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In the process of coal seam mining, there are often hard thick key layers in the overlying strata. Due to the high strength and good
integrity of the hard thick key layer, after the hard thick key layer is broken, the overlying strata will collapse and lose stability in a
large area, which is very easy to induce dynamic disasters such as rock burst, mine earthquake, coal wall caving, and roof slab
caving. Aiming at the hard and thick key layer overlying the working face, the dynamic response of the mine under the strong
mine earthquake induced by the breaking of the main key layer of high-level magmatic rock is numerically simulated and
analyzed by using FLAC2D numerical simulation software, and the variation laws of the stress field, displacement field, and
velocity field of the coal seam roadway under different boundary conditions and different focal heights are studied. The
research shows that the roof of solid coal roadway is prone to vibration in a small range, and the displacement increases and
decreases with the disturbance. The displacement of the floor and two sides of the solid coal roadway and the top floor and
two sides of the roadway along the goaf continues to increase in the initial stage of the disturbance, and the displacement will
remain stable with the continuation of the disturbance. The displacement of both sides and roof and floor of gob roadway can
reach stability in the later stage of disturbance, and with the increase of the number of adjacent goaf, the longer it takes for the
displacement of surrounding rock to reach stability. When the focal height is lower than 90 m, the variation of surrounding
rock response increases sharply with the decrease of focal height. When a strong earthquake occurs in the low rock stratum,
the impact damage of roadway surrounding rock is almost inevitable. The influence degree of strong earthquake on the
stability of roadway surrounding rock is arranged as follows: gob-side roadway (mined out on one side) > solid coal roadway
(mined out on both sides) > solid coal roadway (mined out on one side). The evolution process also shows that the working
face boundary conditions have an important influence on the energy propagation of mine earthquake. With the increase of the
number of adjacent goafs, the faster the energy attenuation rate of mine earthquake propagation is. The research results have
important reference significance for the safe mining of working face under similar geological conditions.

1. Introduction earthquake, rock burst, coal and gas outburst, and support

dynamic load are becoming more and more serious [1-6].
With the continuous increase of mining depth and in-situ  Relevant studies show that the range of overburden move-
stress, mine dynamic phenomena or disasters such as mine  ment and stress field related to dynamic disasters in deep
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mining has exceeded the range of traditional basic roof in
the longitudinal direction. In particular, when the overbur-
den of the working face has a hard and thick key layer, due
to the good integrity of the hard and thick key layer and
the large first breaking span, under the bearing and shielding
effect of the hard and thick key layer, the abutment pressure
concentration of the working face before the breaking of the
super thick key layer is high and the separation space under
the key layer is large. When the suspension span length of
the hard thick key layer reaches the limit suspension span
length, the key layer will break [7-9]. Due to a large amount
of separation space under the hard thick key layer, the bro-
ken magmatic rock block sinks rapidly, generates intense
instantaneous kinetic energy, releases a large amount of
energy, and produces mine earthquakes. When the energy
is large enough, there are even produce strong earthquakes
[10, 11]. The combined action of mine earthquake and
highly concentrated static load of working face is easy to
cause coal wall caving and roof caving and even induce rock-
burst. Hard and thick key layers are distributed in most
mining areas in China, such as Huaibei coalfield, Yanzhou
coalfield, and Datong coalfield [12-14]. For example, the
400-800 m thick conglomerate overlying Huafeng coal mine
has abnormal abutment pressure and rock burst from time
to time. Since 1992, the impact has occurred tens of thou-
sands of times rock burst, and the maximum magnitude is
as high as 2.9. The number of rock burst that caused damage
to the working face reached 108 times, forcing the working
face to stop production for 12 times, resulting in 43 serious
injuries and many deaths, and resulting in countless times
of roadway maintenance, which had an adverse impact on
social and economic benefits. There is 94.27 m thick medium
sandstone in the upper 91 m of the third coal layer in the
second mining area of Baodian coal mine. The extremely
thick medium sandstone is cut by Machang fault outside
the stopping line of 2310, 2311, and 2312 working faces.
After the 2310, 2311, and 2312 working faces are mined out,
the huge thick medium sandstone cut is suspended in a large
area and is in a dynamic equilibrium state, and the huge thick
medium sandstone is prone to large-area movement. On Sep-
tember 6, 2004, a rock burst accident occurred in no. 1 air inlet
connection lane of 2310 working face of Baodian coal mine,
and the seal was broken, resulting in two deaths and six inju-
ries. According to the analysis, the accident was caused by the
mining earthquake caused by the large-area movement of the
huge thick medium sandstone on the upper part of the goaf.
The shock wave generated by the mining earthquake
destroyed the closed wall, and the impact spread to the thrown
closed bricks, resulting in casualties. The rockburst is serious
under the condition of high-level huge thick conglomerate in
Huafeng coal mine and Qianqiu Coal Mine. The rock burst
and coal and gas outburst in Haizi coal mine and Yangliu Coal
Mine are related to the fracture of high-level magmatic rock
overburden. Through the above dynamic disaster analysis, it
can be seen that when the working face is covered with hard
thick rock stratum, the dynamic disaster caused by the break-
ing of hard thick rock stratum seriously threatens the safe and
efficient production of coal mine. Therefore, people must pay
great attention to the dynamic disaster caused by the breaking
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of hard and thick rock strata in the mining process of the
working face.

