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In order to analyze the impact of compound breakage of key strata on overlying strata movement and strata pressure behavior
during the fully mechanized caving mining in shallow and extremely thick seams, this paper took the 1322 fully mechanized
caving face in Jindi Coal Mine in Xing County as the engineering background. Under the special mining and geological condition
mentioned above, UDEC numerical simulation software was applied to research the engineering problems, and results of
numerical simulation were verified through the in-site measurement. The research results showed that during the fully
mechanized caving mining in shallow and extremely thick seams, the inferior key strata affected by mining movement behaved in
the mode of sliding instability and could not form the stable structure of the voussoir beam after breaking and caving. In addition,
the main key strata behaved in the mode of rotary instability, and the caving rocks behind the goaf were gradually compacted
because of the periodic instability of the main key strata. With the continuous advance of the working face, the abutment pressure
of the working face was affected by the compound breakage and periodic instability of both the inferior key strata and the main key
strata, and the peaks of the abutment pressure presented small-big-small-big periodical change characteristics. Meanwhile, the
risk of rib spalling ahead of the working face presented different levels of acute or slowing trends. The actual measurement results
of ground pressure in the working face showed that, in the working process, the first weighting interval of the inferior key strata
was about 51 m and its average periodic weighting interval was about 12.6 m, both of which were basically consistent with the
results of numerical simulation. The research has great significance in providing theoretical guidance and practical experience for
predicting and controlling the ground pressure under the similar mining and geological conditions.

1. Introduction

Many areas in the west of China, mainly including Xinjiang,
Inner Mongolia, and Shaanxi and Shanxi provinces, are rich
in coal resources, accounting for 81.3% of total national
resources. Among these coal resources, the reserve of both
thick and extrathick coal seams take up more than 44% of
total reserves, which has laid a solid foundation for safe and
efficient production of coal resources and rapid economic
development [1-3]." With the implementation of the

national strategy for developing the western areas, the
exploitation scale of coal resources in these areas has
gradually expanded, and shallow-buried working face are
becoming increasingly common [4-6]. At present, the Xing
County mining area in Shanxi province which is under
development has a total reserve of approximately 39.639
billion tons, and its average seam thickness is 12 m, which is
regarded as extrathick coal seam. The distinguishing fea-
ture of occurrence of coal seam in the Xing County mining
area is shallow-buried depth and thicker loess layers above
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the bedrock, which is similar to that in the adjacent Shenfu-
Yuheng mining area, but also has significant differences. As
for the Xing County mining area, the buried depth of coal
seam is deeper than that in the Shenfu mining area, and the
thickness of both coal seam and bedrock is larger than that
in the Shenfu mining area, which belongs to the sandy-soil-
rock-type bedrock coal seam with shallow-buried depth
and thin thickness [7, 8]. Under the special mining and
geological condition in the Xing County mining area, both
the movement and breakage law of overlying strata and the
pressure behavior law of stope in the mining process of
shallow and extremely thick seams are significantly dif-
ferent from those in conventional mining.

