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Abstract: Based on both theoretical and practical experiences, the measures aimed at controlling
emergency shutdowns of stopes have been highlighted. These stopes are connected with the emer-
gency rigid settlements of powered complexes. In terms of the Western Donbas mines, there are
certain risks of a shutdown of stopping operations within the zone of primary roof caving. Thus,
the causes of emergency rigid settlements of the support may include the following: layers of the
main roof rocks are hanging and not timely delaminated; sudden changes in lithology; hydraulic
overloading of the main roof; structural flaws of support under certain conditions of its use, etc. In
this paper, the theoretical method of scientific cognition was applied, which, with its help, makes it
possible to switch from single low-efficiency measures to a set of actions aimed at preventing any
uncontrolled situation. Obtaining certain generalized knowledge means obtaining a much deeper
representation of reality, penetrating into its essence. The study also involves statistical analysis, being
the basis for outlining a zone of primary caving where a high degree of risk is observed. Certainly,
the generalization of these measures does not solve the problem completely. Consequently, there will
be further attempts to search for and achieve principal new solutions in the future.

Keywords: underground mining; mining depth; support; coal seam; longwall; collapse of a roof;
cutting width

1. Introduction

Nowadays, within the framework of the Paris Agreement and the European Green
Deal, the Ukrainian government has started preparing a national integrated plan for the
transformation of the energy market for 2021-2030 [1-3]. The decarbonization plan means
a gradual switch to renewable energy sources and the closure of coal mines [4-7]. Within
this period, coal mining is possible only in terms of the prime cost reductions that can make
it competitive in the market of energy carriers, including renewable sources [6,8]. One of
the ways to reduce the prime cost of coal is the elimination of shutdown periods of coal
mining due to the emergency rigid settlement of the powered support units. The indicated
problem is caused by the gradual deterioration of mining and geological conditions in the
development of very thin coal seams [9-12].

