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Under the influence of tectonism in geological activities, most fault structures appear in groups. Multiple fault structures can
induce a variety of mine dynamic disasters, which significantly affect the safety of mine production. To study the dynamic
instability mechanism of the strata in the multifault structure zone of the stope when mining, a numerical model of multiple
fracture structures was established. At the same time, the mechanism of the dynamic instability of the rock formation in the
multifault structure zone of the stope has been studied through similar simulation experiments and on-site data analysis. The
research results show that the stress-affected areas of the faults in the multiple-fault structure area overlap, and the stress
evolution law of the fault will distinguish its independent dynamic evolution model. The multifault structure area has a
multifault overall evolution law model. In this model, there is a synergy between the fault layers, and the maximum value of
stress concentration is diagonally distributed. Under the influence of mining, the fault structure will be activated to change the
stress field distribution form of the stope. The two faults in multiple structural areas have a joint mechanism, which plays a
key role in controlling the dynamic instability process of the surrounding rock of the stope. The first activated faults in the
multiple-fault structure area will undergo secondary activation under the influence of subsequent fault activities. The evolution
law of cracks in the overburden of similar simulation experiments confirms that the early active F1 fault will be affected by the
subsequent F2 fault activity. The mine pressure data measured on-site verifies the reliability of the numerical simulation
experiment and the similar simulation experiment.

1. Introduction

The fault is one of the important factors causing the mine
dynamic disaster. Theoretical research on the mechanism
of the impact of faults on coal mines is the research hotspot
of mine dynamic disasters [1–4]. There are many mountain-
ous structures in southwest China, which are affected by tec-
tonic action in geological activities, and fault structures are
developed and mostly appear in groups [5]. Therefore, it is
of great significance to study the mechanism of mine
dynamic disasters induced by multiple fault structures for

mine production safety. Due to technical and economic con-
straints, most of the small faults are gradually excavated in
the process of roadway excavation and mining. At the same
time, the solutions are often proposed for the current fault
problems, and the interaction mechanism of adjacent faults
is rarely considered due to the timeliness of mining. The pre-
vious active fault will change the surrounding rock stress
state and the active influence range of the adjacent fault.
The activation of the second fault will amplify the influence
and range of activity of the first fault. The rock mass affected
by multiple fracture structures is broken and has low
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mechanical strength. At present, under the influence of in
situ stress and mining disturbance, problems such as the
deformation of surrounding rock of the mining roadway
and the instability of the overlying rock layer have become
more and more prominent. It makes the transportation
and operation of mining equipment very difficult to deform
and even causes roof fall accidents. Faults are one of the geo-
logical structures frequently encountered in mining activi-
ties. The existence of faults destroys the continuity and
integrity of the rock formations. It is an important factor
affecting the safety of coal mining. Many mine disasters such
as rock shock, mine water inrush, and stepped subsidence of
the ground are caused by the activation of faults caused by
mining.

Han et al. [6] established a mechanical model of fault
activation when mining on hang-wall and foot-wall mining
based on the theory of key strata and deduced the criterion
of fault slip and instability. The movement model of key
strata is shown in Figure 1. Wang et al. [7] studied the crack
areas of overlying strata affected by reverse faults and discov-
ered the characteristics of easy slicing of coal walls in the
areas affected by faults. Wu et al. [8] conducted a similar
simulation, taking the coal pillar away from the fault as a
variable, and concluded that the width of the coal pillar plays
a key role in the stability of the surrounding rock of the fault.
Li et al. [9] revealed the dynamic change indexes of displace-
ment and stress after fault activation under similar simula-
tion through the data recording of measuring points in the
model. Zhang et al. [10] obtained the variation law of stabil-
ity of faulted rock mass after failure by studying the process
of rock mass expansion and dilatancy. Hudson et al. [11]
found that the stress near the structural plane is caused by
the joint action of the structural plane itself and the sur-
rounding rock mass. Atsushi Sainoki et al. [12–14] studied
the influence of joints on the activation of faults by means
of simulations and obtained the law of action of different
factors on the activities of mining over faults.

