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With the improvement of technology and equipment, it is preferred to adopt full-height
mining at one time when conditions permit. According to the specific geological conditions
of no. 3 coal seam in Lilou Coal Industry, the feasibility of full-height mining and top-caving
mining method for soft thick coal seam with large buried depth is analyzed by means of
theoretical analysis, numerical simulation and field application analysis, which provides
basis for the subsequent improvement of field mining method. Through the establishment
of cantilever beam mechanical model of basic roof, the influence of two mining methods on
the energy response of basic roof is analyzed. Based on the energy storage characteristics
of coal seam, roof and floor measured in the field, the intensity of energy released from
disturbed strata by two coal mining methods is analyzed. PFC2D numerical simulation was
used to compare the roof failure of the two mining methods, to monitor the change of the
stress in the coal seam after excavation, and to calculate the coal seam burial depth
suitable for a full mining height by adjusting the in-situ stress. The results show that
compared with top-coal mining, the elastic strain energy accumulated in the full-height roof
beam is more, and the energy release intensity of disturbed rock is greater. The roof crack
extension height is 9.1 m and the coal walll failure depth is 5.46 m under the condition of full
mining height at one time. The roof crack extension heightis 1.19 m and the coal wall failure
depth is 2.19 m under the caving coal mining method. In the caving coal mining method,
the stress level of the original rock is restored at 3 m in front of the coal wall, and the stress
level of the original rock is restored at 5 min front of the coal wall when the full mining height
is once taken. It is safer to adopt full-height mining method when the buried depth of coal
seam is less than 380 m. The research results can provide reference for mining soft thick
coal seam with large buried depth.

Keywords: full height mining at one time, top caving mining, cantilever beam model, elastic strain energy, coal wall
stability

1 INTRODUCTION

Li Q Wang H, Zheng X, Li K, Ji Y and
Wang Z (2022) Adaptability Analysis of
Full Height Mining at One Time of Deep
Soft Thick Coal Seam.

Front. Earth Sci. 10:862710.

doi: 10.3389/feart.2022.862710

China is rich in coal resources, and thick coal seam resources account for about 44.8% of the total
coal reserves in China. The annual output of thick coal seam accounts for 40 ~ 50% of the national
coal output, which provides energy guarantee for China’s economic development. At present, there
are three main methods for thick coal seam mining: slicing mining, full height mining at one time
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and top coal caving mining. Slicing mining has some
shortcomings, such as complex technology, low efficiency and
poor economic benefits. At present, it has been basically
eliminated in domestic mines, but the full height mining at
one time process and mining equipment are relatively mature,
which has been widely popularized and applied in China, and
the mining height has increased from the earliest 4.5 m to over
8.0 m. Typical intelligent fully mechanized mining face with
over 8.0 m mining height in Shangwan Coal Mine of Shendong
Coal Group has been successfully put into operation (Wang
et al,, 2021; He et al,, 2021; Zhang, 2020). Top coal caving
mining method has strong adaptability to coal seam occurrence
conditions, and has the advantages of full thickness mining at
one time, high production efficiency, high economic benefits,
etc. However, for hard roof, the rock strata integrity is strong
and it is not easy to fall, and the coal recovery rate is low, so
auxiliary measures such as hydraulic fracturing technology and
loose blasting can be used to enhance caving property of top
coal, and now caving property of top coal mining method is also
widely used (Hubbret and Wills, 1957; Wong et al., 2002; Zhang
et al., 2010; Wang and Pang 2018).

