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During coal mining, the mechanical and deformation behavior of the overburden is affected by water and stress. Therefore, it is of
great significance to study the mechanical behavior of the surrounding rock under the action of hydraulic coupling. For high-
intensity mining with shallow coal seam and large mining and strong strata behavior in stope, the hydraulic support is often
damaged. Based on basic experiments and physical similarity simulations, overburden fracture in shallow coal seam in western
mining area under hydraulic coupling was studied. The results show that under the loading rate range of 0.5~5 mm/min, the
compressive strength of sandstone increases with the loading rate. The faster the loading rate, the shorter the duration of the
rock sample being loaded and damaged, and the fewer the acoustic emission events. The first weighting step of the main roof
of the working face is 54 m, the periodic weighting step is 12.75~28 m, and the average periodic weighting step is 22 m. There
are only caving zone and fractured zone in the overburden of working face; the height of caving zone and fractured zone is
60m and 168 m, respectively. The strength of the saturated sample is significantly reduced. During the excavation of the
working face, the temperature difference between the fracture and the overburden value is >1°C, which can be used as a

threshold for judging the development range of overburden fracture in similar simulation experiments.

1. Introduction

With the shift of China coal resource strategy, a large num-
ber of modern large scale coal production bases represented
by the Shendong mining area have emerged in Western
China. Compared with the mining areas in the central and
eastern regions, the coal deposits in this area are relatively
shallow, the thickness of the coal seam is relatively large,
and the overburden are mostly in a weakly cemented state
[1-4]. And under the conditions of high-intensity advancing
mining, more severe mine pressure manifestations and
ground subsidence changes appear. As a result, the thin bed-
rock is broken to produce fracture that penetrates the
ground and the working face, forming a water-sand inrush

breaking channel, triggering mine disasters, and threatening
production safety.

Currently, with the aid of numerical simulation, moni-
toring, theoretical analysis, and similar simulation methods,
the structural damage and fracture evolution of the overbur-
den with shallow coal seam and large mining height in the
western mining area have been studied, which monitor the
ground subsidence of the working face and the characteris-
tics of the roof pressure and analyze the dynamic changes
of the overburden [4-8]. When mining shallow and thin
bedrock coal seams, the relationship between roof geological
structure, mining space parameters, and roof stability was
obtained [9-11]. Under the strong mining disturbance
caused by high-intensity rapid mining to the migration of
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overburden, the law of failure and migration of key stratum
under the condition of shallow coal seam thin bedrock and
large mining height was established. Based on the relation-
ship between the thickness of the loose layer and the height
of the collapse arch of the overburden, the mining method to
reduce the surface subsidence and the strip mining and fill-
ing method are pointed out [12-15]. Overburden fractures
in shallow coal seam and large mining height stope often
occur during the slow mining speed period, which is similar
to the failure characteristics of bedrock materials. The stress
field of the overburden on the roof changes with time, which
in turn affects the strength of the rock and the migration
state of the overburden. Therefore, through the compressive
strength of the rock specimen taken under different loading
conditions, theoretical analysis, and field monitoring data,
the failure characteristics of the overburden in shallow coal
seam with large mining height are investigated [16-24].
Moreover, the overburden failure can be divided into two
stages. Through the insufficiency mining and the full mining
of the overburden fracture, combined with the relationship
between the overburden fracture and the tensile deformation
of the strata, with the help of the field monitoring data, the
overburden is discussed. Prediction method for the develop-
ment of fracture height in overburden was proposed
[25-28]. The failure characteristics of rock materials under
different loads are discussed. At the same time, through
physical similarity to simulate field conditions, the overbur-
den migration and evolution laws can be studied more intu-
itively fractal, and the evolution of overburden breaking
spatial structure and the occurrence of roof dynamic disas-
ters during the entire mining process are systematically stud-
ied [12, 29-35]. Most of the above is the study of the law of
overburden fault development. However, reports on the evo-
lution of overburden fractures in shallow coal seams with
large mining heights through basic experiments of infrared
monitoring physical simulation methods are limited.

Under the conditions of shallow coal seam, thin bedrock,
and large high-intensity mining, there are a large mining
space, a strong mining disturbance process, and an overbur-
den cutting subsidence, and dynamic load impact character-
istics are obvious. Therefore, this study is based on the
Shangwan coal mine in the western mining area. It is neces-
sary to combine infrared monitoring methods and indoor
similar physical simulations to study the evolution law of
overburden fractures in shallow coal seams with the large
mining heights.