At present, many scholars have conducted extensive
research on the breaking mechanism and pressure be-
havior law of key strata in overlying strata under the
conventional mining condition of shallow coal seams. Lai
et al. studied the coupling mechanical properties of the
“support-surrounding rock” in the large-height working
face with shallow-buried and extremely thick coal seam
and obtained the features, mainly including period, in-
tensity, and range, of the pressure behavior of the roof in
the large-height working face with shallow-buried depth
and extremely thick seam [9]. Aimed at the fact that the
key strata of shallow-buried seams in the Shendong
mining area are easy to cave and cause many problems,
such as roof failure due to weighting over great extent and
dynamic hazards. Jiang et al. studied the initial breaking
characteristics and caving mechanism of the key strata in
shallow coal seams [10]. Xie and Zhao took the Qianshuta
coal mine as the research background, and an integrated
method, mainly including numerical simulation, theo-
retical analysis, and on-site measurement, was used to
study caving feature and structure feature of the top coal
during fully mechanized top-coal caving mining in the
shallow-buried, hard, and extremely thick coal seam [11].
Wang et al. took the geological condition of the fully
mechanized working face with a high mining height in the
Sandaokou coal mine as the engineering background, and
similar material simulation was applied to research the
breaking laws of the key strata in the working face with
large mining height and approximate shallow depth [12].
Yang [13] carried out research on the mechanisms of
large-scale roof cutting and support crushing and pressure
behavior law of the working face in the process of high-
intensity exploitation of shallow-buried coal seams. Liu et
al. built the height control model of the water-flowing
fractured zone based on the background of a shallow thick
coal seam in North Shaanxi. Through the experimental
simulation and analysis of rock bearing capacity and
fracture evolution rule, the control model of structural
stability of the key strata layer was built and the effective
protection of the coal seam in northern Shaanxi was re-
alized [14]. Ju and Xu studied surface stepped subsidence
related to top-coal caving longwall mining of extremely
thick coal seam under shallow cover. The formation
mechanism of the surface stepped subsidence case was
explained. The surface subsidence profile after the sequent
mining activity was" predicted. The possible controls of
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the stepped subsidence were lastly proposed [15]. Wang
et al. took the Shendong coal mine as the research
background and investigated the form and stability of the
roof-bearing structure of a shallow coal seam under
longwall mining, in order to determine the fundamental
mechanism of roof step-form subsidence [16].

The research mentioned above is mostly based on the
engineering condition of coal seams in the Shenfu-
Yongheng mining area in China, the breaking mecha-
nism of the key strata and pressure behavior law in the
mining process of shallow-buried coal seams have been
studied. However, there is little research on the influence of
compound breakage of the key strata on the movement of
overlying strata and pressure behavior law under the
special mining and geological condition in Xing Country
mining area. This paper takes the 1322 fully mechanized
caving face of Jindi Coal Mine in Xing County mining area
as a case study, and some research is conducted on the
problems mentioned above. The research results are of
great significance to enrich mine pressure theory and
provide guidance for mine pressure control under similar
mining and geological conditions.

2. Engineering Background

The Xing County mining area is located in the Lvliang
mountain system and presents the typical landscape of Loess
Plateau. The geographical location is shown in Figure 1. The
coal seams of Xing County mining area mainly characterize
sand-base bedrock with a shallow-buried depth and thin
thickness, and the main structure of overlying strata is
characterized by loess-thin bedrock-seam structure. In ad-
dition, the main feature of this type of overburden strata
structure is that most of the loose layers of the quaternary
system are made up of loess layers with large thickness, and
the components of bedrock are mainly sandstone and
mudstone. The 1322 working face of the Jindi Coal Mine in
the Xing County mining area is located in the north-central
region of the minefield, with 1324 working face in the west,
the boundary pillar in the north, the industrial square pillar in
the south, and the goaf of 1313 working face, south trans-
portation roadway, and other major roadways in the east. The
profile of 1322 working face is shown in Figure 2. The main
exploiting seam at 1322 working face is 13# coal seam with a
buried depth of 258 m~329.3 m, which is a shallow-buried
coal seam; the thickness of coal seam is 8.8~13.65 m with an
average thickness of 11.9 m, which belongs to extremely thick
coal seam. The fully mechanized top-coal caving mining
method was used to exploit the 13# coal seam with a mining
height of 3.2 m and a roof caving height of 8.7 m. The inclined
length of the working face is 180 m, and the strike length is
1230m. The dip angle of the coal seam is 18°~25" with an
average angle of 22°, which is a gently inclined coal seam. The
thickness of immediate roof is 0.8~2 m. The immediate roof
mainly consists of sandy mudstone, mudstone, and siltstone
with sandstones distributing locally; the basic top is made up
of medium-coarse sandstone; the floor is mainly made up of
fine-grained sandstone, mudstone, and sandy mudstone.
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FiGURE 1: The geographic location of Jindi Coal Mine.
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FIGURE 2: Overview of the 1322 working face at Jindi Coal Mine.

