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Abstract

Purpose. The research aims to substantiate the technological solutions to ensure the rock mass stability through a rational
approach to strengthening the zones of increased rock pressure behind the longwall face.

Methods. To achieve the purpose set, a complex research method is used, which includes an analysis of practical experi-
ence in mining medium-thickness flat-lying coal seams, a study of the stress-strain state of rocks above the coal mass marginal
area, and mine research into the influence of mining-technical factors on the state of zonal preparatory workings.

Findings. The patterns of stress influence on the mine working stability have been determined depending on the mining-
technological parameters of mining operations. Empirical dependences of the stress influence on the mine working stability
have been revealed. The parameters of stress influence on the mine working stability have been found depending on the min-
ing-technological parameters of mining operations.

Originality. The conducted research made it possible to determine the degree of influence of mining-technical conditions
of mining operations on deformations in border rocks with various types of support in extraction workings, which helps to
understand the dynamics of deformation processes occurring in the coal-rock mass surrounding mine workings maintained
behind the longwall face.

Practical implications. The revealed deformation patterns can be used in calculating the rock pressure manifestations
when conducting mine workings on deep levels under various mining-technical conditions of mining operations, which has
practical significance for ensuring the stability and safety of maintaining mine workings at the stage of mining operations. The
use of roof-bolt support is proposed as an effective means not only to ensure stability, but also to maintain safe operating con-
ditions in mine workings.
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1. Introduction workings, up to 20% of the cost for conducting mine workings,

The problem of developing advanced technological solu- @S well as the significant influepce of zones of increased rock
tions for strengthening rock masses in increased rock pres-  Pressure on the state of the mine working contours [8]-[11].
sure zones behind the longwall face is known in the mines of ~ This negative impact on the longwall face operation parame-
China, Australia and other coal-producing countries when  ters, the economic performance of mines and the safety of
mining flat-lying and sloping coal seams [1]-[4]. The main  Mining operations increases as mining operations move to
factors determining the demand for this technology in mo- deeper levels [12], [13]. Transportation within mines presents

dern market conditions of mines functioning are the possibi-  challenges such as high infrastructure costs, energy consump-
lity of achieving high labor productivity and low cost of  fion, environmental impact, material handling issues, safety
preparatory and stope operations [5]-[7]. concerns, logistical complexities, and the influence of distance
Significant disadvantages of strengthening rock masses in  and terrain on the efficiency of transportation [14]-[18].
zones of increased rock pressure behind the longwall face are The experience of using profiles of larger standard size

as follows: significant operating costs for maintaining mine  and increased support setting density shows that even with a
significant increase in the metal consumption for fastening
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mine working and the consequent labor-intensive construc-
tion of frame support, the overall effect is insignificant [19].
The practice of its operation has revealed a number of serious
disadvantages that lead to significant deformations of mine
workings: flattening of the cap boards, pressing-out of the
side stumps into the section cavity, destruction of the cou-
pling joists, and insignificant implementation of the sup-
port’s yielding property [20]. With a significant increase in
the load-bearing capacity of the support in the rigid mode of
operation, there is no significant increase in the load-bearing
capacity in a yielding mode, and the structural upgrading of
the support itself and the technology for its setting cannot
significantly improve the mine working stability [21], [22].

Roof-bolt and metal-frame supports have different ap-
proaches to fastening the roof of mine workings, based on
geomechanical principles of changing the stress state of the
mass during mining operations and maintaining mine work-
ings during their planning and operation [23]-[26]. Steel
arches are designed to passively support the weight of rocks
that have collapsed in the mine working roof. When setting
it, cavities usually remain in the roof, which further contrib-
ute to de-stressing and to the development of rock displace-
ments with an increase in load on the arch frames [27]. The
roof-bolts are intended to strengthen the roof rock-coal layers
and prevent them from caving.

One of the promising directions of technical progress in
the field of fastening and maintaining mine workings is the
implementation of resource-saving technology for conduc-
ting preparatory workings using roof-bolt fastening, inclu-
ding in combination with metal arch support with the pre-
dominant use of rectangular shape of cross-section [28], [29].
The complexity of application of roof-bolt technology for a
wide range of mining operations is determined by the
mining-geological conditions of coal seam mining [30].

