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Abstract: This study aims to comprehensively analyze the stability of rock mass around
the gob side driving roadway in a significant inclined mining face. By considering the
geological parameters and engineering conditions of specific cases, we carefully explored
many factors affecting the stability of the surrounding rock mass, such as the mechanical
properties of rocks, formation inclination, and the existence of goaf. Based on this, we
construct a numerical model for analyzing the stability of the rock mass around the gob
side driving roadway. Subsequently, we made a detailed investigation of the stress distri-
bution and the characteristics of the plastic zone. In addition, through the analysis of the
destruction mode and stress distribution characteristics of the rock mass, we establish the
appropriate width of the coal pillar and thus provide a scientific basis for the formulation
of support countermeasures; finally, the support countermeasures proposed in this study
have achieved remarkable results in practical application and verify the feasibility and
practicability of the research method. This support scheme ensures the stability of the gob
side entry over its service life. It is hoped that this scheme can be promoted in similar
projects to help maintain mine safety.

Keywords: gob side entry; pillar width; roadway support; numerical simulation

1. Introduction
The challenging issue of surrounding rock control in deep roadways mostly arises from

the increasingly complicated environment associated with greater mining depth [1,2]. The
most prevalent factors include elevated ground stress, extreme temperatures, significant
karst water pressure, and intense mining disturbance. This problem poses significant
hurdles to the advancement of roadside support technology.

During the excavation and extraction process, the distribution of advance abutment
pressure varies. Engineering geological constraints led Zha and Shi [3] to reject feasible
supporting systems for the gob side entrance at an isolated island coal face. Bai and Shen [4]
formulated a mechanical model illustrating the dynamic process of roof deformation and
computed the principal technical parameters in gob side entry driving. Y. Zhang [5]
validated the gob side entry deformation method and introduced coupling control technol-
ogy. Y. Jiang [6] examined the areas of maximum roadway roof deformation in an island
mining panel. S. Zhang [7] established coal pillar width through the analysis of lateral
support stress distribution and rock deformation. Fan and Wang [8] demonstrate that deep
roadways are susceptible to significant deformation due to elevated stress, complicating
management efforts. Zang and Chen [9] build a numerical model in UDEC to examine the
failure characteristics and support scheme of haulage roadways. Liu and Han [10] investi-
gated the deformation features of adjacent rock and the behavior of strata during gob side
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entry. J. Yang [11] demonstrated an asymmetric control technique to ensure roadway safety,
grounded in the caving motion law of overlaying strata in island coal faces. B. Jiang [12]
devised an integrated early warning system for rock burst occurrences in island coal faces.
Qian [13] observed that stability control methods and reduced coal pillar width influence
rock deformation. He and Sun [14] investigated the flexibility of light-powered support at
the top-coal caving face by the analysis of systematic monitoring data. Zhu [15] examined
the elastic strain energy released from roof fracture, the distribution of seismic events, and
fault displacement.

In coal mining with significant dip, Ye and Wang [16] utilized a physical model to
examine the characteristics of crack evolution. Numerical simulation methodologies have
been utilized to analyze the migration of mining pressure in steep dip stopes [17–19]. The
results indicate that the tension on the bottom of the gob is greater than that on the upper
side. The advanced part of the gob side entry has a heightened propensity for rock bursts
due to mining disturbances. Cheng et al. examined the deformation properties of gob side
entries. Utilizing rock mechanical techniques [20,21], they examined the stress distribution
in the gob side pillar or backfilling sidewall. Researchers have achieved advancements in
the investigation of the failure mechanisms of pillars [22,23]. Tectonic stress significantly
impacts mining projects. Sun [24] discovered that rock mechanics parameters influence
the developing characteristics of tectonic cracks in sedimentary basins. Matsumoto [25]
assessed the relative deviatoric stress field on Kyushu Island. Through the analysis of
observed stress, pore pressure, and mechanical rock property data, Vo and Chang [26]
conclude that exogenous tectonic forces are present. F. Zhang [27] conducted numerical
simulations and geological analyses to ascertain the cause of overpressure in relation to
mudstone and sandstone.