At present, many well-known scholars have done a lot of
research on the occurrence mechanism of mining dynamic
disasters under hard and thick key layers, the change charac-
teristics of overburden structure, and the characteristics of
stress evolution by using the methods of theoretical analysis,
numerical simulation, and field observation [13, 15-20]. He
[21] and others adopted the key layer theory of rock move-
ment and obtained through analysis that the mine pressure
reaches the maximum when the key layer of overburden is
broken, which is very easy to lead to strong mine earthquake
and rockburst. Jiang [10] and others used the method of theo-
retical analysis to deduce the fracture calculation method of
hard and thick key layers and verified the calculation method
through field dynamic response observation. Hu [22] and
others established a numerical model of mining under similar
geological conditions by using FLAC3D numerical simulation
and simulated and analyzed the causes of dynamic load disas-
ters induced by hard and thick strata. Jiang et al. used
FLAC3D numerical simulation calculation method to study
the movement law, mining stress evolution characteristics,
energy distribution characteristics of overlying strata under
hard thick igneous rocks, and the influence of igneous rock
occurrence horizon and thickness on the movement law, stress
distribution, and energy distribution of overlying strata [23].
Wu et al. took the 103 upper 02 working face of Baodian coal
mine as an engineering example, studied the breaking law of
overlying hard thick sandstone caused by working face mining
according to the field measured microseismic data, and
explained the relationship between microseismic data and
rock movement [24]. Ning et al. carried out microseismic
monitoring on the existing hard and thick rock strata covered
on the working face, studied the relationship between the frac-
ture of hard and thick rock strata and microseismic data by
using the microseismic distribution law, and put forward pre-
vention and control measures [25]. Yang et al. comprehen-
sively used similar material test, theoretical analysis, and
numerical simulation methods to study the deformation and
failure of overlying super thick key layer and the variation
characteristics of working face bearing pressure and analyzed
the mechanism and manifestation mode of working face rock
burst induced by the failure of super thick key layer [26]. To
sum up, the existing research results play an important role
in the prediction and prevention of mining dynamic disasters
under hard and thick strata, but they mostly stay in the stage of
static load, ignoring the dynamic load effect in the process of
coal mining after hard and thick strata are broken.

Based on this, aiming at the occurrence of hard and thick
igneous rocks overlying the working face, this paper uses
FLAC2D numerical simulation software, numerically simu-
late and analyze the dynamic response of the mine under
the strong mine earthquake induced by the breaking of the
main key layer of high-level magmatic rock, and study the
variation laws of the stress field, displacement field, and
velocity field of the coal seam roadway under different
boundary conditions and different focal height. The second
part is the description of numerical model. The third part
studies the influence law of boundary conditions on roadway
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FiGure 1: The plane layout of the working face.
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FIGURE 2: The borehole histogram.

dynamic response. The fourth part is the influence of focal
height on roadway dynamic response. The fifth part verifies
the correctness of the research through the field data mea-
surement. The research results of this paper have important
guiding significance for safe and efficient mining of working
face under similar geological conditions.

2. Model Description

2.1. General Engineering Geology Conditions. Taking the
geological conditions of 10416 working face in Yangliu Coal
Mine as the engineering background, a numerical calcula-
tion model is established. The northeast of the working face
is the solid coal of mining area 106, and the southwest is the
goaf of working face 10414. A 5m section of protective coal
pillar is reserved. The inclined length of the working face is
180m, the average thickness of the coal seam is 3.5m, the

average inclined angle is 4°, and the buried depth is -570--
610 m. There are two layers of magmatic rocks in the upper
part of 10416 working face, which intrude along the roof of
5, coal seam and 7, coal seam, respectively. The average
thickness of the magmatic rock in the roof of coal seam 5,
is 31.5m, the average thickness of the magmatic rock in
the roof of coal seam 7, is 43.5m, and the average distance
between the magmatic rock in the roof of coal seam 5, and
the magmatic rock in the roof of coal seam 7, is 116 m.
The plane layout of the working face is shown in Figure 1,
and the borehole histogram is shown in Figure 2 [11].

