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Abstract: Fault structures can cause a bad mining environment and increase the stress of surrounding
coal pillar faults. The study investigates the stress evolution characteristics within fault structure
groups and their surrounding coal pillars and explores the extent to which these fault structure groups
influence the stress distribution in coal pillars. Based on three-dimensional modeling technology, a
transparent geological model of the geological environment of fault structure groups was constructed
and finite difference software was used to generate a numerical simulation model. Two survey lines
and four survey points were arranged to analyze the stress distribution of a coal pillar fault. The
results show that the fault structure groups have obvious stress barrier effects. There is a 35 m stress
reduction zone in the hanging wall of the fault and a 30 m stress increase zone in the footwall of the
fault. Both FL-1 and FL-3 faults have a stress barrier effect in the hanging wall. The obvious stress
increases in the footwall of the fault are 37.7 MPa and 33.5 MPa, respectively. The stress of the FL-2
fault as a whole appears to be a more obvious superposition at the end of mining, and the peak stress
reaches 41.5 MPa.

Keywords: fault structure groups; stress barrier; transparent geology; rock burst; numerical simulation

1. Introduction

With the increasing demand and production capacity of coal, the mining environ-
ment [1–5] is becoming more and more complex. The stress redistribution and irregular
deformation of coal and rock mass in the long-term geological evolution process of fault
structures [6–8] will lead to the unstable accumulation of strain energy, which seriously
affects the safe production of the coal mine working face. In most parts of China, the geo-
logical conditions of mines are complex and the geological structure is developed. In the
underground geological structure, fault is the most common structure, which brings great
potential safety hazards to coal mine production, safety production and mining technology.

The rise in stress of the coal pillar near the hanging wall and footwall of faults may
induce the phenomenon of rock burst [9–11], which happens due to the geological structure
caused by crustal movement and the phenomenon of violent release of energy caused by
the stress change near the coal pillar fault [12,13] caused by mining activities. A lot of
research has been carried out to analyze the influence of fault tectonic stress field on coal
mining. The sudden instability and failure of surrounding rock mass seriously affect the
safety of coal mine production. A fault structure is a common geological structure in coal
mine production, which is very common in the world. It has been widely accepted [14]
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that the strain energy, stored in rock mass due to the imposed induced stresses, plays an
important role in inducing strain burst.

In discontinuous deformation of rock mass in the form of faults, Skrzypkowski [15]
studied the steel support in the fault structure based on the rock mass model with a fault.
Based on analytical calculations, the use of the arch yielding support in the fault zone
effectively reduces the total displacement variable. Mark [16] organized a list of coal burst
accidents in the U.S. and emphasized that the majority of coal bursts occur in regions
experiencing heightened stress linked to fault activity. Maleki and Lawson [17] found that
the fault’s structure could cause the stress change of the surrounding pillar, resulting in high
stress in the pillar. Li et al. [18] showed that stress mutation resulting from fault instability
manifests as a violent energy release triggered by fault slippage. Afraei et al. [19] showed
that the initial stress state of underground mining and the possibility and impact strength
of rock burst are preliminarily predicted. Several scholars have provided explanations
for the frequent association between stress mutation and fault structures. Frith et al. [20]
conducted a review of stress mutation occurrences in Australia, highlighting that areas
prone to bursts in underground coal mines are consistently linked to fault slip induced by
significant horizontal stress. Shen et al. [21] showed that significant alterations in stress
states and geotechnical conditions frequently occur in proximity to major fault structures.
Deng et al. [22] investigated the initial stress state of the fault model, the residual horizontal
displacement after fault slip and the threshold conditions of fault slip events.

In summary, our predecessors have carried out a lot of research on the stress distribu-
tion of single fault structures and surrounding rock mass, but research on the occurrence
and surrounding stress of fault structure groups is lacking. Therefore, in order to further
determine the actual geological occurrence of fault structure groups and their influence
on the safety production of the working face, taking Xinglongzhuang coal mine as the
engineering background, a real geological model of a three-dimensional coal seam and
the occurrence information of fault groups are constructed by two-dimensional plane map.
FLAC3D 7.0 finite difference software [23–25] is used to analyze the stress of coal pillar
faults at the working face and around the fault and to explore the influence of surrounding
fault groups and surrounding goaf on the safety production of the working face.

