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In view of the damage of dynamic stress to the rock surrounding a mine roadway during coal mining, based on the actual
geological conditions of Zhuji mine in Huainan, China, a UDECmodel was established to study the influences of the thickness and
strength of the direct roof above the coal seam and the anchorage effect on the stability of the roadway.0e failure mechanism and
effect of the dynamic stress on the rock surrounding a mine roadway were revealed. Under dynamic stress, cracks appear near the
side of the roadway where the stress is concentrated. 0ese cracks rapidly expand to the two sides of coal and rock mass. At the
same time, the coal and rock mass at the top of the roadway fall, and finally, the two sides of coal and rock mass were broken and
ejected into the roadway, causing a rock burst. However, when the same dynamic stress is applied to the roadway after supports are
installed, there is no large-deformation failure in the roadway, which shows that, under certain conditions, rock bolting can
improve the stability and seismic resistance of the surrounding coal and rock mass. Furthermore, by simulating the failure of
surrounding rock with different strengths and thicknesses in the immediate roof, it is found that the thinner the roof, the greater
the influence of the dynamic stress on the roadway; the stronger the roof is, the more likely the rock burst will occur with greater
intensity under the same dynamic stress. A numerical simulation method was used to analyze the factors influencing rock
bursting. 0e results provide a theoretical basis for research into the causes and prevention of rock bursts in deep mining areas.

1. Introduction

As mining depths increase in China, coal mining is be-
comingmore complex.With the gradual increases in mining
depth, the possibility of rock bursts increases [1–3]. As a
typical dynamic disaster in a coal mine, a rock burst poses a
significant threat to the efficient production of the coal mine
and the safety of personnel. 0erefore, it is necessary to
predict and prevent rock bursts while mining [4–7]. Many
scholars have investigated the mechanism of rock bursting,
monitoring and early warning technology, and prevention
and control technology. Tang [8–10] found that how the coal
rockmass structure develops from stable equilibrium state to
unstable equilibrium state is the research focus of rock burst.
Kang et al. [11] used the self-developed explosion-proof
seismic positioning monitoring system to monitor the
fracture of coal strata in the process of advancing the face in
Huafeng coal mine in Shandong Province. 0rough the

analysis of the monitoring results, the main causes of rock
burst were obtained. Bai et al. [12] developed an anchor cable
with a negative Poisson’s ratio effect. 0rough laboratory
and field testing, the mechanical properties of a constant
stiffness, large-deformation anchor cable were verified to be
better than those of an ordinary anchor cable. Bai et al. [13]
used coal and rock mass in mechanical tests to establish an
expansion model of coal and rock to assess the influence of
the expansion of surrounding rock on the rock burst. Tang
[14] analyzed the No. 3213 working face in Xinjing coal mine
by theoretical analysis and numerical simulation to study the
influence of the roof slate layer on the rock burst in the deep
large-height working face and provided valuable experience
assisting the safe mining of other similar mines. Tan et al.
[15] established the theoretical model of ultralow friction
effect of a blocky rock mass considering the overburden
pressure. 0rough the analysis, it is found that the change of
normal force between blocks is the precondition for an
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ultralow friction effect, and the horizontal disturbance is the
direct cause of horizontal displacement of working block.
Liu et al. [16] reduced the constraint effect of roof and floor
on coal seam by design of a displacement-control clamping
test. 0e research results show that roof and floor can
promote the formation of rock burst by locking the coal
seam and the deformation of the coal seam itself. Jiang et al.
[17] conducted a series of experiments on the screw steel
bolt, studying the impact disturbance resistance of equal
strength and unequal strength screw steel bolts under static
load and impact load. He et al. [18] studied themechanism of
rock bursting in a hard roof by theoretical analysis and in
situ assessment. It was found that the precursory infor-
mation pertaining to rock bursts in a hard roof has two key
characteristics: energy increase and a change in stress. Many
scholars have discussed and summarized the theoretical
development, monitoring technology, prevention technol-
ogy, and problems faced with mine rock burst hazard and
proposed research to improve the level of coal mine rock
burst prevention [19, 20].

