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Abstract: A high static load state significantly increases the risk of rock burst occurrences on the island
working face, posing a significant threat to the safety of coal mine production. This paper focused on
the engineering background of the 8204-2 working face at Tashan Coal Mine. Field research indicated
that there were noticeable differences in the frequency of coal bursts in different regions and working
face ranges, with the mine pressure being complex and severe. Through theory analysis, the stress
concentration degree of the island working face was mainly affected by the buried depth, working
face length, gob length, coal seam thickness, and coal pillar width. The stress distribution and plastic
zone changes of the island working face, influenced by different factors, were studied by numerical
simulation. The entity coal stress equation of the island working face was fitted and the mechanism
of rock burst in the island working face was revealed. The research findings presented in this paper
provide important theoretical support and technical guidance for the safe and efficient mining of
island working faces.
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1. Introduction

In recent decades, coal has been a vital primary energy source and has played a
foundational role in the global energy supply along with oil and natural gas. Coal supplies
provide for around one-third of the world’s energy. Coal will continue to play a significant
role in the global energy structure and support the stability and security of the energy
supply for a considerable period of time [1,2]. With the continuous mining of coal resources,
coal mining conditions are becoming more and more complex. The geological structure
division and the need for safe mining require the use of the jump mining method between
working faces in the mining area, resulting in the formation of various types of island
working faces [3–5]. Due to the continuous and complete structure of the overlying strata
on an isolated island working face, the pressure on an island working face is greater than
that on a non-island working face [6,7]. This high stress concentration leads to severe mine
pressure and substantial damage to the surrounding rock of the roadway, as illustrated
in Figure 1. The dynamic disaster of rock burst is highly likely to occur, posing a serious
threat to mining of coal resources. This is primarily due to the high static load on the island
working face itself, the presence of extra-thick coal seams, and the disruptive effects caused
by hard roofs in the process of mining [8–11].

Since one of the dominant factors of rock burst in an island working face is a high static
load, the most straightforward approach is to measure the stress distribution features in
the field. At present, the commonly used methods for monitoring the stress of the working
face include: stress sensor monitoring [12,13], hydraulic sensor monitoring [14], acoustic
emission monitoring [15,16], electromagnetic radiation monitoring [17–19], microseismic
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monitoring [19–22], and deformation monitoring [23,24]. These methods provide a large
amount of field data for predicting and preventing rock bursts in island working faces.
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Dou et al. categorized the overburden structure of the island working face into
three types: a symmetrical short-arm T-shaped structure, symmetrical long-arm T-shaped
structure, and asymmetrical T-shaped structure. These divisions are based on the key
strata theory and field microseismic monitoring [7]. In light of this, Jia et al. employed a
comparable simulation to examine the coal pillar deformation characteristics and the mode
of failure of the overlying strata during the mining process of the island working face with
thick and hard key strata. They also discovered the mechanism underlying a rock burst
caused by an island working face’s symmetrical long arm T-shaped structure [25]. Through
the analysis of mining scale and settlement results, Wen et al. concluded that the overlying
low key strata of an island working face with the long-arm T-shape are mainly controlled
the microseismic activity and mining stress response of the working face [4]. Based on
the load transfer mechanism, Zhu et al. derived a series of formulas for the average static
stress and dynamic stress of island coal pillars through theoretical analysis [26]. Liu et al.
obtained some reasonable early warning parameters through the stress field distribution
law of island working faces [27]. Xu et al. investigated the stress distribution, deforestation
features, and plastic zone distribution features of the roadway and coal pillar in an island
working face during mining with the use of numerical modeling [28]. Liu et al. examined
the distribution law of the advanced pressure of the working face during the first mining
period and the regular advancing period, as well as the variation law of the stress field
of the overlaying strata of the island working face [29]. Wang et al. studied the dynamic
characteristics of the energy release of the coal and rock mass in an island working face
and revealed the mechanism of an energy release surge in front of a working face [30].

A high static load is the main cause of rock bursts on an island working face, and
the aforementioned works contribute to this theoretical framework further and serve
as a valuable reference for the follow-up research [8,31,32]. The diversity of occurrence
conditions of island working faces leads to different stress concentration degrees in different
forms of island working faces. Therefore, it is very important to analyze the distribution
characteristics of a high static load in island working faces by combining various factors.