2. Project Background

2.1. Geological Conditions of Coal Seam Occurrence. As
shown in Figure 1, the 12401 working face of Shangwan
mine is the first fully mechanized coal face with ultralarge
mining height in the Shendong mining area. There are mul-
tiple thick hard rock layers on the roof. The thickness is
7.95~9.25m, with an average of 8.8 m, and the inclination
angle of the coal seam is 1~3°, which is a stable to relatively
stable coal seam. Most of the ground is covered by aeolian
sand; the thickness of the loose layer and bedrock is
0~25m and 52~246 m, respectively. The mine field is mostly
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covered by loose layers. The exposed part of the bedrock has
been subjected to varying degrees of weathering and denud-
ation for a long time. The shallow bedrock is loose and frag-
ile, with low hardness, and the deep rock is dense and hard.
The lithology of coal seam no. 1-2 is mainly sandy mud-
stone, siltstone, and local fine coarse sandstone, mudstone,
and claystone. The rock is dense and hard and has good sta-
bility. The compressive strength of the roof and floor rocks
of the main mineable coal seams is also relatively large,
and the strength of the roof and floor rocks of the coal seams
is hard, and relatively stable, which is not easy to cause roof
collapse.

2.2. Characteristics of Mining pressure on Working Face. As
shown in Figure 2(a), according to the thickness of the 1-2
seam in Shangwan coal mine, the mining height is 8.8 m,
the hydraulic support is selected as ZY29000/43/92D, the
support height is 9.2m, and the minimum support height
is 4.3m. As shown in Figure 2(b), the spatial distribution
characteristics of the support resistance during the working
face advance, the roof pressure periodicity is obvious, and
the periodic weighting distance is between 12 and 25m.
The support resistance shows the characteristics of large in
the middle of the working face and small at both ends,
affected by the main roof dynamic load impact; the local
support resistance peak is obvious; the maximum load
reaches 506 bar.

3. Laboratory Experiment

3.1. Mechanical Experiment. The test rock samples were
taken from the roof of the 12401 working face of Shangwan
coal mine. Since the core sample location is the Shendong
mining area, the saturation of the sandstone rock samples
is low, and the water saturation of the sandstone was not
tested in the early stage. During the coring process, the sam-
ples were only stored with plastic films. The experimental
plan is to perform uniaxial compression tests under different
loading rates. There are 3 sets of sandstone rock samples
with 3 samples in each group, and there are 9 cylindrical
rock samples in total. Field measurements analyze the char-
acteristics of the coal mine static and dynamic loads. The
monitoring results show that the dynamic load strain rate
of coal mine mining is generally less than 10" s, and the
strain rate near the mine seismic source is 10°~107" s
[36-38]. Therefore, the stress disturbance range of coal min-
ing is 10-55'~107s™". This article set displacement loading
rate is 0.5 mm/min, 1 mm/min, and 5mm/min, and the cor-
responding strain rate is 8.3 x 105sY, 1.6x107%s!, and
8.3x 107*s!. Representative and better samples from the
rock samples of this test for analysis are selected, as shown
in Table 1. Figure 3(a) shows the experimental equipment.
The testing equipment mainly includes the testing machine
MTS universal testing machine, the maximum load is
300kN, and the load displacement range is 0.001~254 mm/
min. The monitoring equipment has a multichannel PCI-
Express 8 acoustic emission monitor, and the sensor size is
@8 x 8 mm. Using the 16-channel strain acquisition instru-
ment, the acquisition frequency is 1 MHz. Figure 3(b) shows
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F1GURE 2: Characteristics of mine pressure: (a) working face position and (b) spatial distribution of support resistance.

TaBLE 1: Physical and mechanical parameters of sandstone under uniaxial compression.

Sample Diameter Height Density (g/  Loading rate (mm/  Compressive strength Mean E Mean
no. (mm) (mm) cm®) min) (MPa) (MPa) (GPa) (GPa)
S-12 4876 100.07 238 0.5 43.33 5.55
$-22 49.11 100.66 236 55.22 51.45 6.16 5.86
S-32 49.13 100.34 238 5 55.82 5.88

the arrangement of AE sensors. The acoustic emission sen-
sors are arranged 15 cm away from the two ends of the rock
sample, and Vaseline was used as the couplant. The strain
gauges are arranged in the middle of the rock sample.
Figure 4 shows the failure modes of rock specimens under
different loading rates. Under continuous uniaxial loading,

the rock specimens occurred multiple fracture cracks,
accompanying with “X”-shaped failures.

