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Analysis of overburden movement
and side abutment pressure
distribution in deep stope with
varying coal seam thickness
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State Key Laboratory of Strata Intelligent Control and Green Mining Co-Founded by Shandong Province
and the Ministry of Science and Technology, Shandong University of Science and Technology, Qingdao,
China

To investigate the overburden movement and the side abutment pressure
distribution concerning the variation in deep mines with varying coal seam
thickness, this study focused on the No. 72 mining area of Tianchen Coal Mine
and obtained the following results: Variations in coal seam thickness within a stope
lead to increased immediate roof thickness. When the coal seam thickness is 8 m,
the maximum immediate roof thickness reaches 18 m. The roof is composed of a
“Combined short cantilever-Voussoir beam” structure. Displacement curves of
overburden in coal seam thickness-varying stopes exhibit asymmetry, with the
overburden closer to the coal seam being more asymmetric. After post-goaf
stabilization, the peak side abutment pressure decreases with increasing coal
seam thickness and shifts deeper into the coal wall. Concurrently, the ultimate
equilibrium area width expands. With an increase in coal seam thickness from 4 m
to 8m, the peak side abutment pressures decreased from 44.98 MPa to
41.04 MPa. The peak position shifted from a distance of 9 m from the coal wall
to 14 m, while the stress-relaxation area expanded from 3 m to 5 m. This research
provides essential insights for safe and efficient mining in similar conditions.

KEYWORDS

coal thickness variation, overburden movement, roof structure, side abutment pressure,
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1 Introduction

Coal thickness variation zones, a distinctive and widely prevalent geological
phenomenon, primarily result from geological factors such as folding structures, fault
formations, magma intrusions, and sedimentary environments (Li et al., 2009). When
excavating coal seams with variable thickness, the potential for rockbursts exists due to stress
concentration and the rapid increase in elastic strain energy, thereby potentially leading to
catastrophic accidents. Song (1988) and Xie (2020), through on-site data analysis,
determined that 45.5% of impact ground pressure disasters occurred in the variable coal
seam thickness area at Sichuan Tianchi Coal Mine, while 64% of power disaster accidents at
Xintai Coalfield also happened in the variable coal seam thickness area. Therefore, it is
imperative to study the movement of the overburden and the distribution of the side
abutment pressure variable coal seam thickness area. This will provide theoretical guidance
for monitoring the effects of ground pressure and preventing pressure relief.

In recent years, scholars both domestically and internationally have extensively
researched the movements of overburden and related phenomena, resulting in certain

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/feart.2023.1323679/full
https://www.frontiersin.org/articles/10.3389/feart.2023.1323679/full
https://www.frontiersin.org/articles/10.3389/feart.2023.1323679/full
https://www.frontiersin.org/articles/10.3389/feart.2023.1323679/full
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2023.1323679&domain=pdf&date_stamp=2023-12-28
mailto:menglingren@sdust.edu.cn
mailto:menglingren@sdust.edu.cn
https://doi.org/10.3389/feart.2023.1323679
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2023.1323679

Yang et al.

findings. Song and Jiang (1996) introduced the “Cantilever Beam
Hypothesis” which defines the concepts of immediate and basic roof.
Song et al. (2019) offer theoretical formulas to calculate their
thickness, advancing the research from traditional mining
pressure theories to specific rock layer quantitative studies. Qian
et al. (2010) established a structural model of “Voussoir Beam
Hypothesis” in the overburden, and further proposed the theory
of “Key Stratum” based on it. Xu and Qian (2000a) proposed the
displacement equation for the “block beam” structure. Xu and Qian
(2000b) further refining the “Key stratum” theory. Xie and Wang
(2010) conducted research on the effect of coal seam thickness
variations on the movement patterns of overburden in fully
mechanized caving face. It was found that the amount of coal
seam and overburden destruction is non-linearly proportional to
the thickness of the coal seam being mined. Liu et al. (2015)
conducted research on the displacement patterns of overburden
with varying disintegration ratios in deeply buried inclined coal
seams during the application of the full-mechanized caving mining
method. The findings indicated that the displacement pattern of
inclined coal seams fundamentally differs from that of horizontal
coal seams. Yu et al. (2020) investigated the relationship between the
movement patterns of overburden formations and the spatial and
temporal magnitude of the coal volume mined. Zhang et al. (2022)
conducted a numerical simulation to examine the patterns of fissure
development, displacement distribution, and abutment pressure
variation above the goaf during the mining stage of the working face.
(2015) obtained the
characteristics of the side abutment pressure evolution in goaf