Geomechanical problems are of particular importance
when using roof-bolt supports as the main supports for re-
used mine workings. Compared to frame supports, roof-bolt
supports have a number of advantages that significantly
reduce production costs and increase labor productivity [31],
[32]. The use of roof-bolt support allows reducing the con-
sumption of rolled metal, timber, and concrete by 5-9 times;
increase productivity by 3-5times when fastening mine
workings; increase the rate of mine working driving by
2-3 times; reduce costs by 1.5-2.2 times or more to ensure a
technologically satisfactory mine working state during its
operational life [33]-[35]

In modern conditions, the coal mines use three schemes
of pillarless mining technology: with preservation of mine
workings for reuse; with conducting new mine workings by
cutting to the mined-out space; with conducting conjugated
mine workings with mining of the pillar between them
through adjacent longwall face [36]-[38].

Therefore, one of the stages for implementing the roof-
bolt fastening technology is the formation of schemes for
fastening mine workings using it. Analysis of technological
schemes for conducting mine workings in the Karaganda
Coal Basin using roof-bolt support made it possible to form
the prerequisites for the formation of principles for fastening
mine workings with roof bolts for various schemes of deve-
lopment of mining operations and their purpose. Below are
considered the most frequently used in practice technological
schemes for fastening the junctions of mine workings,
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longwall faces with adjacent mine workings, mine workings
of the main and auxiliary purposes, based on which the
schemes for fastening mine workings for the Karaganda Coal
Basin mines can be developed [39], [40].

In connection with the above-mentioned, the research pur-
pose is to develop a resource-saving technology for streng-
thening rock masses around mine workings in zones of in-
creased rock pressure behind the longwall face, thereby ensu-
ring a reduction in the volume of repair work in the zonal
preparatory workings maintained behind the longwall face.

To achieve the purpose set, it is necessary to carry out a
range of research aimed at identifying the patterns of stress
influence on the mine working stability, taking into account the
mining-technological parameters of mining operations, me-
thods of implementation and protection, as well as types of
support and technological scheme for fastening mine workings.

2. Study area

The development of the practice of using roof-bolt sup-
port at the Karaganda Coal Basin mines is constrained by
the lack of advanced technological schemes for fastening
mine workings, allowing them to be used effectively in
various mining-geological and mining-technical operating
conditions [41], [42]. To form such schemes, it is necessary
to analyze the current state of the conditions for using
various methods for maintaining mine workings according
to their functional purpose.

The Karaganda coal basin is dominated by moderately
stable roofs (51% of all mine seams), the share of low stable
roofs is 26%, the share of unstable roofs is 21% and the share
of stable roofs is only 4%. At the sites of the occurrence of
thin platy argillites and carbonaceous argillites with a total
thickness of no more than 0.3-0.5 m, the coal seams form a
false roof. Bottom rocks are most often found to be mode-
rately stable (46% of mine seams), less often low stable
(19%) and unstable (21%), and increasingly less frequently
represented by stable (14%) [43]-[45].

In the basin, up to 25% of all mined seams are classified
as highly disturbed and very highly disturbed, including
16.6% in the Promyishlennyiy area, 16.7% in the
Sherubaynurinsky area, 50% in the Saransky and Shakhan-
sky areas. The increase in rock pressure in the zone of main-
taining extraction workings is taken into account by the rock
pressure concentration coefficient, the value of which reach-
es 2 at depths of up to 800 m. At present, at great depths of
mining the seams in the Karaganda Basin, the multiplicity of
repeated roof-bolting of preparatory workings adjacent to
extraction panels reaches the value of 2.3 and even 4 [46]. In
general, maintenance costs increase with increasing depth,
ranging from total costs at medium depths (up to 600 m) 4-
5%, and at high depths (up to 750-800 m) up to 15%. In the
Karaganda Coal Basin as a whole, 25% of the balance coal
reserves are confined to areas with simple, 40% — medium
and 35% — difficult mining conditions [47]-[49].

An analysis of the state of mine workings inspected in
the Karaganda Basin mines shows that at the tunneling
stage, in approximately 25-30% of them, there are dange-
rous deformations and loss of stability of rock outcrops.
During operation, increased deformations are typical for
40% of mine workings located outside the zone of stope
operations influence and for 60%, when they are located in
the zone of stope operations influence. The main reason for
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the deterioration of the state of preparatory workings is the
decrease in the ratio of rock strength to geostatic pressure
with increasing mining depth [50]-[52].