A series of papers deal with the problem of emergency shutdowns of coal mining
processes due to the dynamic caving of the main roof [13-16]. Thus, this paper analyzes the
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regularities of the convergence distribution in a longwall during the rigid settlement of the
powered support units that occurred due to thick sandstones within the coal seam roofs,
based on the stoping practices of the Western Donbas mines. Kang et al. [17] evaluated
a breaking mechanism of the main roof with the help of physical and numerical model-
ing; as a result, an assumption was presented for the considerable increase in horizontal
stresses in the center of the potential breaking zone as a geotechnical sign of massive roof
failure. Wang et al. [18] studied the characteristics of the energy of main roof breaking and
identified the prerequisites of changes in the parameters, e.g., the breaking rate, the values
of deformation ruptures, and the interaction of the broken roof with the rock mass. The
research shows that these parameters are quite irregular relative to the main roof breaking.
Murmu and Budi [19] developed regressive models to evaluate an interval of primary and
periodical spacing of the main roof caving, which was based on the stopping practices of
Indian mines. The regressive models were used as deterministic mathematical models
modeled by means of the Monte Carlo method. Li et al. [20] analyzed the kinetic interac-
tion of the powered support units with the main roof. They also calculated the dynamic
loads of powered support due to the breaking of an overhanging beam. The studies were
proved by using the data of microseismical monitoring within a site of deep-level stopes.
After the breaking of a rock overhanging beam, the dynamic loads were transferred to
the roof contact area of the support units. Relying on practical data of stoping operations,
Wang et al. [21] studied the main roof breaking with the help of theoretical analysis as well
as numerical and physical modeling. The results showed that for the main roof caving;
it is possible to predict by controlling the development of the zones of concentration and
elasticity, as well as by the smooth movement of the roof rocks. After the roof rock caving,
the stresses sharply decrease their concentration; the elasticity zone demonstrates its quick
longitudinal propagation, which can cause high dynamic pressure on a powered support.
Szurgacz and Brodny [22] have developed a complex methodology for testing and evaluat-
ing the possibilities to use powered support for specified mining and geological conditions.
This was based on the analysis of safety and control systems that have helped to adapt the
support better for the present conditions, as well as to minimize miners’ operations within
dangerous mining zones and improve mining efficiency. Guangchao et al. [23] presented
a complex approach to field studies, demonstrating their numerical modeling of stability
and method of control for the main roof state during the stoping displacement from an
installation chamber. Their research results have shown that a process of roof deformation
and breaking during the stoping displacement can be divided into three stages of rock
disturbance development: the initial stage, the stage of rapid continuous increase, and
the stage of accelerated growth of stresses. Changes in the stresses obtained by numerical
modeling have proved the described evolution of the disturbance of mining operations.
The numerical modeling results have also demonstrated that preliminary roof lamination
considerably reduces the peak stress, decreasing the roof breaking at a coal seam. In the
work by Zhang et al. [24], a mechanism of dynamic pressure in stopes was analyzed in
terms of the Nan Liang mine with the help of numerical experiments for modeling as well
as by means of theoretical analysis. This was the basis for analyzing the characteristics of a
coefficient of dynamics and instability under different conditions of rock mass structure,
which helped to obtain invaluable experience and understanding of the rock pressure
behavior under the given geographical conditions. Tymchenko et al. [25] dealt with the
prognosis of probable zones of rigid settlement of the powered support units of longwall
along the primary caving zone of the main roof, depending on different geological and
stressed conditions. Vlasov and Sydelnykov [26] presented the results of a forecast of rock
convergence within a stope obtained with the help of step-by-step computer modeling of
stope advancement within the layered transversal-isotropic rock mass. Vlasov et al. [25]
presented a statistical analysis of the physical properties of sandstones as a separate litho-
logical subsystem, and Begalinov [27] provided a comprehensive approach to evaluate
the stress deformed state of rocks around the haulage roadway, which was successfully
implemented in further studies [28].
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This analysis has made it possible to perform further modeling of step-by-step stope
displacement in a spatial, geomechanical model of an extraction site [29], taking into
consideration the changeable availability of sandstones in the roof, in order to determine
the degree of its influence on the technology of stoping operations for bituminous coal
in the Western Donbas mines. Buzylo et al. [30] substantiated the area of applying a
noncantilevered powered support under the complicated mining and geological conditions
of mining very thin coal seams. Bondarenko et al. [31] presented substantiation of the
parameters for preventing rigid settlement of a powered support while coal seam mining,
in terms of MSS “ShU Ternivske” of “DTEK Parlohradvuhillia” PJSC. Bondarenko et al. [32]
showed the results of mine studies and computational experiments by a finite element
method to calculate a stress—strain state of rock mass while mining thin and very thin
coal seams under complicated mining and geological conditions in the Western Donbas
mines. Scientists of the “Dnipro University of Technology” [33] indicated the zones of
stoping effects on the interaction of powered support and roof rocks. Sadovenko and
Tymoshchuk [34] developed a methodology for predicting abnormal roof rock caving in
the stopes of the Western Donbas mines, along with the substantiation of technology for
its prevention. Dychkovskyi et al. [35] proposed to concentrate on mining operations by
using paired stopes operating for one transport and ventilation network. Ovchynnikov [36]
substantiated the application of the physicochemical method of roof rock weakening. This
method allows for reducing the compression and tensile strengths by 2.5 times. It allows
effective roof rock weakening along a line of drilled wells, which leads to the avoidance of
exploding and weakening (torpedoing) roofs under the conditions of mines with a high
methane content. In studies [37-41], the essence of the effect of stoping advance direction,
relative to the system of natural fissility of roof rocks, was considered. Vlasov et al. [42]
carried out a factorial analysis to determine the degree of influence of factors that can
affect the most probable factors of emergency rigid settlement of the support, excluding the
accidental ones. Dychkovskiy et al. [43] investigated the stresses existing during dynamic
processes in the rock mass. The modern directions of numerical modeling of rock masses
during underground mining were also widely discussed in the literature [44—48].

The analyses of the above-mentioned studies show that there has been no consideration
to the complex generalization of the operational experience for measures preventing an
emergency shutdown of stopes caused by the emergency rigid settlement of powered
support while mining very thin coal seams within the primary main roof caving zone under
complicated mining-geological conditions. This will make it possible to more efficiently
use the powered complexes under conditions of increased loads of the Western Donbas
mines (Ukraine).

In the Western Donbas mines, there are risks of stopping mining operations within the
primary roof caving zone. It can be caused by rigid settlement layers of the main roof rocks
which are hanging and not timely delaminated. The main goal of this paper is to apply the
theoretical method, which helps to switch from single low-efficiency measures to a set of
actions aimed at preventing any uncontrolled situation.