Although scholars have made achievements in the study
of mechanism, monitoring methods, and crisis response
measures of rock burst, there are many influencing factors of
rock burst. In this paper, numerical simulation method was
used to simulate and analyze the effects of bolt reinforce-
ment, direct roof thickness, direct roof strength, and other
factors affecting dynamic stress transmission and the sta-
bility of rock surrounding a mine roadway, so as to provide a
reference for the prediction and prevention of rock bursts.

2. Numerical Simulation Scheme and
Model Establishment

2.1. Numerical Simulation Scheme. According to data from
the first mining face (No. 1111 (1)), Zhuji mine, Huainan,
China, the influences of the thickness, strength of the direct
roof above the coal seam, and the anchoring effect of the bolt
on the stability of the roadway were simulated and analyzed.
0e specific calculation scheme is as follows:

(1) Under the conditions of original and applied vi-
bration waves, we analyzed the influence of bolt
reinforcement on the stability of the roadway

(2) 0e influence of direct roof thickness on the stability
of a roadway was investigated

(3) 0e influence of direct roof strength on the stability
of a roadway was analyzed

2.2.NumericalModel. 0e first mining face (No. 1111 (1)) in
Zhuji mine, Huainan, has a surface elevation of 20m and a
working face elevation of −913.1 to −879.7m, with a strike
length of 1608m and an inclination length of 220m.0e dip
angle is 1 to 5°, with an average dip of 3°. 0e thickness of the
No. 11–2 coal seam on this surface is 0.1 to 2.1m, with an
average thickness of 1.2m.0e roof and floor are mudstone,
with an average thickness of 9.9m; the old roof is fine
sandstone and siltstone with an average thickness of 3.2m.
0e bottom is mudstone, with an average thickness of 4.5m.

0e average thickness of the overlying coal is 4.2m, and the
distance from the 11–2 coal seam is 66m (50 times the
mining height). 0e bottom is formed in silty and fine
sandstone, with local sandy mudstone. 0e field measure-
ment of in situ stress shows that the range of vertical in situ
stress is 19.3 to 20.6MPa, the minimum horizontal principal
stress is similar to the vertical principal stress, the lateral
pressure coefficient is 1.32 to 1.38, and the maximum
principal stress acts in the east-west direction.

0e numerical model was established according to
the actual geological conditions. UDEC model size
(length × height): 60m × 40.2 m, and the roadway is
horseshoe-shaped measuring 4m4m, with an upper arch
radius of 2 m, and the mechanical parameters of sur-
rounding rock are as listed in Table 1.

Figure 1 shows the mechanical model of anchorage
reinforcement; among them, a total of 11 bolts were in-
stalled in the roadway, five bolts were installed in the
semicircular arc area above the roadway, and three bolts
were installed on the left- and right-hand sides, respec-
tively. 0e length of the bolts was 2.4m, the cross-sec-
tional area was 314 ×10–6m2, and the pretightening force
was 40 kN.

Boundary conditions of the static load model are as
follows: the left and right horizontal hinge support
constraints are adopted, and the bottom is fixed. 0e
upper boundary is free and bears distributed load q �Rh
exerted by the overburden, where R is the average unit
weight of the overburden (25 kN/m3); h is the height of the
overburden (900m) according to the actual location to the
No. 1111 (1) working face. In the dynamic calculation
model, to reduce the influence of boundary reflection
wave under the action of dynamic load, the boundary is set
as a viscous boundary to simulate the boundary at infinity.
0e applied vibration wave is a cosine wave with a peak
value of 20MPa and a frequency of 10 Hz, specifically
y � 20 ×106 cos (2π·10t). 0e dynamic stress is applied
between 20 and 40m along the upper boundary of the
model. At the same time, five monitoring points are set on
the left- and right-hand sides of the roadway, mainly
monitoring displacements in the Y- and X-direction, of
which the left five monitoring points are marked as A
(27.5, 14.7), B (27.5, 15.1), C (27.5, 15.5), D (27.5, 15.9)
and E (27.5, 16.3); and those on the right as 1 (32.5, 14.7),
2 (32.5, 15.1), 3 (32.5, 15.1), 4 (32.5, 15.9), and 5 (32.5,
16.3).

