
Retraction
Retracted: Study on Dynamic Evolution of Overburden Rock
Movement andMining-InducedStress ofUltra-highWorkingFace

Shock and Vibration

Received 23 January 2024; Accepted 23 January 2024; Published 24 January 2024

Copyright © 2024 Shock and Vibration. Tis is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Tis article has been retracted by Hindawi following an
investigation undertaken by the publisher [1]. Tis in-
vestigation has uncovered evidence of one or more of the
following indicators of systematic manipulation of the
publication process:

(1) Discrepancies in scope
(2) Discrepancies in the description of the research

reported
(3) Discrepancies between the availability of data and

the research described
(4) Inappropriate citations
(5) Incoherent, meaningless and/or irrelevant content

included in the article
(6) Manipulated or compromised peer review

Te presence of these indicators undermines our con-
fdence in the integrity of the article’s content and we cannot,
therefore, vouch for its reliability. Please note that this notice
is intended solely to alert readers that the content of this
article is unreliable. We have not investigated whether au-
thors were aware of or involved in the systematic manip-
ulation of the publication process.

Wiley and Hindawi regrets that the usual quality checks
did not identify these issues before publication and have
since put additional measures in place to safeguard research
integrity.

We wish to credit our own Research Integrity and Re-
search Publishing teams and anonymous and named ex-
ternal researchers and research integrity experts for
contributing to this investigation.

Te corresponding author, as the representative of all
authors, has been given the opportunity to register their
agreement or disagreement to this retraction. We have kept
a record of any response received.

References

[1] T. Li, Z. Li, and J. Sun, “Study on Dynamic Evolution of
Overburden Rock Movement and Mining-Induced Stress of
Ultra-high Working Face,” Shock and Vibration, vol. 2022,
Article ID 2271635, 10 pages, 2022.

Hindawi
Shock and Vibration
Volume 2024, Article ID 9802976, 1 page
https://doi.org/10.1155/2024/9802976

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2024/9802976


RE
TR
AC
TE
DResearch Article

Study on Dynamic Evolution of Overburden Rock Movement and
Mining-Induced Stress of Ultra-high Working Face

Tao Li ,1,2 Zheng Li,2 and Jingdan Sun1

1Department of Resource Engineering, Heilongjiang University of Technology, Jixi 158100, China
2School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China

Correspondence should be addressed to Tao Li; litao5555@126.com

Received 29 August 2022; Accepted 7 October 2022; Published 10 November 2022

Academic Editor: Pengfei Wang

Copyright © 2022 Tao Li et al. Tis is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In order to explore the dynamic evolution of overburden rock movement and mining-induced stress of an ultra-high working
face, taking the ultra-high working face of a 2# thick coal seam in a shallow mine feld as the engineering background, this paper
analyzes the distribution characteristics of principal stress, mining stress evolution characteristics, overburden rock migration
characteristics, and overburden rock caving characteristics of a shallow overburden rock ultra-high working face under diferent
advancing distances and calculates by FLAC3D numerical simulation software. Te results show that when the working face
advances to 200m, the stress concentration degree presents a stable trend. Te concentration degree and variation gradient of the
maximum principal stress are greater than those of the minimum principal stress, while the range of the peak ahead coal wall is
smaller than that of the minimum principal stress peak leading coal wall. With the increase of the advancing range, the stress
recovery degree gradually increases, and the maximum principal stress recovery degree is higher than the minimum principal
stress. When the working face advances to 300m, the maximum principal stress restores to 66% of the initial value, while the
minimum principal stress is only restored to about 50%, and the surface subsidence degree reaches 2.5m.

1. Introduction

China is both a major country in terms of coal consumption
and coal imports. Coal plays an irreplaceable role in the
country’s economic construction and long-term develop-
ment. Te total monthly import of coal in 2019–2021 is
shown in Figure 1. Since 2022, afected by the international
environment, the domestic coal price has stayed high. Many
countries have begun to participate in the rush to purchase
and stockpile coal resources, leading to an insufcient supply
of coal capacity, soaring prices, and an increasingly tem-
pestuous relationship between coal supply and demand.
Increasing production and ensuring supply is one of the
most efective ways to alleviate the tension between supply
and demand for coal, and improving the coal recovery rate is
an important decision that cannot be ignored [1–4].
According to the relevant policy requirements, the recovery
rate of the mining area shall meet the requirements that the
thick coal seam is not less than 75%, the medium thick coal

seam is not less than 80%, and the thin coal seam is not less
than 85% [5–7]. It can be seen that the greater the thickness
of the coal seam, the lower the coal recovery efciency, and a
large number of coal resources are subject to mining
technology or equipment and other factors that cannot be
solved and eventually abandoned. With the increasing de-
pletion of coal resources in mining areas in eastern China,
the focus of coal resource development is gradually shifting
from the east to the west. Te main characteristics of coal
seam occurrence in the western region are shallow, thick coal
seams, large dip angles, and a wide distribution of thick and
extra-thick coal seams (above 8m) [8–10]. Terefore, im-
proving the recovery rate of shallow and extra-thick coal
seams in the western region is the primary issue to be solved
urgently.