However, there is a lack of research on the distribution characteristics of high static
load in different occurrence forms of island working faces. Therefore, this study focused
on the 8204-2 working face of Tashan Coal Mine in the Datong mining area. Through
theoretical analysis and numerical simulation, we analyzed five factors that influence the
distribution characteristics of a high static load in an island working face. This research
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aimed to enhance the safety and efficiency of coal production by preventing and controlling
rock bursts in island working faces.

2. High-Stress Appearance of Island Working Face
2.1. Engineering Geological Conditions

The Tashan Coal Mine is situated in Da-tong City, Shanxi Province, China, at the
eastern edge of the Datong Coalfield (Figure 2). The 8204-2 working face at the Tashan Coal
Mine is an island working face that operates within a mining engineering environment
characterized by complexity and variability. This environment has experienced continuous
changes in the width of the coal pillar section. The mining engineering environment of
the working face is intricate and subject to variations. The working face has undergone
a continuous stage of change in the width of the section coal pillar. On the northeastern
side of the 8204-2 working face, there is a proximity to the 8202 gob, resulting in an 8 m
coal pillar. On the southwest side, there is the 8204 gob, where the width of two coal pillars
undergoes continuous changes. The coal seam being mined is nearly horizontal, with an
inclination range of 1~3◦. The 8204-2 working face is mining coal from the Carboniferous
3-5 # coal seam. The average depth of burial is 517 m, the average thickness of the coal
seam is 14.1 m, the mining height is 3.8 m, and the amount of caving is 11.2 m. The length
of the working face being mined is 1600 m. The 8204-2 working face is a variable length
working face, with an initial mining length of 150 m and a later mining length of 230 m.
Figure 3 illustrates the layout of the 8204-2 working face.
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2.2. Appearance of Dynamic Phenomenon

Before a coal burst occurs, the coal pillar experiences a high energy state as a result
of high static load; therefore, observation of the mine pressure in the field roadway can
roughly judge the static load degree of the island working face at this time. Coal burst
is the sound produced by the movement or destruction of coal rock. This means that the
energy accumulated in the coal rock mass is released instantaneously.

The field manual collection method was used to count the occurrence of dynamic
phenomena such as roadway spalling, roof fall, floor heave, and coal burst during the
excavation of the 5204-2 roadway (Figure 4). After eight months of continuous monitoring,
the recorded data were collated and analyzed. The confirmation basis of the ‘coal burst’
event was that the rock surrounding the roadway emitted a similar ‘shotting’ sound. The
confirmation basis of the coal burst grade as ‘relatively strong’ was based on the huge
sound of the roof, accompanied by significant vibration, roof slurry peeling, and other
phenomena, and the coal burst frequency of the coal burst phenomenon was more than
20 times. After continuous monitoring and data collation during the excavation period,
the relationship between the dynamic phenomenon of the roadway and the width of the
coal pillar during the excavation of the widened coal pillar area was obtained, as shown in
Figure 5.
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The dynamic phenomena during the roadway excavation in the coal pillar widening
zone had the following characteristics:

(1) A total of 531 times of coal blasting occurred during the tunneling of the first coal
pillar widening zone:

8.2 m~33.5 m: The number of coal bursts was 10.44 times a day, and the number of
relatively strong coal bursts was 2.69 times a day;

3.6 m~7.9 m and 33.5 m~56 m: The number of coal bursts was 1.67 times a day, and
the number of relatively strong coal bursts was 0.18 times a day;

(2) A total of 2176 times of coal blasting occurred during the tunneling of the second
coal pillar widening zone:

22.4 m~64.4 m: The number of coal bursts was 19.54 times a day, and the number of
relatively strong coal bursts was 4.38 times a day;

47.9 m~50.6 m: The number of coal bursts was 8.72 times a day, and the number of
relatively strong coal bursts was 1.89 times a day;

68 m~64.4 m and 22.4 m~6 m: The number of coal bursts was 1.53 times a day, and no
relatively strong coal burst occurred.

In summary, it can be found that the dynamic phenomenon of mine pressure in the
island working face is severe, and there are obvious high static load characteristics. In
the first coal pillar widening zone, the phenomenon of coal burst mainly occurred in the
range of 8.2 m~33.5 m during tunneling. In the second coal pillar widening zone, the
phenomenon of coal burst was more frequent during tunneling. In different regions and
ranges, there are noticeable variations in the frequency of coal bursts and the occurrence of
relatively strong coal bursts. This suggests that the high static load on an island working
face is related to the specific characteristics of each region.