2. Engineering Background

Xinglongzhuang coal mine in Shandong Province, China, is located in the southeast
of Yanzhou City, Shandong Province. The plane range of the mine field is irregular, as
shown as Figure 1. The Xinglongzhuang coal mine belongs to the Quaternary alluvial
plain. The terrain is flat, gradually decreasing from northeast to southwest, and the slope
is extremely gentle. The strike length is about 13.1 km, the tilt width is about 6.8 km, the
area is 56.2346 km2, and the ground elevation varies from +52 m to +44 m. Since 2020,
the production capacity of the construction scale of Xinglongzhuang coal mine has been
600 Mt/a.

The underground position of the 1313 working face is located in the northeast of the
first mining area. The ground elevation is +48.4~+49.4 m, with an average of +48.9 m. The
south of the 1313 working face is 1311 goaf and 7301 goaf, the east is 7302 goaf, and the
north is 5313 goaf, 7310 goaf and 7303 goaf. Therefore, the 1313 working face is surrounded
by the goafs and belongs to the island working face, as shown in Figure 2. The 1313 working
face is divided into a block, of which the excavation sequence is haulage roadway–cut
1–tailgate roadway-1–cut 2–tailgate roadway-2–cut 3–tailgate roadway-3.
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above the goaf is treated by the full caving method. The coal seam of the 1313 working 
face is 3 # coal at the bottom of Shanxi Formation of Lower Permian Yuemengou Series, 
which is mainly bright coal. The dip angle of the coal seam is 1–13° with an average of 7°, 
which belongs to the near horizontal coal seam. The coal seam structure is complex, and 
the maximum height of the coal seam is 9.50 m, with an average of 9.12 m of the longwall 
face, which belongs to the extra-thick coal seam. 
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is surrounded by fault groups and goaf as a whole, of which the fault structure exposed 
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Figure 2. Layout of 1313 working face.

The 1313 working face adopts the comprehensive mechanized coal mining method,
one-time mining full-height coal mining technology, and the inclined longwall coal mining
method. The cutting height of the coal mining machine can reach 5 m and the roof above
the goaf is treated by the full caving method. The coal seam of the 1313 working face is
3 # coal at the bottom of Shanxi Formation of Lower Permian Yuemengou Series, which is
mainly bright coal. The dip angle of the coal seam is 1–13◦ with an average of 7◦, which
belongs to the near horizontal coal seam. The coal seam structure is complex, and the
maximum height of the coal seam is 9.50 m, with an average of 9.12 m of the longwall face,
which belongs to the extra-thick coal seam.

The features of the roof and floor strata are shown in Table 1. The 1313 working face is
surrounded by fault groups and goaf as a whole, of which the fault structure exposed by
the 1313 working face is shown in Table 2.
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Table 1. Features of roof and floor strata.

Type of the Strata Rock Category Average
Thickness (/m) Lithological Characteristics

Main roof Interbedding of
siltstone-sandstone 20.54

Gray-white, massive oblique bedding with a
diameter of 5 mm in the upper part, locally

sandwiched with thin layers of fine
sandstone

Immediate roof Siltstone 3.66 Grey-black, block contains plant fossil
fragments, cracks are developed

Immediate floor Siltstone 3.12

Dark gray, a small amount of charcoal,
horizontal thin layer; the top root-bearing
fossils contain fine sheep teeth and khoda

tree fossils

Main floor Medium sandstone 15.52

Gray-white, quartz feldspar, muscovite sheet
and black carbon debris; the siliceous

cementation is hard with black siltstone and
developed cracks

Table 2. Fault structure group information.

Fault Name Strike/◦ Tendency/◦ Dip/◦ Drop/m

FL-1 104.7~131.4 194.7~221.4 60 0~30
FL-2 171~181 261~271 55 0~15
FL-3 161~169 71~79 70~80 0~36

Figure 2 shows that the haulage roadway and tailgate roadway are mining in the
direction of the fault groups. The haulage roadway is excavated along FL-1, the tailgate
roadway is basically excavated along FL-2, and the 1313 working face gradually approaches
FL-3 during the mining process. From the analysis of the situation of the retreat roadway
passing through the FL-2 fault, according to the FL-2 information of the exposed fault,
there are few fillers in the FL-2 fault, so this study does not consider the addition of plastic
materials in the fault. The 1313 working face is surrounded by fault groups composed of
FL-1, FL-2 and FL-3, so it is very important to explore the geological information of the
fault groups and construct a transparent geological model of the fault groups.