3. The Establishment of Numerical Model and
Simulation Scheme

This paper took the 1322 fully mechanized caving mining face
in Jindi Coal Mine as the engineering background, and the
UDEC discrete element numerical model was established to
study the movement law and pressure behavior law of over-
lying strata in the stope under the special mining and geological
condition of sallow-buried and extremely thick coal seam.

Taking the 1322
di Coal Mine as

the engineering background, the UDEC numerical simulation
software was used to establish a discrete element numerical
model to research the overlying strata movement and pres-
sure behavior of the working face under the condition of the
tully mechanized top-coal caving mining face in the shallow-
buried thick coal seam. The length and height of the model
were 500 m and 120.6 m, and the average buried depth of the
coal seam was 266.6 m. As for the numerical model, a total of
17 layers of strata which contained both coal and roof and
floor were established, and the topsoil layer was simplified and
replaced by an equivalent stress of 2.63 MPa. Considering the
influence of the mining boundary, boundary protection
pillars with a thickness of 100 m were remained on both sides
of coal seams. The horizontal constraint was imposed on the
left and right boundaries of the model, and the vertical
constraint was imposed on the bottom boundary of the
model. The model was divided into 7871 blocks, 35874 cells,
and 44648 nodes. According to the key strata theory [17-20],
it could be obtained that there were two layers of the key strata
within the coal-bearing strata. The main key strata of the
overlying strata is the 9th layer of fine sandstone above the 13#
coal seam, and the inferior key strata is the 2nd layer of
gritstone above the 13# coal. The subsidence monitoring lines
of overburden strata were, respectively, placed in the main
and inferior key strata, and vertical monitoring lines of stress
were arranged in the immediate roof. The numerical model
established and boundary conditions are shown in Figure 3.

3.2. Selection of Mechanical Parameters. The physical and
mechanical parameters of each stratum applied in the nu-
merical model were measured by experiments in the labo-
ratory, as are shown in Table 1. The mechanical parameters
of jointed rock mass are shown in Table 1.
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FIGURE 3: Schematic diagram of the numerical model and boundary conditions.
TaBLE 1: Coal and rock interface mechanical parameters used in the model.
. Normal Shear . . o Tensile

Strata number Lithology stiffness (GPa)  stiffness (GPa) Cohesion (MPa)  Friction angle (°) strength (MPa)
1 Sandy mudstone 1.0 2.5 0 10 0
2 Siltstone 3.5 7.2 0 23 0
3 Sandy mudstone 1.0 2.5 0 10 0
4 Medium sandstone 35 7.0 0 20 0
5 Siltstone 35 7.2 0 23 0
6 Fine sandstone 4 8.2 0 22 0
7 Gritstone 3.6 8.0 0 14 0
8 Mudstone 0.6 2.3 0 20 0
9 Medium sandstone 35 7.0 0 20 0
10 Sandy mudstone 1.0 2.5 0 10 0
11 Siltstone 35 7.2 0 23 0
12 Mudstone 0.6 2.3 0 20 0
13 Gritstone 3.6 8.0 0 14 0
14 Sandy mudstone 1.0 2.5 0 10 0
15 Coal 0.5 2.0 0 16 0
16 Fine sandstone 4 8.2 0 22 0
17 Sandy mudstone 1.0 2.5 0 10 0

3.3. Numerical Simulation Schemes. This paper mainly
researched the movement law and pressure behavior law of
overburden strata at fully mechanized caving face with
shallow-buried and extremely thick coal seam. As the fully
mechanized top-coal caving face with shallow-buried and
extremely thick coal seam continuously advanced, the
emphasis of the research was to simulate the breaking law of
the key strata at the fully mechanized top-coal caving face
with shallow-buried and extremely thick coal seam and the
pressure behavior law caused by the breakage of the key
strata.

In the process of numerical simulation, the length of
excavation was 10m every time and the total length of
excavation was 300 m. The specific process of simulation is as
follows:

(1) The initial stress calculation function of UDEC was
1d to simulate the
ore excavation.