2.2. Establishment of Numerical Model. In this paper, two
numerical calculation models are established. The model
size, rock composition, and mechanical parameters are the
same. When simulating the mining of working face, the
mechanical boundary conditions of working face are different.
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TaBLE 1: Mechanical parameters and strata of model.
Lithology Density/kgem™  Bulk modulus/GPa Shear modulus/GPa  Cohesion/MPa  Tensile strength/MPa  Friction angle/’
Coal 1350 4.8 3.6 1 0.8 28
Sandstone 2530 264 20.7 43 3.8 37
Magmatic rock 3000 38.7 29.7 6.2 7.5 42
Fine sandstone 2530 12.3 8.3 3.4 3.2 35
Siltstone 2530 15.2 9.4 2.8 24 30
Mudstone 2340 7.1 5.1 1.2 24 25
o d
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The first model is the mining of solid coal face on both sides.
The second model is the working face mining with one side
of solid coal and one side of goaf. According to the research
content of this paper, two identical numerical models are
established, and the model size is 660 m (length) x 208 m (
height), roadway size 5m (width) x 3 m (high), the buried
depth of the simulated coal seam is 600 m, and the vertically
uniformly distributed load of 10.75MPa is applied on the
top of the model. The composition and mechanical parame-
ters of model rock stratum can be seen in Table 1.

The calculation process of the two numerical models is
divided into 5 steps. Step 1: establish the model and initialize
the stress field. Step 2: excavate two roadways in the working
face (model 1), and excavate one side of the working face
into a goaf (model 2). Step 3: static field balance. Step 4:
the displacement and velocity of static field are cleared. Step
5: apply disturbance load and monitor the mechanical
response of roadway surrounding rock.

2.3. Numerical Simulation Scheme. Four displacement mon-
itoring points A, B, C, and D are arranged at the midpoint of
the roadway top and floor and two sides of the working face
(the side of the working face is called the inner side, and the
side of the roadway far away from the working face is called
the outer side), and 1#, 2#, 3#, and 4# four stress monitoring
points are arranged 2m outside the displacement monitor-
ing points (as shown in Figure 3) to monitor the stress field,
displacement field, and the variation law of velocity field and
acceleration field.

(1) During the mining process of the working face,
strong earthquake events have occurred at the bot-
tom of magmatic rock for many times. In view of
this, apply strong disturbance at the bottom of

5 A AL A A S A

F1GURE 4: Numerical calculation model.

magmatic rock in models 1 and 2 (116 m away from
the coal seam) and monitor the dynamic response
law of roadway surrounding rock

(2) For models 1 and 2, apply strong disturbances are at
50m, 70 m, and 90 m above the coal seam to analyze
the dynamic response law of roadway surrounding
rock under different focal heights

The strong earthquake distance M, above the working
face is 1.0 x 10> N- m, converted into Richter scale M, =
2.56 and vibration energy E=4.55x 10°], dominant fre-
quency f, =50 Hz. The dynamic calculation time is set to
1.0, and the static boundary setting and Rayleigh damp-
ing are adopted. The model adopts plane strain analysis,
the calculation and analysis criterion adopts Mohr Cou-
lomb strength criterion, and the goaf and working face
roadway are simulated by empty element. The schematic
diagram of the model (taking model 2 as an example) is
shown in Figure 4.

3. Influence of Boundary Conditions on
Dynamic Response of Roadway

3.1. Solid Coal on Both Sides of Working Face

(1) Dynamic response of roadway surrounding rock

Figure 5 reflects the dynamic response characteristics of
roadway surrounding rock under the condition that the focal
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FiGure 5: Continued.
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Figure 5: Continued.
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Stress diffusion

FIGURE 6: Temporal and spatial evolution law of vertical stress field of roadway surrounding rock under strong earthquake disturbance.

point is located at the bottom of magmatic rock and solid
coal on both sides of the working face. It can be seen from
Figure 5 that under the influence of strong earthquake, the
horizontal stress, vertical stress, and displacement of
surrounding rock of roadway have changed, but there are
significant differences in change sensitivity.