Loss of stability of rock outcrops leads to a 40-45% de-
crease in the advance rate of mine workings and an increase
in the consumption of fastening materials. Also, 35-40% of
accidents during mining-preparatory operations are caused
by loss of stability of rock outcrops and rock failures in the
roof and sides of mine workings [53],[54].

The main reason for deterioration of the state of preparato-
ry workings is the decrease in the ratio of rock strength to
geostatic pressure with increasing mining depth [55]. An addi-
tional factor of harmful influence is the presence of pillars and
marginal parts of coal seams located above the mine workings.
About 20-30% of all maintained mine workings fall annually
into the zones influenced by increased rock pressure (ERP),
and their state is assessed from satisfactory to very poor [56].

When arranging the junctions, it is seen by visual obser-
vations that the zone of disturbed rocks is broken by fractures
parallel to the outcrop surfaces into blocks, which most often
have rather large dimensions, and loosening is the result of
turning of these blocks and increasing distances between
them [57]. In some cases, the rock displacement process may
be suspended, however, this equilibrium state is unstable
[58]. Any impact, even minor in amplitude, causes further
de-strengthening of the border rocks and leads to a renewed
displacement process [59].

A roof-bolt is a means of compressing or compaction of
the supported rocks to prevent them from tensile stresses [60].
For highly fractured roof, with one or more fracture systems,
roof-bolts increase the friction force along the fractures and
weakening planes, thereby eliminating or reducing sliding
and/or separation along the weakening planes. The effect of
compaction mainly depends on the tensioning force of the
roof-bolts with the roof-bolt nuts. Tensioning of the roof-bolt
rods causes stresses in the stratified rocks, which are com-
pressive both along the bolt axis and perpendicular to the
bolt [61]. Compression zones due to overlapping around the
bolts form a continuous compression zone in the mine working
roof, in which the tensile stresses decrease or completely dis-
appear, while shear strength increases. Figure 1 shows a sche-
matic representation of the roof mass contour strengthening
above the mine working in order to create a stable arch.
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Figure 1. Schematic representation of the roof mass contour
strengthening above the mine working: (a) contour of
fastening with the roof-bolt; (b) contour scheme for the
roof-bolt fastening
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The rock mass deformation mechanism in the combined
method of fastening the junctions of longwall faces
with mine workings using rope bolts and metal-arch is
presented in Figure 2.
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Figure 2. Rock mass deformation mechanism in combined sup-
port: 1—acting rock pressure forces; 2 —stable roof
rocks; 3 — roof rocks spalling along a fracture; 4 — rock
pressure forces contained in the spalling fracture;
5 — caved rocks; 6 — roof-bolts; 7 — section in tunneling;
8 —arch rock spalling; 9 — mine working arch support;
10 — coal seam; 11 — coal seam reaction

In stable state of the longwall face/drift junction, it is as-
sumed that processes within the rock mass maintain equilib-
rium and promote uniform contact between the longwall face
and the drift. Such conditions are usually characterized by the
absence of significant fluctuations or changes, thus ensuring
stable interaction. On the other hand, unstable junction state
may include rock falls, indicating the presence of unpredic-
table and unstable processes in the rock mass. These rock
falls can be caused by various factors, such as gas outbursts,
changes in pressure or temperature, resulting in discontinui-
ties between the longwall face and the drift [62], [63].

Figure 3 shows a representation of both types of states.
The stable state shows a uniform junction, while the unstable
state displays rock falls, indicating possible difficulties in
maintaining stable contact between the longwall face and the
drift. Understanding these differences is important for predic-
ting and controlling rock mass processes, as well as for im-
proving safety when mining the longwall face and the drift.

As a result of analyzing the use of roof-bolt support at the
Karaganda coal mines, it has been determined that the main
reasons for not so large frequency of using roof-bolt fas-
tening in mine workings are as follows: complication of
mining-geological and mining-technical conditions with the
transition to a mining depth of more than 500 m. There has
been a significant increase in the size of bearing pressure
zones in the vicinity of mine workings and intense rock pres-
sure manifestations in the mine workings inside the extrac-
tion fields. There was a 35-40% increase in the cross-
sectional area of mine workings, especially of the extraction
workings of stoping faces, and in the volume of pillarless
protection of mine workings on the border with the mined-
out space, namely in the zone of shearing and rock failures in
adjacent mined-out longwall faces.