3. Influencing Factors of High Static Load in Island Working Face

Because the key strata on the long-arm T-shaped island working face remain intact, the
main key strata maintain continuity and integrity; that is, the continuous bearing effect of
the upper load is maintained, and part of the load above the gob is transferred to the island
working face, resulting in the pressure of the coal rock in the island working face being
greater than that in the non-island working face. The primary key stratum can be thought
of as a continuous beam structure, with the three supporting points of the continuous beam
structure—the coal rock of the island working face, the coal rock outside the gob on both
sides, and the above strata together—bearing the strata above it [33–35]. The structural
characteristics of the overburden rock in an island working face are shown in Figure 6.
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According to the assumption made of the continuous beam structure of the island
working face, the total bearing force of the isolated island coal is considered equal to the
support point force at the middle of the continuous beam structure. The middle support
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point is positioned in the middle of the island coal body, while the support points at both
ends are located at the boundary of the gob. l1 represents the length of the gob, l2 denotes
the length of the isolated island coal, and l3 represents the distance between the middle
fulcrum and the two side fulcrums. If we assume that the total load in the island working
face is equivalent to the hinged support point force in the middle of the continuous beam
structure of the overlying strata, the concentrated stress F of the island working face can be
calculated [34]:

F =
PL(L2 + l2

3 − 2Ll2
3)

8Ll2
3

(1)

where P is the uniform load on the continuous beam structure, which is regarded as the
stress of the original rock of the coal seam. L is the total span of the continuous beam
structure. l3 is the distance between the middle fulcrum and the two sides of the fulcrum.

The impact of the working face length, gob length, and buried depth on the concen-
trated stress F of the island working face can be observed in Equation (1).

The stress distribution of the island working face also depends on the thickness of the
coal seam according to the limit equilibrium theory, as shown in Figure 7. The width of
the limit equilibrium zone of the coal pillar in the gob can be obtained; that is, the distance
between the abutment pressure peak value and the edge of the coal pillar is [35,36]:

xo =
m

2ξ f
ln

KγH + Ccotφ

ξ(p1 + Ccotφ)
(2)

where m is the thickness of the coal seam, K is the stress concentration coefficient, f is the
friction coefficient of the coal seam between the roof and floor, φ is the friction angle of the
coal, C is the cohesion of the coal, γ is the volume weight of the overburden rock, H is the
burial depth, p is the lateral support force, and ξ is the triaxial stress coefficient.
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Figure 7. Elastic-plastic deformation zone and vertical stress distribution of coal seam.

Different widths of the coal pillar lead to varying stress distribution states in the
island working face [37,38]. In Figure 8a, when a large coal pillar is present, it results in a
saddle-shaped stress distribution, with a wide elastic zone in the middle of the coal pillar.
The coal pillar itself can withstand higher support pressure, resulting in smaller peak stress
in the island working face. On the other hand, in Figure 8b, when a small coal pillar is
present, it gets destroyed and unloaded, leading to a single peak stress distribution in the
coal pillar. The elastic core in the middle of the coal pillar decreases, while the plastic zone
surrounding the coal pillar increases. This results in higher support pressure on the deeper
part of the island working face.
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In summary, the stress distribution of the island working face is primarily influenced
by five factors: buried depth, working face length, gob length, coal seam thickness, and
coal pillar width. Therefore, the influence of these five factors on the stress distribution of
an island working face under various conditions was studied by numerical simulation.

4. Stress Distribution Law in Island Working Face
4.1. Construction of Numerical Model

The island working face model of a symmetric gob was constructed using the numeri-
cal simulation program Flac3D (6.0) based on the project overview and theoretical analysis
presented above. The impact of five factors on the stress distribution state of the island
working face under various conditions was investigated, as shown in Figure 9. The model
size was designed under the condition that the length of the gob is 200 m: 800 × 200 × 10.
To release the influence of the boundary, the boundary of the model was set with a 65 m
width of coal pillar. The roadway had a height of 4 m and a width of 5 m. Fixed boundaries
were set around and at the top of the model, and vertical stress was applied to the upper
boundary of the model to simulate the overlying pressure based on the rock density of
0.025 MN/m.
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The mechanical parameters of the coal seam in the field were obtained in the laboratory,
and the parameters of the 3-5 # coal seam were calibrated by numerical simulation using the
Strain–Softening model, so that more realistic mechanical parameters of the coal body were
obtained, as shown in Figure 10. The horizontal stress applied in the X and Y directions was
1.2 times the vertical stress. The Mohr–Coulomb model was applied to the coal and rock
mass. The mechanical parameters of the coal and rock mass are shown in Table 1. Based on
the Double-Yield model [39], the filling compaction of gangue in the gob was simulated
and the mechanical parameters of the gob are shown in Table 2, and the stress–strain curves
based on the simulation and Salamon’s model are shown in Figure 11. To study the stress
distribution feature of the island working face under different combinations of influencing
factors, the four values were kept constant. The fifth study used four different values, for a
total of 16 sets of simulation experiments. The experimental scheme is shown in Table 3.
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Table 1. Physical mechanics parameters of coal rock.