(2) Under the effect of the initial stress field, the

movement and deformation characteristics and the
pressure behavior law of overlying strata in the
mining process of shallow-buried and extremely
thick coal seams were simulated. A method of
continuous excavation was applied in the simulation,
and the length of excavation was 10m every time,
with a total excavation length of 300 m.

(3) At different advance distances of the working face,

the movement, caving characteristics, and stress
distribution of the overlying strata were compared
and analyzed.

(4) The monitoring data of the survey lines #1 and #2

arranged in the main and inferior key strata were
extracted, and based on the data obtained, the
subsidence curves of the main and inferior key strata
under the condition of different advance distances of
the working face were respectively drawn; the
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monitoring data of the survey line #3 placed in the
immediate were extracted, and based on the data
gained, the vertical stress curves of the survey line #3
under the condition of different advance distances
were drawn. By comparing and analyzing the curves
drawn, some conclusions could be obtained.

4. Study on Strata Pressure Behavior

4.1. Analysis of Overlying Strata Movement. Monitoring data
of survey lines #1 and #2 placed in the inferior key strata and
the main key strata were extracted, and subsidence curves of
the inferior key strata and the main key strata under the
condition of different advancing distances of the working
face could be obtained, as are shown in Figures 4 and 5,
respectively.

It is shown in both Figures 4 and 5 that when the
continuous advance distance of the working face was 20 m,
there was no obvious subsidence for the inferior key strata
and there was almost no subsidence for the main key strata.
When the working face advanced 50 m, the subsidence of the
inferior key strata increased to 11 m, meaning that the in-
ferior key strata caved for the first time. At the moment, the
subsidence of the inferior key strata beside the working face
rose dramatically to 8.5m. It could be obtained that the
inferior key strata showed the characteristics of sliding in-
stability. There was no obvious subsidence for the main key
strata, with only 0.3m. When the continuous advance
distance of the working face reached 70 m, the maximum
subsidence of the inferior key strata was 11.5m, which
meant that the inferior key strata occurred the periodical
caving for the first time. It could be obtained from the
subsidence curves of the inferior key strata that the inferior
key strata showed the characteristics of sliding instability at
this time. In addition, the subsidence of the main key strata
increased to 0.8 m. When the working face advanced 90 m,
the inferior key strata occurred the periodical caving for the
second time, and its subsidence was 12 m. Compared to the
subsidence of the main key strata with the advance distance
of 70m, the subsidence of the main key strata with the
advance distance of 90 m increased to 3 m, rising by 2.2m
and with an increment of 275%. At this time, the main key
strata broke for the first time and they showed the char-
acteristics of rotary instability. When the continuous ad-
vance distance reached 110 m, the maximum subsidence of
the inferior key strata and the main key strata was 11.5 m and
4.2 m, respectively. Compared to the subsidence of the main
key strata with the advance distance of 110 m, the subsidence
of the main key strata with the advance distance of 150 m
increased by 1.8 m, with an increment of 43%, which meant
that the main key strata occurred the periodical breakage for
the first time and they showed the characteristics of rotary
instability. When the continuous advance distances of the
working face were 200 m and 300 m, the maximum sub-
sidence of the main key strata was 8.8 m and the subsidence
of the inferior key strata also rose, meaning that the caving
rockslocatedrat the rear of the goaf were gradually com-
pacted with the periodical instability of the main key strata.

Working face advancing direction (m)
0 50 100 150 200 250 300 350 400 450 500

0 " "
-1 4
-2
-3 4
—~ 44
E 5]
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—— 20m —— 110m —— 200m
—— 50m —— 150m —— 240m
—— 70m —— 170m —— 300m
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FIGURE 4: Subsidence curves of the inferior key strata.

Working face advancing direction (m)
0 50 100

150 200 250 300 350 400 450 500

Convergence (m)

9L
—— 20m —— 110m —— 200m
—— 50m —— 150m —— 240m
—— 70m —— 170m —— 300m
—— 90m

FIGURE 5: Subsidence curves of the main key strata.