3. Research on 3D Modeling Technology
3.1. Transparent Geological Model

To explore the occurrence information of fault groups, a three-dimensional transparent
geological model is constructed. In this study, the author carried out research on the
1313 working face based on the mark point control technology.

According to the coal seam floor contour of the 1313 working face in the Xing-
longzhuang coal mine, a sand table model of the coal seam floor contour is constructed.
Based on three-dimensional modeling technology, the transparent geological model of the
1313 working face is studied using the Rhino Modeling Software 7.0, as shown in Figure 3.
The model is mainly preliminarily processed by the contour line of the coal seam floor, and
a three-dimensional model of the coal seam topographic map is constructed on the contour
line of the coal seam floor.

To more clearly distinguish the fault drop and the fault groups information, we densify
the contour line of the coal seam floor around the working face, taking the 10 m drop as the
division standard. The Rhino Modeling Software uses the spacing of 5 to automatically
detect the drop, retaining the drop information around the fault.

In addition, the fault drop formed by the contour line can be generated from the
two-dimensional plan to the intuitive three-dimensional map. Figure 3 shows that FL-1,
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FL-2 and FL-3 faults can be clearly expressed, and the structural data of the fault groups
model contain an FL-1 drop of 30 m, FL-2 drop of 10 m and FL-3 drop of 36 m.
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3.2. Three-Dimensional Model Construction

To further construct the numerical model, based on the actual transparent geological
research, the actual geological model was optimized, as shown in Figure 4. The whole coal
seam conforms to the engineering geology of the 1313 working face and the information
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of the surrounding goaf. The fault groups retain the fault drop and fault dip, especially
for the fault strike and fault dip, to carry out a more realistic geological reduction, so as to
restore the fault to form a stress field environment.
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The overall modeling process is shown in Figure 5. The overall model is designed
with a length × width × height of 820 m × 500 m × 80 m. The coal seam information
constructs a 9 m coal seam according to the borehole histogram information, in which the
roadway height is set to a square roadway of 4 m, and the coal seam of the 1313 working
face is a long-wall top-coal caving.

The optimized real geological 3D model is constructed, which provides technical
support for the subsequent stress environment analysis. In the internal space of the 3D
modeling, curves and surfaces are used to represent contours and shapes based on Non-
Uniform Rational B-Splines [26]. The conversion from NURBS mesh to finite difference
mesh can be realized.
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3.3. Numerical Model Construction

The three-dimensional fast Lagrangian method is a numerical analysis method based
on the three-dimensional explicit finite difference method. It can simulate the three-
dimensional mechanical properties of rock and soil. Taking the fault groups as an example,
FLAC3D numerical simulation software is based on the three-dimensional fast Lagrangian
program, which can better simulate the geological conditions of the coal mining face and
geotechnical engineering mechanics problems.

According to the risk assessment report of rockburst at the 1313 working face of
the Xinglongzhuang coal mine, the physical and mechanical properties of the rock and
coal mass (including bulk modulus, shear modulus, cohesion, internal friction angel,
tensilestrength, and density) are shown in Table 3.

Table 3. Numerical simulation experiment parameters.

Lithology Bulk
Modulus/GPa

Shear
Modulus/GPa Cohesion/MPa

Internal
Friction Angel/

◦

Tensile
Strength/

MPa

Density/
kg/m3

Medium sandstone 6.5 3.5 8.3 39 4.2 2650
3# Coal 1.5 0.6 1.5 23 0.2 1300

Mudstone 4.1 2.9 4.8 28 2.3 2340
Fine sandstone 5.5 2.5 4.9 30 4.2 2650

Siltstone 6.5 3.5 8.3 35 3.4 2750

In accordance with the geological and mining conditions of the Xinglongzhuang coal
mine and three-dimensional model of the transparent coal seam, the numerical model is
a coal and rock compound structure of eight layers, with a length × width × height of
820 m × 500 m × 80 m. The coal seam height of the model is set to 9 m. The model takes
the coal seam as the dividing line, and the upper part from near to far is 2 m mudstone,
4 m siltstone, 20 m medium sandstone, 6 m siltstone, 10 m fine sandstone, 2 m siltstone,
4 m mudstone and 2 m siltstone. Below the coal seam from near to far is 4 m siltstone, 15 m
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medium sandstone, 11 m mudstone and 3 m siltstone, as shown in Figure 6. The model has
a total of 751,820 zones and 587,796 gridpoints.
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The model retains the basic characteristics of the fault occurrence, including the
specific construction of fault strike, dip angle and drop, as shown in Figure 7. The faults
are simulated by an interface unit, and the numerical simulation of the fault parameters is
shown in Table 4.
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Table 4. Faults model.