Xiao et al. [15] pointed out that the surrounding rock
with a developed geological structure and loose and broken
will suffer from strong tectonic stress when the coal seam
is mined. The surrounding rock of the roadway is character-
ized by asymmetric deformation and failure, large floor
heave deformation, and inner squeezing of two sides.
Through field investigation, numerical simulation, and theo-
retical analysis, Yu et al. [16, 17] studied the action mecha-
nism of fissures on roadway surrounding rock, which has
an important guiding role in the study of the failure law of
roadway surrounding rock in the fracture zone of fault.
Gou et al. [18] simulated the instability process of overlying
rock when mining on the fault zone to grasp the movement
characteristics of the overlying strata near the fault mining
roadway. The test results show that the fault activation is
caused by the mining of coal seam, which makes the strata
movement have discontinuity, and the roof separation
occurs. When the mining roadway is close to the fault, ver-
tical cracks appear on the roadway side, the failure depth
of floor increases, the deformation of the roof is not coordi-
nated, and the deformation of the boundary coal pillar is
large. Wang et al. [19] found that large mining height, poor

mechanical properties of coal and rock mass, and large roof
load were important reasons for coal wall slicing near faults.
At the same time, the internal mechanism of coal wall lam-
ination in the working face is revealed, and the discriminant
basis of coal wall lamination is established. Wang et al. [20]
analyzed the top plate stress distribution law by establishing
an elastic beam model including normal and inverse faults.
Based on the Mohr-Coulomb criterion, the failure mecha-
nism and mechanical mechanism of the roof under different
roof loads, different support strengths, and different span-to-
height ratios are revealed. Li et al. [21] analyzed the distribu-
tion characteristics of the in situ stress field in China’s coal
mining areas and the relationship between the in situ stress
field and fault activity by using 219 groups of measured in
situ stress data optimized by regression analysis. The conclu-
sion indicates that 0.6 is the appropriate criterion for fault
slip instability in the overall evaluation of fault stability in
coal mining areas of China. Wei et al. [22] analyzed the lay-
out of roadway preexcavation and the rationality of the tech-
nology when the working face passed through the fault by
applying the theory of key strata. The characteristics of mine
pressure in the preexcavation roadway at fault position are
pointed out, and the optimal supporting parameters are
selected by numerical simulation. Wang et al. [23, 24]
obtained the failure law of surrounding rock under different
confining pressures in the process of coal mining through
experimental research, providing theoretical guidance for
the failure form of surrounding rock under different confin-
ing pressures when mining across faults. Through experi-
ments and theoretical analysis, Ma et al. [25–28] studied
the fracture propagation form of overlying rock in stope
and the water conduction law of the fracture, which pro-
vided an important theoretical basis for the study of fault
fracture failure mechanism. Lai et al. [29] observed the
microstructure and distribution of cracks (pores) of coal
and rock samples adjacent to the fault and measured the
physical and mechanical properties of the coal and rock
mass. The effect of faults on dynamic pressure in stope was
explored through the physical experiment and the numerical
simulation. The analysis shows that the existence of fault
blocks the continuity of the medium and causes energy to
accumulate at the fault. When the work is advancing
towards the fault area, the accumulated energy is released
and transferred, resulting in the roof of the mining roadway
being cut off, coal wall slicing, partial support fracture, and
other phenomena.

Experts and scholars have carried out a lot of research
work on rockburst under the influence of faults by means
of physical experiments, theoretical derivation, and numeri-
cal simulation. A series of important indexes representing
the relationship between fault and rockburst are revealed,
which provides a useful reference for mine safety production
[30–33]. As one of the important factors to induce the min-
ing response of coal seam, fault poses a great threat to the
safe mining of coal mines. Therefore, it is very important
to know the development degree and distribution of faults.
For a long time, relevant experts at home and abroad have
attached great importance to the adverse effects of faults
on the safe mining of coal mines, carried out a lot of research
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work on this, and achieved fruitful research results [34–37].
At present, most studies focus on a single fault, but few on
the joint mechanism of multiple faults. Based on the actual
conditions of the specific coal mine, this paper uses a combi-
nation of theoretical analysis, numerical simulation, similar
simulation, and on-site measurement to study the overbur-
den cracks and stress evolution laws caused by coal mining.
The dynamic instability mechanism of rock strata was syste-
matically revealed in the multifault structural area of the
stope and provided a reference for the actual production
activities.