Selecting appropriate supporting parameters can more effectively meet the demands
of surrounding rock stabilization in the vacant roadway. In an unoccupied roadway with
specific conditions, if the surrounding rock stress is substantial and the coal rock is fractured,
it is challenging to implement a singular bolt support system to satisfy the requirements
for roadway maintenance. The integration of diverse assistance modalities should be con-
templated at this juncture. S. Q. Yang [28] investigated the failure mechanisms and control
technologies in deep-buried soft rock roadways. Utilizing a large-scale geomechanically
model testing system, Li [29] evaluated the pressure relief and anchor support system. Xu
and Wang [30] investigated the abutment pressure in front of the coal face within the iso-
lated island mining zone, supplying data for roadway maintenance and dynamic disaster
prediction. Batugin and Wang [31] examined the integrated support mechanism and its
stress field resulting from mining activities, thereby confirming the specifications of bolts
and anchor cables. E. Wang [32] introduced an asymmetric composite support framework
for coal pillars in challenging geological conditions. Yuan and Wang [33] examined the
support mechanism of a haulage roadway at the −850 m mining level.

The current stability research of the aerial roadway mostly relies on theoretical analysis,
numerical modeling, and other methodologies, encompassing the lateral support pressure
at the mining face and the plastic zone of the coal pillar. The collaborative support of the
surrounding rock and its inherent load-bearing capabilities have gradually been taken into
account. The focus of surrounding rock control in the excavated roadway pertains to the de-
formation of the surrounding rock, utilizing high-strength support and grouting techniques
to enhance stability. Currently, there is limited research examining the collaborative support
of alleyways in deep mining. In inclined mining, scientists primarily concentrate on exam-
ining the motion dynamics of the roof strata. We must enhance efforts in the advancement
of damage mechanisms and control technologies along the roadway. Studying the width of
coal pillars is crucial for accommodating varying geological conditions and optimizing the
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mining strategy. We investigate the stress distribution and plastic zone characteristics to
understand the rock mass destruction patterns and stress distribution characteristics. The
elements influencing stability along the roadway and evaluating the deformation features
of the roadway will be examined through numerical modeling. Recommendations for
roadway support will be presented based on the research findings.

2. Materials and Methods
We take an inclined coal stope to analyze the support process along the gob side entry.

This case has several features, including large burial depth, large inclination angle, narrow
coal pillar, and faults.

2.1. Brief of the Case

The research subject is the 3308 track entry from Yangcheng Coal Mine at Jining,
Shandong Province. The layout of researched mining face is shown in Figure 1. The
3308 mining face is situated deep within the third mining area and is next to the 3306 goaf.
The mean thickness of coal is 7.5 m. The mining face inclination ranges from 23◦ to 27◦, with
an average of 25◦. The coal seam is directly overlain by siltstone with a thickness of 3.8 m.
The upper layer consists of fine sandstone, about 17.1 m in thickness. The pseudo-bottom
consists of mudstone, with a thickness of 1.6 m. The coal and roof has a pronounced impact
tendency. The floor shows a modest impact tendency. During construction, minor impact
phenomena from the coal cannon may arise. The 3306 belt entry is positioned within coal
and is excavated along the floor. The roadway has a rectangular cross-section, and the
excavation dimensions are 5.0 × 3.4 m.
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Figure 1. Layout of 3308 mining face (unit: m).

The 3308 track entry is subjected to severe stress, resulting in the deterioration of
surrounding rock. Four elements are outlined based on the evaluation results of geome-
chanical properties. By considering the geological parameters and engineering conditions,
the stability of the rock mass around the gob side driving roadway in the significantly
inclined mining face is comprehensively analyzed.

(1) Buried Depth

The mining face elevation is −780~−960 m, and the ground elevation −35.9~+38.9 m.
The coal mine is located in a plain area, with the flat surface of villages and farmland. The
maximum buried depth of the mining face is close to 1000 m. The most important feature
of deep mining is high stress, which further contributes to nonlinear stress characteristics
of rock. The buried depth condition leads to the enhanced effect of surrounding rock
disturbance and the increased difficulty of control.
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(2) Strata Thickness and Lithology

The average thickness of coal is 7.5 m. The mining face is made of fully mechanized
discharge mining. The roof movement in the process of extraction is relatively strong. The
main roof is a fine sandstone of 17.1 m thick. After the mining of the 3306 face, the thick
and hard roof forms a cantilever beam structure at the lateral boundary of the goaf, which
provides certain cover for the excavation of the 3308 track entry. However, during the
mining period of the 3308 face, the sandstone roof is not easy to break, causing high pressure
at the lateral boundary. The immediate floor is mudstone, 1.6 m thick. The floor strength is
low, leading to a large deformation tendency. The burial depth and lithology conditions of
the engineering case show that the mine pressure is strong during the extraction process.