With the progress of modern science and technology,
equipment automation, equipment intelligence, and other
aspects are constantly developing, and China’s coal mining
technology has also entered a stage of rapid development.
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Te application of comprehensive mechanized coal mining
technology with large mining height is extremely important
in improving coal recovery rates and management levels
[11–14]. With the advantages of high recovery rate, high
safety, and low tunneling rate, ultra-high working face has
been widely used in mining areas in western China and has
gradually become the main choice for mining thick coal
seams below 8.0m [15–18]. However, the western mining
area also has a large number of extra-thick coal seams with a
thickness of 8∼15m and an average thickness of 8m, which
are more difcult to mine, mainly refected in the large
underground space of the stope, the increased difculty of
roof control, and the serious damage of high coal wall
damage in the ultra-high working face [19–21]. Te larger
the mining height, the larger the plastic damage range of the
coal wall, and the more serious the damage to the coal wall.
Te falling coal easily crushes the scraper conveyor and
injures the operators. At the same time, it will also induce
local roof fall on the end face, which seriously threatens the
safety of operators and equipment. Scholars at home and
abroad have done a lot of research on the mechanism of rib
spalling. MahdevariandMoarefvand proposed that the

hardness of coal was the biggest infuencing factor on rib
spalling [22–24]. Zhao et al. proposed that under the in-
fuence of self-weight and roof pressure, the coal wall was
mainly in the form of tension failure and shear failure, and a
method to determine the support working resistance based
on the control of the roof and coal wall was given [25–27].
Chen et al. found through the compressive strength test that
when the layering was developed, and there were many weak
planes in the coal seam, the coal seam with a low hardness
coefcient was more likely to lead to rib spalling, and the
fexible reinforcement technology for the prevention and
control of ultra-high rib spalling was proposed [1, 28, 29].

With the change of mining range, the movement
characteristics of overburden rock and mining stress dis-
tribution of shallow buried ultra-high working faces are
continuously changing, and the surrounding rock control
criteria of ultra-thick coal seam stope should also change
appropriately with the change of working face advancing
stage. By using the FLAC3D numerical simulation method,
this paper researches the overburden rock movement and
mining stress distribution during the advancing process of
the 2# main mining ultra-thick coal seam working face in a
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Figure 1: China’s total monthly coal imports from 2019–2021.
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mine feld, and the overburden rock movement law and
mining stress dynamic evolution process of the ultra-high
working face were obtained.

2. The Engineering Background and
Numerical Model

2.1. Te Engineering Background. Te basic structural form
of a mine feld is a monoclinic structure, with a strike of N25°
W, a dip of S65° W, and a dip of 1 ∼ 3°. Te local rock surface
is small, and the width is not large, and the maximum is
about 5m. Te mine feld belongs to a simple structure.
Tere are fve coal seams in the mine, with a total thickness
of 16.5m. Tere are 3 main coal seams with a total thickness
of 13.95m. Among them, the buried depth of the 2# coal
seam is 89 ∼ 236m, the thickness of the coal seam is 7.96 ∼
9.26m, with an average of 8.8m, which is ultra-thick, and the
dip angle of the coal seam is 1 ∼ 3°. Te relative content of
coal seam gas is 0.00013m3/t and the spontaneous com-
bustion period of coal seam is about 40–60 days. Te ex-
plosion index of coal dust in the coal seam is 30.50%, which
is stable and suitable for large mining height mining
technology.