Fault Name Stiffness—Shear
/GPa Stiffness—Normal/GPa Cohesion

/MPa
Internal Friction Angel

/◦

FL-1 20.0 20.0 2.0 30
FL-2 20.0 20.0 2.0 30
FL-3 20.0 20.0 2.0 30

The 1313 working face is situated in the third layer surrounded by FL-1, FL-2 and FL-3
and the mining direction is the same as the working face design. The Mohr–Coulomb con-
stitutive model was chosen in the simulation. Combined with the condition of working face
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production, a uniform load of 11 MPa was applied on the top of the model to compensate,
and excavation was carried out through the delete command. The boundary displacement
of the model was limited by fixed constraints.

4. Results and Discussion

The 1313 working face is mainly surrounded by three normal faults. The fault surface
is the interface. The two parts are the hanging wall of the fault and the footwall of the
fault. The maximum principal stress σ1 in the normal fault is in the vertical direction. The
intermediate principal stress σ2 and the minimum principal stress σ3 are in the horizontal
direction. The shear stress is τ and the stress distribution is shown in Figure 8.
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It can be seen from the above that the direction of the maximum principal stress when
the normal fault is formed is vertical; that is, the size of the maximum principal stress is the
gravity of the overlying strata [15]. Taking the fault plane as the interface, the two parts are
the hanging wall of the fault and the footwall of the fault, respectively, and the distribution
state of the principal stress on the fault plane is analyzed:

σ1 = γH (1)

σ2 = σ3 = KγH (2)

In the formula, σ1 is the vertical in situ stress acting on the rock mass under the fault,
kN/m2; γ is the average bulk density of overlying rock mass, kg/m2; H is the thickness of
overlying strata, m; and K is the lateral pressure coefficient.

Decompose σ1 into
Px = γHcosα (3)

Py = γHsinα (4)

In the formula, Px is the vertical stress of the fault plane decomposed by the vertical
stress, kN/m2; Py is the parallel stress of the fault plane decomposed by the vertical in situ
stress, kN/m2; and α is the fault dip angle, ◦.

From the above formula, it can be seen that the existence of the fault has a direct
impact on the rock layer of the footwall, resulting in a significant stress increase near the
footwall of the fault. The theoretical mechanical model of the fault during working face
mining is shown in Figure 9.
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Figure 9. Mechanical diagram of fault model.

The mining activities of the coal mine have destroyed the original stress state in the
coal body. The load of the overlying strata in the goaf will be transferred to the coal seam in
front of the coal wall, which will increase the stress inside the coal wall. For the rock burst
mine, there is a certain risk of impact. After the surrounding working face is mined to form
a goaf, the weight of the upper strata in the goaf will transfer to the new supporting point
around the mining area, thus forming a supporting pressure zone around the goaf [27,28].
When the 1313 working face is mined, it gradually gets closer to the FL-2 fault, the stress of
the overlying strata is redistributed, and the supporting stress zone is formed in a certain
depth of the coal wall. The advanced supporting pressure is formed in front of the working
face, and the supporting stress moves forward with the advance of the working face, as
shown in Figure 10.
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As a result of the combined effects of supporting stress and mining activity, the coal
rock within a specific depth of the coal wall experiences damage. Deeper within the coal
wall, the supporting stress steadily escalates until reaching its zenith. In order to explore
the stress evolution characteristics of the fault structure groups and the surrounding goaf
on the 1313 working face area and the coal pillar faults around the fault, the initial stress
environment, the spatial structure of the coal seam and the initial stress results of all coal
seam areas are first analyzed, as shown in Figure 11.
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The 1313 working face area is close to the hanging wall area of the fault, and the stress
decreases along the fault strike and the influence range is roughly 35 m. The footwall of
the fault puts relatively high stress on the working face, and the influence range is roughly
30 m. Figure 11 shows that the fault structure group as a whole has a barrier effect on
the propagation of coal seam stress when it is not affected by the excavation and mining
disturbance of the working face. Due to the influence of FL-1 and FL-3 fault structures
in this area, the 1313 working face is located on the hanging wall of the FL-1 and FL-3
faults. Compared with the FL-2 structure, the 1313 working face is located on the footwall
of the FL-2 fault. The stress reduction difference of the FL-1 fault is the most obvious, and
the stress is 3.9 MPa lower than that of the same layer of coal seam. FL-1 and FL-3 fault
structures reduce the stress in the 1313 working face area, while the FL-2 fault increases the
stress in a certain range at the end of mining in this area, and the stress increase can reach
1.3 MPa.