2. Fault Activation Instability Model

It is rare for the faults to exist alone in nature, and faults
often appear in groups during structural changes. Many
faults of varying sizes are either almost parallel to each other
or intersect or tend to intersect at a certain angle, forming a
fault zone. Faults are generated and developed in the process
of crustal tectonic changes. Faults are widely distributed in
the world and in my country. It is not only an important
geological phenomenon related to a series of theoretical
issues in structural geology, seismology, and geodynamics.
Moreover, it is closely related to the formation and distribu-
tion of mineral resources, the foundation stability of large-
scale projects, the division of seismic danger zones, and
earthquake prediction.

The southwestern region is one of the most widely dis-
tributed areas of faults in China. In order to study the
dynamic instability mechanism of the strata in the multifault
structure zone of the stope, the specific working face of the
mining area in Liupanshui, Guizhou, was selected as the
research object. By analyzing the mechanical effect of fault,
it was found that the rheological instability comprehensive
model can explain the activation phenomenon of fault rock
well. The model consists of three parts, which can properly

describe the viscoelastoplastic mechanical properties of rock.
The first part is composed of spring E1 in series with the Kel-
vin body, which is mainly manifested as viscoelastic defor-
mation. The viscous element and the friction element are
connected in parallel to form the second part and when σ

> σf exhibits viscoplastic deformation characteristics. The
third part is composed of the friction element, which is used
to simulate the phenomenon of sudden sliding when σ > f .
Different rheological instable mechanical phenomena will
appear when the σ f and f values of the model are different.
This is shown in Figure 2.

When σ < σf < f , the model satisfies the following stress-
strain relationship:

σ = E1 · ε1,
σ = E2 · ε2 + K1 · ε2,
ε = ε1 + ε2:
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The rheological equation can be obtained from equation
(1) as follows:

Κ1
E1

· σ + E1 + E2
E1

· σ = K1 _ε + E2 · ε, ð2Þ

where σ and ε represent the differential of stress and strain
with respect to time, respectively. When the stress is con-
stant, the following can be obtained:

σ = σ0 = cos s · t: ð3Þ

And set the initial conditions as εð0Þ = ε0 = σ0/E1 ðt = 0+Þ
. Then, the solution of rheological equation (2) can be chan-
ged to

ε tð Þ = σ0
E

+ ε0 − σ0
E

· e−t/tret , ð4Þ

where tret = K1/E2 is the lag time, E = E1 · E2/E1 + E2.
In summary, when stress is constant, the strain increases

with time. Assuming that the strain does not change, that is,

ε = ε0 = cos s · t: ð5Þ
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Figure 1: Movement of key strata when mining on hanging-wall and foot-wall [6].
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Figure 2: Comprehensive model diagram of rheological instability.
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Then the change of stress with time can be obtained by
formula (2) as

σ tð Þ = E1 · E2
E1 + E2

· ε0 +
E1

2 · ε0
E1 + E2

· e−t/tret , ð6Þ

where tret =Κ1/ðE1 + E2Þ is the relaxation time, which
decreases with the increase of time.

The mining of the working face will have a certain
impact on the fault. When the support pressure in the
above expression is sufficient, the fault will “activate” and
slip. Due to the difficulty in selecting the rock mechanics

parameters in the above formulas, the actual engineering
calculation is huge. In this paper, numerical simulation
and similar simulation are used to study the stress varia-
tion in the fault region.