Te false roof of the ultra-high working face in the 2#
extra thick coal seam is mudstone, with a compressive
strength of about 11.3 ∼ 13.2MPa and a Platts coefcient of
about 1.32, which is of low frmness and belongs to the
unstable type;Te immediate roof is gray-white fne-grained
sandstone, with a compressive strength of about 13.3 ∼
15.2MPa and a Platts coefcient of about 1.35. It is strong
and belongs to hard unstable type; Te main roof is gray
white siltstone with the compressive strength of about 14.5 ∼
36.6mpa and the Platts coefcient of about 2.32; Te im-
mediate bottom is black gray mudstone, with the com-
pressive strength of about 14.5∼29.6mpa and the Platts
coefcient of about 2.32. Te physical and mechanical pa-
rameters of each coal and rock are shown in Table 1. Te
surface area is largely covered by aeolian sand, resulting in
the loose layer thickness of the working face reaching
0∼25m, which causes unconformable contact with the
bedrock of the lower working face. Te thickness of the
bedrock of the working face can reach 52∼246m, due to the
thick coal seam with weak cementation and overlying rock.
Tere is a lime ditch on the surface of the working face, and
the cutting project is relatively simple with good drainage
conditions and general water yield performance.

2.2. Numerical Model. Te numerical model is established
according to the roof and foor conditions of the ultra-high
working face in the 2# main mining extra thick coal seam. As
shown in Figure 2, the length and width of the model are
800m and 400m, respectively, and the height of the model
varies according to the thickness of the bedrock and the
overlying loose layer. Te simulated working face is 300m
long, and the mining height is 8.8m. According to the
magnitude and direction of in-situ stress measured in the
engineering background, the maximum principal stress σ1 of
rock mass in the numerical model stratum is determined to

be distributed vertically along the Z axis, and the minimum
principal stress σ3 of the original rock is distributed hori-
zontally along the X axis. During the simulation process, the
unit body with broken overburden rock is set as an empty
grid to simulate the process of overburden rock collapse, fll
the goaf according to the estimated coefcient of overburden
rock swelling, and simulate the stress recovery phenomenon
in the goaf caused by overburden rock movement. In the
simulation process, the coal and rock adopt the Moor-
e–Coulomb constitutive model, and the physical and me-
chanical parameters of coal and rock are assigned according
to Table 1.

3. Analysis of Mining-Induced Stress
Distribution and Evolution Characteristics

3.1. Distribution Characteristics of Principal Stress.
According to the engineering background, the surface
topography is high in the west and low in the east, so the
distribution law of the maximum principal stress of the in-
situ rock is also high in the west and low in the east in the
coal seam, and the surface topography reaches its mini-
mum in the southeast corner. Te maximum principal
stress of in-situ rock σ1 is distributed along the coordinate
axis Z axis (plumb direction). Afected by the coal seam
excavation, the magnitude and direction of the maximum
principal stress of each rock stratum will change. Te
distribution characteristics of the maximum principal
stress of the coal seam under diferent advancing distances
are shown in Figure 3 [30]. With the continuous advance of
the working face, the classic law of frst increasing and then
decreasing the in-situ rock stress is formed in the front,
rear, and both sides of the goaf. Te maximum principal
stress far away from the working face shows a high in the
west and a low in the east trend and reaches its minimum
value in the southeast corner, which is consistent with the
distribution law of surface fuctuation. In other words, the
higher the surface, the greater the depth, and the greater the
maximum principal stress. Te stress concentration factor
refers to the ratio of the stress at a certain place after the
excavation of the coal seam to the stress in the in-situ rock
under the state of no excavation. Te stress concentration
phenomenon refers to the fact that the stress concentration
factor at a certain place in the stratum is signifcantly larger
than that in other parts. In general, the stress concentration
factor mainly appears in front of the coal wall of the
working face, and the stress concentration degree in the
middle of the working face and the corners at both ends is
relatively large. With the advance of the working face, the
maximum principal stress concentration in the middle of
the working face is greater than that in the corners at both
ends, and the stress concentration in the upper corner is
greater than that in the lower corner (the terrain of the
upper corner is higher than that of the lower corner, in-
dicating that the greater the buried depth, the greater the
stress concentration). On the whole, the stress concen-
tration in front of the work is greater than that behind the
goaf, and the stress concentration above the goaf is greater
than that below the goaf.