Wang et al complete process
and the movement of coal and rock through on-site survey
methods. Xu et al. (2014) conducted a study on the
distribution of side abutment pressure in the fully mechanized
caving face of extremely thick coal seams using a similar material
simulation test method and determined the peak value and
influence range of the side abutment pressure. Gao et al.
(2022) comprehensively utilized theoretical calculations, on-
site monitoring, and other methods to study the side
abutment pressure distribution of an ultra-thick coal seam
fully mechanized mining face, determining the appropriate
coal pillar. Ren et al. (2014) utilized a numerical simulation
method to explore stress distribution and the distribution of
elastic strain energy under varying coal seam thickness
conditions. Building upon the mechanical model of coal-rock
assemblage, Zhao et al. (2016) conducted an analysis of the
mechanical mechanisms of impact ground pressure in coal
seams within areas characterized by varying coal thickness.
Wang et al. (2017) utilized numerical simulations to examine
the distribution and evolution patterns of advanced abutment
pressure and elastic strain energy in areas with localized
variations in coal seam thickness within a 10-m range. Liu
and Liang (2018) conducted an extensive investigation into
the stress distribution laws within the area of coal thickness
variation. Shang et al. (2020) analyzed the characteristics of the
“strip” distribution of rock burst during the setup entry
formation process and provided insights into the impact of
coal thickness changes on initial stress and mining-induced
Additionally,
through theoretical analysis, Liu (2021) derived equations

stress, considering the on-site conditions.
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describing the variations in stress and energy resulting from
changes in coal seam thickness.

Currently, there has been notable progress in researching
overburden movement and the distribution of side abutment
pressure in quarries with stable coal seam thickness. However,
there is a lack of research on overburden movement and side
abutment pressure distribution in quarries with variable coal
seam thickness. Furthermore, existing research on coal seam
thickness variation areas has been limited in scope, with
relatively little focus on extensive coal seam thickness variation
areas. As a response, this study is set against the geological and
mining conditions of the No. 72 mining area of Tian Chen Coal
Mine. It employs mine pressure theory and numerical simulation
technology to analyze overburden movement and side abutment
pressure in large-scale, deep-burial coal thickness variation mining
areas. The aim is to provide technical guidance and a scientific
foundation for the safe and efficient mining of the upcoming
working face in the No. 72 mining area and other mines facing
similar coal thickness variation conditions.

2 The engineering background

In the No. 72 mining area of Tianchen Coal Mine, coal seam
No. Three is the target for extraction. The southern part of the
mine is in close proximity to the washout zone in coal seam,
resulting in thinner coal seams in this region. Conversely, in
other areas of the coal seams, conditions remain relatively stable.
Notably, these coal seams contain local intercalated gangue
layers, ranging in thickness from 0.06 m to 0.8 m. This
geological complexity adds an additional layer of challenge to
mining operations, although the region remains unaffected by
intrusive igneous rocks. The No. 7202 fully mechanized caving
mining face is arranged along the strike of the coal seam. The
track roadway extends over a length of 813 m. The average depth
of the coal seam is —760 m. The coal seam thickness exhibits
variability, with a minimum thickness of 2.1 m and a maximum
thickness of 8 m. The seam inclination ranges between 6’ and 18°.
It is worth noting that the setup entry is situated near the washout
zone in coal seam, Resulting in a decrease in the thickness of coal
in this particular region. In contrast, the middle and outer
segments of the working face boast thicker coal seams. The
coal seam thickness contour lines are depicted in Figure 1.
The coal seam thickness gradually increases from 2 m at the
start of the excavation face, continuously expanding along the
roadway direction. Eventually, at a distance of 350 m from the
starting point, the coal seam thickness reaches 8 m and remains
consistently at 8 m beyond this 350-m mark. The length of the
coal seam thickness variation zone extends approximately 350 m.