3. Numerical Simulation Analysis of Multiple
Fault Zones in Stope

3.1. Model Building. The numerical model established in this
paper is based on the geological conditions of the 21 mining
area of a coal mine in Guizhou. The average thickness of the
No. 12 coal seam excavated by simulation is 2m, the
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Figure 3: Sketch of the engineering drawing (flat and section).

Table 1: Rock mechanical parameters of each rock layer.

Rock name Thickness (m) Bulk (GPa) Shear (GPa) σtension (MPa) Coh. (MPa) Fric. (°) Density (kN/m3)

Siltstone 47 9.94 6.5 2.3 3.2 35 2460

No. 9 coal 1.5 3.22 1.0 0.23 0.6 22 1620

Fine sandstone 2 9.82 6.7 2.5 1.6 32 2660

Siltstone 2 9.94 6.5 2.4 3.2 30 2460

No. 10 coal 0.8 3.22 1.0 0.23 0.6 22 1620

Mudstone 1.5 3.68 3.1 1.8 0.56 20 0.23

Siltstone 4.5 9.94 6.5 2.4 3.2 30 2460

Fine sandstone 22 10.6 9.1 2.0 2.2 32 2200

No. 12 coal 2 4.36 1.2 0.2 0.6 22 1620

Silty mudstone 8 8.16 5.8 1.7 0.7 26 1980

No. 13-1 coal 2 3.22 1.0 0.23 0.6 25 1620

Silty mudstone 5 8.16 5.8 1.7 0.7 26 1980

Fine sandstone 4 10.6 9.1 2.0 2.2 32 2200

No. 13-2 coal 2 3.22 1.0 0.23 0.6 22 1620

Sandy mudstone 5 8.16 5.8 1.7 0.7 26 1980

Siltstone 49 9.94 6.5 2.4 3.2 35 2460

Figure 4: Model and local magnification of the fault.
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inclination is 0°, and the average buried depth is 453m. In
the process of mining, the central part of the working face
revealed multiple fault zones composed of F1 and F2 faults.
F1 is a reverse fault (dip angle of 30°, drop 2m), and F2 is a
normal fault (dip angle of 45°, drop 2m). The horizontal dis-

tance between the two faults is 62m in the No. 12 coal seam.
According to the measured data of the mine, the strike
length, dip length, and height of the model are 340m,
240m, and 160m. According to the measured data of the
mine, the strike length, dip length, and height of the model

Limestone

qq q

Advancing
direction
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F1 F2
No.12 coal

Grey fine siltstone
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direction

Siltstone

Sandy mudstone

shale

Figure 5: Schematic design of numerical model.
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Figure 6: Stress distribution diagram.

5Geofluids



are 340m, 240m, and 160m. There is a fracture zone
between the upper and footwall of the inverse and normal
faults, and the average width of the fracture zone is 0.5m.
Each rock layer is set independently in different layers
according to the actual situation. The engineering diagram
of the model is shown in Figure 3.

In this model, the Moors-Coulomb model was adopted
for rock mass, and the brick element was selected as the basis
for modeling [38]. Boundary conditions and initial condi-
tions or model boundary conditions are as follows: fix com-
mand is used to fix the velocity components of the boundary
nodes in x, y, and z directions. The commands fix x range
x − 0:1 0:1 and fix x range x 339:9 340:1 fix the left and right
boundaries of the model. The commands fix y range y −
0:1 0:1 and fix y range y 239:9 240:1 fix the front and back
boundaries of the model. The command fix z range z − 0:1
0:1 fixes the bottom boundary of the model, and the top of
the model is regarded as the free boundary.

The initial conditions of the model stress are as fol-
lows: the model height is 160m, in which the thickness

of the overburden of the No. 12 coal seam in the model
is 81m. The actual buried depth of No. 12 coal seam is
453m, and the overburden pressure of 372m needs to be
compensated by simulation. Taking the bulk density of
the rock layer as 28 kN/m3, the pressure value of overlying
rock at 372m is 10.416MPa. The horizontal stress coeffi-
cient is λ = 1:66, so the boundary pressure applied around
the model is 17.29MPa. The gravity acceleration g = 9:8m/
s2 should be considered in the whole model. The mechan-
ical parameters of coal and rock mass in the study area are
shown in Table 1.