It should be noted that there is a lack of knowledge of
geomechanical processes in the rocks surrounding mine
workings on the lower levels and the performance of the
roof-bolt support in these conditions. This applies most of
all to the size of zones of dangerous deformations (dis-
placement, stratification and destruction) of rocks in the
roof and sides of mine workings, protected by coal-pillar
and pillarless methods.
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Figure 3. Rock mass state in the longwall face/drift junction
point: (a) stable state; (b) unstable state

3. Methodology

Fastening of the fault zone between the linear sections of
the powered support and the drift support using resin-grouted
rockbolts provides rock stability in the roof and reduces
material and labor costs for repeated roof-bolting of the fault
zone. In 10-15 m ahead of the longwall face, two “lines” of
the purlin made of SCP-22(27) 2.0-2.5 m long are set, with a
GVKU (ST-20) prop stay set under the purlin with a spacing
of 1 m. Ahead of the longwall face at a distance of at least
5m under the “lines” of the purlin, additional GVKU
(ST-20) prop stays are set with a spacing of 0.5 m. From the
longwall face side, before the combine approaches, the MM
side grid is dismantled at a distance of 1.0 m ahead of the
longwall face [64]-[67].

When connecting the longwall face to the conveyor
intermediate drift, rope bolts are used to strengthen the
fastening. In addition, the strengthened fastening interaction
with the surrounding rocks is shown, and elements demon-
strating the stability and safety of the process are presented.
Figure 4 shows a technological scheme for fastening the
longwall face junction with the conveyor intermediate drift
using rope bolts.

Technological solutions developed for fastening mine
workings behind the longwall face are associated with the
preliminary setting of fastening means ahead of the longwall
face bearing pressure zone with subsequent strengthening of
the support after the longwall face advance with the creation
of the strengthening support edged structures on the bounda-
ry with the mined-out space (Fig. 4).
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Figure 4. Technological scheme for strengthening the fastening of
the longwall face junction with the conveyor intermediate
drift using rope bolts: (a) junction fastening scheme;
(b) scheme for the support interaction with the host rocks

As part of the development of technological solutions to
maintain mine workings behind the longwall face, it is pro-
vided to set preliminary fastening means ahead of the
longwall face bearing pressure zone. This stage is critical to
ensure the stability and safety of mine workings that may be
exposed to the longwall face impact. Figure 4 illustrates this
approach by focusing on the construction of strengthening
support structures on the boundary with the mined-out space.

The first stage involves setting the fastening means ahead
of the longwall face bearing pressure zone to provide a se-
cure base for subsequent longwall face impact. After the
longwall face passes through the area, the previously pre-
pared support is strengthened. This may include the struc-
tures created to strengthen the support on the boundary with
the mined-out space, providing additional stability.

Monitoring of the state of mine workings and displace-
ments of their contours was made selectively using the ex-
ample of the 50 ky-1 conveyor drift junction with the
longwall face in the Saransk Mine, Karaganda Coal Basin.
The 50 kip-1 ventilation slope was driven at a depth of
428-554 m, at an angle of 10°. The mine working length is
630 m. The total seam thickness at the site is 4.65 m. Seam
kio has a complex structure and consists of 9 coal bands
0.05-1.17 m thick, separated by interlayers of carbonaceous
argillite and argillite of 0.01-0.04 m thick.
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Seam kj is categorized as a hazardous seam due to sud-
den coal-gas outbursts from a depth of 300 m [68]-[71]. The
seam is hazardous in terms of gas and dust, and is prone to
spontaneous combustion [72], [73]. Sandstones occur in the
main roof of the seam (m = 23.7-29.56 m, f = 60 MPa). The
immediate roof is represented by argillites with a thickness
of 1.24-2.09 m (f = 25 MPa). The false roof is composed of
carbonaceous argillite and argillite of 0.45 m thick (f = 15 MPa).

The seam bottom contains argillites of 5.25-6.35 m thick
(f=20-25 MPa), unstable, prone to heaving. The water
inflow is expected to be up to 5m3/hour.

To fasten the mine working, the roof-bolt support is used
with a spacing of 0.8 m. The number of roof-bolts per 1 m of
mine working is 12 in the roof and 6 in the sides. Physical-
mechanical properties of rocks during mining of the k1o seam
in the conditions of Saransk Mine are presented in Table 1.