2. Mining and Geological Conditions in Western Donbas (Ukraine)

Western Donbas (Ukraine) is characterized by rather complicated mining and geo-
logical conditions, including the increasing depth of mining; low ultimate compressive
strength of aleurites and argillites; high ultimate strength of both sandstones occurring
within a roof and bituminous coal; no connection between the rock layers; high structural
inhomogeneity; geological disturbances, etc. Coal extraction, as well as the underworking
of a coal rock mass, results in the intense manifestation of rock pressure, which is observed
in the form of lamination and breaking of the above-occurring rock layers. This results in
the failure of the stope supports and the shutdown of a coal mining process. Practically,
cases of incomplete compliance with applied powered support within specific conditions
are quite frequent, and hence is the reason why supports are overloaded and experience
rigid settlement.
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The optimization of stoping parameters, based on the prognosis of possible zones of
rigid settlement of the powered support units, favors the minimization of shutdowns owing
to the aforementioned reasons and reduced prime cost of coal mining correspondingly.
The main task here, however, is the search for an engineering solution that would help
use the resource of a powered complex to its full extent in terms of complicated mining,
geological conditions and increased loads, along with minimizing the costs of measures for
its implementation.

3. Materials and Methods

The research method is represented by generalization that helps implement a set of
measures to prevent the emergency rigid settlement of the powered support in terms of the
Western Donbas mines within the zone of primary caving of the main roof. While applying
this generalization, one can single out and then represent and study the parameters of
the modeled objects, which are not subjected to the primary cognition. Generalization is
widely applied, however, it does not allow for having definite conclusions.

Checking the necessary variants, by means of generalization and the consideration of
a set of measures, makes it possible to eliminate certain errors and find effective ways for
solving a general problem for emergency stops. The general structural and logical scheme
of the study is represented in Figure 1.

Theoretical research

Experimental design; experimental assumptions:

-> Selection of the research methods
-> Experimental design
- Mathematical modeling

- Analysis of logical and mining diti (i.e. I Il length, coal seam

Analysis of the problem and initial
characterize of the object of the study:
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-> Analysis of the geological conditions
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depth, distance of sandstone above the roof of the coal seam, physical and
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-> Analysis of the physical and

l and features of sandstone structure
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\ 4 v
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|

Justification of extraction
parameters
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to the system of natural cracking of the rock lavers of mechanical processes of coal

Figure 1. Structural and logical scheme of the study (a red frame outlines a structural-logical scheme
of the research).

Figure 1 also shows the following parameters for substantiation: changes in the
direction of seam extraction; strengthening of the support resistance reaction; reduction
in the mining width; provision of the corresponding mode of control of geomechanical
processes; mining of the reserves with alternation of the extracted area; and measures to
control powered complexes.

4. Results and Discussion

The following tasks for the research were:
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- To outline the boundaries of primary spacing of the main roof caving, for which
the parameters of coal mining in terms of very thin coal seams under complicated
conditions of the Western Donbas mines were substantiated;

- To perform a comprehensive generalization of the substantiated rational parameters
of technology for coal mining within the primary main roof caving zone, based on
the variability of mining and geological conditions, which will make it possible to
minimize cases of rigid settlement of the powered support units.

To perform the first task, the boundaries of the primary spacing of the main roof

caving were outlined. This was carried out by means of a statistical analysis based on the
practices of Western Donbas stopes (Figure 2).
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Figure 2. Dispersion of values of the primary spacing of the main roof caving depending on the depth.

According to Figure 2, a zone of primary main roof caving is within the range of
15.0-45.0 m. At a depth of 120.0-150.0 m as well as at a depth of 370.0-440.0 m, the primary
caving spacing has its minimum values of 15.0-20.0 m. At a depth of 220.0-300.0, the caving
spacing has a maximum limit of 35.0-45.0 m; at a depth of 470.0-505.0 m, it is 30.0-35.0 m.
The 15.0-35.0 value of caving spacing is observed at all depths of the mine working, being
100.0-500.0 m. The scientific contribution of the research, with numerical modeling and an
analysis of the stress—strain state around a stope, is presented in this paper [25]. Thus, based
on the aforementioned, the zones of the primary main roof caving were outlined, and the
sinusoidal nature of the changes in the caving spacing along with the depth was identified.
To solve the second problem, a comprehensive generalization of the substantiated rational
parameters was performed.