3.2. Simulation Scheme. According to the measured data in
the mining area, FLAC3D was used to establish a three-
dimensional model, as shown in Figure 4. The measured
data and boundary conditions were input to simulate the
excavation process. In the simulated 12# coal seam mining,
the front and rear protective coal pillars are 40m, and the
left and right protective coal pillars are 50m. The excavation
distance is 10m for each time. Continue to push forward
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Figure 7: Stress distribution diagram.
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after the operation is stable. The mining diagram is shown in
Figure 5.

4. Numerical Simulation and Dynamic
Analysis of Stope Stress

According to the vertical stress diagram obtained from the
simulation, the change of mining stress is systematically
described and analyzed.

Stage 1 is from setup entry to F1 (a reverse fault).
As shown in Figure 6(a), the simulated excavation is

30m, and it is 50m away from F1, and mining has no effect
on the fault basically. The stress concentration appeared in
the setup entry and the front of the working face, and their
maximum stress values were 21.3MPa and 20.6MPa,
respectively. The central part of the excavation area is under
pressure relief, and the pressure relief height of the upper
strata is 22m.

As shown in Figure 6(b), the working face advances
40m, and at this time, it is 40m away from the F1, and the
F1 fault begins to have an impact on the working face. The
suspension distance of the overlying strata in the goaf
reaches the limit span of the old roof fault. The present stress
concentration area is formed in the setup entry and the front
end of the working face. The stress value of the working face
and the setup entry increased obviously, and the maximum
stress value was 24.3MPa and 23MPa, respectively. The
stress reduction zone is formed in the overlying strata of
the excavation area, and the pressure relief effect is better
at 26.5m above the roof. At the same time, the stress change
occurred in the reverse fault zone, and local pressure relief
occurred in the middle part. The stress concentration zones
appeared at the upper and lower ends, and the maximum
values of the stress concentration zones at the upper and

lower ends were 22.5MPa and 17.5MPa, respectively. The
stress reduction zone appears in the upper-pressure relief
zone of the goaf and above the pressure relief zone in the
middle of the fault, and the two pressure relief zones are
connected in series to form an “n”-shaped pressure relief
zone.

As shown in Figure 6(c), the working face advances
50m, and at this time, it is 30m away from the F1, and the
stress at fault appears to change. At this time, the maximum
stress value of the setup entry and the stress concentration
area at the front of the working face are 24.1MPa and
23.7MPa, respectively. With the increase of excavation
range, the value of stress concentration area increases grad-
ually, and the pressure relief area of overlying rock in goaf
increases gradually.

As shown in Figure 6(d), the working face advances
60m. It is 20m away from F1, and the effect of reverse fault
on the roof of the coal seam increases. The stress at the
working face and the setup entry is significantly increased.
At this time, the maximum stress value of the setup entry
and the stress concentration area at the front of the working
face are 26.3MPa and 25.5MPa, respectively. The roof pres-
sure relief zone in the middle of the excavation area was fur-
ther extended to 27.3m above the roof. At the same time, the
stress changes in the reverse fault zone, and the maximum
values of the stress concentration zones at the upper and
lower ends are 23.7MPa and 17.4MPa, respectively. The
“n”-shaped connected relief zone of the two relief zones at
the upper part increases. The “U”-shaped connected relief
zones of the two relief zones at the lower part increase, and
the two relief zones are connected at the lower part.

As shown in Figure 6(e), the working face advances
70m, and it is 10m away from F1. The reverse fault has a
significant effect on the surrounding rock of the working
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face. The maximum stress concentration area at the setup
entry is 27.7MPa, and the stress concentration area at the
front of the working face is reduced sharply. At this time,
the pressure relief range of the upper strata of the goaf
extends to 28.1m above the roof. At the same time, the stress
changes in the reverse fault zone, and local pressure relief
occurs in the middle part. The maximum value of the stress
concentration zone at the upper end increases to 24.6MPa,
and the lower end is in the pressure relief zone.