Although the theoretical mining height of top coal caving
mining is the same as that of full height mining at one time, the
working procedure of top coal caving mining is different from
that of full height mining at one time, and there are some
differences in the influence of the two methods on the stability
of the working face (Kong et al., 2019; Hu et al., 2018; Zhang
etal,, 2016). In recent years, scholars at home and abroad have
done a lot of research on the failure mechanism of the working
face with full height mining at one time: Hu and Jin (2006)
summarized the law and characteristics of rock pressure
behavior in full height mining at one time stope by
analyzing the field rock pressure data of the working face.
Ning (2009) established a compression bar model with one end
rigidly fixed and one end elastically fixed, and obtained the
failure mechanism of coal wall in full height mining at one time
working face. Gong and Jin (2008) established the mechanical
model of roof with full height mining at one time according to
the mechanical characteristics of rock structural plane, and put
forward the control mechanism of roof conditions in different
rock strata. Hao et al. (2004) obtained the interaction
mechanism between overlying rock movement and support
in full height mining at one time stope by studying the
equilibrium structure of overlying rock mass. Xu et al. (Xu
and Ju2011; Liang et al., 2017) found in the research that when
the mining height is increased, the fracture form of the first key
layer above the coal seam changes from “masonry beam”
structure to “cantilever beam” structure, and it is easy to
collapse suddenly to the goaf. Under the conditions of
“three soft”, thick alluvium and extra-thick hard coal seam,
the “cantilever beam” model of roof provides theoretical basis
for the stability control of coal wall and roof in full height
mining at one time working face (Liang et al.,, 2019; Zhang
etal., 2020). At the same time, Ju et al. (2013,2014, 2012) found
that the collapse form of “cantilever beam” structure of roof
strata would increase the periodic weighting interval of the
working face through similar simulation experiments, field
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measurement and theoretical analysis. Yang et al. (2020) found
through similar simulation and numerical analysis that the
increase of suspended ceiling area will lead to the increase of
cohesive energy of roof, and cohesive energy of roof is the main
reason for the failure of coal and rock mass. Feng et al. (2019)
combined theoretical analysis with on-site monitoring, and
revealed the response mechanism of mining speed to the
energy release from roof rock breaking, and found that the
energy released from hard roof breaking was positively
correlated with mining speed.

At present, the technology of full height mining at one time
of shallow coal seams in China is mature, and its application is
mainly concentrated in western mining areas, for example, the
fully mechanized working face with large mining height of 1-2
coal seams in 12,401 working face of Shangwan Coal Mine in
Shendong Mining Area (Xu et al., 2020; Yang and Liu 2020;
Zhao et al., 2021), the buried depth of coal seams is 124-244 m,
the thickness of coal seams is 7.56-10.97 m (average 9.26 m),
and the Platts coefficient of coal seams is f = 2 ~ 4. However, for
the coal seam with large buried depth, the coal seam bears the
high static load of overlying strata. Under the disturbance of
mining with full height mining at one time, roof instability and
coal wall spalling will become more frequent. When coal and
rock mass have impact tendency, the threat of dynamic
disasters such as rock burst induced by overlying high static
load superimposed with full height mining at one time
disturbance is further increased (Dou et al., 2005; Xia et al,,
2013; Liu et al., 2014; Pan 2019). At present, China is still in the
trial stage for full height mining at one time with large
buried depth, especially when the coal seam is soft, it is a
challenge to successfully implement full height mining at
one time.

In this paper, taking No. 3 coal seam of Lilou Coal Industry as
the engineering background, the energy response mechanism of
the roof is analyzed by establishing a cantilever beam model of
the roof, the stored energy of the roof of different mining
methods is compared, and the disturbed rock range of full
height mining at one time and top caving mining is analyzed
based on the field parameters. Furthermore, PEC*® numerical
software is used to simulate and analyze the instability process of
roof and coal wall in full height mining at one time and top coal
caving mining. By adjusting the in-situ stress value of the
numerical model, the crack range of roof and coal wall is
compared, and the buried depth of coal seam suitable for full
height mining at one time is analyzed by inversion. Combined
with the characteristics of on-site ground pressure behavior in
No. 3 coal seam of Lilou Coal Industry, the adaptability of full
height mining at one time in No. 3 coal seam of Lilou Coal
Industry was determined, which provided a basis for selecting
mining methods of coal seams under similar conditions.