Under the action of dynamic load, the natural attenu-
ation of motion and energy of geotechnical material exhibits
hysteresis, which is related to frequency and other param-
eters. In fact, dynamic load is formed by the superposition of
different frequency disturbances. In addition to the influ-
ences of different loading methods and loading paths, a
damping function should be introduced to achieve the
consistency with the real situation. 0e damping function is
of the Rayleigh mass damping only type provided by UDEC,
and the critical damping ratio is determined to be 0.1
through calculation.

0e block diagram of the model under the original
condition is shown in Figure 2.
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3. Analysis of Numerical Computation Results

3.1. Process of Rock Bursting under Original Conditions.
Under the original conditions, when the roadway depth
was 900m and the dynamic stress pulse had an amplitude
of 20MPa, the simulated results are as shown in Figure 3:

0e whole process of rock burst induced by dynamic
stress disturbance in rock surrounding a mine roadway is
reproduced in Figure 3: the crack starts near the roadway
side where the stress is concentrated and is about 2m away
from the roadway side boundary. With the disturbance
caused by the stress wave, the crack rapidly expands from
the starting position to the coal rock mass, mainly forming
two cracks, which are symmetrically distributed on the
left- and right-hand sides of the roadway, At the same
time, affected by the vibration, the coal and rock mass in
the top area of the roadway fell, and finally the two sides of
the rock broke into pieces, which were thrown into the
roadway, resulting in a rock burst.

Due to the left-right symmetry of the roadway and the
vibration wave being applied symmetrically at the upper
boundary, the overall deformation of the roadway is qua-
sisymmetrical. To explore the location of coal body ejection
when a rock burst occurs, Figure 4 can be obtained by
sorting and analyzing data from the five monitoring points
on the right-hand side:

As seen from Figure 4, the x- and y-displacements of
monitoring points 1 and 5 are similar. 0e displacement of
monitoring point 2 is greater than that of monitoring points 1
and 5, and the x- and y-displacements of monitoring points 3
and 4 are greater than that of monitoring points 1, 2, and 5,
reaching a maximum value of about 0.8m.0erefore, it can be
concluded that when the coal seam thickness is 1.2m, the coal
and rock mass are mainly ejected from the boundary between
the coal seam and the overlying strata.

3.2. Influence of VibrationWave onRoadway under Anchored
Conditions. After installing anchor bolts at the top and two
sides of the roadway, a certain pretension was applied. When
the roadway depth is 900m and the dynamic stress amplitude
is 20MPa, the simulated results are as shown in Figure 5.

In Figure 5, the red line represents the shear force on the
bolt, the blue line represents the displacement of the bolt in the
x-direction, and the yellow line represents the displacement in
the y-direction. Moreover, the maximum values of the shear
force and the displacement in the y-direction of the bolt in
different vibration periods are shown in Figures 6 and 7.

0e use of anchor bolts can strengthen the stability of
surrounding coal and rockmass and improve its ability to resist
vibration to a certain extent. At the same time, through the
analysis of shear stress and y-direction displacement of

Table 1: Mechanical parameters of surrounding rock.

Rock
formation

0ickness
(m)

Density
(kg·m−3)

Bulk modulus
(GPa)

Shear modulus
(GPa)

Cohesion
(MPa)

Friction angle
(°)

Tensile strength
(MPa)

Spotted
mudstone 11.5 2640 8 4.8 2.3 35 5

Fine/siltstone 3.2 2700 12 8.1 4.0 37 7
Mudstone 10 2640 8 4.8 2.3 35 5
11–2 coal 1.2 1300 8.5 4 0.5 28 2
Mudstone 4.5 2640 8 4.8 2.3 35 5
11–1 coal 0.8 1300 8.5 4 0.5 28 2
Mudstone 9 2640 8 4.8 2.3 35 5

9m mudstone

0.8m coal
4.5m mudstone

1.2m coal

10m mudstone

3.2m siltstone

11.5m spotted mudstone

(a)

11.5m spotted mudstone

3.2m siltstone

10m mudstone
1.2m coal

4.5m mudstone
0.8m coal

9m mudstone 

(b)

Figure 1: Mechanical model.