In terms of stress, the influence of mine earthquake on
stress is mainly reflected in the horizontal stress of roof
and the vertical stress of inner wall. After 0.11 s disturbance,
the vertical stress of the inner wall instantly reaches
19.36 MPa, and the inner wall compresses sharply and then
decreases to 8.01 MPa. In the process of sharp increase and
decrease of stress, the energy is released rapidly, which is
easy to form dynamic phenomena such as rock burst and
microseism. After 0.38s of disturbance, the peak value of

vertical stress in the inner wall decreases and fluctuates
between 9.3 and 15.4 MPa. The stress change trend of the
outer wall is the same as that of the inner wall. The vertical
stress of the top and bottom plate is at a low level, and the
stress level basically reaches a stable state after 0.15s distur-
bance. For the horizontal stress, when the disturbance is
0.15s, the horizontal stress of the top plate reaches the maxi-
mum value of 20.62 MPa. After 0.23s, the horizontal stress
decreases greatly and fluctuates between 4.98 and 13.6 MPa.
After 0.36s, the horizontal stress of the bottom plate and
two sides is basically stable.

In terms of displacement, the deformation of both sides
of the roadway is greater than that of the roof and floor,
and the floor deformation is basically not affected by distur-
bance. For the upper part, the displacement of the upper part
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Figure 7: Continued.
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(d) Displacement speed of roadway roof and floor and two sides
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FI1GURE 7: Dynamic response of surrounding rock in solid coal roadway.

increases linearly during the disturbance of 0-0.11s. After
0.38s of disturbance, the displacement is basically stable.
Finally, the maximum displacement of the outer side reaches
21.05mm, and the displacement of the inner side reaches
27.28 mm. For the roof, the displacement fluctuates in a
small range, which will cause roof vibration.

In terms of deformation speed, there is little difference
between the maximum displacement speed of the two sides
of the roadway and the roof, which are 1.53 m/s for the outer
side, 1.54 m/s for the inner side, and 1.33 m/s for the roof,
respectively, and the maximum displacement speed of the
floor is only 0.19 m/s. In terms of deformation acceleration,
the displacement acceleration of the two sides is very differ-
ent, which are 404 mm/s” for the outer side and 887.07 mm/
s* for the inner side. The deformation acceleration of the
roof and floor is small, which are 261 m/s> for the roof and
94 m/s* for the floor.

Generally speaking, under the condition of solid coal on
both sides, the damage degree of the two sides of the road-
way after strong earthquake disturbance is greater than that
of the roof and floor, and the damage degree of the inner
side is greater than that of the outer side.

(2) Spatial evolution characteristics of impact failure of
roadway caused by strong earthquake

In order to more vividly show the impact damage
effect of strong earthquake on roadway surrounding rock,
the movie function of FLAC2D software is used to record
the evolution characteristics of roadway surrounding rock

stress field in detail according to a certain time step, as
shown in Figure 6.

It can be seen from Figure 6 that after the strong earth-
quake disturbance, the stress wave rapidly propagates down-
ward and attenuates in a spherical manner. During the
propagation process, the radiation range of the stress wave
continues to expand. When ¢ =1500 time steps, it reaches
the direct top of the coal seam, and then the inner wall stress
of the roadway in the working face increases significantly. As
the simulation continues, the roadway will be significantly
deformed. By comparing the vertical stress distribution
characteristics under different time steps, it can be seen that
the stress propagation takes the middle of the working face
as the axis of symmetry and presents a symmetrical distribu-
tion shape, and the stress level of the inner side of the road-
way is higher than that of the outer side.

3.2. One Side Gob Face Working Face

3.2.1. Dynamic Response of Roadway Surrounding Rock.
Figures 7 and 8 reflect the dynamic response characteristics
of roadway surrounding rock under the condition that the
seismic focus is located at the bottom of magmatic rock
and the goaf on one side of the working face. It can be seen
from Figure 7 that the mechanical response law of surround-
ing rock of solid coal roadway in working face under the
condition of one side goaf is similar to that of solid coal
roadway on both sides, with only slight differences in value
and stability time. When the disturbance is 0.15s, the hori-
zontal stress of the roof reaches the maximum value of
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(d) Displacement speed of roadway roof and floor and two sides
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21.52MPa. After 0.5s, the variation range of the stress
decreases, and the horizontal stress fluctuates up and down
around 9-16 MPa. The horizontal stress state of both sides
and floor is less affected by mine earthquake, and the stress
basically reaches a stable state after 0.4s disturbance. The
vertical stress of the top and bottom plate is at a low level,
which is basically stable after 0.4s disturbance. The evolu-
tion law of approach velocity and acceleration is generally
consistent with the solid coal conditions on both sides. The
approach of the two sides basically reaches a stable state after
0.6s disturbance.