The roof of the No. 7202 fully mechanized caving mining face is
comprised of medium-fine sandstone with a thickness ranging from
9m to 18 m, averaging at 14m. It possesses a high degree of
hardness, with a rock strength (f-value) falling within the range
of 8-10. Beneath the working face, the immediate floor consists of
sandy mudstone, with a thickness averages around 17.2 m. This with
arock strength (f-value) ranging from 4 to 6. The simplified geologic
column is shown in Figure 2.
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FIGURE 1

Layout of No. 7202 working face.
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FIGURE 2
Simplified geological column.

3 Movement law of overburden in coal
seam thickness variation stope

3.1 Theoretical analysis of overburden
movement

The No.7202 fully mechanized caving mining face is located

beneath a 14-m-thick roof consisting of medium-fine sandstone. To
reduce the intense ground pressure experienced in the working face,
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a decision has been made to implement presplitting blasting
techniques, drawing from the knowledge gained in neighboring
mining areas. This approach is intended to effectively weaken the
overburden.

After presplitting blasting, the roof of the working face develops
more fractures, disrupting its integrity. In the early mining stages,
when the coal seam is thin and there’s no remaining roof coal, the
compromised immediate roof fills the goaf, creating limited space
below the basic roof. This causes the basic roof to bend and separate
from the overburden.

As the working face advances, the coal seam thickness exceeds
the mining height. Initially, the goaf is filled with top coal and the
immediate roof. Continuous release of collapsed top coal creates
new voids in the goaf. Larger roof rocks undergo subsidence and
fragmentation. The uncollapsed roof in the front and collapsed
gangue in the rear mutually support each other, forming a semi-arch
structure (Nan and Wang, 2022).

In later mining stages, as the coal seam thickens, the goaf space
expands. Ongoing collapse of the immediate roof increases the space
between the basic roof and collapsed gangue, raising the subsidence
height of the basic roof.

3.2 Presplitting blasting program

To meet blasting induced roof fracturing requirements, a plan
was devised for deep-hole presplitting blasting in roadways and the
setup entry to presplitting the overburden. Before initial mining,
full-roadway inclined deep-hole presplitting blasting is applied near
the tow ribs of the working face.

To ensure the integrity of the roof strata is effectively
compromised, allowing for the development of roof fractures and
maintaining a safe production environment, a blasting plan is
implemented in the haulage roadway (track roadway). The
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FIGURE 3
Schematic cross-section of pre-split blasting holes.
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FIGURE 4
Schematic plan view of pre-split blasting holes.

blasting boreholes have a diameter of ¢75 mm and a depth of 40 m,
and they are drilled at three different angles. When the angle is 66°,
the inclined length of the borehole is approximately 44 m (40 m/
sin66°); at 55°, it is roughly 49 m (40 m/sin55°); and at 45°, it
measures around 57 m (40 m/sin45°).

For the blasting, cartridge-type explosives with specifications
@63 mmx1000 mm and a density of 3.5 kg/m are used. When the
borehole depth is 44 m, the explosive loading length is 23 m, and the
stemming length is 21 m or not less than one-third of the borehole
length. This results in a single-hole explosive loading quantity of
80.5 Kg. For boreholes with a depth of 49 m, the explosive loading
length is 25 m, and the stemming length is 24 m or not less than one-
third of the borehole length, yielding a single-hole explosive loading
quantity of 87.5 Kg. When the borehole depth is 57 m, the explosive
loading length extends to 28 m, with a stemming length of 29 m or
not less than one-third of the borehole length, resulting in a single-
hole explosive loading quantity of 98 Kg. Please refer to Figure 3 and
Figure 4 for the cross-sectional profiles of the blasting boreholes.