Figure 2: Schematic diagram of the model under original
conditions.
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different bolts, the shear stress on bolts on the upper semi-
circular arc of the roadway is relatively small in this horseshoe-
shaped roadway, especially in an arc of 30° on each side of the
central part, and the shear stress of bolts exhibits bilateral
symmetry. By comparing the displacements in the Y-direction
of each bolt at different times, the displacements in the Y-
direction of bilateral symmetric bolts are similar.

3.3. Influence of Direct Roof 7ickness on the Roadway.
When the direct roof thickness is 2 m, 6m, and 10m,
respectively, the influence of the direct roof thickness on
the propagation characteristics of the vibration wave is
investigated by studying the damage suffered by the
roadway of different thicknesses. When the direct roof

thickness is 2 m, 6m, and 10m, the failure of the roadway
is as shown in Figures 8–10.

From Figures 8–10, when the direct roof thickness is 2m,
6m, and 10m respectively, the failure mode of the roadway is
similar.0e cracks start near the roadway sidewhere the stress is
concentrated and are about 2m away from the roadway side
boundary. With the disturbance of the dynamic stress, the
cracks rapidly expand from the starting position to the coal and
rockmass, mainly forming two cracks, which are symmetrically
distributed on the left- and right-hand sides of the roadway and
are subject to vibration at the same time. Under the influence of
the stress wave, the coal and rockmass at the top of the roadway
fall, and finally the two sides of the rock mass form fragments,
which are thrown into the roadway, causing a rock burst.

0.03s 0.1s 0.3s 

0.5s 1.0s 1.5s 

Figure 3: Impact pressure generation process under original conditions.
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Figure 4: Comparison of different deformations on the right-hand side. (a) X-direction displacement. (b) Y-direction displacement.
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Meanwhile, to explore the influences of different direct
roof thicknesses on the roadway under the same conditions
of roadway depth and vibration input, the deformations of
the roadway at t� 0.3 s and 0.5 s were compared (Figure 11).

0rough the comparison of the deformations of the
roadway at 0.3 s and 0.5 s with different direct roof thick-
nesses, the thinner the roof, the greater the deformation of
the roadway. From the coal seam histogram of the working
face, there is a layer of mudstone about 10m above the coal
seam and a layer of fine sandstone of 3.2m thickness above
the mudstone. When the roof is thinner, the corresponding

fine sandstone is thicker; because the mechanical parameters
of the fine sandstone are greater than those of the mudstone,
the attenuation coefficient of the vibration wave is smaller
under the same level of fracture development. 0erefore,
when the same vibration wave is applied under the same
conditions and the roof is thin, the deformation of the
roadway increases.

According to the above analysis, under the specific
rock structure of the working face, the thinner the roof,
the lower the vibration wave attenuation, and the greater
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Figure 6: Shear stress distribution diagram of each anchor at
different times.
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Figure 5: No impact pressure occurs in the anchored state.
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the damage to the roadway. 0e displacements at moni-
toring points 3 and 4 are shown in Figure 12.

Figure 12 shows that, for monitoring points 3 and 4 on
the right, when the direct roof has a thickness of 2 m, 6 m,
and 10m, the data pertaining to a 2 m roof are shown on
the left, that on the middle pertains to the 6m thick roof,
and that on the right pertains to the 10m thick roof: other
conditions being the same, the roadway first suffers
impact damage under the 2m thick roof, then under a 6 m
thick roof, and finally under a 10 m thick roof. 0e main
reason is that the direct top of the coal seam is mudstone,
and the rock layer above is fine sandstone. When the top
thickness is small, the fine sandstone is thicker; because
the mechanical parameters of fine sandstone are larger,
the attenuation of vibration is smaller. 0erefore, the
thinner the roof is, the more the roadway is affected by
vibration.