It can be seen from Figures 7 and 8 that under the dual
influence of lateral abutment pressure and disturbance in
goaf, the dynamic response degree of the gob-side roadway
is significantly higher than that of solid coal roadway.

In terms of stress, the vertical stress of the outer side
(23.2MPa) is higher than that of the inner side (12.34 MPa),
but the change of the vertical stress of the outer side is rela-
tively gentle compared with that of the inner side. In the pro-
cess of strong earthquake disturbance, the horizontal stress of
the roof of the roadway along the goaf has been in a high stress
state, and the maximum value has reached 55.28 MPa. The
probability of shear failure of the roof has been significantly
strengthened. Compared with solid coal roadway, the vertical
stress and horizontal stress of the gob-side roadway have been
fluctuating, which is difficult to achieve stability.

In terms of displacement, the convergence of surround-
ing rock of the gob-side roadway is significantly greater than
that of solid coal roadway, and the convergence of two sides
is more obvious. The stability of the outer upper is poor and
the degree of stress concentration is high, resulting in the

maximum approach of the outer upper reaches 250.53 mm.
The displacement of the inner upper also increased signifi-
cantly, reaching 139.58 mm. The roof subsidence reached
91.81 mm. Therefore, under the influence of strong earth-
quake, the risk of side caving, roof separation, or caving of
roadway along goaf increases significantly. However, the
time required for the displacement of the two sides to reach
stability is the same as that of the solid coal roadway, both of
which are 0.6s.

In terms of deformation velocity and acceleration, the
deformation velocity and acceleration of the inner side are
greater than those of the outer side, and the maximum
deformation velocity and deformation acceleration of the
inner side reach 2.43m/s and 469.23 m/s?, respectively.
However, the time when the velocity of the outer side is
greater than 1m/s is significantly higher than that of the
inner side, so that the final deformation of the external side
is greater than that of the inner side. Compared with the
solid coal roadway, the roof displacement of the gob side
roadway shows a continuous increasing trend, and the roof
does not shock.

According to the dynamic response characteristics of the
gob-side roadway and the solid coal roadway, the deforma-
tion amount and deformation velocity of the gob-side road-
way are greater than those of the solid coal roadway, and the
rock burst is more likely to occur in the gob side roadway
under the disturbance of strong earthquake. Therefore, it is
necessary to predict and judge the breaking and migration
of magmatic rock in time during the mining process of the
working face and strengthen the support strength of the
roadway in the broken area.
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FIGURE 9: Temporal and spatial evolution law of vertical stress field of roadway surrounding rock under strong earthquake disturbance.

TaBLE 2: Dynamic response of roadway surrounding rock under different boundary conditions.

Dynamic response
Boundary condition Peak value of Peak value of Deformation of Deformation ~ Deformation
vertical stress/MPa horizontal stress/MPa surrounding rock/mm  velocity/m/s acceleration/m/s>

Outer 14.02 462 21.05 1.53 404
side
. Solid
Solid coal face Inner
: 19.36 7.42 27.28 1.54 366
on both sides rozgj\lra side
Y Roof 4.89 20.62 10.58 133 261
Floor 2.13 6.25 0.67 0.19 94
Outer 13.76 426 18.16 1.32 386.27
side
Solid
coal I;‘Cllzr 19.18 7.06 24.54 1.47 1107.63
roadwa
Y Roof 6.67 21.52 9.63 1.25 236.96
One side $°b Floor 2.11 6.33 0.61 0.21 191.03
face working Out,
face wrer 232 8.44 250.53 211 369.69
side
Gob-side  Inner 12.34 3.02 139.58 243 469.23
roadway  side
Roof 8.87 55.28 91.81 0.91 248.38

Floor 3.14 7.83 0.2 0.17 110.65
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F1GURE 10: Dynamic response of surrounding rock of solid coal roadway when the seismic focus height is 50 m.

(d) Displacement acceleration of roadway roof and floor and two sides
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TaBLE 3: Dynamic response of surrounding rock of roadway with different seismic focus height under the condition of solid coal on both

sides.