2 CHARACTERISTICS OF STRATA
BEHAVIOR IN WORKING FACE

The No. 1303 working face (Mining No. 3 Coal Seam) of Lilou
Coal Industry is located in the middle and lower part of Shanxi
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FIGURE 1 | Coal seam histogram.

formation, and the occurrence of coal seam (No. 3 Coal Seam) is
mostly stable and its structure is relatively simple. The coal seam
thickness is 6.70 ~ 7.31 m, the average coal thickness is 7.03 m,
and the dip angle of coal seam is 4 ~ 16°, with an average of 13°.
According to the field drilling histogram, the elevation of No. 3
coal floor in 1,303 working face is -994 ~ -890m, and the buried
depth of coal seam is between 1,035 ~ 933 m. The immediate roof
thickness of coal in working face 3 is 0.96 m, and the basic roof
thickness is 8.12 m, the roof is mainly composed of medium and
fine sandstone rock groups, with siltstone and mudstone rock
groups locally. The immediate floor thickness of No.3 coal seam is
1.68 m, and the basic bottom thickness is 8.65 m, the floor is
mainly composed of medium and fine sandstone rock groups,
with siltstone mudstone rock groups locally. The coal seam
histogram is shown in Figure 1. See Table 1 for mechanical
parameters of No.3 coal seam and roof and floor strata. From the
mechanical parameters of coal seam No. 3 and roof and floor
strata, it can be found that the strength of coal seam No. 3 is low,
while the strength of roof and floor is high, which belongs to soft
and thick coal seam.

Top coal caving mining is adopted in 1,303 working face of
Lilou Coal Industry. In the process of mining, the hardness of
the immediate roof strata is low, and the strength is weak. In the
process of mining advancement, the caving increases with
mining, and the basic roof periodic weighting rule is that the
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range of 0-150 m in front of the coal wall. After weighting, when
the working face is advanced for 4-5m, obvious spalling
phenomenon occurs in the coal wall. Based on the above
data, the analysis shows that the fracture span of the basic
roof is 20-22 m, and the fracture position is about 4-5 m in front
of the coal wall. When the working face is advanced for 4-5m
after the end of periodic weighting, the coal wall is at the fracture
position, and the roof stress is concentrated on the coal wall at
this time, which leads to the phenomenon of coal wall spalling.
According to the appearance of on-site ore pressure, the
schematic diagram of the pressure process is determined as
shown in Figure 2. According to the appearance of on-site ore
pressure, the schematic diagram of the pressure process is
determined as shown in Figure 2. In the process of coal
seam mining, the immediate roof caving along with mining,
the basic roof forms a dynamic balance under the combined
action of its own weight, overlying load and the supporting force
of hydraulic support, and breaks and collapses in a cantilever
beam structure.

3 COMPARISON ANALYSIS OF ENERGY
RELEASE INTENSITY OF DIFFERENT
MINING METHODS

3.1 Comparison Analysis of Bending Strain

Energy of Basic Roof Rock Beam

The stress analysis of the basic roof in different mining methods is
shown in Figure 3. The bending strain energy of the basic roof is
analyzed by establishing a “cantilever beam” model, and the
bending strain energy in the rock beam is compared between
full height mining at one time and top coal caving mining. Under
the condition of top coal caving mining, the top-coal is released,
and the immediate roof fell as it was mined, so it is difficult for the
top coal caving mining support to exert supporting force on the
basic roof (Figure 3A), while under the condition of full height
mining at one time, the support directly exerts stress on the direct
top, and then can exert supporting force on the basic roof
(Figure 3B). Under the action of self-weight stress and
uniformly distributed load of overlying strata, the basic roof
will undergo bending deformation, and when the tensile stress
at the end of the rock beam reaches the tensile strength of the rock
strata, the rock beam will break. therefore

periodic weighting distance is between 20 and 22 m. During M

weighting, obvious weak vibration signals can be detected in the w

TABLE 1 | Mechanical parameters of coal seam and roof and floor strata in 1,303 working face.

