MOMNepeHE OOTIPYHTYBAHHS MOXK-
JIMBUX TEXHOJIOTIYHUX BapiaHTiB BUMMaHHS BYTLILHOTO IJIacTa
3 ypaxyBaHHSIM 30€peXXeHHs eKCIUTyaTaliliHOro craHy Mari-
CTpaJibHMX BUPOOOK. HayKoBi BUKIanKy 3i BCTAHOBJIEHHS
HaOIIbII AOLIJIBHOIO BapiaHTy TPYHTYBAJIMCh Ha PO3POOILL
TeOMeXaHITHUX MOJIENIEl TIOBEiHKY TiPChKOTO MacHBY HABKO-
JIO MaricTpaJbHUX BUPOOOK IMPU BiAMpaLtOBaHHI CyMi>KHOI BU-
iMKOBOI IISHKM; aHaJIi3i HanmpyXeHO-1e(OpMOBAHOTO CTaHy
MacHBY 3 ITPOTHO3YBaHHSIM iMOBIpHMX MPOSIBiB ripChbKOIo THC-
KY; po3po0lli peKoMeHalliit 3 0oMexXeHHsT (a0 TTOBHOTO YCY-
HEHHsI) HeraTUBHUX HACJIIIKIB BEACHHSI OYMCHUX POOIT IOOJIM-
3y MarictpajibHUX BUpoOOK. HaBeneHuit aaroput™m il BUKo-
PUCTOBYE MOENHAHHST €KCIEPUMEHTAIbBHUX METOMIB IIAXTHUX
JIOCHTIKEeHb 13 TEXHOJIOTISIMM BUKOHAHHSI OOYMCITIOBATIbHUX
eKCITepMMEHTIB Ha 0a3i METOAy CKiHYEHHMX eJIEMEHTIB.

PesyabraTn. BukoHaHO CUCTEMHUIT aHATi3 FipHUYO-TEO-
JIOTIYHMX i FIPHUYOTEXHIYHUX YMOB MIATPUMKM MEPEXi Mari-
CTpaJTbHUX BUPOOOK, PE3yIbTATH SKOTO BUKOPUCTAHI TIPU
OOTPYHTYBaHHI YSIBJIEHb MPO MeXaHi3M BUHMKHEHHSI OCO-
OJIMBOCTEH TPOSIBIB TipChbKOTO TUCKY, 110 3adikcoBaHi mpu
IHCTPYMEHTAJILHUX CITOCTepeKEeHHSX iX cTaHy. Po3pobieHi
TPpU BapiaHTHU AOOMpPaLlOBaHHS BUIMKOBOI IUISTHKH, 1110 MEX-
y€ 3 MariCTpaJlbHUMU BUPOOKAaMM TOPU3OHTY IIaxTu. s
KOXXHOTO 3 HUX TTOOy/IoBaHa reoMexaHiqHa MOJIeNb 3 po3pa-
XyHKY HaIpyXeHo-A1e(OpMOBaHOTO CTaHy MPUJIETJIOTO BYT-
JIEBMICHOTO MacWBY, aHajli3 SKOTO MO3BOJMB ChHOPMYyBaTU
HM3KY peKOMEeHalili 11100 pallioHAJIbHUX MapaMeTpiB Be-
JIEHHST OYMCHUX POOIT i KOHCTPYKTUBHO-TEXHOJOTIYHUX Pi-
LIEeHb JUIST TABUILEHHS CTIMKOCTI MaricTpajbHUX BUPOOOK i
30epeKeHHsT YMOB iX Oe3MeYHOl eKCIuTyaTallii.

HaykoBa HoBu3HA. OTprMaHi HOBi 3aJIEXKHOCTI BIUIMBY [li-
JISTHOK, 1110 BiMpalbOBYIOThCS, HA CTIMKICTb Mepexi Mari-
CTPAJIbHUX BUPOOOK 3aJIEKHO Bill TEKCTYpU W MeEXaHidYHUX
BJIACTUBOCTEH JITOTUMIB Ha 0a3i JOCHIIKEHHS HaIpy>KeHO-
neopMOBAHOrO CTaHy cllaboMeTaMop(i30BaHOIrO MAacuBY.
VYnepie po3pobiieHi reoMexaHiuHi MOjiesli B3aEMOBILIMBY Ma-
ricTpaJbHUX BUPOOOK Ha MapaMeTpy BeJieHHS OUMCHUX POOIT.

IIpakTiyna 3HaunmMicTh. HanaHi pekoMeHnalii 103BoJsTh
OTHOYACHO 3MEHILIWTH BTPATH 3araciB BYTiLIsl Ta 30epertu
MepexXy MaTiCTpalbHIX BUPOOOK Yy HAJIEXXHOMY eKCTUTyaTa-
LiAHOMY CTaHi.

KnrouoBi cnoBa: cipcokuii macue, eipHuua eupoobka,
CmIlKicmy, MOOeABAHHS, HANPYICEHO-0eOPMOBAHULL CMAH
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