4.2. The Impact of Key Strata Compound Breakage on the
Strata Pressure Behavior. The plastic zone distribution of
surrounding rocks in the working face under the condition
of different advance distances of the working face is shown in
Figure 6. The advanced support pressure and the subsidence
of the main key strata under the condition of different
advance distances are shown in Figure 7.

It is showed in Figures 6 and 7 that with the continuous
advance of the working face, the maximum subsidence of the
main key strata showed a gradually upward trend, and the
abutment pressure ahead of the working face showed a wavy
increasing trend. To be more specific, before the continuous
advance distance of the working face reached 90 m, because
the inferior key strata had occurred the initial caving and
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FIGURE 7: The advanced support pressure and the subsidence of the main key strata.

periodical caving, the fracture in the main key strata de-
veloped, but the main key strata did not break and lose
stability, and they could still be regarded as the supporting
body of the overlying strata. At the moment, both the
maximum abutment pressure ahead of the working face and
the maximum subsidence of the main key strata increased
with a relatively slow speed. The rib ahead of the working face
had the risk of spalling. When the working face advanced
90 m, the main key strata located at the anterior and upper
side of the coal rib broke and lost the stability because of
stretching, and they broke for the first time. At this time, both
the maximum abutment pressure ahead of the working face
and the maximum subsidence of the main key strata increased
dramatically with a fast speed, which increased risk of rib
spalling ahead of the working face. After the working face had
advanced 90 m, the main key strata affected by different levels
of stretching occurred the periodical breakage. When the
working face advanced 110 m and 170 m, because the abutment
pressure ahead of the working face was affected by the com-
pound breakage and periodical instability of both the inferior
and main key strata, the maximum abutment pressure showed a
downward trend compared with that when the advance dis-
tances of the working face were 90 m, 150 m, and 200 m. The
maximum of the abutment pressure ahead of the working face
presented small-big-small-big periodical change characteristics.
Meanwhile, the risk of rib spalling ahead of the working face
presented different levels of acute or slowing trends. The
maximum of the abutment pressure occurred 10 m~40 m ahead
of the working face, with an affected area of 110 m~160 m.

5. Field Test

In the mining process of 1322 fully mechanized top-coal
caving face, the working resistance of the hydraulic support
was measured in situ. By analyzing the monitoring results of
working resistance of 4 supports placed at 1322 fully
mechanized top-coal caving face, the working resistance
distribution of 4 supports could be obtained along with the

continuous advance of working face at the initial mining
stage, as are shown in Figure 8.

It could be concluded from Figure 8 that with the
continuous advance of the working face, the working re-
sistance of the hydraulic support increased steadily. When
the advance distance of the working face reached 50 m, the
working resistance values of the 25#, 50#, and 60# supports
soared, which were close to the rated working resistance of
the hydraulic support. This meant that the inferior key strata
of the working face collapsed for the first time, resulting in
hydraulic supports placed at the working face crushing with
a large area. The first weighting interval of the inferior key
strata was about 51 m, which was basically consistent with
the results obtained from numerical simulation.

The working resistance distribution of the 4 hydraulic
supports along with the advance of the working face at the
normal mining stage is shown in Figure 9.

It could be obtained from Figure 9 that, at the normal
mining stage, when the working face advanced from 567.9 m
to 698.3m with advance distance of about 130m, the
working resistance of 4 hydraulic supports occurred the peak
pressure for 8~10 times, meaning that the roof regularly
broke and caved for many times. The average periodical
weighting interval of the roof at the 25# and 50# support was
about 15.1 m and 12.1 m, respectively. The average periodical
weighting interval of the 4 supports was about 12.6 m. There
was no significant difference in the average periodical
weighting interval of each support. The pressure duration of
the roof in the middle of the working face was relatively
longer, while the pressure duration of the head and tail was
relatively shorter.

