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The stability of the entries of longwall panels is the key to ensure efficient and safe production of coal mines. In order to solve the
common problems of floor heave of panel entry in western China, based on a case study, this paper studies the rockburst
instability mechanism of entry floor-induced mining by considering the results from a laboratory test, numerical simulations,
and field practice. After testing, the coal and rock of the entry are hard and brittle. In particular under the action of impact
dynamic load, its dynamic strength is higher and has a positive correlation with the impact pressure, which provides a
mechanical premise for subsequent rockburst. Numerical simulation results show that with the mining of the panel, the
vertical stress and the maximum principal stress of the floor are mainly concentrated in the coal pillar along the entry, and the
area and degree of concentration continue to increase. The horizontal stress is mainly concentrated in the entry floor, which is
distributed in the advanced range of the panel. The deformation rate of the entry roof and the ribs is stable, while the floor
shows a “mutation” characteristic of not deforming when the panel is far away and suddenly rising when it is closer to the
panel. The range of the plastic zone of the roof and floor remains unchanged, the ribs are further deepened, and the
mechanical properties of the coal and rock mass are further weakened. The results of this study contribute to providing a
reference for the control of surrounding rock of panel entry under similar geological and geotechnical circumstances.

1. Introduction

With the increase in coal mining depth, coal resources in the
eastern mining areas in China have been increasingly
depleted in recent years, and the overall coal mining layout
has gradually shifted to the central and western regions [1].
Although the western mining area is rich in coal resources,
the problems of thick coal seam, large burial depth, and
complex occurrence cannot be ignored [2, 3]. In particular
under the condition of large mining height panels, the sur-
rounding rock deformation of entry, overburden instability
caused by mining, and the subsequent dynamic disasters

such as rockburst restrict the development of mine in the
west [4]. Rockburst, as a sudden rock failure that will pose
a serious threat to engineering and human beings, has also
happened frequently in some coal seams with low original
stresses and shallow-burying condition in western China
recently [5]. The Inner Mongolia Autonomous Region is
an important coal supply area in western China, with good
coal quality and abundant storage. To ensure the safety
and efficient production of coal mines, it is essential to main-
tain the long-term stability of the entry surrounding rock. At
present, in many mines in this area, the surrounding rock
instability of the entry happened during the mining, and
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most of them were characterized by the floor rockburst.
Therefore, it is of great significance to study the rockburst
instability of the floor during the mining in this area.

Based on the aforementioned background, research
studies on the instability of surrounding rock during mining
and the mechanism of rockburst have received considerable
attention from researchers worldwide. The early rockburst
mechanism believed that rockburst was caused by the local
stress of coal rock exceeding its strength, but it did not point
out under what conditions rockburst will occur. On this
basis, Cook et al. [6] and Bieniawski et al. [7] further pro-
posed the stiffness theory and burst tendency theory of
rockburst, respectively. Petukhov and Linkov [8] believed
that the strain softening of rock after peak strength would
lead to rockburst. In addition, the instability theory, the
catastrophe theory, and the fractal theory are also used to
study the mechanism of rockburst [9, 10]. With the enrich-
ment of engineering practice and methods, some new
mechanisms and theories have been proposed one after
another. Qi et al. [11] proposed the “three-factor” mecha-
nism of rockburst according to the mining characteristics
of coal mines under deep-burying conditions. Song et al.
[12] proposed the concept of rockburst active system and
established the theory of dissipative structure on the basis
of studying entropy equation and dissipative structure.
Pan [13] deduced the corresponding critical index of rock-
burst based on the instability response theory of distur-
bance response and proposed the instability response
theory of rockburst. A large number of engineering studies
show that rockburst mostly occur in entries near the panel,
and rockburst appears during the panel mining. In
response to this problem, scholars have revealed the rock-
burst mechanism under the influence of mining by means
of a laboratory test and numerical simulation and proposed
corresponding control methods. Cao et al. [14] studied the
rockburst mechanism in the mining of steeply inclined
extrathick coal seams using numerical simulation methods
and verified them with the field. Kang et al. [15] provided
a reference for understanding the mechanism of large-
scale roof collapse under rockburst by simulating the long-
wall panel mining and establishing a physical model. Holub
et al. monitored the seismic events caused by the longwall
mining and studied the correlation between the particle
velocity of the seismic waves and the extent of the roadway
damage after rockburst [16].

The above scholars have conducted in-depth research on
the mechanism of rockburst and the corresponding control
method and have achieved fruitful results. However, under
the deep-burying, large mining height, and wide coal pillar
conditions, further research is needed on the impact of panel
mining on the rockburst instability of the entry floor. In this
study, on the basis of the existing research results, this paper
takes Hongqinghe Mine as the engineering background and
analyzes the evolution characteristics of floor stress and
surrounding rock during the mining of entry through on-
site investigation, laboratory test, and numerical simulation.
The results contribute to providing a reference for rockburst
mechanism and control of floor under similar geological and
geotechnical circumstances.