As shown in Figure 6(f), the working face advances 80m,
and it is 0m away from F1 at this time. At this time, the
maximum stress value of the setup entry and the stress con-
centration area at the front of the working face are 27.6MPa
and 5.6MPa, respectively. At the same time, the maximum
value of the stress concentration zone at the upper end of
the reverse fault zone is 26.5MPa, the lower end is in the
relief zone, and the relief zone begins to increase in the mid-
dle of the fault. The pressure relief area above the goaf
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overlapped with the upper plate pressure relief area of F1,
and the “n”-shaped pressure relief area above the stope dis-
appeared. The lower pressure relief area of the goaf coincides
with the bottom pressure relief area of F1, and the “U”-
shaped pressure relief area under the stope disappears.

The second stage is from F1 (a reverse fault) to F2 (a
normal fault).

As shown in Figure 7(a), the working face advances
90m. It is 10m past the F1 and 52m away from the F2. F1
reverse fault has a significant influence on the working face,
and its effect on the roof of coal seam increases, while nor-
mal fault has almost no influence on the working face. The
maximum stress concentration area at the setup entry is
25.5MPa, and there is no obvious stress concentration at
the front end of the working face. The pressure relief zone
of the goaf surrounding rock is further increased. At the
same time, the stress concentration area at the end of the
reverse fault zone increases, and the maximum value of

stress is 26.4MPa. The middle part and lower part are in
the relief zone.

As shown in Figure 7(b), the working face advances
100m. It is 20m over F1 and 42m away from F2. The F1
reverse fault has a significant influence on the working face,
while the F2 normal fault has little influence on the working
face. The maximum stress values of setup entry and stress
concentration area in front of the working face are
26.4MPa and 13.5MPa, respectively. Meanwhile, the maxi-
mum value of the stress concentration area at the upper
end of the reverse fault is 24.6MPa.

From the above analysis, it can be seen that in the pro-
cess of advancing from 80m to 100m, the F1 fault and the
working face interact greatly, and the F2 fault area is basi-
cally stable.

As can be seen from Figures 7(c)–7(f), the advancing
distance of the working face ranges from 110m to 142m.
In this process, the working face is far away from the F1

The fractured
area of the rock

F1 F2

Figure 11: Fracture distribution diagram of similar simulation.
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fault, and the distance from the F1 reverse fault is 30m-
62m. The working face is close to the F2 fault and the dis-
tance from the F2 normal fault is 32m-0m. In this process,
the influence of fault F1 on the working face gradually
decreases, and the interaction between fault F2 and the
working face begins to increase [39, 40].

It can be seen from Figure 8 that, within the range of
90m-100m, under the influence of the F1 fault, the stress
values of the working face and the setup entry changed
greatly. With the continuous advancement of the working
face, the stress value at the setup entry increases with the

increase of the mined-out area. When the advancing dis-
tance of the working face is 90m-130m, as the distance
between the working face and F1 continues to increase, the
interaction between F1 and the working face gradually
becomes smaller, and the leading support pressure of the
working face gradually increases. The F1 fault tends to be
stable gradually, and the value of the stress concentration
area at the top of the F1 fault decreases gradually. When
the working face advances from 130m to 142m, the advance
bearing stress of the working face suddenly increases from
19.5MPa to 14.6MPa, and the maximum stress at the top
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of the F1 fault increases from 15.5MPa to 17.2MPa. As can
be seen from the data changes in Figure 8, the blocking effect
of the F2 fault makes the surrounding rock at the front end
of the working face at 142m in the stress reduction zone. At
the same time, the activity of the surrounding rock of the F2
fault has an influence on the F1 fault, which intensifies the
activity of the F1 fault.