Table 1. Physical-mechanical properties of rock mass surrounding the kio seam in the conditions of Saransk Mine of the Karaganda

Coal Basin
Parameters Lithological varieties

Sandstone Siltstone Argillite Coal Mergel
Elasticity modulus, MPa 8.5-29.0 4.3-21.0 3.7-10.5 3.0-3.5 35.1
Poison's ratio 0.22-0.25 0.28-0.33 0.25-0.33 0.33 0.21
Compressive resistance, MPa 45-95 33-45 15-35 5-11 52-53
Tensile strength, MPa 10-16 7-13 1-6 1-18 5.1-9.7
Unit specific gravity, MN/m?® 2.61 2.37 2.31 1.32 2.70
Adhesion, MPa 7.6-18.5 4.7-175 25-75 1.5-3.2 9-14
Internal friction angle, deg 25-40 18-39 25-39 18-25 23-27

For the conditions of the 50 kio-1 conveyor drift of the
Saransk Mine, Karaganda Coal Basin (Table 2), the border
rock mass deformations have been measured to determine the
geomechanical characteristics of maintaining mine working
under different mining-geological operating conditions.

Table 2. Mining-technological characteristics of the 50 kio-1 con-
veyor drift of the Saransk Mine, Karaganda Coal Basin

Mine working name Conveyor drift
Length, m 810
Width, m 45512 (5.5)
Height, m 3.5-4.0

Section area, m? 12
Roof-bolting,

Type of fastening 9 roof-bolts/running meter

An integral part of the research is the measurement of the
deformation process parameters in operational mine work-
ings using different types of fastening. This helps to deter-
mine the nature of the stability of mine workings, including
the zones affected by mining operations.

4. Results and discussion

Systematization of the measurement results for extraction
workings depending on the main influencing mining-
technological factors made it possible to identify the corre-
sponding patterns given in this section.

As a result of the research, systematic patterns have been
identified regarding the stress impact on the stability of mine
workings. These patterns are conditioned by different
mining-technological parameters, methods of carrying out
and ensuring safety, as well as types of support and comple-
xity of the technological scheme for fastening mine wor-
kings. This research allows not only to identify the main
patterns of stress influence on the stability of mine workings,
but also to reveal the factors that play a key role in the for-
mation of stability of mine workings under various operating
conditions and scenarios. In addition, the performed complex
of studies, including an analysis on stability of mine wor-
kings, instrumental observations on stability of rock outcrops
in in-seam workings, with processing of results of in-situ
studies, made it possible to predict the nature of the defec-
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tiveness of mine workings depending on the influencing
factors. The approach to analyzing the stability of mine
workings included in the scope of this research involves not
only a general analysis of the physical-geomechanical pa-
rameters of mine workings, but also a detailed examination
of instrumental data obtained under actual operating condi-
tions. This data includes observations of rock deformations,
stress measurements, and the recording of all changes occur-
ring around the mine workings.

Measurements of the deformation process parameters in
operational mine workings with various types of fastening
made it possible to determine the nature of their stability,
including in zones influenced by mining operations. At the
same time, deformations of mine working contours with
combined roof-bolt-frame support are 4-5 times less than in
case of yielding metal-arch frame support (Fig. 5).

In extraction workings, there is an intensive increase in
rock displacements, which correlates with the mining depth
and a change in the degree of controllability from difficult-to-
control to easy-to-control. As a result of field observations, it
has been confirmed that the use of roof-bolt support provides
satisfactory stability of mine workings. The selected roof-bolt
support parameters prove to be sufficient to ensure safe opera-
tion of the mine workings. The total roof displacements, when
using roof-bolt support, do not exceed 30 mm. The accepted
roof-bolt length in the roof (2.4 m) and in the sides (1.8 m) of
mine workings provides the required stability. The total hori-
zontal rock displacements in the sides of mine workings do not
exceed 100 mm, which is acceptable when using roof-bolt sup-
port. The displacement values in the zone of stope operations
influence have been determined (up to 2.5 m), which requires
advance setting of rope or cable bolts to ensure stability.

The deformation process parameters have been deter-
mined near the mine workings when they are in the zone of
stope operations influence. Observations have been conducted
on the stability of mine workings under various schemes for
the development of mining operations, the service life and
operational purpose at the Karaganda Coal Basin mines. Mine
workings fastened with different types of supports have been
examined. Based on the processing of statistical experimental
data, statistical patterns and empirical dependences on influen-
cing mining-technical factors have been determined.