Lithology Elastic Modulus
(GPa) Poisson Ratio Friction Angle

(◦)
Tensile Strength

(MPa)
Cohesion

(MPa)

Medium grained sandstone 17.5 0.29 22 1.1 5.4
Fine-grained sandstone 28.5 0.23 25 5.9 6.2

Siltstone 19.3 0.27 23 2.4 6.1
Sandy mudstone 10.5 0.27 22 2.9 5.3

Grit stone 24.6 0.26 22 3.6 5.6
Coal seam 7.5 0.33 20 1.1 4
Mudstone 8 0.32 21 2.2 4.2

Kaolin rock 17 0.22 22 3.2 4.1

Table 2. Physical mechanical parameters of gob.

Bulk Modulus
(MPa)

Shear Modulus
(MPa)

Density
(kg/m3)

Tensile Strength
(MPa)

Friction Angle
(◦)

5.35 1.08 1100 0 28
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Table 3. Experimental scheme.

Scheme Buried Depth
H/m

Gob Length
L/m

Working Face Length
D/m

Coal Seam Thickness
M/m

Coal Pillar Width
B/m

1 300/400/500/600 400 30 16 200
2 200 100/150/200/250 30 16 200
3 200 400 100/150/200/250 16 200
4 200 400 30 8/12/16/20 200
5 200 400 30 16 10/20/30/40

4.2. Numerical Simulation Results Analysis
4.2.1. The Stress Distribution Influenced by Buried Depth

Under different buried depth conditions, we simulated the stress distribution char-
acteristics of the island working face, and the results are shown in Figure 12a. With the
increase of the buried depth of the coal seam, the plastic zone range of the roadway sur-
rounding the rock and coal pillar in the island working face shows a trend of gradual
expansion, and the peak stress is also gradually increasing. It is worth noting that with
the increase of buried depth, the position of the stress peak is also moving to the center of
coal pillar and the deep part of the entity coal. Figure 12b shows the stress variation law of
the coal pillar and the evolution characteristics of the plastic zone under different buried
depths conditions. It is evident from the figure that when the buried depth is 300 m, 400 m,
500 m, and 600 m, the total proportion of the number of grids in the plastic zone proportion
of the coal pillar is 41.67%, 56.25%, 69.17%, and 72.08%, respectively, and the corresponding
peak stress of the coal pillar is 25.6 Mpa, 33.5 Mpa, 39.8 Mpa, and 40 Mpa, respectively,
When the coal pillar width is 30 m, it still shows good bearing capacity. However, when the
buried depth increases to 500 m and 600 m, the difference between the plastic zone and the
peak stress of the coal pillar gradually decreases, and the change trend gradually becomes
gentle. This phenomenon may imply that the coal pillar is close to its maximum bearing
limit. Figure 12c shows the variation law of the peak stress of the entity coal under different
buried depths. It is evident from the figure that with the increase of the buried depth,
the peak stress of the island working face is 24.4 Mpa, 32.2 Mpa, 40 Mpa, and 47.3 Mpa,
respectively, showing an obvious increasing trend. This change rule shows that there exists
a direct correlation between the peak stress of the entity coal and the buried depth; that is,
with the increase of the buried depth, the stress of the entity coal will increase accordingly.
Therefore, compared with shallow coal seams, deep coal seams are more prone to disasters
such as rock burst. This conclusion provides an important basis for us to deeply understand
and evaluate the mining safety of deep coal seams. In practical engineering, we need to
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fully consider the buried depth conditions, and take effective stress management measures
and technical means to guarantee the safety and efficiency of deep coal seam mining.
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4.2.2. The Stress Distribution Influenced by Adjacent Gob Length