Plans and sections of the blast holes are shown below in Figure 3
and Figure 4, with the red holes are indicative of the blasting holes in
the strike direction in Figure 4.
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3.3 Theoretical analysis of roof structure
changes

3.3.1 Research on changes in the immediate roof
structure of the stope

In the context of the No. 7202 working face, where coal seam
thickness exhibits variability, the thickness of the top coal undergoes
changes throughout the mining process. As a result, the law of
variation in immediate roof thickness differs from that typically
observed in conventional coal mining areas. Figure 5 presents the
graphical representation of immediate roof thickness, and the
expression is as follows:

e m

In the equation, h represents mining height in meters (m), T
represents thickness of top coal in meters (m), C represents
residual coal thickness in meters (m), K, represents rock
fragmentation coefficient, assumed to be 1.3 and S, represents
subsidence of the basic roof at the contact with gangue in
meters (m).
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FIGURE 5

Immediate roof thickness calculation diagram.
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The thickness of the immediate roof was calculated to be about
5.3m, 10.4 m and 19.7 m when the thickness of the coal seam was
2m, 4 m and 8 m respectively.

3.3.2 Research on changes in the basic roof
structure of the stope

The traditional definition of the basic roof is as follows: it is a
thick and hard rock layer located directly above the immediate roof,
which exerts a direct influence on the strata pressure. After the initial
fracture of the basic roof, it will exist in the form of a “Voussoir
beam” structure (Qian et al., 2010). Despite undergoing pre-split
blasting, the roof retains a certain degree of strength due to its
substantial thickness. Upon the collapse of the basic roof, it takes on
an “Articulated rock beam” structure, which lacks long-term
stability. As the mining height increases, the active area of the
goaf roof expands, causing the “Articulated rock beam” structure to
undergo a reverse break and rotation, ultimately forming a
“Cantilever beam” structure. At this stage, the original basic roof
transitions into the immediate roof, while the basic roof rock layer
with the articulated structure migrates to higher strata (Yang, 2023).

Frontiers in Earth Science

The roof rock layers, from bottom to top, can be divided into the
following sections: the lower immediate roof, which collapses as
mining progresses; the upper immediate roof, forming a “Combined
short cantilever beam” structure; and the basic roof, existing in the
form of an “Articulated rock beam.” Therefore, during the process of
fully mechanized mining, the upper roof layers form a structural
combination known as “Combined short cantilever—articulated
rock beam”, as depicted in Figure 6 (Yu et al.,, 2012; Yu, 2013).

3.4 Numerical modelling of overburden
movement

3.4.1 Modelling

In this chapter, UDEC numerical simulation software is
employed to establish a model based on the actual geological
conditions of the No.7202 working face. The simulation aims to
depict the movement and changing laws of the overburden during
the mining of this working face. The model’s dimensions are 750 m x
200 m, as illustrated in Figure 7. The Mohr-Coulomb constitutive
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FIGURE 7
Numerical simulation model of UDEC.

TABLE 1 Mechanical parameters of the roof and floor of the No.7202 working face.