V. Demin et al. (2024). Mining of Mineral Deposits, 18(1), 27-36

(a)

5000
43500
4000
3500
3000
2500
2000
1500
1000
500
0

Deformation (N), mm

0 200 400 600

Depth (#), m

(b)

800 1000 1200

3000

2500

[
(=1
(=1
(=]

1500

1000

Deformation (N), mm

500

0

0 200 400 600

Depth (#), m

(©

800 1000 1200

1000

750

500

Deformation (N), mm

250

0 200

400

600
Depth (A), m
Figure 5. Dependence of rock deformations (N, mm) in extraction

workings on mining depth (h, m): (a) when using arch
support; (b) when using roof-bolt support; (c) when using
combined support; 1 - easy-to-control roof; 2 — medium-
to-control roof; 3 — difficult-to-control roof
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The conducted research, covering the mining-geological
and mining-technical conditions of the Karaganda Basin, has
revealed a number of significant factors influencing the rock
outcrop stability. The main mining-geological factors identi-
fied during the research are stratification, fracturing and
moisture content of the rocks.

It is important to note that the uniaxial compressive
strength of layers plays a key role in determining the rock
outcrop stability. When the strength of the layers is
50-60 MPa, the roof rock outcrops maintain a stable state.
However, when the rocks are compressed up to 40 MPa, the
stable state time is significantly reduced and limited to
within an hour. Additionally, the influence of rock fractu-
ring on stability is taken into account. In highly fractured
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and disturbed rocks, mostly overlying coal-bearing rocks,
stability usually does not exceed 0.3 hours, with fracture
spacing within 0.01 and 0.2 m. In terms of the rock mois-
ture content, it is shown that it has a significant influence
on the strength characteristics of different rock types. For
example, with increasing moisture content, sandstones lose
strength by about 5%, siltstones — by 14%, argillites — by
40-60%, and carbonaceous argillites — even up to 80%.
These findings underline the importance of considering
mining-geological factors when planning and conducting
operations in mining regions to ensure safe and efficient
mining-technical processes.

The research has also revealed a number of significant
mining-technological factors that have a significant impact
on geomechanical processes. In particular, the following
factors have been identified as key factors in determining the
stability of mine workings and displacements in rocks. When
the mine working width increases from 5 to 6 m, the dis-
placements in the mine working increase by 25-30%, which
emphasizes the importance of careful control and mine wor-
king width optimization to prevent excessive displacements
and ensure stability.

An increase in the location depth from 450 to 800 m in
1.6-3.5 m thickness seams leads to an increase in the dis-
placement of rocks of varying strength. In rocks with a com-
pression level of less than 45 MPa, displacements increase
by 3.1-3.6 times, while in rocks with a compression level
from 45 to 80 MPa — by 2.1-2.5 times, indicating the im-
portance of adapting mining-technical methods depending on
the rock location depth.

Pillarless extraction workings may be adversely affected
by the mutual influence of stope and preparatory operations
in adjacent panels at certain location depths. For example, at
a depth of up to 550 m, the minimum distance between mine
workings should be at least 50-75 m, at a depth greater than
550 m — 80-100 m, and at a depth greater than 600 m —
100-120 m. These mine protection recommendations empha-
size the need to take into account geological-technical condi-
tions to ensure safe and efficient mining.

In schemes for fastening junctions between longwall
faces and conveyor workings in difficult mining-geological
conditions, it is advisable to use a chemical strengthening
effect with sealing roof-bolts of the “Irma” type or using
perforated pipes. The following are the developed means for
fastening mine workings maintained behind stoping faces,
zones of increased rock pressure, and for protecting mine
workings in zones influenced by stope operations.

Figure 6 shows a reinforcing system in which a pressu-
rized fastening mixture is injected into a well fitted with a
rope bolt. Sealers with clamps are set along the well
length. Outlets connected to the axial opening are provided
for the release of the fastening mixture from the rope
locking coupling. The use of such a rope bolt design allows
for reliable delivery of the fastening mixture, bypassing the
coal-rock mass fracture zones where it can propagate with-
out fixing with the rope bolt of the rocks near the caved
space. Failure to do so could result in increased pressure
on the extraction working support or rock failure into the
mine working space.