2. Case Study

2.1. Engineering Geology Overview of Hongqinghe Mine. The
Hongqinghe Mine field is located in the Inner Mongolia
Autonomous Region. The mining area has wide and gentle
wave-like ups and downs, no fold structure, and no mag-
matic rock intrusion. Only one normal fault is found in
the southwest corner of the mining area, but the drop is rel-
atively small and has no great impact on the mining of the
panel. The 3-1 coal seam is the main mining and first mining
coal seam. The average thickness of the coal seam is 6.98m,
the average burial depth is 755m, and the geological condi-
tions of the coal seam are simple. Above the roof are mainly
siltstone, medium/fine-grained sandstone, and medium con-
glomerate, and there is no weak sandstone between each
rock layer, forming a composite thick rock layer. The floor
is sandy mudstone, mainly semihard rock. Figure 1 shows
a typical geological column of the adjacent panel 3103.

2.2. Overview of Rockburst Accidents. The panel adopts fully
mechanized mining with large mining height and full-height
mining technology. The entry is excavated along the floor of
coal seam and adopts a double roadway layout, and a 30m
coal pillar is reserved. Affected by the large mining height,
large burial depth, and mining, during the mining of the
panel 3101, the headentry (1) of panel 3103 had serious roof
fall, floor heave, and rib fall. In order to ensure the safety of
production, the headentry (2) of panel 3103 auxiliary was
reexcavated on the basis of the 30m coal pillar, and a 65m
large coal pillar was formed.

However, there are still many rockburst accidents in the
entry. At 18:34 on June 14, 2018, a seismic event with an
energy of 5:4 × 106 J was monitored at panel 3103. The floor
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Figure 1: Typical geological column.

2 Lithosphere

Downloaded from http://pubs.geoscienceworld.org/gsa/lithosphere/article-pdf/doi/10.2113/2022/6238642/5627495/6238642.pdf
by guest
on 16 December 2022



heave appeared in the headentry (2) 20m ahead of the panel
accompanied by strong airflow. The safety valve of the
hydraulic support is damaged, the metal mesh is broken,
and the final width of the floor heave accounts for 2/3 of
the entry. At 15:25 on March 19, 2018, a seismic event with
an energy of 2:6 × 106 J was monitored during the normal
production of the panel 3103, and the panel had an obvious
tremor and there was a slight vibration. At 16:10, a strong
rockburst event occurred 100m ahead of the headentry (2)
of panel 3103. After the rockburst, the monitored geosound
event energy and pulses lasted for nearly an hour and a half,
during which there was still a sudden release of large energy.
At the same time, the deep stress gauge stress value jumped
to 15MPa. A total of nine hydraulic support safety valves
from 115# to 125# were unloaded. The safety valves of the
entry support were all damaged due to the pressure. The dis-
tance between the floor and the roof was about 1.10m, and
the floor heave volume reached 2.70m, which is located at
the mining side. The rockburst accident area and the head-
entry damage are shown in Figure 2.

3. Laboratory Test on the Mechanical
Behaviors of Coal and Rock Mass under
Dynamic and Static Loads

In order to understand the mechanical properties of sur-
rounding rock near the rockburst accident area, the coal
mass and floor rock mass near the panel 3103 were sampled.
The mechanical properties of coal and rock mass under
static load conditions were obtained by a uniaxial compres-
sive test. Subsequently, the split Hopkinson pressure bar
(SHPB) test system was used to carry out the impact
dynamic load test, and the dynamic characteristics of the
coal and rock mass under the impact dynamic load were
further obtained.

3.1. Experimental Study on Static Characteristics of Coal
and Rock

3.1.1. Specimen Preparation. The 3-1 coal seam and floor
rock samples were cored by the SC-200 coring machine
and then cut with the SCQ automatic stone cutting machine.
Finally, the SCQM automatic cutting and grinding machine
was used to grind it to ensure that both ends of the specimen
were smooth and flat. According to the method recom-

mended by the International Society for Rock Mechanics
(ISRM), the coal and rock specimens were processed into
standard cylindrical specimens with a diameter of 50mm
and a height of 100mm. The processed coal and rock spec-
imens are shown in Figure 3.

3.1.2. Specimen Preparation. The MTS816 coal and rock
mass mechanics test system (Figure 4) was used in the uni-
axial compressive test. The system has high performance
and stable test accuracy, can collect high and low speed data,
and adopts control methods such as force, displacement,
axial strain, and lateral strain. The coal and rock specimens
were divided into two groups (represented by C and R,
respectively) before the test, with three groups in each group,
and the excess specimens were used as spares. The obtained
results are averaged in order to discriminate the mechanical
properties of coal specimens reasonably and effectively
under static conditions [17]. The test scheme is shown in
Table 1.