Under different lengths of the gob conditions, the stress distribution characteristics of
the island working face are simulated, as shown in Figure 13a. The plastic zone range of the
surrounding rock and the coal pillar of the roadway in the island working face gradually
increases with an increasing length of the gob, and the peak stress gradually increases and
moves to the center of the coal pillar and the deep part of the working face. Figure 13b
shows the variation law of the coal pillar stress and the evolution characteristics of the
plastic zone under different gob conditions. It can be seen from the figure that when the
length of the gob is 100 m, 150 m, 200 m, and 250 m, the total proportion of grids in the
plastic zone proportion of the coal pillar is 43.13%, 48.75%, 56.25%, and 65.00%, respectively,
and the corresponding peak stress of the coal pillar is 24.7 Mpa, 30.3 Mpa, 33.5 Mpa, and
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37 Mpa, respectively, all of which show a gradual increasing trend. Within the length of
the gob, although the proportion of the plastic zone of the coal pillar is increasing, a coal
pillar with a width of 30 m still has good bearing capacity. It can bear greater stress without
failure and instability.
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The relationship between the peak stress of the entity coal and the length of the gob
is shown in Figure 13c. The peak stress of the isolated island working face is 24.9 Mpa,
27.3 Mpa, 32.2 Mpa, and 33.9 Mpa, respectively, showing a gradual increasing trend. With
the increase of the gob length, the damage range of the overlying strata in the gob is
correspondingly expanded, resulting in more overlying strata gravity transferring to the
underlying coal body. Although the proportion of the plastic zone range of the coal pillar is
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gradually increasing, there are still enough elastic cores inside it, showing good bearing
capacity. Therefore, the stress of the coal pillar is also increasing. At the same time, the
stress on the entity coal is also increasing accordingly, and this stress gradually expands
to the deep coal seam. This series of changes shows that when the range of gobs on both
sides increases, the stress concentration degree of the island working face will also increase.
Therefore, it is crucial to carefully arrange the mining area layout in the mining design to
minimize the presence of large gob areas. This strategy aims to decrease the level of stress
concentration and enhance the safety of working face mining.

4.2.3. The Stress Distribution Influenced by Working Face Length

For different working face lengths, the stress distribution characteristics of the island
working face are obtained by simulation, as shown in Figure 14a. The plastic zone range
of roadway surrounding the rock and coal pillar decreases gradually with the increase
of working face length, and the peak stress of the isolated island working face decreases
gradually. Figure 14b shows the variation law of the coal pillar stress and the evolution
characteristics of the plastic zone under different working face lengths, which indicates that
when the length of the working face is 100 m, 150 m, 200 m, and 250 m, the total proportion
of the number of grids in the plastic zone proportion of the coal pillar proportion is 67.29%,
58.75%, 56.25%, and 55.21%, respectively, and the corresponding peak stress is 40.2 Mpa,
36.9 Mpa, 33.5 Mpa, and 33.7 Mpa, respectively, which is roughly decreasing. The variation
law of the peak stress of the entity coal under different working face lengths is shown
in Figure 14c. The peak stress of the entity coal is 40.3 Mpa, 33.8 Mpa, 32.2 Mpa, and
31.2 Mpa, respectively, which decreases gradually with the increase of working face length.
The analysis results show that with the increase of the length of the working face, the
bearing stress range of the entity coal itself is more widely distributed, while the stress of
the coal pillar is relatively reduced. This phenomenon shows that increasing the length
of the working face helps to reduce the abutment stress of the entire island working face.
Therefore, in the design and planning of island working faces, we should try to avoid the
working face length being too small to reduce the risk of an induced rock burst. At the same
time, it is necessary to reasonably increase the length of the working face, but it should be
noted that the length of the working face should not be too long, so as not to adversely
affect the mining efficiency.