3.2. Model Physical Parameters. In order to obtain the char-
acteristics of the migration and breaking of the overburden
of the thick coal seam, the geological conditions of the
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FIGURE 4: Failure characteristic of rock specimen under uniaxial.

Shangwan coal mine in this simulation experiment are used
as a prototype. The simulated coal seam depth is 220m,
and the coal seam thickness is 8 m. As shown in Figure 5,
the dimension of the model was 180 x20x 120cm
(length x height x thickness). Based on similarity theory
and previous related research [6, 15, 34, 35], it is determined
that the geometric similarity ratio is 200: 1 and the bulk den-
sity similarity ratio is 1.5:1. The simulation material uses
river sand, calcium carbonate, and gypsum as materials, uses
mica as auxiliary materials, and adds a certain proportion of
fly ash to the coal seam. The final determination of the phys-
ical similarity simulation material ratio is shown in Table 2.
The model only considers the weight of the overburden, leav-
ing 20 cm coal pillars on both sides to eliminate the boundary
effect. The main equipment used in the similar simulation
experiment is shown in Figures 5(b) and 5(c).

3.3. Overburden Collapse Morphology Characteristics. As
shown in Figure 6, the open cut is set at a distance of 40 m
from the boundary. When the working face is advanced to
80 m, the main roof collapses, the roof hanging distance is
50m, and the collapse height is 32m. The collapsed shape
is trapezoidal. Because the lithology of the main roof is rela-
tively hard, it is not easy to collapse, resulting in a large col-

lapse step. When the working face is advanced to 120 m, the
main roof collapsed again, the roof hanging distance is 68 m,
the collapsed height is 37 m, and basically, the roof did not
break. When the working face advances to 160 m, the main
roof collapses, the roof hanging distance is 96 m, and the col-
lapse height is 100 m. The main roof is broken, and separa-
tion fracture appears in the overburden above the main
roof. However, no supporting structure was formed but col-
lapsed into the goaf along with the fracture angle of the rock.
As the working face advances, the space of the goaf
increases, and when the overburden reaches the limit span,
the overburden breaks and fills the goaf. Due to the trapezoi-
dal collapse space of the overburden, the roof hanging dis-
tance of the overburden gradually becomes smaller as the
strata level rises. When the working face is advanced to
200m, the roof hanging distance is 110m, the collapse
height is 100m, and the main roof overburden fractured
rock blocks are arranged in an orderly manner. The overbur-
den fracture expands, the main roof is periodically broken,
and the developed fracture expands to the main roof inter-
face and penetrates the main roof to form fracture, which
weaken the load capacity of the main roof cantilever beam.
When the working face advances to 240 m, the main key
stratum is broken, the roof hanging distance is 104 m, and
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FIGURE 5: Physical model and measuring equipment.
TaBLE 2: Material ratio of physical similarity model.
Lithology Cumulative thickness (cm) Sand (kg) Lime (kg) Plaster (kg) Water (kg)
Aeolian sand 120.0 9.9 1.9 0.5 0.9
Siltstone 105.5 1.9 0.4 0.4 0.2
Fine-grained sandstone 105.0 11.6 3.8 3.9 1.4
Coarse-grained sandstone 94.5 6.6 0.9 0.7 0.6
Sandy mudstone 93.0 10.3 22 2.2 1.1
Medium-grained sandstone 85.0 11.6 24 2.5 1.2
Coarse-grained sandstone 82.0 4.4 0.6 0.4 0.4
Sandy mudstone 81.0 11.9 2.5 2.5 1.2
Fine-grained sandstone 62.5 83 2.7 2.7 0.9
Coarse-grained sandstone 60.0 13.2 1.9 1.3 1.2
Coarse-grained sandstone 57.0 9.5 3.1 3.2 1.19
Medium-grained sandstone 45.5 3.9 0.8 0.8 0.4
Sandy mudstone 44.5 5.8 1.2 1.2 0.6
Coarse-grained sandstone 43.0 9.9 1.4 0.9 0.9
Sandy mudstone 385 10.6 22 2.3 1.1
Fine-grained sandstone 27.5 7.7 2.5 2.6 0.9
Sandy mudstone 20.5 5.8 1.2 1.2 0.6
Siltstone 19.0 11.6 3.8 39 14
Sandy mudstone 15.5 3.9 0.8 0.8 0.4
Fine-grained sandstone 14.5 6.6 22 22 0.8
Mudstone 10.5 44 0.6 04 0.4
Coal 1-2 9.0 9.9 1.7 0.7 0.9
Mudstone 5.0 8.3 2.7 2.8 0.9