According to Figures 9(a) and 10, the working face
advances 160m. At this time, the working face is 80m away
from the F1 fault and 18m away from the F2 fault. The stress
concentration area is distributed in the setup entry, the lower
part of F2, and the front end of the working face. The lower
part of the F2 fault shares some of the overburden pressure,
which reduces the value of the stress concentration area near
the setup entry and the working face. The maximum stress
at the cut hole reaches 26.2MPa, and the maximum stress
at the lower part of F2 reaches 27.6MPa. The maximum
stress at the working face is 15.2MPa. As can be seen from
Figures 9(a)–9(h), with the advance of the working face,
the F1 fault tends to be basically stable. The value of the
stress concentration area from the setup entry is decreasing
gradually. The overburden pressure gradually transfers to
the lower part of the F2 fault. The maximum stress concen-
tration at the working face increases gradually. Multiple fault
structures seriously destroy the continuity of surrounding
rock and change the stress distribution of the stope. The
multifault structure hinders the stress transfer of the over-
burdened strata to the working face, which makes the value
of the leading abutment pressure of the working face low.
Through numerical simulation research and analysis, the
role of multiple fault structures in the energy transfer pro-
cess of the surrounding rock of the stope is obtained. The
multicracked structure severely damaged the continuity of
the surrounding rock and changed the energy distribution
of the surrounding rock. The transfer and concentration of
the energy field to the F1 and F2 faults effectively reduce
the energy value of the working face.

5. Stope Similarity Simulation Experiment and
Field Measurement

As shown in Figure 11, fractures develop in the overlying
strata of the goaf in the multifault structural area composed
of F1 reverse fault and F2 normal fault, and the rock mass is
broken. In particular, due to the multiple effects of mining
and F2 fault, the surrounding rock activity in this area is
intense, the overlying strata fractures are more developed,
and the caving rock mass is more broken. The vertical dis-
placement subsidence of overlying strata in the stope is
larger than that of nondouble fault areas on both sides.
The vertical displacement curve of overburden is shown in
Figure 12. The analysis of the resistance monitoring data of
the hydraulic support in the working face shows that the
multiple fracture structures can be divided into “high-
pressure zone” and “low-pressure zone.” The surrounding
rock stress in the “high-pressure area” and “low-pressure
area” of the fault is abnormal, and the working resistance
value of the support in the low-pressure area is higher than

that in the nonfault affected area. The working resistance
curve of the hydraulic support is shown in Figure 13.

6. Conclusion

By means of finite element numerical simulation software
and similar simulation experiment, the movement law of
overlying strata and the ore pressure behavior law are stud-
ied when 12# coal seam mining passes through multiple
fault structure areas. The conclusions are as follows:

(1) The ore pressure behavior law of the surrounding
rock of the stope crossing the multiple fault zone
was analyzed by the finite element numerical simula-
tion software. The study concluded the following:
When the working face passes through the faulting
area, the fault has a significant effect on the stress
distribution of the surrounding rock. When the
working face is 20m past the F1 fault and advanced
to the middle area of multiple fault structures, the
pressure relief zone of the surrounding rock in the
goaf becomes smaller. The increase of stress concen-
tration area within 10m in front of the working face
is not conducive to the release of gas pressure in
front of the working face

(2) During the advancing process of the working face from
80m (F1 fault) to 142m (F2 fault), the concentration
area and numerical value of the stress at the top of the
F1 fault experienced a process of increasing, maximal,
decreasing, slowly decreasing, and increasing. The
results show that the stress change of the F2 fault pro-
motes the stress change of the F1 fault undermining

(3) When the working face advances to the F2 fault,
there is no strong stress concentration in front of
the working face due to the blocking effect of the
fault. The stress concentration is transferred to the
bottom of the F2 fault, which easily causes the floor
heave of the working face

(4) Through the numerical analysis of finite element
software, it is concluded that the multiple fracture
structures will seriously cut the continuity of the sur-
rounding rock and affect the stress distribution of
the surrounding rock. Multiple fault structures will
only change the energy distribution of the surround-
ing rock but will not increase the value of energy.
The transfer and concentration of the energy field
to the F1 fault and the F2 fault effectively reduced
the energy value of the working face. This phenome-
non provides a new possibility for the study of
underground engineering

Data Availability
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