4.2.4. The Stress Distribution Influenced by Coal Seam Thickness

The stress distribution features of the island working face were simulated under
different coal seam thickness conditions, as shown in Figure 15a. The simulation results
indicate that with the increase of coal seam thickness, the plastic zone of the roadway
surrounding the rock and coal pillars in the island working face shows a trend of gradual
expansion. When the thickness of the coal seam reaches 8 m, the stress distribution of the
coal pillar shows a unique bimodal feature, and the stress peaks on both sides are 27.6 Mpa
and 33.1 Mpa, respectively. Figure 15b shows the variation law of the coal pillar stress
and the evolution characteristics of the plastic zone under different coal seam thickness
conditions. The simulation results indicate that when the coal seam thickness is 8 m, 12 m,
16 m, and 20 m, the total proportion of the number of coal pillar plastic zone proportions
is 36.25%, 44.72%, 56.25%, and 67.67%, respectively, and the corresponding peak stress is
33.1 Mpa, 35.3 Mpa, 33.5 Mpa, and 31.2 Mpa, respectively. Under the condition of an 8 m
thick coal seam, a significant elastic core is formed in the center of the coal pillar, which is
the embodiment of the strongest bearing capacity of the coal pillar. Therefore, the stress
distribution of the coal pillar in this state shows a clear bimodal characteristic, rather than
simply showing the level of the stress peak. In fact, due to the existence of an elastic core,
the stress distribution of the coal pillar is more uniform and stable. However, with the
further increase of the thickness of the coal seam, the elastic core area in the coal pillar
gradually decreases, resulting in the transition of the stress distribution state from bimodal
to unimodal. In this process, the bearing capacity of the coal pillar is also weakened, and
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the stress value is gradually reduced. This trend reveals the important influence of coal
seam thickness on the stress distribution and bearing capacity of coal pillars.
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The stress variation law of the entity coal under different coal seam thickness condi-
tions is shown in Figure 15c. With the increase of the thickness of the coal seam, the peak
stress of the entity coal side also shows a trend of increasing gradually, and the specific
values are 25.9 Mpa, 29.9 Mpa, 32.2 Mpa, and 33.4 Mpa, respectively. Through in-depth
analysis, we believe that an increase of coal seam thickness will induce a wider range of
overlying strata movement and fracture in the stope, thus forming a larger range of stress
arch. This change makes the stress on the coal pillar decrease, and the stress of the entity
coal increases accordingly. Especially in the island working face of an extra-thick coal seam,
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due to the greater stress on the island working face, the stress concentration degree also
increases, which greatly increases the possibility of rock burst. Therefore, in the design and
mining process of an island working face of an extra thick coal seam, the influence of the
coal seam thickness on the stress distribution of the working face must be fully considered,
and effective measures must be taken to prevent rock burst and ensure the safety and
stability of the mining operation.
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4.2.5. The Stress Distribution Influenced by Coal Pillar Width

When considering different coal pillar widths, we conducted simulations and analyzed
the feature distribution of the stress on the island working face, as shown in Figure 16a.
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The simulation results indicate that as the width of the coal pillar increases, the plastic zone
range proportion of the surrounding coal pillar in the roadway decreases. This suggests
that the bearing capacity of the coal pillars increases with wider widths, allowing them
to effectively disperse and withstand higher levels of stress. Additionally, the peak stress
of the coal pillar increases gradually, while the peak stress of the entity coal decreases
gradually. Figure 16b shows in detail the variation law of the coal pillar stress and the
evolution characteristics of the plastic zone under different coal pillar width conditions. It
can be clearly seen from the figure that when the width of the coal pillars is 10 m, 20 m,
30 m, and 40 m, respectively, the total number of grids in the plastic zone proportion of
the coal pillars shows a decreasing trend, which is 94.38%, 84.38%, 56.25%, and 37.66%,
respectively. At the same time, the peak stress of the corresponding coal pillar gradually
increases from 6.5 Mpa to 34.3 Mpa, showing the characteristics of increasing stress. It is
particularly noteworthy that under the condition that the width of the coal pillar is 10 m,
the coal pillar has been completely destroyed, and the plastic zone is almost all over the
whole coal pillar. However, although the coal pillar has suffered such serious damage,
it can still withstand a stress of up to 6.5 Mpa. When the coal pillar width is 30 m and
40 m, the plastic zone of the coal pillar accounts for 18.59% of the gap, but the stress is
relatively close, only 0.8 Mpa. This shows that a too-small coal pillar width will lead to
instability and failure of the coal pillar, but it can still bear some stress. With the increase of
coal pillar width, the smaller the coal pillar damage is, the more complete the coal pillar
is, but the peak stress difference is not large. The variation law of peak stress of entity
coal under different coal pillar width conditions is shown in Figure 16c. The peak stress
of the entity coal decreases with the increase of coal pillar width, and the specific values
are 38.5 Mpa, 34 Mpa, 32.2 Mpa, and 29.5 Mpa, respectively. An increase of the width of
the coal pillar can indeed effectively improve the bearing capacity of the coal pillar so that
it can withstand greater stress. Therefore, with the increase of the coal pillar width, the
stress of the entity coal is relatively small. However, when the coal pillar width continues
to increase, there is not a significant change in the peak stress experienced by the coal pillar.
This shows that when designing the island working face, it is very important to select a
reasonable coal pillar width, which can effectively prevent stress concentration and avoid
excessive waste of coal. By scientifically optimizing the width of coal pillars, we can ensure
the safety of mining and achieve efficient use of resources.