3.1.3. Test Results. The correlation curves of mechanical
parameters of coal and rock specimens under uniaxial com-
pressive test are shown in Figure 5. Combined with the
detailed test results (Table 2), the maximum value of the
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Planned panel 3105

Headentry of panel 3101

Headentry (1) of pannel 3103

Headentry (2) of pannel 3103

Headentry damage

Figure 2: The rockburst accident area and the headentry damage.

Figure 3: The specimens of coal and rock.
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peak strength of the coal specimen is 24.58MPa, the mini-
mum value is 17.30MPa, and the average value is
21.52MPa. The maximum value of modulus of elasticity is
2.27GPa, the minimum value is 1.59GPa, and the average
value is 2.03GPa. The maximum peak strength of the floor
rock specimen is 56.30MPa, the minimum value is
52.44MPa, and the average value is 54.61MPa; the maxi-
mum modulus of elasticity is 12.59GPa, the minimum value
is 11.58GPa, and the average value is 12.15GPa. It can be
seen that the coal and rock mass have brittle characteristics,
and compared with the coal, the floor rock is harder and the
peak strength is higher. In particular, the average modulus of
elasticity of floor rock is 6 times that of coal. The critical
stress of rockburst under such floor conditions is relatively
high. Once rockburst occurs under the action of high stress,
the released impact energy will be large, and the impact
damage will be more serious.

3.2. Experimental Study on Dynamic Characteristics of Coal
and Rock

3.2.1. Specimen Preparation. Larger bulk samples were
selected for the coal seam and floor. According to the
method recommended by ISRM, a cylindrical specimen with
a diameter of 50mm and an aspect ratio of 1 : 1 is required,
and the nonparallelism and nonperpendicularity of the end
faces are both less than 0.02mm. After drilling and grinding,
a standard cylindrical specimen with a height of 50mm and
a diameter of 50mm was obtained. All the coal and rock
specimens are shown in Figure 6.

3.2.2. Test System and Test Scheme. The impact dynamic
load test adopts the SHPB rock dynamic performance test
system (Figure 7). The whole system consists of a stress
wave-generating device, a stress transfer mechanism, and a
data acquisition and processing device. The dynamic
mechanical parameters of the specimen are obtained by pro-
cessing the stress wave signal generated by the bar. The

dynamic load is applied by the impact pressure of the
high-pressure nitrogen cylinder. Before setting the impact
pressure level, it is necessary to pretest the specimen to
obtain the minimum impact pressure at which it will fail.
When the specimen begins to have obvious macroscopic
damage, the impact pressure at this time is determined to
be the minimum impact pressure level, that is, 0.45MPa.
Subsequent impact pressure gradients were then set with
0.05MPa. The three impact pressure levels set in the test
can satisfy the strain rate required for the test. The grouping
of coal and rock specimens is the same as above, and the test
scheme is shown in Table 3.

3.2.3. Test Results. The specimens were damaged under all
loading conditions, and the dynamic stress-strain curves
are shown in Figure 8. The curve is quite different from
the stress-strain curve under static load. Under the dynamic
load, the closed time such as pores and particle spacing
inside the specimen is too short, and the characteristics of
the compaction stage of microcracks are not obvious. Mac-
roscopically, the compaction stage of the stress-strain curve
is missing, and the strain in the failure stage is large. The
detailed test results are shown in Table 4. Combined with
Figure 8 and Table 4, it can be seen that the impact pressure
has a significant impact on the dynamic mechanical behav-
iors of coal specimens. For the coal specimen, the dynamic
strength is 16.8MPa when the impact pressure is 0.45MPa.
When the impact pressure increased to 0.50MPa and
0.55MPa, the dynamic strength of the specimens increased
to 27.11MPa and 32.95MPa, which increased by 61.3%
and 96.1%, respectively. For the rock specimen, the dynamic
strength is 60.93MPa when the impact pressure is 0.45MPa.
When the impact pressure increased to 0.50MPa and
0.55MPa, the dynamic strength of the specimens increased
to 81.35MPa and 90.70MPa, which increased by 33.5%
and 48.8%, respectively. With the increase in the impact
pressure, the dynamic strength of the specimen increases
gradually, showing a distinctive effect of strain rate. After
the peak, the springback phenomenon of the rock specimen
curve is more significant. Compared with the uniaxial com-
pressive strength under static load, the dynamic strength of
the specimen has been improved, and the enhancement
degree of the rock specimen is greater than that of the coal
specimen, which indicates that the impact of the external
impact dynamic load on the floor is more significant.

In conclusion, by testing the mechanical properties of
the coal and rock mass specimen under different dynamic
and static loading conditions, it can be found that the floor
rock of panel 3103 is hard and has brittle characteristics.
At the same time, there is a long-term high stress load in
the deeply buried environment, so large amount of potential
energy is accumulated inside the floor, which provides a pre-
requisite for the occurrence of the rockburst. Secondly, the
coal and rock mass show an effect of strain rate, and its
dynamic strength increases with the increase in impact pres-
sure. When a large impact is applied, the hard floor rock
becomes the medium for energy accumulation and transfer,
which further deteriorates the mechanical conditions at the
weak point of the entry.