Color Formation Thickness/  Bulk Shear Friction/  Cohesion/ Tensile
m modulus/GPa modulus/GPa ©) MPa strength/MPa
- conglomerates 63 28.5 58 40 6.0 6.6
- sandy mudstone 12 10.2 74 40 23 4.5
- medium to fine 36 23.1 9.0 41 4.4 5.2
sandstone
- sandy mudstone 7 10.2 74 40 23 4.5
- medium to fine 9 23.1 9.0 41 4.4 5.2
sandstone
- sandy mudstone 5 10.2 74 40 23 4.5
- medium to fine 7 23.1 9.0 41 4.4 5.2
sandstone
- sandy mudstone 6 10.2 74 40 23 4.5
- fine siltstone 19 249 10.2 42 3.0 5.0
- sandy mudstone 4 10.2 74 40 23 4.5
- medium to fine 14 23.1 9.0 41 44 5.2
sandstone
- coal 2-8 1.5 0.8 21 1.8 0.6
- sandy mudstone 3 10.2 74 40 23 4.5
I:l medium to fine 4 23.1 9.0 41 4.4 5.2
sandstone
: mudstone 6 10.2 4.4 36 2.5 22
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FIGURE 8

Damage evolution of overburden at different advance distances. (A) advance 30 m, (B) advance 45 m, (C) advance 90 m, (D) advance 180 m, (E)

advance 240 m, (F) advance 300 m, (G) advance 380 m.

model is utilized, and the mechanical parameters for each formation
in the model are detailed in Table 1.

Horizontal displacement constraints are applied to both boundaries
of the model, while boundary displacement constraints are
implemented at the bottom. A vertical load of 17 MPa is applied to
the top boundary of the model to replicate the actual ground loads. To
mitigate boundary effects during the simulation, 100-m-wide coal
pillars are retained on both sides of the model.

In the UDEC simulation to analyze the stress state of the
surrounding rock after blast decompression, the approach
employed is as follows:

Frontiers in Earth Science

Initially, the simulation replicates normal excavation conditions.
After achieving stable equilibrium through simulation, the material
constants of the surrounding rock within the blast crushing area are
adjusted to one-fifth (1/5) of their original values. Subsequently, the
simulation is re-run with these modified material properties. The
stress results obtained from this re-simulation represent the stress
state of the surrounding rock after blast decompression (Zhou et al.,
2005).

3.4.2 Analysis of simulation results
1) Study of the evolutionary law of overburden damage

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1323679

Yang et al.

After the establishment of the numerical simulation, practical
coal mining experiments were carried out. These experiments
yielded Figure 8 depicting the movement of overburden as the
working face advanced over varying distances.

As the working face advanced to 30 m, stratification occurred within
the medium-fine sandstone layers. The lower portion of these stratified
rock layers served as the immediate roof of the goaf and had an
approximate thickness of 4 m. The immediate roof reached its tensile
strength limit, resulting in fractures and eventual collapse. Simultaneously,
the upper portion of the stratified rock layers in the medium-fine
sandstone developed fissures, leading to bending and subsidence.

As the working face advanced to 45 m, the immediate roof of the
working face continued to experience fracturing and collapse. The
upper portion of the stratified rock layers within the medium-fine
sandstone, having already undergone bending and subsidence,
eventually contacted the gangue formed by the fracture and collapse
of the immediate roof, causing them to cease their movement.

As the working face advanced to 90 m, the coal seam thickness is
3.5 m, stratification became evident in the basic roof. The lower
portion of the basic roof had a substantial exposed area, leading to
fractures at the bottom of this lower portion. Due to the limited
space beneath this lower portion of the basic roof and less room for
rock beam slewing, a “Voussoir beam” structure emerged.

As the working face advanced to 180 m, the coal seam thickness is
5m, the rear goaf area had become largely compacted. Periodic
weighting interval intervals of 10-15 m. The medium-fine sandstone
layers continued their gradual transformation into the immediate roof,
resulting in the current immediate roof having an approximate
thickness of 10 m. The lower immediate roof collapses as mining
progresses, while the upper immediate roof forms a “Short
cantilever beam” structure. The overburden above the basic roof
experienced bending and subsidence, leading to the closure of
fissures. As the mining thickness increased, the space beneath the
basic roof gradually expanded.