Figure 7 illustrates the technology for setting a reinfor-
cing system in a well on the mine working contour to main-
tain stability behind the junction with the longwall face.
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Figure 6. Reinforcing system for supporting the rock mass behind
the stoping face: 1 —end fitting; 2 — well with fastening
solution (pressurized injection); 3 — rope bolt; 4 — guiding
fitting; 5 — sealer with clamps; 6 — outlet openings; 7 —
rope locking coupling; 8 —axial opening; 9 — backing
coupling; 10 — nut
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Figure 7. Technology for setting a reinforcing system in a well on
the mine working contour to maintain stability behind
the junction with the longwall face: 1 - roof rocks;
2 —break line; 3 —shock-absorbing system; 4 — caved
rocks; 5 — sealer; 6 — steel roof-bolts; 7 — mine working
roof; 8 — active mine working (junction); 9 — seam bot-

tom; 10 — coal seam

Figure 7 shows a shock-absorbing system designed to ab-
sorb and dissipate the energy generated by rock failures,
which is particularly important in mining environments
where rock masses can be subjected to dynamic loads, crea-
ting shock waves and vibrations. By absorbing shocks, the
shock-absorbing system reduces the risk of equipment
damage to maintain the stope equipment integrity and plays a
critical role in ensuring safe production processes.

A scheme for fastening junctions using cable bolts has
been developed, which allows increasing the load-bearing
capacity of the fastening system, shown in Figure 8.

4

-

/3

| F/Z

Figure 8. Scheme for fastening mine workings maintained behind
stoping faces with the use of cable bolts: 1 —pickup; 2—-2.4 m
long rod bolts; 3 — polymer resin 2.5 m; 4 —5m cable
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The junction fastening scheme using cable bolts (Fig. 8)
is an innovative system designed to increase the load-bearing
capacity of the fastening system. This fastening scheme is an
example of advanced mining-technical solutions aimed at
improving the efficiency and safety of mining processes.

Further research into mine working stability can focus on
a number of promising areas to better understand the pro-
cesses and optimize the methods to ensure stability, namely,
the study of new technologies and fastening methods, aimed
at improving the mine working stability, can contribute to the
development of more effective safety systems in the mining
industry; exploring the possibility of using new fastening
materials that can provide greater stability and durability of
mine workings, as well as the use of modern technologies,
such as automation and artificial intelligence, to better con-
trol and manage the mine working stability. Further research
in the above areas could contribute to better understanding
and optimization of mining processes, as well as improve the
level of safety in this area.

5. Conclusions

The conducted research has determined the dynamics of
deformation processes occurring in the coal-rock mass
around the mine workings maintained behind the longwall
face. The unstable areas in the host rocks and the dynamics
of active fracturing propagation zones have been identified
and technological solutions for rock mass strengthening in
zones of increased rock pressure behind the longwall face
are proposed. Based on the conducted research results,
means have been developed and fastening parameters have
been determined for mine workings maintained behind
stoping faces, in the zones of increased rock pressure,
and for protecting mine workings in zones influenced
by stope operations.

The use of roof-bolt support not only ensures the mine
working stability, but also maintains safe operating
conditions. The research results indicate that the total roof
displacements, not exceeding 30 mm, are acceptable
and confirm the effectiveness of the selected roof-bolt
support parameters.

The accepted roof-bolt length in the roof and sides of the
mine workings, 2.4 and 1.8 m, respectively, not only pro-
vides the necessary stability, but also guarantees stability in
operation. Horizontal rock displacements in the sides of mine
workings, not exceeding 100 mm, confirm the effectiveness
of the roof-bolt support.

The conducted research made it possible to determine the
degree of influence of mining-technical conditions of mining
operations on deformations in border rocks with various
types of support in extraction workings. The displacement
values of up to 2.5m in the zone of stope operations in-
fluence have also been identified, indicating the need for
advance setting of rope or cable bolts to effectively manage
displacements and ensure stability of mine workings when
conducting stope operations. The revealed deformation pat-
terns can be used in calculating the rock pressure manifesta-
tions when conducting mine workings on deep levels under
various mining-technical conditions of mining operations.