To analyze the peak stress of the entity coal, the SPSS statistical software (27.0) of
IBM (Armonk, NY, USA) was used to analyze and fit the peak stress of the entity coal and
several key influencing factors, including the length of the gob, the length of the working
face, the thickness of the coal seam, the width of the coal pillar, and the buried depth. A
functional model that can accurately reflect the relationship between these factors and the
peak stress of the entity coal was constructed:

F = 12.5 ln L − 10.14 ln D + 8.61 ln M − 5.82 ln B + 0.076H − 14.907 (3)

where L is the gob length, D is the working face length, M is the coal seam thickness, B is
the coal pillar width, and H is the buried depth.

Detailed parameters of the fitting equation are listed in Table 4, and these parameters
together construct a highly reliable model. The fitting coefficient is as high as 0.976, which
fully proves the accuracy of the model so that it can predict the peak stress change of the
entity coal in the island working face under different influencing factors. This model not
only offers robust theoretical support for stress calculations in different conditions but also
serves as a crucial foundation for optimizing the working face design, selecting appropriate
surrounding rock treatment technologies, and implementing effective measures for rock
burst prevention and control.
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Table 4. Detailed parameters.

Origin Quadratic Sum Df Mean Square

Regression 18,083.561 6 3013.927
Residual 14.653 10 1.465

Uncorrected total 18,098.214 16
Corrected total 603.958 15

R2 = 1 − (residual sum of squares)/(corrected sum of squares) = 0.976

5. Discussion

The force source of a rock burst mainly comes from two aspects: one is the inherent
static load stress in the coal and rock mass, and the other is the dynamic load stress caused
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by mining activities. In the form of a vibration wave, the dynamic load transmits elastic
deformation energy into the coal and rock strata, which has an additional impact on the
coal and rock mass. When the original static load stress is superimposed on the dynamic
load stress caused by roof fracture, it will cause a rock burst disaster when it exceeds the
critical stress of the impact failure that the coal and rock mass can bear [26], as shown in
Figure 17, that is:

σs + σd ≥ σb,min (4)

where σb,min is the critical stress for a rock burst occurrence; σs is determined by the static
load stress, which primarily provides the stress and energy required for coal rock failure;
and σd is determined by the dynamic load stress, which plays the role of triggering damage
and failure, and inputs part of the energy at the same time.
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Considering the factors that influence mining activities, in order to avoid potential
safety risks, we should try our best to avoid the formation of an island working face caused
by unscientific mining design or an urgent mining replacement arrangement. In an isolated
island working face, especially under an extra-thick coal seam with a hard roof, the hard
roof has high strength, a large breaking step, and significant dynamic load characteristics. In
addition, the mining process of extra-thick coal seams is often accompanied by a wide range
of disturbances, which makes the hard roof of a large space prone to fragmentation and
instability. This instability phenomenon occurs in conjunction with the specific conditions of
the island working face, making it easy to induce the occurrence of a ‘static load + dynamic
load’ composite rock burst, thus increasing the hidden danger of a mining operation.

Therefore, in the design and implementation of mining, we must fully consider these
factors to ensure the high efficiency and safety of the working face. A hard roof is easy to
suspend in the gob, and the mechanical effects generated during its formation, fracture,
and migration have a significant impact. Specifically, this effect is mainly reflected in two
aspects. First of all, the load carried by the suspended roof structure will be effectively
transmitted to the coal and rock mass, resulting in a significant increase in the stress, and
then a stress concentration phenomenon will occur. This stress concentration may not
only pose a threat to the stability of the coal and rock mass but also may have a negative
influence on the safety and efficiency of mining operations. Secondly, when the hard roof
reaches the breaking limit of the suspended roof, the stored elastic potential energy and
kinetic energy will be released rapidly, resulting in a strong impact load. This impact load
has extremely high destructive power, which may induce a rock burst. The hard roof above
the island working face of an extra-thick coal seam with a hard roof is regarded as one of
the key factors that can trigger rock bursts. In view of this, we must quickly take targeted
measures to weaken the strength of a hard roof so as to reduce the adverse effects of a
dynamic load on high-stress coal.
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In the mining process of an extra-thick coal seam, the failure zone of the overburden
rock is extensive, and the hanging of a hard roof can reach more than 100 m. However, at
present, roof pre-splitting weakening technology is mainly applied in the underground,
which is restricted by the underground space, with equipment used for fracturing and
drilling lengths. The treatment range is within 50 m and the effect is limited. There-
fore, higher requirements are necessary for the control of a hard roof, which needs to be
controlled in a larger space.