To further discuss the influence of fault structure groups and surrounding goaf on
the coal pillar around the 1313 working face, two survey lines and four survey points are
arranged in the 1313 working face area to analyze the stress evolution process of the coal
pillar, and the survey points of the survey lines are arranged as shown in Figure 12.

After the initial stress balance of the research model is reached, the vertical stress of
the four survey points changes with the time step during the mining of the goaf. The results
of the survey points are shown in Figure 13.
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Figure 13 shows that the regional stress of the coal seam at the C4 survey point is stable
as a whole, the stress of the coal seam in the middle of the deep working face is affected
by the goaf, and the stress increases with time. The C2 survey point is less affected by the
surrounding goaf and is basically not affected by the goaf. The stress here is 3.1 MPa higher
than that of C4, which is mainly affected by the FL-2 fault structure, which is consistent
with the results of the initial stress field of the above model. The stress of the C3 and C1
survey points increased relatively due to the influence of goaf. The stress of the C1 survey
point increased by 1.2 MPa compared with the initial stress, and the stress of the C3 survey
point increased by 0.4 MPa compared with the initial stress, but the stress of the C4 survey
point relative to the deep coal seam of the working face was still low, which was mainly
affected by the tectonic stress of the FL-3 and FL-1 strike faults. The C1 survey point was
5 m away from the FL-1 fault, and the stress here was reduced more than the C3 survey
point 14 m away from the FL-3 fault structure, and the maximum stress difference reached
2 MPa.

On the whole, due to the stress barrier effect of the fault structure groups, the stress
change of the 1313 working face is relatively small. Affected by the goaf, FL-1 and FL-3
appear to have a more obvious stress increase, and the stress is mainly concentrated in the
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coal pillar fault area near it. The coal pillar fault near FL-2 is far away from the goaf and
is less affected by the goaf as a whole, and the coal pillar fault is mainly affected by the
tectonic stress.

Before and after the model is excavated in the goaf, the stress cloud images of the two
survey lines are sliced, as shown in Figure 14. After the initial stress balance of the model,
the 1313 working face area of the coal seam is affected by FL-1 and FL-3 faults. The results
show that there is a stress barrier effect on the fault, and the stress in the middle area of the
working face increases obviously. After the excavation of the goaf, the stress near the goaf
is relatively increased due to the influence of the advanced abutment stress of the goaf, and
the stress is transferred to the deep coal seam. On the whole, the 1313 working face area
is not greatly affected by the stress of the goaf and the fault structure groups. The fault
groups have a stress barrier phenomenon, and the vertical stress is mainly concentrated in
the coal pillar fault area near the footwall of the fault. Under the tectonic stress of the fault
groups, the stress changes obviously.
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A survey line runs through the once square area of the 1313 working face. It mainly
analyzes the stress evolution characteristics of the FL-3 fault tectonic stress affected by the
mining process of the 1313 working face and the stress influence range near the FL-3 fault,
as shown in Figure 15.
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The model FL-3 fault drop is 36 m, and the FL1 fault drop is 30 m. Under the influence
of goaf, the peak stress of the FL-3 fault structure is 37.7 MPa, the peak stress of the
FL-1 fault is 33.5 MPa, the peak stress of the FL-3 fault footwall is 6 m, and the stress
barrier phenomenon appears in the hanging wall of the fault. Under the influence of
1313 working face mining, the coal pillar fault between FL-3 and the working face causes
stress superposition. The stress peak appears at 11 m on the footwall of the FL-1 fault,
and the stress barrier appears on the hanging wall of the fault. During the mining of the
1313 working face, the coal pillar fault with the FL-1 fault was about 33 m, and the fault
tectonic stress and lateral abutment stress did not cause obvious stress superposition.

The B survey line is mainly used to analyze the end of the FL-2 fault mining. In order
to more clearly observe the stress evolution characteristics of the FL-2 fault, the B survey
line only selects the data in the 500 m range near the FL-2 fault, as shown in Figure 16.
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With the continuous mining of the working face, the advanced abutment stress is
continuously transferred with the mining. The influence of the advanced abutment stress
of the working face is about 100 m. The peak value of the advance stress is 2.3 MPa to
3.0 MPa and 150 m away from the FL-2 fault, and the influence range of the FL-2 fault is
about 20 m. When the mining is at 520 m, the stress of the coal pillar fault at 24 m in the
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footwall of the FL-2 fault fluctuates. Compared with the initial stress reduction part, when
the mining is closer to the stop line, the fault tectonic stress and the advanced abutment
stress are superimposed, resulting in an increase in the peak stress, up to 41.5 MPa.