Based on the studies of regularities of changes, such as the convergence value dis-
tribution in the longwall, depending on geological and technological parameters as well
as changes in its location in space, probable zones of rigid settlement of the powered
support units have been forecasted [26]. Thus, emergency shutdowns of a stope were
observed only at a depth of 450 m practically throughout the length of the zone of the
primary main roof caving, irrespective of the available sandstones within the immediate
roof. In this context, the convergence value was 411.0-518.7 mm. Only a value of the length
of the settlement zone of the powered support units along the stope, being 5.0-285.0 m,
was different, depending on the distance of displacement from an installation chamber as
well as its length. Generalizing the parameters of mining very thin coal seams concerns
complicated mining and geological conditions at a depth of 450 m, and depends on certain
changes in the sandstone’s thickness and distance of its occurrence above the seam roof,



Processes 2022, 10, 878

6 of 13

which will help in the use of powered complexes under the conditions of increased loads
to a greater extent.

The results of computer modeling show that rock convergence in a stope is described
by a curve that has a local extremum within a middle longwall share. In the case of certain
positions of a stope along the extraction pillar, a convergence value along the line of the
location of hydraulic props of a powered support within its middle share may reach the
one being higher than the admissible value of their yielding. In this case, there can be a
cutting of the roof rock along the face line, resulting in the emergency longwall shutdown
by a rigid settlement of the powered support units, which makes it impossible for both the
movement of support units and the shearer to advance (Figures 3 and 4) [26,27,32,34].

Figure 3. Zone of a convergence value that exceeds the maximum yield of hydraulic props for
the conditions of a 450 m mining depth, 10 m distance from the displacement from an installation
chamber, and 305 m of longwall length.
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Figure 4. Cutting of the roof rock along the stope line, resulting in rigid settlement of the
support units.

When the support yield load is lost or the load formed on the support is exceeded (it
often happens due to longwall shutdown or intense lamination of weak roof rocks), there
occurs rigid settlement of the hydraulic props (Figure 4) [26,32,34].

This emergency situation is not only connected to considerable operating costs and
time for the release of the compressed units but also to their failures (the collapsing of
canopies with props, swelling of hydraulic cylinders, and other deformations).

As for the geological factors, it is possible to minimize the effect of structural inho-
mogeneity (fissility) of rocks. The direction of seam mining and the displacement of the
support units, relative to the system of natural fissility of the roof rock, greatly influence
the stable operation of a powered support in terms of prevention of the formation of a
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considerable length of rock hanging over a face. In this context, timely breaking requires
that the angle between a face line and crossing of the area of natural roof rock fissility is
0-15.0° (Figure 5a,b) [39-41]. If the angle between the face line and crossing of the rock
fissility area is about 90°, then their hanging is possible at a length being dangerous for the
operation of powered support units (Figure 5c) [39-41].
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Figure 5. Direction of seam mining and support unit displacement relative to a system of natural
fissility in the roof rock layers: (a) 0°, (b) 15° and (c) 90°.

It should be noted, however, that the parameters described above can be used either
with the available sandstones in the roof or at their non-availability, as all the wall enclosing
rocks have their own fissility of 0° [29].

To optimize the parameters of the cutting width by a shearer, the rate of its feed,
alternation of extraction pillars, mode of longwall operation as well as the operating state
of hydraulic props of a powered support were used.

The wider the cutting width of a shearer is, the wider the operating space of a longwall,
i.e., the greater the size of the roof rock, hanging in the form of consoles, is (Figure 6).

e
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Figure 6. Scheme of explanation of the effect of shearer’s cutting width concerning the rock pressure
distribution: L1, L2, L3—width of the zone of supported near-face space; S1, S2, S3—width of the
zone of support pressure depending on Ln; 0max1, Omax2, Tmaxs—Mmaximum value of stresses of the
zone of support pressure depending on Ln.

In this context, support pressure grows while pressure on the edge share of a seam
increases. To reduce a stress—strain state, it is recommended to reduce the cutting width of
a shearer as well as the length of the supported span of the roof rock (Figure 6). Switch-
ing to coal ploughing makes it possible to reduce the dynamics of the support pressure
redistribution. Based on the practices of the stoping operations in the Western Donbas
mines, the use of ploughing is stipulated by the inexpediency of shearer operation at deep
depths; if shearers demonstrate a rather efficient operation at shallow depths, advantages
of ploughing complexes have definitely proved their efficiency at deeper depths.
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As a rule, plough-type machines operate within a spalling zone (0.05-0.15 m). Thus,
the hanging length of the roof rock consoles does not increase considerably, and support
pressure does not experience sharp changes. All the transitional processes in stress changes
are smoother compared with the shearer-based extraction method [31,32]. This parameter
can be applied in all cases in terms of either available or no available sandstones in the roof.