Surface drilling fracturing technology is a kind of stimulation technology commonly
used in the development of oil and gas fields. Its mechanism is to pump the fracturing fluid
into the reservoir through a hydraulic pump, so that artificial anti-reflection cracks with a
certain geometric size and conductivity can be formed in the target layer, thereby improving
the extraction efficiency. While ground fracturing and permeability are improved, large-
area cracks also weaken the strength of the rock mass. Based on this technical idea, the
method of ground fracturing is proposed.

Ground fracturing control hard roof technology injects high-pressure liquid into the
fracturing position through the fracturing well, promotes the formation of cracks in the
rock, weakens the roof, and shortens the breaking span to achieve the prevention and
control of rock burst. The ground fracturing high hard rock strata changes the fractures of
the rock strata by fracturing the rock strata before it breaks. In this way, when the working
face enters the mining stage, the overlying hard roof will collapse in time and effectively
with the advancement of the working face. Therefore, as a new type of technology to
control rock burst, ground fracturing has good practical significance and popularization
significance, as shown in Figure 18.
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Since 2020, the engineering application of ground fracturing to control rock burst
and mine earthquake disasters has gradually begun to be applied in China. Different
fracturing methods can be selected according to different geological conditions. At present,
the rock strata in domestic mining areas are predominantly subjected to horizontal stress.
After ground fracture, the main direction of fracture propagation is horizontal. When the
overburden rock has a single thick-hard rock strata, accompanied by impact risk or strong
mine pressure phenomenon, the horizontal well is used to carry out global fracturing along
the advancing direction of the working face, which can effectively avoid the occurrence
of dynamic disasters in the stope. In situations where the overburden consists of multiple
layers of thick and hard rock strata, it is advantageous to utilize vertical wells to achieve
simultaneous fracturing of these layers. This approach allows for the efficient and effective
fracturing of multiple rock layers within a single well. The location and number of vertical
wells and other parameters are the key to determining the fracturing effect.

Yu et al. obtained the propagation law of ground fracturing cracks and gave an exam-
ple of a field fracturing application [40]. Gao provided a variation law of fracturing position
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under different mining positions, different strata, and different horizontal and vertical
stress conditions, and revealed the selection criteria of the ground fracturing position under
different mining conditions; this research provides a theoretical foundation for determining
the optimal position for fracturing [41]. Wang et al. conducted field tests and monitored
microseismic events, which revealed that the highest frequency of microseismic events
in the fracturing area decreased by 52.2%. Additionally, the maximum energy release of
microseismic events was reduced by 56% [42]. Ground fracturing technology is a new way
to prevent and control rock bursts. Practice has proven that ground fracturing technology
is reliable, but its theoretical system lags behind engineering practice. There are still many
scientific problems that need to be further studied around ground fracturing to control
rock bursts.

6. Conclusions

(1) Through field investigation, it was shown that the dynamic phenomenon of mine
pressure is obvious and there is a high static load in the 8204-2 island working face of
an extra-thick coal seam with a hard roof. In the first widened coal pillar area, the coal
burst phenomenon mainly occurred in the range of 8.2 m~33.5 m during roadway
excavation. In the second widened coal pillar area, the phenomenon of coal burst
was more frequent during roadway excavation. In different regions and ranges, there
were noticeable variations in the occurrence of coal burst phenomena and strong coal
bursts. The high static load on the island working face is influenced by the specific
characteristics of each region.

(2) The stress distribution of the island working face was determined to be primarily
influenced by five elements through theoretical analysis and mechanical modeling:
coal seam thickness, coal pillar width, gob length, buried depth, and working face
length. The stress distribution characteristics of the entire island working face, the
evolution of the coal pillar’s plastic zone, and the fitting equation for the entity coal’s
peak stress were obtained by means of numerical simulation, which also analyzed
the stress distribution state of the island working face under various conditions of the
five influencing factors.

(3) Preventing and controlling rock bursts poses a significant challenge to coal mine
safety. Currently, the primary approach to controlling rock bursts is through defensive
measures for underground hazard relief. The primary cause of dynamic disasters
is the concentration of stress in the coal body and the disruptive effects of a hard
roof breaking. The technical means of fracturing the hard roof on the ground have a
positive effect by changing the geological dynamic environment and can prevent and
control the dynamic disaster from the source. Applying ground fracturing technology,
the hard rock strata are weakened and modified, so that the concentrated stress and
energy transfer are released to reduce the risk of rock bursts from the source, the
impact mine is changed into no impact, and then the underground mining activities
can be safely carried out.
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