Shock and Vibration 3
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With the advancement of the working face, the goaf will
be gradually flled with gangue and roof subsidence until
compaction. At this time, with the flling, the stress in the
goaf gradually returns to the in-situ rock stress level, and the
greater the advance distance of the working face induce the
more sufcient the compaction and the greater the stress
recovery value. It can be seen from the fgure that with the
advance of the working face, the stress recovery degree of the
goaf becomes more and more obvious, and the maximum
recovery frst occurs in the middle of the goaf near the rear,
that is, near the middle of the open of cut, and then with the
advance of the working face, the maximum recovery value
will gradually move in the advancing direction. Tis phe-
nomenon indicates that although the goaf is flled and
compacted section by section, it will afect each other as a
whole. Te maximum value is biased towards the overall
center of the goaf. After the advancing distance of the
working face reaches a certain stage, the recovery degree of
the goaf is close to the increase of radiation from the inside to
the outside of the circle superposition. In the process of
advancing the general working face, the infuence range of
mining is generally 5% greater than the in-situ rock stress as
the limit. With the advancing of the working face, the in-
fuence range of mining will gradually increase. It can be
seen from the fgure that with the increase of the advancing
distance of the working face, the mining infuence range of
the maximum principal stress of the coal seam will gradually
increase, and it is most obvious in front of the coal wall of the
working face, and the change of the infuence range behind
the goaf will change slightly with the advancing progress.
However, when the advancing distance reaches a certain
value, the mining infuence range will tend to be stable and
will not increase. With the increase of the suspension width
of the roof in the goaf, the roof in the goaf, especially the
main roof, will be broken periodically. With the fracture of
the main roof, it is bound to be accompanied by the release

of energy, which is refected in the reduction of stress
concentration in terms of stress, the increase in stress re-
covery in the goaf, and the reduction of the infuence range
in terms of the infuence range of mining. With the main
roof fracture, the stress concentration degree of the coal
seam decreases, the stress recovery degree of the goaf in-
creases, and the infuence range of mining decreases.

According to the model, the minimum principal stress
of the in-situ rock σ3. Distributed along the x-axis and
afected by the undulating characteristics of the surface
topography in the West and East, the minimum principal
stress of the in-situ rock of the model is large in the west
and small in the east. After the coal seam is excavated, the
minimum principal stress and stress concentration value
near the coal seam in front of the working face are bound
to change. Due to the main roof caving flling of the goaf
behind the working face, the minimum principal stress is
restored, while it is far less than the original values. With
the continuous advance of the working face, the stress
concentration phenomenon appears above the coal wall
and around the goaf. When the main roof is broken, the
stress concentration phenomenon above the coal wall is
weakened, the stress concentration value and infuence
range are reduced, and the stress concentration phe-
nomenon around the goaf changes little. Te distribution
characteristics of the minimum principal stress under
diferent propulsion distances are shown in Figure 4 [30].

Te initial stress concentration value of coal seam
mining is small, which increases by about 16.67% compared
with the initial in-situ rock stress. When the advance is 32m,
the infuence range of stress concentration is about 75m
ahead of the coal wall. With the advance of the working face,
the infuence range increases gradually, but the increase in
speed slows down, and the infuence range is stable at about
100m in front of the coal wall in the later stage. When the
advancing distance reaches 96m, the minimum principal
stress reaches 2.75MPa, which is 2.2 times the initial in-situ
rock stress. When the advancing distance reaches 224m, the
minimum principal stress is 3.25MPa, which is 2.6 times the
initial in-situ rock stress. As the working face continues to
advance, when the advancing distance reaches 352m, the
stress concentration value drops back to 2.75MPa.Te stress
concentration range on both sides of the goaf increases
continuously. When the working face advances to 192m, the
stress concentration value increases nearly twice. Te stress
concentration value on the north side of the goaf is higher
than that on the south side, about 0.05MPa higher. Te
stress concentration phenomenon is symmetrically dis-
tributed from the middle of the goaf to the front and back,
and its distribution characteristics can be seen to be weakly
afected by the surface topography.

Table 1: Physical and mechanical parameters of coal and rock.

Name Elastic Modulus (GPa) Poisson’s ratio Tensile strength (MPa) Compressive strength (MPa)
Main roof 30.943 0.27 7.14 25.55
Immediate roof 40.313 0.23 6.28 14.25
Coal 23.872 0.25 2.1 11.68
Floor 47.350 0.22 6.77 22.05

200 m

800 m400 m

XY

Z

Figure 2: Numerical model.
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After the coal seam is mined out, a goaf forms. Te
pressure is released rapidly, and the stress is eliminated.
With the immediate roof caving, the main roof will bend and
sink, and the goaf will be flled again. Te collapsed im-
mediate roof will fll the goaf and connect with the main
roof. At this time, the stress will reappear, and the stress will
gradually recover from the back of the goaf to the working
face as the working face advances.When the advance reaches
96m, the stress within 40m behind the goaf gradually begins
to recover. At this time, the minimum principal stress is
about 0.25MPa, which is about 20% of the initial in-situ rock
stress.Te stress recovery value is elliptic in the middle of the
gob enrichment area, radiating and decreasing to the four
sides. Te inclination direction is the long axis of the ellipse,
and the strike direction is the short axis of the ellipse. When
the working face advances to 256m, the stress recovery value
of the goaf reaches 0.75MPa, which is about 60% of the
initial value. With the working face advancing to 352m, the
stress recovery area increases, but its recovery value does not
change.