Figure 4: MTS816 electrohydraulic servo rock test system.

Table 1: Static test scheme.

Coal
remark

Rock
remark

Dimensions
(height × diameter) (mm)

Uniaxial
compressive test

C1 R1 50 × 100
C2 R2 50 × 100
C3 R3 50 × 100
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4. Numerical Analysis on Surrounding Rock
Behavior Evolution under Mining Influence

In this study, the FLAC3D three-dimensional model was
established for numerical simulation, the retreat mining of
the longwall panel was simulated, and the simulation of

the caving zone of the gob was realized by combining the
double-yield model.

4.1. Model Description. A numerical model that encompasses
the two longwall panels, the headentry of panel 3101 and
panel 3103, and the coal pillar has been built, as shown in
Figure 9. The model has dimensions of 350m in length,
275m in width, and 138m in height. The bottom and perim-
eter of the model use fixed boundaries. The fixed boundary
in the y-direction is 50m away from the open cut and the
mining terminal line, respectively [18]. Among them, the
longwall panel is arranged along the strike direction. Both
panels are 200m long in strike and 100m long in inclina-
tion, and the direction of mining is as shown in the figure.
In order to facilitate the analysis of the deformation evolu-
tion and plastic failure of the surrounding rock, a monitor-
ing segment is arranged in the headentry (2) of panel 3103,
and the position of the monitoring segment is 70m away
from the mining terminal line. In order to obtain the distri-
bution characteristics of the in situ stress of the panel, the in
situ stress test was carried out on the headentry (2) with a
hollow inclusion meter. The results show that the vertical
stress in the z-direction is 22.77MPa, the horizontal stress
in the x-direction is 21.93MPa, and the horizontal stress in
the y-direction is 16.44MPa. This result is approximated
and simplified, and the boundary conditions of the model
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Figure 5: Mechanical behaviors of specimens under static load: (a) coal; (b) rock of floor.

Table 2: Static mechanical parameters of the specimen.

Remark Peak strength (MPa) Average peak strength (MPa) Modulus of elasticity (GPa) Average modulus of elasticity (GPa)

C-D1 22.68

21.52

2.23

2.03C-D2 24.58 2.27

C-D3 17.30 1.59

R-D1 56.30

54.61

11.58

12.15R-D2 52.44 12.29

R-D3 55.09 12.59

Figure 6: The specimens of coal and rock.

Figure 7: Split Hopkinson pressure bar test system.
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are finally determined. Assuming that the unit weight of
the overlying is 0.025MN/m3, the top boundary of the
model is loaded with a vertical stress of 16.9MPa, and
the pressure of the overburden pressure is simulated. The
stress applied in the x- and y-direction of the model is
1.3 times the vertical stress, and the gravitational accelera-
tion is taken as 9.8m/s2. The mechanical properties of coal
and rock mass are shown in Table 5, which is estimated
from the intact rock properties using the Hoek-Brown fail-
ure criterion [19].

The model is defined as a strain softening model, and
this model has been widely accepted for the simulation of
underground coal mines [20, 21]. In the numerical simula-
tion, the consolidation behavior of the gob must be consid-
ered in order to simulate real engineering conditions. The
double-yield model embedded in FLAC3D is a well-
accepted approach for simulating the mechanical behavior

of gob under compaction [22, 23]. According to the actual
mining sequence, the panel 3101 is firstly mined in a distrib-
uted manner, and the gob is filled with a double-yield model
after 10m behind the longwall panel. After the panel 3101 is
mined, the headentry (2) of panel 3103 is excavated, and the
support is followed by the excavation. The support simula-
tion of the entry is realized by using structural elements such
as built-in cables [24], and the support design used is the
same as the field application support scheme, as shown in
Figure 10. Both rebar and cable bolts are partially grouted
with resin cartridges, and the relevant mechanical parame-
ters are shown in Table 6. For the convenience of presenta-
tion, only the support of the 2m section of the entry is
shown. After the entry excavation is completed, the retreat
mining of the panel 3103 is carried out, and the stress envi-
ronment, plastic zone, and deformation evolution character-
istics of the entry floor during the mining are studied.

Table 3: Dynamic test scheme.

Coal remark Rock remark Dimensions (height × diameter) (mm) Impact pressure (MPa)

SHPB impact dynamic load test

C-D1 R-D1 50 × 50 0.45

C-D2 R-D2 50 × 50 0.50

C-D3 R-D3 50 × 50 0.55
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Figure 8: Mechanical behaviors of specimens under impact dynamic load: (a) coal; (b) rock of floor.

Table 4: Dynamic mechanical parameters of the specimen.