As the working face advanced to 240 m, the coal seam thickness
is 6 m, the mining thickness increased to 6 m. The medium-fine
sandstone had essentially transformed into the immediate roof. The
upper immediate roof, forming a “Short cantilever beam” structure,
was severed at the coal wall, resulting in an increased height of
immediate roof collapse. Above the direct roof, the sandy mudstone
layers lacked adequate support from rocks or gangue due to the
substantial space beneath, leading to their sliding instability and
forming a “Combined cantilever beam” structure in conjunction
with the overlying medium-fine sandstone rock layer. The basic roof
experienced fracture and rotation, forming a “Voussoir beam”
structure, with the fissures continuing to propagate upwards.

As the working face advanced to 300 m, the coal seam thickness
is 7 m, the upper immediate roof, forming a “Short cantilever beam”
structure, was severed at the coal wall. This results in an increase in
the void space beneath the basic roof, and there is a greater
downward displacement of the basic roof. However, the basic
roof still maintains its “Voussoir beam” structure.

As the working face advanced to 380 m, the coal seam thickness is
8 m, and there is no further change both the thickness of the coal seam
and the thickness of the immediate roof remained constant. The
immediate roof consisted of medium-fine sandstone and sandy
mudstone, measuring 18 m in thickness. The upper immediate roof
forms a “combined short cantilever beam” structure, with the basic
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roof's point of contact located above the compacted rubble pile,
providing sufficient support from the overlying strata. At this stage,
the upper immediate roof and the basic roof together create a
“Combined short cantilever - Voussoir beam “structure.

2) Study of the evolutionary law of overburden transport

In the model, three measurement lines were placed, with each
line featuring an evenly distributed set of 75 measurement points,
spaced 10 m apart. These three measurement lines were situated at
distances of 2 m, 18 m, and 30 m from the top of the coal seam.
Figure 9 illustrates the evolution of overlying strata movement in the
mining area at different advancement distances.

From measurement line I, it is evident that the maximum
subsidence of the immediate roof increases with the growth in
mining thickness. Concurrently, the thickness of the immediate roof
also augments as the working face progresses. The maximum
subsidence of the immediate roof reaches 8 m, while its maximum
thickness extends to 18 m. The first weighting interval of the working
face is 30 m, and the periodic weighting interval is 15 m-20 m.

Analysis of measurement lines II and III reveals that the
maximum subsidence of the basic roof escalates with the increase
in mining thickness. As the working face advances, the asymmetry
within the subsidence curve gradually intensifies. The principal
transformation is observed in the rising slope of the subsidence
curve near the coal wall side. Additionally, it becomes apparent that
the closer the measurement line is to the coal seam, the greater the
degree of asymmetry observed.

4 Distribution law of side abutment
pressure in coal seam thickness
variation stope

4.1 Theoretical analysis of side abutment
pressure

After the mining operation, the original rock stress within the
mining area undergoes changes. The gravitational distribution of the
overburden above the goaf is redistributed to the surrounding areas.
As aresult, the stress distribution around the stope is altered, leading
to the formation of abutment pressure areas around the stope, as
depicted in Figure 10.

One represents the front abutment pressure in front of the
working face, 2 and 3 represent the side abutment pressures on the
sides of the working face, and 4 represents the coal body abutment
pressure on the side of the working face where the setup entry is
located in the rear of the working face.

The analysis considers the coal body at the edge, which is
within the limit strength range, as a whole. The coal body is
regarded as a continuous and homogeneous material, with its
yielding following the Mohr-Coulomb criterion, resulting in
shear failure. A mechanical model is established based on the
principles of limit equilibrium within the plastic area, as
illustrated in Figure 11.