the collapse height is 168 m. The overburden fracture
expanded upward, the main key stratum was broken, and
the overburden of the main key stratum only produced sep-
aration fracture, and the vertical cracks did not penetrate to
the surface. When the working face advances to 280 m, the
main key stratum and overburden break sink. With the
simultaneous subsidence of the ground surface, the fracture
extends to the ground surface, and the ground collapses to
form a sinking basin. The lateral distance of the basin is
100 m, and the central subsidence value is 5m, and the col-
lapse height is 228 m.

3.4. Temperature Field Characteristics of Overburden
Fracture. As shown in Figure 7, the infrared camera is used
to monitor simulation experiments. When measuring tem-
perature, set the emissivity of the infrared camera to be the
same as the emissivity value of the material to be measured,
so that the measured value is consistent with the real tem-
perature of the measured object. Therefore, before starting
the monitoring, use a thermometer to monitor the tempera-
ture of the measured object in the room, compare it with the
temperature measured by the infrared camera, and then per-
form calibration. From the temperature field distribution of
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FIGURE 6: Evolution characteristics of overburden fracture during advancing of shallow working face.

the overburden fracture, it can be concluded that the tem-
perature of the unbroken overburden remains basically sta-
ble during the working face advance process. The
temperature distribution range of the overburden fracture
zone is 4.14~19.63°C, and the temperature difference is
15.49°C. When the working face advances from 80m to
120 m, the temperature field in the overburden fracture zone
increases slightly. When the working face advances to 160 m,
the temperature field increases in the overburden fracture
zone. When the working face is advanced to 200 m, the over-
burden fracture expands, and the temperature increase range
formed increases with the overburden fracture range.
Because the separation fracture has indoor air entering, the
overburden fracture temperature range is close to room tem-
perature. When the working face advances to 240m, the
overburden fracture expansion range increases, the increas-
ing temperature range increases, and the fracture zone is
compacted. The temperature in the compaction zone is
lower than the temperature in the fracture zone of the over-
burden. When the working face advances to 280 m, the over-
burden of the key stratum is bent and compacted, and the
temperature change range is not increased. The overburden
fracture zone under the key stratum is squeezed. The tem-
perature change range is lower than the temperature value
when the working face advances 240 m.

4. Results and Discussion

4.1. Deformation and Failure Characteristics of Roof
Sandstone. Figure 8 shows the stress-strain curves of typical
rock samples under different loading rates. It is concluded
that the deformation and failure characteristics of the rock
samples under different loading rates are basically the same
[39-41]. In the initial stage of loading, the rock sample is
the primary fracture compaction stage. The internal pores
and fractures are compacted and closed under the external
load, resulting in the rate of deformation greater than the

rate of load, and the upward concave curve shows nonlinear
characteristics. The load gradually increases, and the curve
presents an approximate linear shape. This stage is a linear
elastic stage, and a few microcracks are generated inside
the rock sample. The curve presents an upward convex
shape. This stage is the plastic stage. A large number of
cracks have sprouted inside the rock sample, and some of
the cracks are connected to each other. When the maximum
peak load is reached, macroscopic cracks are formed on the
surface of the rock sample, the rock sample is fractured
instantaneously, and the stress value drops suddenly. As
the loading rate increases, the proportion of the compaction
stage in the prepeak stage decreases. The reason is that as the
loading rate increases, the rate of the input energy absorbed
by the rock sample increases, and the rate of closure of the
internal pores and cracks in the rock sample increases,
which ultimately results in the shortening of the compaction
stage. In the loading rate range of 0.5~5 mm/min, the com-
pressive strength of sandstone increases with the loading
rate. Therefore, the mining speed will affect the development
of fractures in the overburden.