Remark Impact pressure (MPa) Dynamic strength (MPa) Strain rate (s-1) Peak strain (%)

C-D1 0.45 16.80 11.97 0.00783

C-D2 0.50 27.11 17.75 0.00824

C-D3 0.55 32.95 20.91 0.01194

R-D1 0.45 60.93 34.14 0.00589

R-D2 0.50 81.35 47.27 0.00570

R-D3 0.55 90.70 52.26 0.00683
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4.2. Analysis on Evolution of Mechanical Response of
Surrounding Rock during Mining

4.2.1. The Stress Evolution of the Floor under the Influence of
Mining. The deformation and failure of the entry are closely
related to the transfer and redistribution of the surrounding
rock stress; especially in the deep high-stress environment,
the spatial distribution and evolution of the stress have a sig-
nificant impact on the deformation and failure characteris-
tics [25, 26]. For mines where floor rockburst is the main
manifestation, analyzing the evolution of floor stress under
the influence of mining will help to further grasp its inherent
disaster mechanism.

(1) Evolution of Vertical Stress of the Floor. When the panel
3103 is mined forward by 30m, 60m, 90m, and 120m, the
vertical stress distribution of the floor is shown in
Figure 11. It can be seen that as the panel is gradually mined
forward, the internal stress of the surrounding rock is read-
justed and distributed. In front of the panel and in the coal

pillar on the left side of the headentry (2), there is a vertical
stress concentration area, that is, the advanced support abut-
ment pressure area. The rock mass in the caving zone in the
gob behind the panel is gradually compacted under the
action of the overlying strata, and the phenomenon of pres-
sure relief and stress recovery occurs. As the mining distance
of the panel increases, the vertical stress in the gob increases
gradually.

A stress measuring line is arranged along the mining
direction of the panel at the coal pillar to monitor the verti-
cal stress in the stress concentration area, as shown in
Figure 12. Combining with Figure 11, it can be seen that
the mining distance has a significant influence on the verti-
cal stress concentration distribution of the coal pillar. When
the panel is mined by 30m, the stress distribution in the coal
pillar is uniform, and there is no obvious stress concentra-
tion. When the panel is mined by 60m, stress concentration
begins to appear at 5-15m in front of the panel, the stress
peak at 10m is about 40.4MPa, and the stress concentration
coefficient is 2.39. When the panel is mined by 90m, the

200 m

70
 m

Headentry (2)
of panel 3103

Panel 3101100 m
Panel 3103100 m

Monitoring
segment

138 m

350 m

275 m

Z
Y

X

Figure 9: Numerical model layout.

Table 5: The mechanical properties of coal and rock mass of modeled materials.

Lithology K (GPa) G (GPa) ρ (kg/m3) φ (°) c (MPa) σt (MPa)

Fine sandstone 3.92 2.35 2570 38 3.63 0.92

Medium sandstone 4.01 2.76 2560 39 3.99 1.10

Pebblestone 2.79 2.09 2660 40 5.02 0.85

Fine sandstone 3.32 1.992 2570 36 3.24 0.24

Sandy mudstone 2.24 2.05 2724 32 2.7 0.38

3-1 coal 3.21 0.68 1851 32 2.22 0.31

Sandy mudstone 4.71 1.57 2463 30 2.40 0.46

Fine sandstone 2.58 2.33 2560 32 2.6 0.38

Mudstone 4.71 1.57 2463 30 2.40 0.46

Fine sandstone 9.6 7.13 2720 37 4.13 1.05

Sandy mudstone 4.28 2.05 2365 33 3.12 1.31

K is the bulk modulus, G is the shear modulus, c is the cohesion, σt is the tensile strength, φ is the friction angle, and ρ is the density.
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degree of stress concentration deepens, the peak stress is
about 43.5MPa, and the stress concentration coefficient
reaches 2.57. When the panel is mined by 120m, the range
of stress concentration is further expanded, the peak stress
is about 52.7MPa, and the stress concentration coefficient
is 3.11. As the mining distance of the panel increases, the
vertical stress concentration formed in the coal pillar on
the left side of the headentry (2) increases gradually. The
peak of the advanced abutment pressure of the panel gradu-
ally moves forward, and the range of concentrated stress also
increases. Considering engineering practice, the high stress
concentration of surrounding rock in such coal pillars will
often lead to the accumulation of high strain energy, which
in turn causes the sudden release of high strain energy to
induce dynamic failure of surrounding rock [27].

(2) Evolution of Horizontal Stress of the Floor. When the
panel 3103 is mined forward by 30m, 60m, 90m, and
120m, the horizontal stress distribution of the floor is shown
in Figure 13. It can be seen that the horizontal stress distri-
bution at the roadway floor is similar, and they are all
high-level stress concentrations. As the panel is mined grad-
ually, the stress of the surrounding rock is readjusted and
distributed. The panel floor is affected by the overlying rock
collapse in the previous gob, and the stress remains at a rel-
atively small level, but it also shows the same evolution as
the vertical stress. When the panel is mined by 30m, there
is a small range of horizontal stress concentration on the
headentry (2) floor 17-27m ahead of the panel, and the
stress peak reaches 30.8MPa. When the panel is mined by

60m, the range of concentrated stress is reduced, but the
peak of horizontal stress still reaches 30MPa. When the
panel is mined by 90m, the range of the concentrated stress
remains unchanged, and the peak of the horizontal stress is
reduced to 29MPa. When the panel is mined by 120m, there
is no obvious peak of horizontal stress, and the horizontal
stress is all about 28MPa. The horizontal stress of the floor
is less affected by the panel mining, but the floor is in a
high-level stress environment for a long time, which is prone
to the phenomenon of high strain energy accumulation in
the surrounding rock. At the same time, the influence
of “creep effect” on the floor will be further enhanced
[28, 29], and its rock mass properties will be weakened,
which increases the possibility of floor rockburst.