Items ground Compressive strength Elastic modulus Poisson’s ratio Tensile strength Cohesion ¢ Friction angle
layer o (MPa) E (GPa) 1] ot (MPa) (MPa) ¢ ()
Basic roof 103.99 21.65 0.24 715 29.97 34.30
Immediate roof 23.22 26.17 0.33 4.83 7.50 29.87
No.3 coal seam 14.65 1.33 0.22 0.59 0.56 38.89
Immediate floor 35.57 26.78 0.21 3.82 6.52 26.80
Basic bottom 128.12 32.81 0.24 8.31 26.04 37.60
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FIGURE 2 | Schematic diagram of periodic weighting process. (A) Top coal caving mining. (B) full height mining at one time.

In which: R, -tensile strength of basic roof rock beam; M -
bending moment of rock beam; W -bending stiffness of
rock beam.

Contrasting the two mining methods, the bending stiffness W
and tensile strength R, of the basic roof are consistent, so the
bending moment required for rock beam fracture under the two
mining methods is consistent.

Under the condition of top coal caving mining:

1 1
My = qulf + EQll (2)

In which: M- bending moment of rock beam under top coal
caving mining condition; g;- overburden load under top coal caving
mining condition; /;- Periodic weighting step under the condition of
top coal caving mining; Q- Dead weight stress of fractured rock block.

Under the condition of full height mining at one time:

Frontiers in Earth Science | www.frontiersin.org

June 2022 | Volume 10 | Article 862710


https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles

Lietal Adaptability of Full Height Mining

A q1
o) X
O _ 4+
ft——————— ll -
j(\&{;
Ay oan oae oA av XY XY
B A A R
Dol ol ol ol
I I I I I I I I I
I I I I I I I I
I I I I I I I I I
I I I I I I I I
I I I I I I I I I
[ [ [ T T [ [ T T ]
top coal caving mining
B q>
%
%
%
%
%
L X
-
-
| T e
| :

full height mining at one time

FIGURE 3 | Schematic diagram of stress on basic top rock beam. (A) top coal caving mining. (B) full height mining at one time.
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FIGURE 4 | Comparison of primary mining range of coal seam. (A) top coal caving mining. (B) full height mining at one time.

Frontiers in Earth Science | www.frontiersin.org 5 June 2022 | Volume 10 | Article 862710


https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles

Lietal

Adaptability of Full Height Mining

< 1409 . Bagic bottom < ?]  —— Basicbotom
—=— Basic roof = —=— Basic roof

E = —— Coal seam E —— Coal seam
S 100 —— Immediate floor A < —=— Immediate floor ]
= +— Immediate roof L l =6 +— Immediate roof il
B g o 3 %
s sl 5
Z 60 <l %
g e 2
Z 40 e z s
£ o 8
g 20 2l
S

0 . , 0

0 1 2 3 4 3 0.00 0.05 0.10 0.15 0.20 0.25
Strain (¢) / 107 Strain (¢) / 107
FIGURE 5 | Experimental results of various strata simulation. (A) Model compressive strength curve. (B) Model tensile strength curve.
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1 1
Mp = quli + EQIZ — FNy (3)

In which: Mg- bending moment of rock beam under the
condition of full height mining at one time; g,- overburden
load under the condition of full height mining at one time; -
the periodic weighting step under the condition of full height
mining at one time; y- the distance between the center of
hydraulic support with full height mining at one time and the
fracture position of roof rock beam, Fy- the supporting force of
hydraulic support on the basic roof.

Due to the same bending moment required for rock beam
fracture in the two mining methods, therefore

MT =M Fthen

-2.18 1
—=— Theoretic result
-2.194 —=— Simulated result
<
S 2201
7
B -2.214
17}
=
@ 2221
[
2
5 -2.231
>
-2.24 1
-2.25 T T T T T T T T T ]
0 2 4 6 8 10 12 14 16 18 20
Model width / m
FIGURE 7 | Comparison of theoretical calculation and numerical
simulation results of vertical stress.