Compared to the stress distribution before and after the
breaking of themain roof at diferent advance distances, it can be
seen that after the breaking of the main roof, the value of stress
concentration near the coal wall is signifcantly reduced, and the
infuence range of stress concentration is narrowed. Especially
after the advance distance reaches 160m, the weakening efect of
the breaking of the main roof on the stress concentration above
the coal wall is particularly prominent. After the main roof
collapsed, the stress concentration value in front of the coal wall
decreased from3.25MPa to 2.5MPa, downnearly a quarter.Te
breaking of the main roof has a weak infuence on the stress
concentration on both sides of the goaf and promotes the
compaction of the middle and rear of the goaf.

In summary, with the continuous advance of the working
face, there will be obvious stress concentration in front of the
coal wall, but the stress concentration at the coal wall will weaken
after the square. Te main roof breaking can alleviate the stress
concentration in front of the coal wall. Terefore, strengthening
roofmanagement, timely roof caving, and pressure relief play an
important role in the safety of the working face.
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Figure 3: Distribution characteristics of maximum principal stress under diferent propulsion distances: (a) advance 32m, (b) advance
96m, (c) advance 160m, (d) advance 224m, (e) advance 288m, and (f) advance 352m.
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3.2. Evolution Characteristics of Mining-Induced Stress.
During the advancing process of the working face, the stress
evolution characteristics of the solid coal in front of the coal
wall and the goaf behind are shown in Figure 5. After the
coal seam is mined, the gravity of the overlying rock above
the goaf transfers to the surrounding solid coal, resulting in
an increase in the maximum and minimum principal
stresses in the solid coal. In the initial mining stage, the
maximum and minimum principal stress concentrations are
low.With the increase of the advancing range of the working
face, the maximum and minimum principal stress con-
centrations gradually increase. When the working face ad-
vances to 200m per month, the maximum and minimum
principal stress concentrations are basically stable. With the
increase of the advancing range of the working face, the
maximum and minimum principal stresses in the goaf
behind the working face show a gradual recovery phe-
nomenon. Te larger the mining range, the more sufcient
the movement of the overlying strata and the higher the
recovery degree of the maximum and minimum principal
stresses in the goaf. When the working face advances to
300m, the maximum principal stress recovers to 2.8MPa,

about 66% of the in-situ rock stress value, and the minimum
principal stress recovers to 0.8MPa, about 50% of the in-situ
rock stress value.

When comparing the evolution characteristics of the
maximum and minimum principal stresses, it can be seen
that in the solid coal in front of the working face, the
concentration degree and variation gradient of the maxi-
mum principal stress are signifcantly greater than the
minimum principal stress, and at the same time, the recovery
degree of the maximum principal stress in the goaf behind
the working face is also greater than the minimum principal
stress. Te distance of the maximum principal stress peak
ahead of the coal wall is signifcantly less than that of the
minimum principal stress peak ahead of the coal wall, in-
dicating that the redistribution range of the minimum
principal stress caused by mining is larger. In addition, the
breaking of the main roof has a signifcant impact on the
concentration degree of mining stress. After the breaking of
the main roof, the peak value of the maximum and mini-
mum principal stress suddenly decreases, which indicates
that the violent movement of overlying rock will cause the
sudden release of mining stress in front of the working face.
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Figure 4: Distribution characteristics of minimum principal stress under diferent propulsion distances: (a) advance 32m, (b) advance 96m,
(c) advance 160m, (d) advance 224m, (e) advance 228m, and (f) advance 352m.
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4. Overburden Rock Movement Law of Ultra-
high Working Face