(3) Evolution of Maximum Principal Stress of the Floor. The
distribution and evolution of the maximum principal stress
of the floor under different mining distances of the panel
are further analyzed. A cross-sectional view of the coal pillar
on the left side of the headentry (2) is cut along the mining
direction of the panel, and the stress evolution of the maxi-
mum principal stress with the panel mining is drawn, as
shown in Figure 14. It can be seen that as the panel is mined
forward, the maximum principal stress accumulation of the
floor continues to intensify. When the panel is mined by
30m, the maximum principal stress of the roof and floor is
not significantly concentrated. When the panel is mined by
60m, the stress concentration begins to appear at 10m in
front of the panel and 2m from the entry floor, and the
stress peak is about 51.1MPa. When the panel is mined by
90m, the stress concentration at the same distance ahead
of the panel intensifies, the range expands, and the stress
peak is about 56.0MPa. When the panel is mined by
120m, the stress concentration of the floor is further
improved, and the range is also expanded from the original
position to the direction away from the panel.

The stress measuring line is arranged near the coal pillar
10m from the front of the panel and 2m from the headentry
(2) floor, and the maximum principal stress distribution
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Figure 10: Design and numerical simulation of entry support design: (a) entry support design; (b) simulation of entry support design.

Table 6: The structural elements of mechanical parameters.

Type L (mm) Lr (mm) D (mm) Ft (KN)

Rebar bolt 2500 1250 22 225

Cable bolt 7500 2500 21.8 510

L is the length of the structural element, Lr is the resin grout length, D is the
diameter, and Ft is the tensile strength.
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curve of the stress measuring line is drawn, as shown in
Figure 15. Comparing the three curves when the panel is
mined by 60m, 90m, and 120m, the distribution trends
are similar and the values all increase. When the panel is
mined from 30m to 60m, the maximum principal stress

increases the most, with an average increase of about
5MPa. When the panel is mined from 60m to 120m, the
growth rate decreases, and the decline rate of stress near
the maximum principal stress peak increases.

In summary, the stress environment of the panel entry
and adjacent coal pillar floor is poor, which is significantly
affected by mining and has rapid stress drop. The stress drop
can be used to study the abutment pressure, which helps to
quantitatively analyze the sudden discontinuous behavior
of the rock [30]. Long-term high stress promotes the “creep
effect,” which in turn leads to further deterioration of the
mechanical properties of the floor. Under such conditions,
with the dynamic load disturbance such as the sudden rup-
ture and instability of the roof or the uneven stress balance
caused by other factors such as mining speed, it is very easy
to cause the occurrence of floor rockburst.

4.2.2. The Deformation Evolution of Surrounding Rock under
the Influence of Mining. To study the surrounding rock
deformation of the full section of the entry during the min-
ing, 10 displacement monitoring points are arranged in the
monitoring section, as shown in Figure 16. Deformation at
monitoring points is recorded during their entire service life,
which begins immediately after excavation and support
installation and ends when the panel is mined to the moni-
toring section. Such an arrangement is aimed at thoroughly
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monitoring the subsidence of the roof, convergence of ribs,
and heave of the floor induced by mining.

Figure 17 shows the deformation evolution characteris-
tics of the surrounding rock in the monitoring section under
different mining distances. In the figure, “displacement”
represents the amount of deformation of the entry during
the entire service period, and “deformation” represents the
amount of deformation of the entry since the start of the
mining of the panel. It can be seen from Figures 7(a)–7(d)
that the overall deformation evolution of the roof and ribs
is similar, and the deformation rate is increasing. After the
mining, the deformation rate of the roof and the ribs began
to increase, but the growth rate is slow; when the panel is
mined to 40m from the monitoring section, the deformation
rate increased significantly and was proportional to the
mining distance of the panel. When the panel is mined to
the monitoring section, the service life of the entry in the
monitoring section will be terminated. At this time, the
maximum deformation of the roof and the ribs is about
572mm and 516mm, respectively. The maximum deforma-

tions affected by mining are 197mm and 173mm, account-
ing for 34.4% and 33.5% of the total deformation.
Comparing the deformation patterns of the roof and ribs
during the mining, the roof sinks uniformly and symmetri-
cally, and the deformation rate of each monitoring point is
the same. The ribs show that the side of the coal seam is
more significantly affected by the mining. With the mining
of the panel, the deformation rate of the side of the coal seam
is greater than that of the coal pillar.