1 1 1 1
qulf ) QL = 5‘12’2 +3 QL - Fyy (4)

The coordinate system established in the basic top rock beam
is shown in Figure 3. Before the basic roof breaks, the formula for
calculating the bending strain energy in the rock beam is:

B lM2 (x)
Ve = JO de (5)

In which: V.- bending strain energy; E- elastic modulus; I-
moment of inertia.

Calculation formula of bending strain energy under top coal
caving mining condition is:

TABLE 2 | Input parameters of PFC?° model for each rock stratum.

Ground layer Surface gap Effective modulus Normal-to-shear stiffness
gs/mm E*/ GPa ratio k*

Basic roof 0.07 18.3 1.0

Immediate roof 0.07 19.9 1.0

Coal seam 0.07 1.05 1.0

Immediate floor 0.07 19.88 1.0

Basic bottom 0.07 24.8 1.0

Tensile strength Cohesion c/ MPa Density p/kg/m3

ot/ MPa
8.123 58.8 2,470
5.4 10.56 2,340
0.7 8.0 1,350
4.52 17.89 2,340
9.58 72.4 2,470
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TABLE 3 | Comparison between numerical simulation results and field mechanical parameters.

Ground layer Numerical simulation results

Field mechanical parameter

Compressive strength Elastic modulus

Tensile strength

Compressive strength Elastic modulus Tensile strength

a./MPa E/GPa oi/MPa o./MPa E/GPa oi/MPa

Basic roof 108.77 21.91 7.01 103.99 21.65 715
Immediate roof 23.17 26.17 4.66 23.22 2617 4.83
Coal seam 14.66 1.31 0.604 14.65 1.33 0.59
Immediate floor 35.69 26.93 39.03 35.57 26.78 3.82
Basic bottom 129.2 324 8.26 128.12 32.81 8.31
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FIGURE 8 | Fracture propagation law of two mining methods. (A) Numerical simulation results of the top coal caving mining. (B) Numerical simulation results of the
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In which: V;- bending strain energy of rock beam under top
coal caving mining condition.

The formula for calculating bending strain energy under the
condition of full height mining at one time is:

Ve = J: de

2EI
]

h
0 7

cJo(x-9)]

b {Fy[x- (L-p)]}’
2EI xJ d

2EI x ()

2

3 -y

0A
Initial rock stresses
—=— Full height mining at onc time
& -5 —=— Top coal caving mining
&
2 -10
g
@
= -154
=
=
=
2204
= S
-25 T T T T T T T T T T |
S 6 78 8 9 10 11 12 13 14 15 16
Model width / m
FIGURE 10 | Comparison of advanced stress after excavation.

In which: V,,- bending strain energy of rock beam under full
height mining at one time condition.

Because the distance y between the center point of the
hydraulic support with full height mining at one time and the
fracture position of the roof rock beam is small, and the overlying
immediate roof is soft and broken, the work done by the hydraulic
support with full height mining at one time on the basic roof is
mainly absorbed by the broken rock layer of the immediate roof,
the supporting force of the hydraulic support will not displace in
the basic roof, so the work done by the hydraulic support on the
basic roof can be ignored, that is, Eq. 7 can be simplified as
follows:
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FIGURE 11 | Fracture propagation form of full height mining at one time
after stress debugging.

2 2
Ve = le [2:xG)] dx + le [Q(x— 2l dx (8)
o 2EI 5 2EI

According to the calculation Eq. 4, when the weighting steps of the
two mining methods are the same (I, = L), then ¢, > ¢;; When the
overburden load of the two mining methods is the same (q; = g), then
L > 1.

Because g, > q; or I, > [, substituting into formulas (6) and
(8), the bending strain energy stored in the basic roof rock layer is
Ve > Vi, that is, the energy released when the basic roof breaks in
full height mining at one time is greater than that in top coal
caving mining.