3.4. Influence of Direct Roof Strength on the Roadway. To
explore the different effects of the direct roof strength on the

vibration wave propagation, the mechanical parameters of
the direct roof are changed to be five and 10 times the
original values while keeping the thickness of each rock layer
constant. 0e influence of the direct roof strength on the
vibration wave propagation characteristics was studied by
comparing the failure characteristics of the roadway under
different mechanical parameters of the direct roof.

When the direct roof is given its original mechanical pa-
rameter, the failure process of the horseshoe roadway is as
shown in Figure 13.

When the mechanical parameters of the direct roof are five
times their original values, the roadway failure process is
demonstrated in Figure 14.

When the mechanical parameters of the direct roof are 10
times their original values, the failure process of the horseshoe
roadway is as shown in Figure 15.

According to Figure 15, when themechanical parameters of
the direct roof are different, the failure mode of the whole
roadway is similar.0e cracks start near the roadway side where
the stress is concentrated, about 2m from the roadway side
boundary. Under dynamic stress, the cracks rapidly expand to

0.5s 1.0s 1.5s

Figure 8: Roadway failure process under a 2m thick roof.

0.5s 1.0s 1.5s

Figure 10: Roadway failure process under a 10m thick roof.

0.5s 1.0s 1.2s

Figure 9: Roadway failure process under a 6m thick roof.
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the coal and rock mass, forming two cracks, which are sym-
metrically distributed on the left- and right-hand sides of the
roadway and are subject to vibration at the same time. Under
the influence of dynamic stress, the coal and rock mass at the
top of the roadway fall, and finally the two sides of the rockmass
form fragments, which are thrown into the roadway, causing a
rock burst.

To explore the influences of mechanical parameters of
the direct roof of the roadway, the deformations of roadway
at 0.3 s and 0.5 s were compared, as illustrated in Figure 16.

0rough the comparison of the deformations of the
roadway at 0.3 s and 0.5 s under roofs of different strengths,
it can be seen that the stronger the roof, the greater the
deformation of the roadway under dynamic load. 0e main
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Figure 12: Comparison of y-direction deformations. (a) 0ree-monitoring point displacement curve. (b) Four-monitoring point dis-
placement curve.
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(b)

Figure 11: Comparison of roadway deformations at different times. (a) Comparison of different direct top thickness roadway deformations
at t� 0.3 s. (b) Comparison of different direct top thickness roadway deformations at t� 0.5 s.
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1.5s1.0s0.5s

Figure 14: Roadway failure process when the mechanical parameters are 5 times their values.

0.5s 1.0s 1.5s

Figure 15: Roadway failure process when the mechanical parameters are 10 times their values.

0.5s 1.0s 1.5s

Figure 13: Impact ground pressure generation process under original mechanical parameters.
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Figure 16: Continued.
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reason for this is that, when the mechanical parameters of
the direct roof are large, firstly, the attenuation effect on the
input vibration is reduced, so the stress on the roadway
directly affected by the vibration wave is larger; at the same
time, when the roof is stronger, more elastic energy is stored,
and at failure a rock burst occurs. 0rough the above
analysis, the stronger the roof is, the more the damage is
caused under the influence of the same dynamic stress.

4. Conclusion

When the rock surrounding the roadway is disturbed by
dynamic stress, the crack begins near the side of the roadway
where the stress is concentrated: the crack rapidly expands
from the starting position to the two sides of coal and rock
mass. At the same time, the coal and rock mass in the top
area of the roadway fall, and finally the two sides of the coal
and rock mass break into blocks and are ejected into the
roadway, causing a rock burst.

After a rock-bolt support system had been installed, the
same dynamic stress was applied to the roadway, and it
underwent little deformation and suffered little damage,
which shows that, under certain conditions, bolting can
strengthen the surrounding coal and rock mass of the
roadway and improve its stability and seismic capacity.

By simulating the strength and thickness of the direct
roof, it is found that the thinner the roof, the greater the
effect of the dynamic stress on the roadway. Under the action
of the same dynamic stress, the stronger the roof is, the more
likely a rock burst is to occur and the greater its likely in-
tensity is. 0e results have been used effectively for the
prevention and control of rock bursts in Zhuji mine in
Huainan, China.
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