It can be seen from Figures 7(e) and 7(f) that the deforma-
tion evolution of the floor is different from that of the roof and
the ribs. As the mining progresses at each monitoring point of
the floor, the overall deformation shows a trend of a slight
decrease at first and then a rapid increase. During the distance
from the mining panel to the monitoring section from 110m
to 30m, affected by the overall subsidence of the stratum, the
floor angles on the left and right sides slowly sink. And the
heave of the floor was reduced; the maximum reduction
amounted to 14mm, while the heave at the two monitoring
points in the middle remained unchanged basically. From
30m to 0m, the deformation rate accelerated, and the heave
of the floor at each monitoring point increased nonlinearly
and suddenly. The maximum deformation of the floor is
341mm, of which the maximum deformation caused by min-
ing is 142mm, accounting for 41.6% of the total deformation.
The heave of the floor is mainly near the centerline, and the
deformation of the floor angles is small.

In conclusion, the surrounding rock deformation of the
entry floor is more sensitive to panel mining. When the
panel is far away from the monitoring section, the deforma-
tion of the surrounding rock is dominated by the slow sub-
sidence of the roof and the horizontal movement of the
ribs, and the floor is not deformed basically. The surround-
ing rock has the characteristics of long continuous deforma-
tion and stable growth rate. When the panel is mined to the
vicinity of the monitoring section, the “mutation” character-
istic of the floor heave of the panel entry is apparent, and the
deformation rate of the floor increases rapidly and is higher
than that of the roof and ribs.

4.2.3. The Plastic Failure Evolution of Surrounding Rock
under the Influence of Mining. After the entry is excavated,
the state of original stress is broken, which makes the surface
of the entry and the shallow surrounding rock prone to plas-
tic failure and converges into the roadway space. Therefore,
the expansion range of the plastic zone can be used as an
effective index to measure the stability of the surrounding
rock of the entry. Figure 18 shows the distribution of the
plastic zone in the monitoring section under different min-
ing distances. It can be seen that when the panel is mined
from 30m to 60m, the range of the plastic zone of the roof,
floor, and coal pillars remains basically unchanged, the
plastic zone of the coal seam extends to the deep, and the
damage degree expands from 3.5m to 4.3m, an increase of
22.8%. When the panel is mined from 60m to 90m, the
range of the roof and floor remains unchanged, and the
damage degree of the coal pillar expands from 4.1m to
4.9m, an increase of 19.5. When the panel is mined from
90m to 120m, the range of the coal pillar and coal seam is
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Figure 16: Layout of monitoring points.
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larger and the distribution is wider. The damage degree of
the coal pillar expanded from 4.9m to 5.8m, an increase of
18.3%, and the damage degree of the coal seam expanded
from 4.1m to 6.0m, an increase of 46.3%. The failure
damage of the roof and floor are further increased, and the
overall failure trend is inclined to the mining side.

The results show that under the influence of mining, the
range of the plastic zone of the ribs expands, and the range
of the roof and floor remains basically unchanged. The entry
and the longwall panel cut the coal seam to form an isolated
coal body. Under the combined action of self-weight stress

and tectonic stress, the clamping effect of the coal body is
enhanced, thereby accumulating higher energy and forming
a high-stress isolated coal body. With the mining of the
panel, the mining-induced stress concentration of the coal
body increases, and the mechanical properties of the local
coal body are weakened. The high abutment pressure of
the coal pillar propagates in the floor, further exacerbating
the stress condition of the floor.

4.3. Field Validation. In order to validate the numerical
results, a field test has been carried out at the headentry
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(2) of panel 3103, as illustrated in Figure 19(a). Multiple
deformation monitoring stations have been built in a moni-
toring section, and average deformation of the monitoring
data is shown in Figure 19(b). Note that the deformation
data starts from the beginning of the retreat mining of panel
3103. Since the station monitors the variation during the
monitoring time instead of the total deformation, it is more
reliable to analyze the deformation rate. The results show
that the deformation of the roof and floor is small, and the
deformation rate of the floor has an increasing trend. In
the early stage of monitoring, the rate of roof sag (1.9-
2.3mm/d) is higher than the rate of floor heave (0.9-
1.3mm/d), but in the late stage of monitoring, the rate of
floor heave is consistent with it (5.8-6.7mm/d). The field
monitoring results suggest that the deformation amount of
entry is small and the deformation rate of the floor increases
rapidly.

While these results are not directly comparable with the
numerical results, they are still consistent with the trend
obtained from numerical simulation and hence serve to val-
idate the model. In addition, it should be noted that it is
extremely difficult to directly simulate the rockburst phe-
nomenon with the finite difference method, but the numer-
ical analysis on the surrounding rock behaviors under the
effect of retreat mining is still essential for the rockburst
potential analysis in this presented case.