3.2 Comparative Analysis of Mining

Disturbance Range

In the process of top coal caving mining, the range of mining is
small, the range of rock disturbed by primary mining is
relatively small, and the primary release strength of bending
strain energy stored in disturbed rock is relatively small.
However, in the process of full height mining at one time,
the range of mining is large, the rock strata disturbed by
mining is relatively large, and the bending strain energy
stored in the disturbed rock strata has relatively large one-
time release strength. The primary mining range of different
mining methods is shown in Figure 4.

At the same time, when the mining disturbance is large and
there is more energy released at one time (for example, periodic
weighting), the top coal in top coal caving mining is low in
strength and easy to break, which can play a good role in energy
absorption and buffering (Wang 2007). However, there is no coal
seam buffer layer when the full height mining at one time, and the
energy released at one time will directly act on the hydraulic
support and coal wall when the roof breaks, further increasing the
risk of coal wall spalling.

-8.50 4
—=— Theoretic result
-8.55 4 Simulated result
f
o
S -8.60
%
@ -8.65
3
2 .8.70
<
A
5 -8.754
>
-8.80 1
-8.85 T T T T T T T T T \
0 2 4 6 8 10 12 14 16 18 20
Model width / m
FIGURE 12 | Comparison of debugging stress debugging results of full
height mining at one time.

4 COAL WALL STABILITY COMPARATIVE
ANALYSIS

4.1 Calibration of Meso-parameters of

Numerical Model

In order to compare the stability of coal wall between the two
mining methods, numerical simulation is used for analysis.
Considering the advantages of PFC software in fracture
propagation simulation, this paper chooses PFC software
for simulation analysis. See Table 1 for mechanical
parameters of coal seam and roof and floor strata in Lilou
Coal Industry. Because there is a certain difference between
the input parameters and the output parameters in the
numerical model, before the simulation analysis, first check
the input parameters of the rock strata (Chen et al., 2018; Feng
2020).

A standard block of 100 x 50 mm is established, the model
contains 1,481 particles, and the Flat-joint contact model is
adopted among the particles, which mainly checks the
uniaxial compressive strength o, elastic modulus E and
tensile strength o, of the rock strata. By debugging the
particle surface gap, effective modulus, normal-to-shear
stiffness ratio, tensile strength, cohesion and particle
density in the numerical model, the mechanical parameters
of the numerical model correspond to the laboratory
experimental values, and the input parameters in the
numerical model of each rock strata are determined as
shown in Table 2. The simulation results of uniaxial
compressive strength and tensile strength of each rock
strata are shown in Figure 5. See Table 3 for comparison
of simulation results of various rock parameters with field
mechanical parameters. from Table 3, it can be seen that
numerical simulation results of compressive strength, elastic
modulus and tensile strength of test block are close to field
mechanical parameters, so all parameters can be used for
subsequent simulation of coal seam excavation.
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FIGURE 13 | Status of 103 fully mechanized top coal caving face. (A) Serious coal spalling. (B) Roof crushing and gangue leakage.

4.2 Establishment of Numerical Model

In order to prominent the failure process of surrounding rock
and stress evolution law of coal seam after coal seam
excavation, the model stope should be as large as possible,
and the model should be as small as possible on the basis of
eliminating boundary effect. After repeated debugging, the
model height should be 20 m and the model strike length
should be 30 m. According to geological histogram Figure 1,
the thickness of each rock strata included in the model is
determined as follows: basic roof 8.12m, immediate roof
0.96m, coal seam 7.13 m, immediate floor 1.68 m and basic
bottom 2.11m. The model contains 17,744 particles. See
Table 3 for various parameters of coal strata, and the
established model is shown in Figure 6.