By determining the location of the acoustic emission
(AE) event, it can reflect the internal crack propagation
and evolution law of the sample to a certain extent.
Figure 9 shows the AE events of the spatial evolution of
sandstone under different loading rate. The spatial evolution
law of rock samples under different loading rates is basically
the same. The crack compaction stage is the initial stage of
loading. The original defects such as internal cracks and
pores in the rock sample are gradually compacted and
closed, and only a small number of acoustic emission events
are generated, and the amplitude range is 40~90 dB. During
the crack initiation stage, a small amount of cracks began to
occur inside the rock sample, and only a small amount of
acoustic emission events were generated, and the amplitude
range was 40~90 dB. In the stage of stable crack propagation,
the internal cracks of the rock sample develop faster and
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FIGURE 7: Evolution characteristics of overburden temperature field during advancing of working face.
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produce more acoustic emission events, and the amplitude
ranges from 40 to 100 dB. The postpeak failure stage is when
the load exceeds the peak load. Due to the instantaneous
fracture of the rock sample, some acoustic emission sensors
fall off, and only a small amount of acoustic emission is
detected.

During the entire loading process, the acoustic emission
events were concentrated in the middle of the rock sample,
indicating that the damage of the rock sample was concen-
trated in the middle of the sample. When the rock sample
is finally destroyed, there are more acoustic emission events

at a loading rate of 0.5mm/min than at 1 mm/min and
5mm/min. It shows that the faster the loading rate, the
shorter the duration of the rock sample being loaded and
destroyed, and the fewer the acoustic emission events.

In many studies, in the process of rock deformation and
failure, different cracks in the rock generate corresponding
different types of acoustic emission signals, which are gener-
ally divided into tension cracks, shear cracks, and tension-
shear mixed cracks. Tension cracks can be represented by
waveforms with lower RA values and higher AF values,
and shear cracks can be represented by waveforms with
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higher RA values and lower AF values, where the RA value is
the difference between the rise time and the amplitude Ratio,
AF value is the ratio of count to duration. Calculate the RA
value and AF value of the acoustic emission signal time
series parameters of the sandstone sample under different
loading rates. In order to eliminate the difference of different
parameter dimensions, the RA-AF value is normalized, and
the linear function normalization can ensure that the sample
data reflects the original data. The distribution form makes
the calculation result fall into the interval [0, 1], normalized
and formulated as follows:

X = X_Xmin (1)
" Xpax = Xmin

max min

where X, is the n-th normalized data of each parameter; X,
is the n-th data of each parameter; and X, ,, and X, are
the maximum and minimum values of each parameter.
Figure 10 shows the distribution of RA-AF values in
granite at different strain rates under uniaxial compression
test. The analysis shows that the distribution range of the
AF-RA value of the rock samples under different loading
rates is basically the same. The AF-RA data density range
is large, mainly distributed near the vertical axis. The RA
value is small, and the AF and RA values at the coordinate
points are both small. Only a small amount is distributed
near the horizontal axis, indicating the rock samples under
different loading rates. The microscopic failure mechanism
is mainly tensile failure, accompanied by a small amount
of shear failure and mixed tension and shear failure. How-
ever, the AF-RA distribution of rock samples has a certain
difference under different loading rates. With the increase
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TasLE 3: The width and height of overburden fracture.

Width Overburden failure Overburden failure Ry

(m) height (m) area (m?) (%)
80 32 2080 2.4
120 37 3478 4.0
160 100 12800 14.8
200 100 15500 17.9
240 168 28896 334
280 228 43320 50.1

of loading rate, the tensile-shear mixed failure cracks and
shear rupture lines increase, and the shear cracks are posi-
tively correlated with the loading rate.

4.2. Overburden Fracture Evolution Law. As shown in
Figure 11, with the advancement of the working face, the
overburden collapsed trapezoidal boundary morphology
evolution characteristics, the overburden collapsed to the
goaf, and the overburden collapsed alternately with symmet-
rical and asymmetrical trapezoids. In the symmetrical trape-
zoidal evolution stage, the overburden collapsed in a large
area, and the fracture height of the trapezoid increased. In
the asymmetrical trapezoidal evolution stage, the overbur-
den broke locally, and the increase in the height of the trap-
ezoidal fracture was lower. The damage can be used to
describe the random characteristics of the development
direction of the overburden fracture [6, 42, 43]. This defines
that the fracture rate R; can be formulated as follows:

Re=o (2)

a

where S is the total area of fractures and S, is the total area

of research area.