According to the equilibrium differential equations, it can be
derived Based on the equilibrium differential equation, Eq. 2 can be
obtained (Qian et al., 2010).
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In Eq. 2, 0, represents the force experienced by the elemental unit in
the horizontal direction, measured in MPa. 0, represents the force
experienced by the elemental unit in the vertical direction, measured
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in MPa. f, represents the volumetric force acting on the coal body in the
x-direction, measured in MPa. f, represents the volumetric force acting
on the coal body in the y-direction, measured in MPa. ,,, represents the
shear stress at the interface between the coal seam and the roof/floor,
measured in MPa. ¢, represents the cohesion at the interface between the
coal seam and the roof/floor, measured in MPa. ¢, represents the friction
angle at the interface between the coal seam and the roof/floor, measured
in degrees. A represents the side abutment pressure coefficient, calculated
as A = W/(1 - p), where y is another parameter.

Solving the differential equations gives Eqs. 3 and 4 (Xie et al,, 2006).
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FIGURE 10
Stress distribution around the working face.
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Lateral coal body stress limit equilibrium area
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In Eq. 4, P, represents the restraining force exerted by roadway
support on the coal wall in the x-direction, measured in MPa. M
represents the thickness of the coal seam, measured in meters.X,
represents the width of the limit equilibrium area, measured in meters.

According to Eq. 4, under identical mining conditions, the peak
location of side abutment pressure moves deeper into the coal body
with an increase in coal seam thickness. For coal seam thicknesses of
4 m, 6 m, and 8 m, when we plug in the data, we find that the peak
position of side abutment pressure is situated at distances of 8 m,
12 m, and 14 m from the working face, respectively.

4.2 Numerical modelling of side abutment
pressure distribution

4.2.1 Modelling
To effectively reflect the actual distribution laws of side
abutment pressure in engineering and continuously observe how
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FIGURE 12
FLAC3D numerical simulation model.

the distribution of side abutment pressure changes within the same
mining area as the coal seam thickness increases, this chapter
employs the FLAC3D numerical simulation software for analysis.
The model dimensions are 750 m (length) x 500 m (width) x 200 m
(height), as depicted in Figure 12. A Mohr-Coulomb constitutive
model is utilized, and the mechanical parameters for each rock layer
in the model are listed in Table 1. The lower boundary is constrained
in both horizontal and vertical directions, while the left and right
boundaries are constrained in the horizontal direction. A vertical
load of 17 MPa is applied to the upper boundary of the model.
Additionally, 100 m-wide coal pillars are left on both sides of the
model, and stress observation points (a, b, ¢) are set at coal seam
thicknesses of 4 m, 6 m, and 8 m, respectively, to monitor changes in
side abutment pressure under different coal seam thicknesses.

4.2.2 Analysis of simulation results

During the excavation of the working face, the abutment
pressure undergoes redistribution until stress stabilizes. As
indicated by the research in the previous chapter regarding the
movement laws of overburden, it is observed that the rear goaf area
had been compacted and stabilized by the time the working face
advanced to 180 m. Consequently, once the excavation of the
working face reaches 200 m and stress redistribution stabilizes,
the side abutment pressure distribution at monitoring points
ceases to change. Figure 13 provides stress distribution contour
maps at various depths within the side coal body when the working
face has advanced 200 m from the measurement point, following
stress stabilization.

From Figure 13, it is evident that as the coal seam thickness at
the monitoring point increases, the peak position of side abutment
pressure shifts further away from the coal wall. The stress
distribution of side abutment pressure at different depths from
the coal wall displays distinct regional patterns. The area closer to
the coal wall experiences stress reduction, where the abutment
pressure falls below the original rock stress. This indicates that the
surrounding rock within this region has undergone complete
plastic deformation and lost its load-bearing capacity.
Subsequently, the side abutment pressure sharply rises to reach
its maximum, representing stress-concentration area. As the side
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FIGURE 14
Side abutment pressure distribution curves at various monitoring
points.

abutment pressure extends deeper into the coal wall, it
gradually diminishes until it ultimately matches the original
rock stress.

The side abutment pressure distribution curves for different
measurement points are depicted in Figure 14.