4.3 Debugging of Stress Applied by

Numerical Model

The basic roof buried depth is 960.68 m, the average density of
overlying fine sandstone and mudstone is 2280 kg/m”, and the
gravity acceleration is 10 m/s”. It is calculated that the stress on
the upper surface of the model is about 21.89MPa, and the
stress increases by 0.0228 MPa for every 1 m increase in depth.
In the middle of the trend of the numerical model, vertical
stress measuring points are set from the bottom of the model to
the top of the model within 3-17 m, and the evolution law of
vertical stress in the middle of the model is monitored.
Repeated debugging confirms that 3.66 x 10°N downward
pressure is applied in the upper part of the model within
18-20m, while 2 x 10°N downward uniform pressure
(simulated stress gradient) is applied in the upper part of
the model within 0-20 m. The comparison between theoretical
estimation results (¢ = yh) and simulated results is shown in
Figure 7. The overall trend of the two results is close, but the
stress in the simulated results fluctuates. The reason for the
fluctuation is that the rock density is selected according to the
average value in the theoretical calculation, while different
rock layers are calculated according to different densities in the
simulated results. In summary, it can be seen that the modeling
method, parameter selection and external force applied of the
numerical model are reasonable, which can be used for
subsequent analysis.

4.4 Analysis of Numerical Simulation

Results

4.4.1 Analysis of Failure State of Coal Wall and Roof
Strata

Coal seam excavation starts from the left side of the model, referring
to the field stope range, which is 5 m. In the process of mining, the
coal seam mining height is 3.0 m when the top coal caving mining is
carried out, and the coal body of 7.13 m is fully extracted when the
full height mining at one time. PFC5.0 software automatically
determines the running timestep of the model as 1 according to
the contact stiff-ness and particle size between particles, and stops
running when cracks in the roof of the numerical simulation model
are through. In the process of simulation, it was found that the roof
cracks were firstly connected when the full height mining at one time
numerical simulation model ran 430 timesteps, so the two numerical
simulation models stopped after running 430 timesteps. Figure 8
shows the fracture propagation patterns obtained by simulating two
mining methods.

It can be seen from Figure 8A that during top coal caving
mining, under the action of initial rock stress and mining
disturbance stress, cracks occur in the coal body, and the
cracks form obvious up-and-down through cracks at 2.19m in
front of the coal wall, which extend to 1.19 m above the coal seam,
and the integrity of the basic roof strata upward is good, with only
a few micro cracks. It can be seen from Figure 8B that the cracks
in the coal body form obvious up-and-down through cracks at
5.46 m in front of the coal wall, which extend to the top of the
model, and the basic roof is fractured and damaged. the cracks
range of coal wall under the condition of full height mining at one
time is much larger than that during top coal caving mining, and
the damage depth of coal wall during full height mining at one
time is 2.5 times of that during top coal caving mining, and the
phenomenon of coal wall spalling is serious.

4.4.2 Comparison of Stress in Coal Seam After
Excavation

In order to compare the evolution law of coal advanced stress
during top coal caving mining and full height mining at one time,
10 stress measuring points are arranged at an interval of 1.0 mata
distance of 7 m from the bottom of the model (at a height of 3.2 m
in coal seam). The radius of measuring point is 1m, and from left
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to right, measuring point 1 is located 6 m away from the leftmost
side of the model (the left edge of measuring point 1 is located at
the coal wall), and the layout of measuring points is shown in
Figure 9. The comparison of advanced stress after excavation is
shown in Figure 10.

It can be seen from Figure 10 that stress reduction occurs
near the coal wall after top coal caving mining and full height
mining at one time. After full height mining at one time, under
the action of overburden load and excavation disturbance
load, the coal wall collapses and loses its bearing capacity. The
vertical stress obtained by monitoring the coal wall position is
0.27 MPa. With the increase of the distance from the coal wall,
the coal stress gradually recovers, and the coal stress is
restored to the original at 5m from the coal wall (about
10 m from the leftmost side of the model). After top coal
caving mining, the vertical stress obtained by monitoring the
coal wall position is about 10.2 MPa, so the coal wall has not
completely lost its bearing capacity at this time, that is, the
coal wall has not collapsed, and the coal stress has returned to
the original rock stress level at 3 m away from the coal wall
(about 8 m away from the leftmost side of the model). It can be
seen that the damage degree of coal wall in top coal caving
mining is far less than that in full height mining at one time.
When full height mining at one time occurs, the coal wall
collapses, and the stress of coal body is basically reduced to 0.
However, although a large number of cracks are developed in
the coal wall during top coal caving mining, the bearing
capacity is not lost, that is, the coal wall does not collapse.
Combined with the law of crack propagation, it is further
verified that the stability of coal wall is poor when the full
height mining at one time under this large buried depth
condition, which is not conducive to on-site safety
production.