As the working face advances, the fracture height and
fracture rate of the overlying rock will increase. Table 3
shows the value of overburden failure height, overburden
failure area, and fracture rate. As shown in Figure 12, the ini-
tial weighting interval of the main roof of the working face is
54 m, the periodic weighting interval is 12.75~28 m, and the
average periodic weighting interval is 22 m. Since the Shen-
dong mining area is currently mainly under shallow coal
seam and high-intensity mining conditions, the overburden
fracture zone in this area is higher than the thickness of
the bedrock, and the ground has collapsed pits, ground
cracks, and step sinking damage. There is no overburden
damage “three-zone” height, only overburden damage “two
zones or one zone” height [44, 45]. The overburden collapse
of the 12401 working face only has the caving zone and the
fracture zone, the height of the caving zone is 60 m, and the
fracture zone is 168 m. Periodic breakage of the key stratum
causes the overburden and the ground to sink; the maximum
ground subsidence is 5m. When the working face was exca-
vated from 120m to 160 m, the height of the overburden
fracture did not increase, but the damage range and the frac-
ture rate of the overburden fractures increased, indicating
that new fractures developed and expanded laterally during
this process. In this process, the fractures are developed
and expanded, compaction and new fractures are generated,
and the fractures develop to the ground. The fully mining
angle of the overburden is basically symmetrical, with an
open cut of 61° and a stop mining line of 65°.

4.3. Evolution Law of Temperature Field in Overburden
Fracture. In the previous experimental studies, infrared radi-
ation monitoring methods were basically used. Because coal
and rock samples are deformed and destroyed under loading
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conditions, they will be accompanied by changes in surface
temperature radiation values. Therefore, through tempera-
ture field analysis, a quantitative description of the evolu-
tionary law of coal and rock damage can be obtained
[46-48]. Therefore, this paper uses infrared monitoring
methods to monitor similar simulations. According to the
above-mentioned infrared images of similar models under
different excavation distances, the temperature of the frac-
ture and the overburden were extracted, respectively, and
the average value was calculated. The temperature difference
between the fracture and the overburden calculated based on
the average value is shown in Figure 13. As the working face
advances, the temperature difference between the fracture
and the overburden can be divided into two stages. The first

stage is when the working face advances from 50 m to 140 m,
the roof collapses directly, the fracture is developed in a
small range, and the temperature difference is 3°C. The sec-
ond stage is when the working face advances from 160 m to
280 m, as the working face advances, the main roof periodi-
cally breaks, the expansion range of the cracks continues to
increase, and the temperature difference is large. In the frac-
ture compaction zone, the fluidity of indoor air in the frac-
ture is relatively small, and the temperature is relatively
low, while in the separation fracture zone, the fluidity of
the indoor air is relatively high, and the temperature is rela-
tively high, which leads to a large change in the temperature
difference at this stage. In the end, during the entire mining
process, the temperature difference in the first stage is about
3°C, the maximum temperature difference in the second
stage can reach more than 5°C, and the lowest value is about
1°C. Therefore, the temperature difference between the frac-
ture and the overburden value is >1°C, which can be used as
a threshold for judging the development range of overbur-
den fracture in similar simulation experiments.

5. Conclusions

Based on basic experiments and physical similarity simula-
tions, the effects of hydraulic coupling on mechanical defor-
mation characteristics of shallow coal seam in western
mining area are concluded as follows:

(1) The results show that under the loading rate range of
0.5~5mm/min, the compressive strength of sand-
stone increases with the loading rate. With the
increase of loading rate, the tensile-shear mixed fail-
ure cracks and shear rupture lines increase, and the
shear cracks are positively correlated with the load-
ing rate. The shorter the duration of the rock sample
being loaded and damaged, the fewer the acoustic
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emission events. Therefore, the mining speed affects
the degree of fracture development in the
overburden

(2) The first weighting step of the main roof of the work-
ing face is 54m, the periodic weighting step is
12.75~28 m, and the average periodic weighting step
is 22m. There are only caving zone and fractured
zone in the overburden of working face; the height
of caving zone and fractured zone is 60m and
168 m. The fully mining angle of the overburden is
basically symmetrical, with an open cut of 61° and
a stop line of 65°. When the working face advances
280 m, the fracture is developed to the ground, and
the maximum ground subsidence is 5m

(3) During the excavation of the working face, the tem-
perature difference between the fracture and the
overburden is obvious. Therefore, the temperature
difference between the fracture and the overburden
value is >1°C, which can be used as a threshold for
judging the development range of overburden frac-
ture in similar simulation experiments
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