Seismic focus

Dynamic response

height Peak value of vertical ~Peak value of horizontal Deforplation of Defor.mation Deformation ,
stress/MPa stress/MPa surrounding rock/mm velocity/m/s acceleration/m/s
Outer side 14.02 4.62 21.05 1.53 404
113m Inner side 19.36 7.42 27.28 1.54 887.07
Roof 4.89 20.62 10.58 1.33 261
Floor 2.13 6.25 0.25 0.19 94
Outer side 13.77 4.49 28.67 1.09 346.02
Inner side 20.02 7.52 46.24 1.53 760.31
2om Roof 8.03 35.95 20.25 0.96 382.94
Floor 2.51 6.78 0.81 0.27 180.49
Outer side 13.37 4.32 29.48 0.966 646.18
70m Inner side 19.16 7.34 54.91 1.95 783.97
Roof 7.20 252 15.28 1.31 339.99
Floor 2.48 6.64 0.96 1.01 213.98
Outer side 14.19 4.88 51.73 2.19 910
50m Inner side 19.06 7.44 115.17 2.58 2344.1
Roof 6.56 44.77 16.1 1.41 601.85
Floor 3.46 7.82 1.82 0.57 474.55

4. Spatial Evolution Characteristics of Impact
Failure of Roadway Caused by
Strong Earthquake

Figure 9 reflects the temporal and spatial evolution charac-
teristics of the stress field of roadway surrounding rock
under strong earthquake disturbance. It can be seen from
Figure 9 that after the source is applied, the stress also dif-
fuses rapidly in a spherical manner, but the attenuation
speed of the stress wave is greater than that of the solid coal
on both sides under the goaf condition on one side, and the
diffusion of the stress wave tends to the goaf side. Under the
combined action of the lateral abutment pressure and distur-
bance in the goaf, and the stability of the surrounding rock
on the goaf side is worse than that of the solid coal, the
deformation of the roadway along the goaf side increases
rapidly, while the solid coal side is relatively slow.

4.1. Comparative Analysis of Dynamic Response of Roadway
Surrounding Rock under Different Boundary Conditions
under Strong Earthquake Disturbance. The dynamic
response characteristics of roadway surrounding rock under
different boundary conditions under the same focal condi-
tions are shown in Table 2. It can be seen from Table 2 that
for the same source disturbance, the dynamic response of
surrounding rock is obviously different under different road-
way boundary conditions, and the failure effect increases
with the increase of the number of adjacent goafs, especially
the horizontal stress of roof and the horizontal displacement
of two sides. For the horizontal stress of the roof, the peak
value of the horizontal stress of the roof under the condi-
tions of goaf on both sides and goaf on one side is 3.39
and 2.68 times of the horizontal stress of the roof under

the conditions of solid coal on both sides, respectively. The
shear instability of the roof support is easy to occur. There-
fore, for the mine with hard or even extremely thick key
layers on the working face, the isolated working face should
be avoided. For the displacement of the side wall, the dis-
placement of the roadway along the goaf is significantly
greater than that of the solid coal roadway. Therefore, for
the roadway along the goaf, the support of the side wall
should be strengthened to prevent the instability of the side
wall. Under strong earthquake disturbance, the damage
effect of solid coal roadway is low, and the risk caused by
strong earthquake is controllable.

5. Influence Law of Seismic Focus Height on
Roadway Dynamic Response

Magmatic rocks with different heights from the coal seam
lead to the change of the seismic focus height of strong
earthquakes. In order to study the influence of the seismic
focus height on the dynamic response of roadway, strong
seismic disturbance was applied at 50m, 70m, and 90m
above the coal seam, respectively.

Taking one side as solid coal and the other side as goaf
working face, the seismic focus height is 50 m as an example,
and the dynamic response law of roadway surrounding rock
under strong earthquake disturbance is studied. Figure 10
reflects the dynamic response characteristics of surround-
ing rock of solid coal roadway under the condition that
one side of the working face is mined out when the focal
height is 50m. It can be seen from Figures 7 and 10 that
under the same focal intensity and boundary conditions,
when the focal height is 50m, the seismic damage effect
is stronger than that when the focal height is 116 m. Take
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TaBLE 4: Dynamic response of roadway surrounding rock with different focal height under one side goaf condition.