Currently, shearers extract coal with slow feed velocities, extracting coal in terms
of coal spalling zones as well. This results in dynamic processes in the redistribution of
pressures within the support zone. When coal is extracted by shearers, a powered support
with a cantilevered canopy, reaching two meters, does not stabilize processes of pressure
redistribution in time. As a result, roof rock cutting along the longwall face line under
certain conditions may be observed that cause an emergency shutdown. When the roof
rocks are being cut along the longwall face, loads on the support units increase sharply,
taking on the rock weight being distributed equally over the canopy area (Figure 4). Based
on the design features of a modern support, in case of equal load distribution, a cantilevered
share of a unit creates a moment of forces, thus resulting in its turnover [31].

In order to eliminate the design drawbacks of a powered support, increase its bearing
capacity, and stabilize anomalous stresses within the rocks neighboring a stope, it is pro-
posed to intensify the support reaction of a powered support by installing (underpropping)
additional strength support in the form of mine wooden props in the face under the can-
tilevered share of a unit canopy. This is because the minimum reaction of support at any
crossing of a mine working generates a maximum load from the weight of the breaking
zone rocks (Figure 7) [23,24].

Mine prop
1.15m 246 m

el '
1.00m ~08m_ f%)/.z%m

Figure 7. Structural elimination of the drawbacks of a powered support and increase in its
bearing capacity.

It has been identified that the more the yielding of that support is, the better the rock
state is; and the quicker such support is erected behind a shearer, the more stable the rocks
will be [23].

According to the available data, a zone of coal extraction by shearers in the Donbas
mines experience its expansion towards a zone of front support pressure before a shearer 1y,
behind a shearer r3, onto the rock mass rp, and into the mined-out space r4. In this context,
r1 21y = r3 = 10-12 m. The interruption of a coal extraction process in the longwall results
in the relative stabilization of pressure redistribution. Rock deformations during this period
continue; however, their velocity decreases (Figure 8) [34].

Displacement of the powered support units also influences qualitatively the surround-
ing rocks, i.e., it considerably deteriorates the state of the immediate roof in a stope. After
the displacement of units, consoles of the immediate rock experience their shortening,
i.e., the immediate roof breaks within the worked-out space. This reduces the rock stress
around a coal seam and within its edge share. Since the indicated main processes in the
advancing stope repeat cyclically, the anomalies of stresses within the support zone are
also of a continuously cyclical nature.
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Figure 8. Configuration of a zone of shearer influence on the roof rock displacement.

If the stope advance rate increases, then the width of a zone of support rock pressure
increases as well; moreover, the coefficient of concentration of support stress grows, and
the maximum of the support rock pressure approaches a face. In all cases, along with the
increasing rate of face advance, the state of the immediate roof rock improves, and loads on
a face support increase. This is proved by the practices of longwall operation under diverse
mining and technical conditions (Figure 9) [32-35].

Boundary of the support pressure zone

J S = 20.0 m/day

Figure 9. Effect of the face advance rate on the distribution of support rock pressure.

To reduce the load on the development mine workings within the mined-out space,
it is recommended to intensify a protective row by switching from the breaker row to the
chock-type support [34].

It is also expedient to mine reserves with alternations of extraction pillars by driving
new development mine workings for each longwall. Thus, a longwall mines the extraction
pillar which neighbors the mined-out space, considerably influencing the processes of
above-coal thickness, on both sides [32,34].
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Geomechanical displacement processes of the above-coal thickness are controlled as
follows. It is required to determine the coordinates according to the length of the extraction
pillar of the main roof caving within the already mined-out sites and not to allow any
coincidences in the forecasted places of the main roof caving in the longwall, which has
experienced caving before. To do this, it is necessary to reduce the stope advance rate down
to 3.0-4.0 m/day, during and not less than 2 working days, which will be about 6.0-8.0 m
to the previously determined places of the main roof caving in a longwall [32,35].

Subsequently, there should be a following two-stage mode of longwall operation.
After the main roof caving, the stope advance rate within the consequent 2 days should
be maximally possible (6.0-8.0 m/day) with a 12.0-16.0 m mining of the extraction pillar.
During the next two days, the stope advance rate should be no more than 3.0-4.0 m/day
with the mining of 6.0-8.0 m of the extraction pillar. After the early main roof caving, a
maximum stope advance rate should be provided. If the main roof caving failed to be
provoked, then it is required to switch to an intensive mode of mining at the site within not
more than three days. Further, the enumerated operations are to be repeated [32,35].