The Xinglongzhuang coal mine is equipped with an SOS microseismic monitoring
system. According to the microseismic data of 1313 working face during roadway excava-
tion, the microseismic data of tailgate roadway 2 are collected and analyzed as shown in
Figure 17.
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Figure 17. Tailgate roadway-2 excavation microseismic data distribution.

During the excavation of the 1313 working face, microseismic events mainly occur
behind the heading face and at the corner of the roadway, and most of them are energy
events with energy less than 1 × 103 J. During the excavation of the tailgate roadway-
2, it is mainly affected by the adjacent FL-3 fault. The microseismic events are mainly
concentrated in the hanging wall area of the FL-3 fault, but the microseismic events are not
monitored in the footwall of the fault. Due to the influence of the FL-3 fault stress barrier,
the microseismic events at the end of tailgate roadway-2 excavation are less than those at
the initial stage. When the roadway is gradually away from the fault, the microseismic
events gradually decrease. The influence range of the fault is roughly 35 m, which is
consistent with the numerical simulation analysis of the fault influence range.

Because the 1313 working face has not yet been mined, the engineering analogy
method is used to compare the field data of another mine working face. During the
working face advancing towards the FL6 fault, due to the stress barrier of the FL6 fault,
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there is stress concentrated in the coal pillar fault area, and the closer the working face is to
the FL6 fault in the final mining stage, the higher the risk of rock burst, which then easily
causes the release of energy which has accumulated inside of the FL6 fault, resulting in a
certain risk of rock burst, as shown in Figure 18.
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It can be seen from the distribution of microseismic events in the working face that
as the width of the coal pillar fault continues to decrease, the microseismic events show
obvious aggregation. The mining process of the working face is affected by the FL6 fault,
and the abutment stress of the coal pillar fault is concentrated, releasing more energy. It
can be considered that the fault has an impact on the end of the mining face.

Therefore, using the method of engineering analogy, in order to reduce the influence
of fault cohesion at the end of mining in the 1313 working face, large diameter pressure
relief drilling measures [29] can be used in advance in the early stage of mining in the
1313 working face, and measures of induced blasting are adopted for the coal pillar fault
area [30–32].

5. Conclusions

Fault structures are a common geological structure in the process of underground
coal mining. In this study, a transparent geological model is constructed by using the
contour line and borehole data of the coal seam floor and three-dimensional modeling
technology. Although the analysis of geological data such as the contour line of the coal
seam floor is limited, this method can still clearly display the geological information of
fault occurrence. This model retains the obvious structural information of fault groups,
simulates the geological background and surrounding conditions of real geological mining,
and focuses on the analysis of the stress characteristics and evolution process around fault
structure groups. The results show the following:

(1) The fault structure groups are composed of FL-1, FL-2 and FL-3, under the influence of
no mining disturbance. Under the initial stress balance state, a reduced stress area in
the 35 m range appears on the hanging wall of the fault, which is reduced by 3.9 MPa,
and an increased stress area of about 30 m appears on the footwall of the fault, which
is increased by 1.3 MPa.
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(2) During the excavation of the surrounding goaf, due to the stress barrier effect of the
fault structure groups, the coal pillar faults near FL-1 and FL-3 are mainly affected by
the goaf. The stress near the measuring points C1 and C3 is relatively increased, and
the stress increases are 1.2 MPa and 0.4 MPa, respectively. FL-2 is less affected by the
goaf as a whole.

(3) During the mining period of the 1313 working face, the fault structure groups as a
whole have a barrier effect on the propagation of coal seam stress. On the A line, the
peak stress of the FL-3 coal pillar fault is 37.7 MPa, and the peak stress of the FL-1
coal pillar fault is 33.5 MPa. Both FL-1 and FL-3 have stress peaks in the footwall of
the fault, which are in the range of 11 m and 6 m, respectively, and a stress barrier
effect occurs in the hanging wall of the fault. At the end of the FL-2 fault mining, the
superposition of the advanced support stress and the tectonic stress is more obvious,
and the peak stress is up to 41.5 MPa.
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