6. Conclusion

This paper took the 1322 fully mechanized caving face in
Jindi Coal Mine in Xing County as the engineering back-
ground. Under the condition of different advance distances,
UDEC numerical simulation software was applied to analyze
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overlying strata movement and strata pressure behavior
during the fully mechanized caving mining in shallow and
extremely thick seams. The impact of compound breakage of
both the inferior and main key strata on strata pressure
behavior was analyzed, and the results of numerical simu-
lation were verified by in situ measurement. The conclusions
are as follows:

(1) After the inferior key strata above fully mechanized
caving face in shallow and extremely thick seams
broke and caved, they could not form stable block
structure of the voussoir beam. The initial caving
distance of the inferior key strata was 50 m, and the
inferior key strata presented the characteristics of
sliding instability. In addition, their periodical caving
distance was about 20 m and showed the character-
istics of sliding instability of the step voussoir beam.

(2) The initial and periodical caving distances of the main
key strata above fully mechanized caving face in shallow
and extremely thick seams were about 90 m and 50 m
respectively, presenting the characteristics of rotary
instability. The caving rocks behind the goaf were
gradually compacted because of the periodic instability
of the main key strata. With the continuous advance of
the working face, the maximum subsidence of the main
key strata showed a gradually increasing trend.

(3) With the continuous advance of the working face,
the abutment pressure ahead of the working face
presented a wavy increasing trend. After the working
face had advanced 90m, because the abutment
pressure ahead of the working face was affected by
the compound breakage and periodical instability of
both the inferior and main key strata, its maximum
presented small-big-small-big periodical change
characteristics. What is more, the risk of rib spalling
ahead of the working face presented different levels
of acute or slowing trends. When the main key strata
occurred the initial breakage and periodical break-
age, the maximum value of the advanced support
pressure was relatively large, and the location of the
maximum was away from the working face with a
relatively large affected area.

(4) It could be obtained from the in situ measurement of
strata pressure behavior in the mining process of the
working face that the initial weighting interval of the
inferior key strata and the average periodical
weighting interval were about 51 m and 12.6 m, re-
spectively, which were consistent with the results
obtained by numerical simulation.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.

Advances in Civil Engineering

Acknowledgments

This work was supported by Independent Research Projects
of State Key Laboratory of Coal Resources and Safe Mining,
CUMT (SKLCRSM18X004), the National Natural Science
Foundation of China (no. 51774269), the National Key R&D
Program of China (2018YFC0604705), and China Schol-
arship Council (CSC).

References

[1] J. M. Li, Y. L. Huang, Z. W. Chen, M. Li, M. Qiao, and
M. Kizil, “Particle-crushing characteristics and acoustic-
emission patterns of crushing gangue backfilling material
under cyclic loading,” Minerals, vol. 8, no. 6, p. 244, 2018.

[2] W. Q. Peng, “Study on the failure of overlying rock in mining
shallow thick coal seam by slicing method,” Dissertation,
Xi’An University of Science and Technology, Xi’an, China,
2006.

[3] H. Z. Song, “Study on the distribution characteristics and the
exploration and development prospect of coal resource of
China,” Dissertation, China University of Geosciences, Bei-
jing, China, 2013.

[4] J.Li, C. Liu, and T. Zhao, “Effects of gully terrain on stress field
distribution and ground pressure behavior in shallow seam
mining,” International Journal of Mining Science and Tech-
nology, vol. 26, no. 2, pp. 255-260, 2016.

[5] S. Li, C. Fan, M. Luo, Z. Yang, T. Lan, and H. Zhang,
“Structure and deformation measurements of shallow over-
burden during top coal caving longwall mining,” In-
ternational Journal of Mining Science and Technology, vol. 27,
no. 6, pp. 1081-1085, 2017.

[6] F. Wang, C. Duan, S. Tu, N. Liang, and Q. Bai, “Hydraulic
support crushed mechanism for the shallow seam mining face
under the roadway pillars of room mining goaf,” International
Journal of Mining Science and Technology, vol. 27, no. 5,
pp. 853-860, 2017.

[7] J. Zhang, X. Miao, Y. Huang, and M. Li, “Fracture mechanics
model of fully mechanized top coal caving of shallow coal
seams and its application,” International Journal of Mining
Science and Technology, vol. 24, no. 03, pp. 349-352, 2014.