Subsequently, the following measures to control powered support of the 1KD-80
type are to be considered. One should ensure the constant monitoring of pressure in the
hydraulic props with an insufficient setting load by regular readings of the pressure indices
in the piston cavities. When a unit displaces, it is required to apply an additional setting
load to both the front and rare rows of hydraulic props. In the case of the formation of
inrushes or false roofs, one should put chocks on the unit canopies or move lower from
the roof, leaving a coal bench of 0.1-0.15 m thickness along the roof. In the case of a long-
term shutdown of stoping (more than 6 h), the powered support units are to be displaced
immediately adjacent to a face. Additional load-bearing supports under the cantilevered
part are to be installed in the units with the increased load on the canopy cantilevers (face
of the front rows of hydraulic props with the height of 0.01-0.03 m) [32,33,35].

The use of powered support with a much higher bearing capacity in the longwall with
a weak floor and a high value of roof layer thickness, as well as their specific physical and
mechanical properties, is inexpedient, as it may result in pressing the powered support
units into the floor, and is also often accompanied by a rigid settlement of the support.

If there are thick sandstones (m > 5.0 m) in the immediate roof at a depth of
H > 450 m [14], it is necessary to apply a preliminary exploding weakening (torpedoing)
to a hard-to-cave roof-local weakening of hard rock at the main roof in front of a stoping,
by blasting explosive charges in long wells. Advancing torpedoing is a universal method
for any mining and geological conditions with the occurrence of seams in hard-to-cave
roof rock. This is in terms of any rock thickness and hardness occurring in mines while
pillar mining during well drilling and blasting, from the mine workings being ventilated,
owing to general shaft depression. Artificial radial fractures, formed as a result of an
explosion, and broken contacts within the layering area, can grow into the main fractures
along with the approaching of a stope. The latter dissects the rock mass of the main roof
into blocks throughout height and layering. As a result of weakening, the hard-to-cave
rocks of the main roof are divided into blocks of lesser size. This results in a considerable
reduction in the spacing length of primary caving with the main roof, as well as decreased
values of load on the stoping support, and minimization of emergency rigid settlement of a
powered support.

In terms of mines with high methane content, where explosions are dangerous, a
physicochemical method of weakening should be applied [37]. During the physicochemical
interaction of effective 6.0% solutions of chemical weakening agents, such as Na,CO3 and
NaOH, the volumetric breaking of chemical bonds in a sandstone structure takes place in
micro- and macro-fractures in the roof, being f > 7, along a line of drilled wells. In this
context, compression and tensile strengths of sandstones decrease by 2.5 times, favoring
dilatancy along the line of drilled wells that exclude exploding roof weakening (torpedoing)
in terms of very gassy mines [37].



Processes 2022, 10, 878 11 of 13

The above-mentioned measures cannot one hundred percent guarantee the elimi-
nation of emergency shutdowns of stopping operations. Therefore, this requires further
development of more innovative ideas concerning the issue. Therefore, future publications
will deal with these considered problems.

5. Conclusions

e  The proposed theoretical method allows switching from single low-efficiency measures
to a set of actions aimed at preventing any uncontrolled situation in the Western
Donbas mines.

e  The presented solution allows for minimizing the risk of braking mining activities
within the primary roof caving zone.

e  The research results have made it possible to substantiate such parameters as follows:
changes in the direction of seam extraction relative to a system of intrinsic fractures
in the roof rock layers; width of shearer cutting by switching to ploughing; rate of
plough assembly supply and the corresponding rate of stope advance; the increasing
reaction of powered support resistance; alternation of the extraction pillars; mode of
the longwall operation; control of the changes in the operation of powered support
hydraulic props; control of advanced explosive and physicochemical weakening of
hard-caving rock mass.

e  The above-mentioned parameters make it possible to use more efficiently, and to the
fullest extent possible, the powered complexes under the conditions of increased loads.

e  The identified parameters are useful to develop recommendations to apply to mining
very thin coal seams within the primary caving of the main roof zone under compli-
cated mining and geological conditions of the Western Donbas mines, as well as to
minimize the cases of emergency rigid settlements of the powered support units that
will increase the efficiency of coal mining.

e  The identified parameters are expected to be useful in terms of minimizing the risk of
cases of emergency rigid settlements of the powered support units, which will increase
the efficiency of coal mining.
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