5. Discussion on the Rockburst Mechanism of
Panel 3103

The mechanical properties of the surrounding rock and the
stress environment of the deep entry determine that its
own stability is more sensitive to external influences than
the shallow ones [31]. Whether it is the mining activity
under the near-field condition or the dynamic load distur-
bance under the far-field condition, it will inevitably affect
the coal-rock mass system around the entry [32]. Combined
with the laboratory test, numerical simulation, and field
practice, the rockburst of the headentry (2) of the panel

3103 occurred repeatedly during the mining; its reasons
are as follows.

First of all, the overlying rock layers on the panel are
mostly coarse/medium sandstone with a thickness of 25-
58m. There is no weak rock layer between the multilayer
sandstones, and the formed composite hard and thick rock
layer is not easy to collapse, and it is easy to form a large-
area cantilever roof structure. In addition, the unreasonable
coal pillars between adjacent panel 3101 leave the coal and
rock mass around the panel in a state of high abutment pres-
sure, and the abutment pressure has a large influence range.
The occurrence of rockburst is the result of multiple factors,
but it is undeniable that the nature of surrounding rock is
the most basic and most important factor. Based on the
results obtained in the laboratory tests, the tendency for
rockburst to occur can be further clarified. The uniaxial
compressive test shows that the coal and rock mass near
the panel has brittle characteristics, and the floor rock is
harder and stronger than the coal seam. This provides
mechanical conditions for the accumulation and transfer of
energy [33–35]. The SHPB impact dynamic load test shows
that the strength of coal and rock mass under dynamic load
is higher than that under static load. In particular, the
dynamic strength of the floor rock under each impact pres-
sure is larger than that of the coal. This indicates that the
floor rock mass is more sensitive to dynamic load distur-
bance. Under the influence of high horizontal stress, the
floor accumulates more elastic energy. When receiving the
external disturbance, the horizontal stress of the floor of
the entry increases instantaneously to reach the failure
strength of the floor rock. If the floor structure cannot resist
the horizontal extrusion, a large amount of floor heave will
be generated. Secondly, affected by the mining of the adja-
cent panel, the stress in the surrounding rock of the entry
and the advanced abutment pressure of the panel are super-
imposed, resulting in a further increase in the stress concen-
tration and the deterioration of the stress environment of the
surrounding rock. The long-term high-stress environment
increases the “creep effect” on the coal and rock mass, which
in turn weakens its ability to resist external dynamic load
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disturbances. In particular when the panel is mined until the
strike length is equal to the inclination length, that is, the panel
is square, the overlying rock movement is active [36]. The
dynamic load disturbance caused by the fracture and caving
of the overlying stratamakes the high stress of the entry release
unevenly, which is prone to rockburst instability.

To sum up, under the influence of large burial depth,
wide coal pillar, mining-induced stress, and roof breaking,
the entry is in a state of high static load and strong
disturbance and has already met stress conditions, energy
conditions, and induced conditions for rockburst. In the
structure of “roof-rib-floor” of the entry, the floor has no
support, which provides a weak surface and space for the
concentrated release of energy. Once the energy accumu-
lated in the floor reaches the critical value of rockburst insta-
bility, the stress balance of the surrounding rock of the entry
is broken, prompting the sudden release of the high elastic
energy of the floor, which will lead to dynamic disasters such
as rockburst. Based on the above analysis, the accumulation
of high stress and dynamic disturbance should be avoided.
In the follow-up prevention and control, it can be consid-
ered from the pressure relief of the roof and coal by drilling,
improving the layout of the entry, and strengthening the
floor.

6. Conclusion

(1) The mechanical properties of the coal and rock mass
near the panel were obtained based on the laboratory
tests under different dynamic and static load
conditions. The results show that the floor rock has
high compressive strength and brittle characteristics.
Under the action of impact dynamic load, its
dynamic strength is positively correlated with impact
pressure, and the high elastic energy accumulation
and high-stress transfer of hard rock provide the
mechanical premise for rockburst

(2) Based on the numerical simulation of panel mining,
under the influence of wide coal pillars and panel
mining, the floor stress of entry presents the charac-
teristics of large-scale and high accumulation. The
vertical stress and the maximum principal stress of
the floor are concentrated in the coal pillar along
the entry, and the horizontal stress is concentrated
in the entry floor, and the degree of each stress con-
centration increases with the panel mining. During
the mining of the panel, the deformation rate of the
roof and the ribs of the entry is stable, while the floor
has the phenomenon of rapid heave of floor. The
range of the plastic zone in the ribs is significantly
affected by mining and gradually expands to the
deep part of the surrounding rock

(3) The entry under high stress is more sensitive to
external disturbance, and the weak links of the
surrounding rock system are more easily damaged.
With the engineering disturbance and roof breaking
caused by the panel mining, the system was affected

by the strong dynamic load disturbance. The floor
lacks pressure relief and support means, which often
becomes a breakthrough for rockburst. Once the
limit equilibrium state of the floor is broken, sudden
instability will occur, which will lead to the rockburst
of the floor
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