4.1. Characteristics of Overburden Rock Movement. Te
migration characteristics of overburden rock under diferent
advancing distances of ultra-high working faces are shown
in Figure 6 [30]. Cloud images of vertical displacement of
overburden rock at each stage of the working face from open
of cut to 352m in advance. With the mining of coal seams,
when the working face advances 32m, the roof at the open
of cut has obvious vertical displacement, and the vertical

displacement reaches 2.10m. As the working face advances
to 96m, the roof subsidence reaches 4.00m. At this time, the
main roof of the working face has broken, and the vertical
displacement of the roof has increased rapidly. When the
working face advances to 160m, the roof subsidence reaches
4.50m, the roof subsidence trend gradually tends to be
stable, and the roof subsidence gradually develops to the
surface. With the working face advancing to 224m, after the
second periodic weighting of the main roof, the height of the
roof falling zone increased signifcantly, the surface subsi-
dence area increased signifcantly, and the roof subsidence
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Figure 5: Evolution characteristics of principal stress during mining, (a) maximum principal stress, (b) minimum principal stress.
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Figure 6: Overlying rock migration characteristics of ultra-high working face under diferent advancing distances: (a) advance 32m, (b)
advance 96m, (c) advance 160m, (d) advance 224m, (e) advance 288m, and (f) advance 352m.
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tended to be stable at 5.50m. When the working face ad-
vances to 288m, the maximum roof subsidence gradually
extends to the surface, the surface subsidence area increases
signifcantly, and the roof subsidence tends to be stable at
5.50m. With the working face advancing to 352m, a sub-
sidence basin appeared on the surface, and the subsidence
reached 4.40m, and the roof subsidence of the working face
reached 6.0m.

4.2. Characteristics of Overburden Rock Caving. Te whole
process of overburden rock collapse of a shallow ultra-high
working face is characterized by numerical simulation of
the range of plastic failure zone. Te overburden rock
collapse characteristics of an ultra-high working face under

diferent advancing distances are shown in Figure 7. When
the working face advances to 32m, the main roof is pressed
for the frst time. Due to the small mining range, the
disturbance degree of overlying rock is low, and the col-
lapse range of overlying rock is small, including only the
immediate roof, the main roof, and a small amount of
follow-up rock above it. Te caving height is about 15m.
When the advancing range of the working face increases to
96m due to the increase in the mining range, the range of
the caving roof increases both vertically and horizontally,
and the caving height increases to 35m. When the ad-
vancing range of the working face is between 96m and
160m, the roof caving range basically remains unchanged
in the longitudinal direction and only expands laterally in
the advancing direction of the working face. Tis is because

(a) (b)

(c) (d)

(e) (f )

Figure 7: Overburden rock caving characteristics of ultra-high working face under diferent advancing distances: (a) advance 32m, (b)
advance 96m, (c) advance 160m, (d) advance 224m, (e) advance 288m, and (f) advance 352m.
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the main roof controls the movement of overlying strata as
the frst key layer. At this stage, the second key stratum
layer above the main roof is still not damaged, and the
second key stratum layer controls the strata above it to
ensure that the upper strata do not collapse. Terefore, the
collapse range at this stage does not change in the longi-
tudinal direction.Te collapsed overburden rock is only the
following strata between the main roof and the second key
stratum layer. When the working face advances to 224m,
the second key stratum layer in the overburden rock is
broken, the caving range of the overburden rock increases
longitudinally, and the caving height increases to 43m.
Since then, the collapsed overburden rock has completely
flled the goaf due to the crushing and swelling phenom-
enon, which has a supporting efect on the upper strata, and
the collapse range of the overburden rock has no longer
changed. With the movement of the upper strata, the
collapsed gangue that is gradually compacted results in the
stress recovery phenomenon in the goaf.

 . Conclusions

(1) Te simulation results of the overburden rock
movement characteristics in the process of ad-
vancing show the maximum andminimum principal
stresses in the coal seam appear in front of the
working face, and the degree of stress concentration
increases with the increase of the advancing range of
the working face.When the working face advances to
200m, the degree of stress concentration shows
stable characteristics. Te concentration degree and
variation gradient of the maximum principal stress
are greater than those of the minimum principal
stress, while the peak ahead coal wall range is less
than that of the minimum principal stress peak
ahead coal wall range.

(2) Te stress recovery phenomenon occurred in the
goaf. With the increase of the working face ad-
vancing range, the stress recovery degree gradually
increased, and the maximum principal stress re-
covery degree was higher than the minimum prin-
cipal stress. When the working face advanced to
300m, the maximum principal stress recovered to
66% of the initial value, while theminimum principal
stress only recovered to about 50%.

(3) Te evolution characteristics of overburden rock
movement and surface subsidence with the advance
of the working face are obtained. Te results show
that when the working face advances to 300m, the
degree of surface subsidence reaches 2.5m, which is
consistent with the measured results, verifying the
accuracy of the numerical calculation results.
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