Dynamic response

Seismic focus height Peak value of Peak value of Deformation of Deformation Deformation
vertical stress/MPa horizontal stress/MPa surrounding rock/mm  velocity/m/s  acceleration/m/s>
Outer side 13.76 4.26 18.16 1.32 386.27
Solid coal Inner side 19.18 7.06 24.54 1.47 1107.63
roadway Roof 6.67 21.52 9.63 1.25 236.96
116m Floor 2.11 6.33 0.61 0.21 191.03
Outer side 23.2 8.44 250.53 2.11 369.69
Gob-side Inner side 12.34 3.02 139.58 2.43 469.23
roadway Roof 8.87 55.28 91.81 0.91 248.38
Floor 3.14 7.83 0.2 0.17 110.65
Outer side 13.64 4.43 33.79 0.94 499.36
Solid coal Inner side 19.37 7.59 46.61 1.6 1137.5
roadway Roof 10.97 29.08 20.45 1.3 322.88
Floor 2.52 6.8 1.12 0.29 234.14
0m Outer side 24.04 9.67 283.65 2.26 464.1
Gob-side Inner side 12.56 3.84 198.58 2.57 461.93
roadway Roof 8.75 61.35 130.89 1.09 376.37
Floor 3.52 9.04 0.6 0.33 253.52
Outer side 13.57 4.47 28.5 1.1 602.05
Solid coal Inner side 19.52 7.58 49.05 2.12 1245.01
roadway Roof 7.41 44.92 14.05 1.45 333.4
Z0m Floor 2.25 6.89 0.96 0.25 207.75
Outer side 24.44 9.41 348.63 2.72 543.54
Gob-side Inner side 12.19 3.65 187.39 2.11 738.51
roadway  Roof 9.6 62.03 148.54 1.32 437.73
Floor 3.64 9.19 0.61 0.22 161.47
Outer side 14.31 4.97 47.37 2.27 768.42
Solid coal Inner side 20.06 7.5 96.42 2.63 1466.62
roadway Roof 6.82 49.01 16.37 1.62 573.02
Floor 3.29 7.71 1.55 0.56 401.76
20m Outer side 24.84 9.91 471.88 3.29 861.36
Gob-side Inner side 12.86 4.03 257.16 3.29 1323.45
roadway Roof 9.13 63.11 176.67 1.73 564.41
Floor 4.05 10.28 0.92 0.48 407.03

the horizontal stress of roadway surrounding rock and
the approach amount of roadway surrounding rock as
an example.

The horizontal stress of roadway roof increases greatly,
with the maximum value of 49.01 MPa, which is 2.27 times
higher than that under the condition of seismic focus height
of 116 m. As a result, the spalling failure of roof is almost
inevitable, and the mechanical environment of surrounding
rock worsens sharply. The maximum displacement of the
outer slope and the inner slope reaches 47.37mm and
96.42 mm, respectively. The displacement of the surround-
ing rock is significantly enhanced, which is easy to cause
support instability and serious slope, and the vibration
amplitude of the roof is also strengthened accordingly.

Figure 11 reflects the dynamic response characteristics of
surrounding rock of gob-side roadway under the condition

of goaf on one side of the working face when the seismic
focus height is 50 m. It can be seen from Figure 11 that after
the focal height is reduced, the influence of disturbance on
the roadway along the goaf is also significantly strengthened.
The maximum horizontal stress of roof reaches 63.11 MPa,
and the horizontal stress during disturbance is basically
above 33 MPa. The movement of roof, floor, and two sides
is also at a high level. The maximum movement of roof is
176 mm, the movement of inner side is 256.41 mm, and
the movement of outer side is 471.88 mm, which is 1.9 times
of the movement of outer side along the roadway when the
seismic focus height is 116 m.

To sum up, when the focal height is 50 m, the vibration
effect of gob-side roadway is more intense, and the gob-
side roadway becomes the key prevention area of rock burst
during the breaking and migration of hard and thick key
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layer. The support strength of roof and two sides should be
increased to reduce the risk of impact.

In order to better reflect the influence of seismic focus
height on roadway dynamic response, the variation character-
istics of roadway surrounding rock dynamic response at differ-
ent focal height are counted, as shown in Tables 3 and 4. It can
be seen from Tables 3 and 4 that under the condition of the
same seismic focus intensity, when the focal point is 116 m
above the coal seam, the vibration effect of roadway surround-
ing rock is relatively small. As the focal height decreases, the
damage degree of roadway surrounding rock increases and
the stability of surrounding rock becomes worse.