At coal seam thicknesses of 4m, 6 m, and 8 m, the peak side
abutment pressures within the stope are 44.98 MPa, 43.18 MPa, and
41.04 MPa, respectively. This illustrates that even within the same stope,
side abutment pressure increases as the coal thickness increases.
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The peak of side abutment pressure is situated at the edge of the
coal wall’s limit equilibrium area. At coal seam thicknesses of 4 m,
6 m, and 8 m, the peak side abutment pressure occurs at distances of
9m, 12m, and 14 m from the coal wall, respectively. Within the
same stope, with increasing coal thickness and mining height, the
location of the peak side abutment pressure shifts deeper into the
coal wall. Consequently, the extent of the limit equilibrium area also
increases.

In the vicinity of the coal wall, the magnitude of the side
abutment pressure is smaller than the original rock stress. This is
because the coal body undergoes plastic deformation under the
influence of concentrated stress, leading to a decrease in its load-
bearing capacity. At this point, the magnitude of the side abutment
pressure corresponds to the residual strength value of the coal body
after it has undergone damage due to concentrated stress. The width
of the tress-relaxation area is 3m, 4m, and 5m for coal seam
thicknesses of 4 m, 6 m, and 8 m, respectively.

5 Discussion

The research delves into the complexities of overburden
movement behavior and side abutment pressure in stope
characterized by varying coal seam thickness. It uncovers a
significant relationship wherein an increase in coal seam
thickness corresponds to a notable expansion in the immediate
roof thickness of the working face. Concurrently, there is an
observed decrease in the peak side abutment pressure, which
relocates towards deeper sections within the coal wall. Previous
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studies predominantly conducted separate analyses of stope with
distinct coal thicknesses to explore the impact of coal seam thickness
on the working face. In contrast, this study concentrates on the
variations in coal thickness within a singular stope. It has unveiled
the dynamics of overburden movement and the distribution of side
abutment pressure, highlighting the evolution of these patterns in
accordance with changes in coal thickness and the directional
progress within the mining site. The findings establish a
foundational understanding for optimal coal pillar sizes in areas
with varying coal seam thickness and offer actionable guidance for
implementing monitoring techniques to mitigate ground pressure
hazards in mining operations. In the future, further research will
explore cases with more significant variations in coal seam thickness
to supplement and expand upon this line of study.

6 Conclusion

1) Through theoretical analysis and numerical simulation, the
movement law of the overburden was investigated. During the
advancement process, as the coal thickness continuously
increased, and the mining height expanded, the subsidence
of the overlying strata consistently increased. This led to
changes in the fracture patterns of the roof, and the
thickness of the immediate roof also continued to increase.
The roof is composed of a “Combined cantilever beam-
Voussoir Beam” structure. According to calculations, the
initial thickness of the immediate roof was 4m at the
beginning of mining, and it would increase to 18 m in the
later stages of mining.

2) The subsidence curves of the overburden in coal seam thickness-
varying stopes exhibit significant differences compared to those
in stopes with uniform coal thickness. The subsidence curves in
coal seam thickness-varying stope display asymmetry, with rock
layers closer to the coal seam showing more pronounced
asymmetry.

3) The analysis of side abutment pressure distribution laws in coal

seam thickness-varying stope based on the limit equilibrium

theory revealed that as coal thickness and mining height increase,
the peak of side abutment pressure shifts deeper into the coal
wall. Numerical simulation results demonstrated that at coal
seam thicknesses of 4 m, 6 m, and 8 m, the peak side abutment

4498 MPa, 43.18 MPa, and 41.04 MPa,

respectively. The peak positions of side abutment pressure

pressure  were
were located at distances of 9m, 12 m, and 14 m from the
coal wall, and the stress-relaxation area measured 3 m, 4 m,
and 5 m, respectively.

By analyzing the changing laws of overburden movement and
side abutment pressure distribution in coal seam thickness-
varying panels, we gain a comprehensive understanding of the
characteristics of roof movement and structural features under
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