Thus, this research represents an important contribution
to understanding and improving the mine working fastening
technology in conditions of increased rock pressure behind
the longwall face.
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JocaigxeHHs TeXHOJIOTil KpinjieHHs] BUPOOOK Y 30HAX MiABHIIEHOT0 IiPCHKOro THCKY
no3ajiy JiaBH JJis1 3a0e3nedyeHHs 0e3MeKH BeIeHHA TPHUYUX podiT

B. JIvomin, E. XanikoBa, M. Pabatymu, J)K. Amanxonos, A. XKymadekona, JI. Cuznuk0aesa, I'. bBaxmaramberosa, E. EnpxaHoB

Merta. OOrpyHTYBaHHS TEXHOJIOTIYHUX pillleHb AT 3a0e3MeUeHHs CTIMKOCTI MacHBY TiPCHKHX MOPIJ 32 PaXyHOK palioOHaJIbHOTO MigX0-
Iy A0 KPIIUIEHHS B 30HAX MiIBUILEHOTO TPChKOTr0 TUCKY 32 JIABOIO.

Metoauka. /[y BUpilIeHHs TOCTABJICHOI METH 3aCTOCOBAHO KOMIUICKCHUI METO] OCIIiIKEHb, SIKIUH BKIIOYaB aHANI3 MPAKTUIHOTO JIOCBi-
Iy BiANpamOBaHHS IOJIOTUX BYTUIBHUX IUIACTIB CEpelHBOI MOTYKHOCTI, BUBYCHHS HANPY)KEHO-Ie()OPMOBAHOTO CTaHy IOpiA HaJ KpaioBOIO
YaCTHHOIO BYTJIFHOTO MacHBY, a TAKOJXK IIaXTHI JOCIIIDKEHHS BIUIMBY TipHHYOTEXHIYHNX (DAKTOPIB Ha CTaH JIIBHUYHUX IiATOTOBYUX BUPOOOK.

Pe3syabTaTn. BusHaueHO 3aKOHOMIPHOCTI BIUIMBY Hallpy>KeHb Ha CTIHKICTh BUPOOOK 3aJ€XKHO BiJ FpPHUYO-TEXHOJOTIYHUX MTapaMeTpiB
po3poOKky. BeraHOBIEHO eMITipHyHi 3aIe)XHOCTI BIUIMBY Halpy)keHb Ha CTIHKICTh BUpOOOK. Bu3HaueHO mapaMeTpH BIUIMBY HANpy)KeHb Ha
CTIMKiCTh BUPOOOK 3aJICKHO BiJl TipHHYO-TEXHOJIOTIYHUX TAPaMETPiB PO3POOKH.

HaykoBa HoBu3Ha. [IpoBeneHi 10CTiHKEHHS T03BOIMIA BU3HAYUTH CTYIHb BIUIUBY TipHUYO-TEXHIYHHUX YMOB PO3poOKU Ha aedopma-
1ii B MPUKOHTYPHHUX MOPOJAX MpPU Pi3HUX BHIAAX KPIIUICHHS Y BHIMKOBHX BHPOOKAax, II0 POOHUTH BHECOK Y PO3YMIHHS IUHAMIKH PO3BUTKY
nedopMariifHuX IpoLeCiB y ByTIIEHOPOAHOMY MAaCHBI HABKOJIO BUPOOOK, IO MiATPHUMYIOTHCS 1032y JIaBH.

IpakTnyHa 3Ha4YMMicTh. BusBieHi 3akOHOMIPHOCTI eopMaliiii MOKYTh OyTH BHKOPUCTaHI MPU PO3pPaXyHKax MpPOsBIiB TipChKOTO TH-
CKy IIpH NPOBEAEHHI BUPOOOK Ha ITMOOKMX TOPU30HTAX 33 PI3HHUX TiPHMYOTEXHIYHMX YMOB EKCIUTyaTamii, [0 Ma€ NPaKTUYHY 3HAYYIIiCTh
JUIs 3a0e3reueHH s CTIMKOCTI Ta Ge3NeKy MiATpHUMaHHs BHPOOOK Ha eTami BEACHHS TipHUYHX poOiT. BUKOPHCTaHHS aHKEpHOTO KPIIUICHHS
MPOTIOHYETHCA SIK C(PEKTUBHUI 3aci0 He Jiuie st 3a0e3MeUeHHs CTIMKOCTI, aje ¥ I miATpUMaHHs Oe3MeYHNX YMOB €KCILTyaTalii BUpOOOK.

Knrwuosi cnosa: cipnuui upoOKu, KpinieHHs, 2eOMEXAHIYHT npoYecu, aHKepHe KPInieHH s, 2ipCbKull muck
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