Taking one side gob condition as an example, the influ-
ence of seismic focus height on the stability of roadway
surrounding rock is analyzed. It can be seen from
Table 4 that with the continuous decrease of seismic focus
height, the disturbance effect of strong earthquake on road-
way continues to strengthen, but there is a significant
difference in strengthening rate. When the focal height
decreases from 116 m to 90 m, the horizontal stress of the
roof, the displacement of the side and roof, the
approaching velocity, and the approaching acceleration
begin to increase, but the increment is small. When the
seismic focus height decreases from 90m to 50m, the
increment increases rapidly in a nearly linear manner.
Taking the horizontal approach of the outer wall of the
roadway along the goaf as an example, when the seismic
focus height is reduced from 116 m to 90m, the approach
increases by only 33.12mm, while when the seismic focus
height is reduced from 90m to 50m, the approach
increases by 188.23mm. In addition, with different road-
way boundary conditions, the influence degree of focal
height on roadway is also different. The influence degree
of horizontal stress of solid coal roadway roof is much
greater than that of goaf roadway. Regardless of the bound-
ary conditions, the vertical stress of the roadway slope is
less affected by the focal height.

To sum up, when a strong earthquake occurs in the
lower position, the dynamic response degree of the roadway
is much greater than that in the higher position, and the
influence degree of the goaf side is greater than that of the
solid coal side. In addition, when the seismic focus height
is the same, the influence degree of strong earthquake on
the stability of roadway surrounding rock under different
boundary conditions is also significantly different. Basically,
the influence degree can be arranged as follows: gob-side
roadway (mined out on one side)>solid coal roadway
(mined out on both sides) > solid coal roadway (mined out
on one side). The strong earthquake tends to the goaf side
in the transmission process, resulting in the energy of solid
coal roadway under the goaf condition on one side is lower
than that under the solid condition on both sides, and
resulting in the dynamic response of solid coal roadway
under the goaf condition on one side is weaker than that
under the solid coal condition on both sides. Combined
with the roadway stress level before dynamic load distur-
bance, under the condition of high static load, the stability
of roadway surrounding rock is more obviously affected by
dynamic load. The greater the static load level is, the worse
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the stability of surrounding rock is, that is, the higher the
static load level is, the more obvious the coupling effect with
dynamic load is.

6. Conclusion

Using the dynamic calculation function of FLAC2D soft-
ware, this paper analyzes the dynamic response of roadway
surrounding rock under strong earthquake disturbance
when it is covered with hard and thick key layer, studies
the influence of roadway boundary conditions on the
dynamic response of surrounding rock under strong earth-
quake disturbance and the effect of the seismic focus height
on the impact damage degree of roadway, and simulates and
reproduces the dynamic evolution process of roadway
degeneration damage. The main conclusions are as follows:

(1) Under the influence of strong earthquake, the stress
level of gob-side roadway is higher than that of solid
coal roadway, especially the horizontal stress of roof,
which is easy to lead to the instability of roof
support. The stress level of the outer side of the
gob-side roadway is higher than that of the inner
side. The gob coal pillar is in a high stress state,
and the coal pillar is easy to lose stability

(2) Under the influence of strong earthquake, the roof of
solid coal roadway is easy to vibrate in a small range,
and the displacement increases and decreases with the
disturbance. The displacement of the floor and two
sides of the solid coal roadway and the top floor and
two sides of the roadway along the goaf continues to
increase in the initial stage of the disturbance, and the
displacement will remain stable with the continuation
of the disturbance. The displacement of both sides and
roof and floor of gob-side roadway can reach stability
in the later stage of disturbance, and with the increase
of the number of adjacent goaf, the longer it takes for
the displacement of surrounding rock to reach stability

(3) There is a close correlation between the seismic focus
height and the dynamic response of roadway
surrounding rock. The magnitude of stress field, dis-
placement field, velocity field, and acceleration field
of roadway surrounding rock is negatively correlated
with the seismic focus height. When the seismic
focus height is lower than 90 m, the variation of sur-
rounding rock response increases sharply with the
decrease of the seismic focus height. When a strong
earthquake occurs in the low rock stratum, the
impact damage of roadway surrounding rock is
almost inevitable

(4) The influence degree of strong earthquake on the stabil-
ity of roadway surrounding rock is arranged as follows:
gob-side roadway (mined out on one side) > solid coal
roadway (mined out on both sides) > solid coal roadway
(mined out on one side). According to the dynamic
response degree of surrounding rock under different
boundary conditions, the greater the static load level
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before strong earthquake disturbance, the more obvious
the coupling effect with dynamic load

(5) The spatial evolution of roadway impact failure
caused by strong earthquake shows that the working
face boundary conditions have an important influ-
ence on the energy propagation of mine earthquake.
When there is solid coal on both sides of the working
face, the energy basically propagates to the two lanes
of the working face in a symmetrical way. When one
side of the working face is mined out, the energy
transfer is biased to the side of the goaf. The evolu-
tion process also shows that with the increase of
the number of adjacent goafs, the faster the attenua-
tion rate of mine earthquake propagation energy
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