[8] H.J. Luan, H. L. Lin, Y. J. Jiang et al., “Risks induced by room
mining goaf and their assessment: a case study in the shenfu-
dongsheng mining area,” Sustainability, vol. 10, no. 3, p. 631,
2018.

[9] X.P.Lai, P.F. Shan, J. W. Zheng et al., “Physical simulation on
strata behavior of large mining height fully mechanized face in
shallow-buried and thick seam,” Journal of Mining and Safety
Engineering, vol. 81, no. 3, pp. 418-423, 2014.

[10] H.]J.Jiang, S. G. Cao, Y. Zhang et al., “Study on the first failure
and caving mechanism of key strata of shallow coal seam,”
Journal of Mining and Safety Engineering, vol. 33, no. 5,
pp. 860-866, 2016.

[11] X. Z. Xie and T. L. Zhao, “Analysis on the top-coal caving
structure of extra-thick hard coalseam with shallow depth in
fully mechanized sublevel caving mining,” Journal of China
Coal Society, vol. 41, no. 2, pp. 359-366, 2016.

[12] G. Wang, H. Z. Luo, J. R. Wang et al., “Broken laws of key
strata on strata behaviors in large height fully-mechanized
face of nearly shallow coal seam,” Journal of China University
of Mining & Technology, vol. 45, no. 3, pp. 469-474, 2016.

[13] D.F. Yang, “Study on roof cut off mechanism of high intensity
mining in western shallow seam,” Dissertation, China Uni-
versity of Mining & Technology, Beijing, China, 2016.

www.manaraa.com



Advances in Civil Engineering

(14]

(15]

(16]

(17]

(18]

(19]

(20]

Y. Liu, W. P. Li, Q. Q. Wang, and S. L. Liu, “Simulation study
on fracture zone height of overlying water in mining of near
shallow buried coal seam in northern shaanxi province,”
Fresenius Enbironmental Bulletin, vol. 27, no. 6, pp. 4112—
4119, 2018.

J. Juand J. Xu, “Surface stepped subsidence related to top-coal
caving longwall mining of extremely thick coal seam under
shallow cover,” International Journal of Rock Mechanics and
Mining Sciences, vol. 78, pp. 27-35, 2015.

C. Wang, C. Zhang, X. Zhao, L. Liao, and S. Zhang, “Dynamic
structural evolution of overlying strata during shallow coal
seam longwall mining,” International Journal of Rock Me-
chanics and Mining Sciences, vol. 103, pp. 20-32, 2018.

M. Zhang, F. X. Jiang, K. Q. Li et al., “A study of surface
seismic damage boundary based on the break and movement
of extremely thick key stratum,” Journal of China University of
Mining & Technology, vol. 46, no. 3, pp. 514-520+536, 2017.
Y. L. Huang, J. M. Li, T. Q. Song, G. Kong, and M. Li,
“Analysis on filling ratio and shield supporting pressure for
overburden movement control in coal mining with com-
pacted backfilling,” Energies, vol. 10, no. 1, p. 31, 2017.

J. M. Li, Y. L. Huang, W. Y. Qi et al., “Loose gangues backfill
body’s acoustic emissions rules during compaction test: based
on solid backfill mining,” CMES-Computer Modeling in En-
gineering & Sciences, vol. 115, no. 1, pp. 85-103, 2018.

J. M. Li, Y. L. Huang, M. Qiao et al., “Effects of water soaked
height on the deformation and crushing characteristics of
loose gangue backfill material in solid backfill coal mining,”
Processes, vol. 6, no. 6, p. 64, 2018.

11

www.manaraa.com



Copyright © 2019 Junmeng Li et al. This is an open access article distributed
under the Creative Commons Attribution License (the “License”), which
permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited. Notwithstanding the ProQuest

Terms and Conditions, you may use this content in accordance with the terms

of the License. http://creativecommons.org/licenses/by/4.0/

www.manaraa.com