4.5 Adaptability Analysis of Full Height

Mining at One Time

In order to study the adaptability of the full height mining at
one time, reduce the overlying load of the numerical model,
and the microscopic parameters and running time of rock
particles are kept unchanged, so as to realize that the cracks

Adaptability of Full Height Mining

The vertical stress in the middle position of the monitored
model strike is shown in Figure 12. By comparison, it is found
that the theoretical value of overlying load of coal seam is about
8.65 MPa, and the corresponding burial depth at this time is
about 380 m (the average density of overlying strata is 2280 kg/
m?, and the gravity acceleration is 10 m/s°, i = o/y). Under this
coal seam strength condition, when the buried depth of coal
seam is less than 380m, the stability of coal wall and roof
strata can be ensured by adopting full height mining at
one time.

4.6 Field Application Analysis

In the process of site mining, the 1,303 fully mechanized
caving face has a mining height of 3.0m and a coal
drawing height of 4.13m. In the middle of the face,
ZF15000/23/42 top coal caving hydraulic support and
ZFG15000/25/42H top coal caving transition hydraulic
support are used for support. Although top coal caving
mining is adopted in 1,303 working face, the phenomenon
of coal wall splints is still serious in the mining process, with
severe ore pressure, poor stability of coal wall, and serious
breakage and leakage of gangue in roof, as shown in
Figure 13Figure 13A and Figure 13B. At the same time,
weak vibration events often occur in the working face,
which affects the working face advance speed and
production efficiency. It can be seen that it is still difficult
to maintain the stability of roof and coal wall in 1,303 working
face caving coal mining, and further it can be seen that full
height mining at one time is not suitable.

5 THE CONCLUSION

1) By establishing the mechanical model of the basic roof
“cantilever beam” for comparative analysis of bending
strain energy, it is determined that the energy released
when the basic roof breaks is greater than that of the top
coal caving mining. Further comparison shows that the rock
strata disturbed by the first mining is relatively small in the top
coal caving mining, and the energy release intensity of
disturbed rock strata is relatively small.

range of coal seam and roof at the full height mining at one  2) Itis found that through cracks appear in the roof of simulated
time after stress debugging is similar to the damage result of full height mining at one time, the coal wall failure depth
full height mining at one time under the original rock stress reaches 546 m, and the coal wall collapses and loses its
condition, the coal seam depth at the full height mining at one bearing capacity. During top coal caving mining, the roof
time is applicable under this coal seam strength through stress crack extends to 1.19 m above the coal seam, and the coal wall
inversion analysis. After debugging, the model applies a failure depth is 2.19 mm. The coal wall can still exert part of its
downward pressure of 1.4 x 10°N in the range of 18-20 m bearing capacity, and its bearing stress is 10.2 MPa.

and a downward uniform pressure of 500N in the range of  3) In order to study the adaptability of the full height mining at
0-20 m, and obtains the rock strata failure range when the full one time in the field, by reducing the overlying load of
height mining at one time, as shown in Figure 11. At this time, numerical simulation model, make the development degree
the maximum failure depth of coal reaches 2.32 m in front of of full height mining at one time coal seam and roof crack after
the coal wall, and the through fracture inside the coal body coal seam excavation match with top coal caving mining. By
extends to 1.14 m above the coal seam, which is close to the comparing the simulated vertical stress with the theoretical
fracture expansion when the top coal caving mining under the stress, it is determined that the full height mining at one time
initial rock stress condition. is reliable when the buried depth is less than 380 m.
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