(3) Geological Structure and Tectonic Stress

The mining region is intersected by several faults, and coal extraction is influenced by
intricate geological formations. The stress within the fault structure is concentrated, and
the stress environment of the adjacent rock is intricate.

(4) Stratigraphic Dip

The mean formation inclination is 25◦. The mining face 3308 is situated beneath the
3306 goaf in the inclined direction. Subsequent to the coal seam at the 3306 mining face, the
roof has a tendency to subside and shift towards the goaf. At significant inclination degrees,
the coal pillar experiences compression and shear forces. The stress distribution of the
pillar is intricate. The force of surrounding rock is uneven. If the conventional symmetry
anchor network support technology and process are adopted, the stability of the roadway
cannot be effectively controlled.

2.2. In Situ Stress Measurement

In situ stress is a contributing factor to the deformation of surrounding rock during
roadway excavation. Understanding the ground stress distribution pattern of the mining
region is essential to accurately estimate the roadway configuration and support system.
The hollow cylinder stress relief method was used. This method is a three-dimensional
ground stress test method. The equipment is relatively simple to operat and has an
advantage of timesaving. This method will not change and damage the stress state of the
original rock, and can objectively reflect the internal stress state of the rock mass. Select
rock mass for testing, and stay away from fault and goaf. Keep away from the roadway and
the stress concentration area, and avoid it. Stay free from unstable areas and interference
sources, like landform and saturated strata. It can measure the size and direction of all stress
components, with high accuracy and reliability. The locations of measurement stations
are established by integrating the roadway configuration of Yangcheng Coal Mine, as
illustrated in Table 1.

Table 1. Drilling parameters of in situ stress measurement.

Point Elevation/m Location Direction/◦ Dip/◦

1# −650 Air tunnel for the −650 m phase 120 4.5
2# −650 Air tunnel for the −650 m phase 113 5
3# 920 Belt tunnel for the third mining area 16 4

2.3. Numerical Simulation

Numerical simulation is utilized to assess the stress and deformation characteristics of
the support system. The initial design of coal pillar are 3 m, 4 m, 5 m, and 6 m in width. The
stability of the roadway will be quantitatively assessed using Flac3D to ascertain the optimal
pillar width. Flac3D Version 6.0 is a three-dimensional numerical simulation software,
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suitable for the analysis of the mechanical behavior of rocks and structures. It is based on the
finite difference method and is suitable to simulate the stress and deformation of complex
geological bodies. The Flac3D is particularly suitable for the analysis of surrounding
rock stability and supporting structure. The size of this model is 708,060 m, as shown
in Figure 2. The numerical model consists of 138,710 grid points, 799,586 zones, and
28 zone groups. The grid near the roadway and the coal post was 0.4 m. The size of the
model boundary grid was 2.0 m. The model top was subjected to a gravitational load
of 22 MPa, with fixed normal displacement at other boundaries. The studied roadway
was close to the ground stress measurement point of #3, so the initial ground stress was
set according to its value. Three main stress vectors are included in the stress solution
calculation results. During the numerical simulation process, the numerical value and
direction of the maximum, intermediate, or minimum stress was separately set by the
“zone initialize stress-principle” keyword.
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In the roadway support simulation, the Mohr–Coulomb criterion can be used to ana-
lyze the stress mechanism of supporting structures such as anchors and shotcrete. The M-C
criterion has the advantages of a strong foundation and easily accessible parameters in the
roadway stability simulation. One can conduct a sensitivity analysis by adjusting cohesion
and friction to assess their effects on the extent of the plastic zone and the supporting
effect. By adjusting the length, diameter, row distance, and other parameters of the bolt, the
control function of the roof and roadway deformation is quantitatively evaluated so as to
provide data support for the support design. As illustrated in Figure 3, from point A to B,

f s = −σ1 + σ3
1 + sin ϕ

1 − sin ϕ
− 2c

√
1 + sin ϕ

1 − sin ϕ
(1)

and from B to C by a tension failure,

f t = σ3 − σt (2)

where σ1 and σ3 are the maximum and minimum principle stresses, respectively, MPa; σt

is the tensile strength, MPa; c is cohesion, MPa; and φ is friction, ◦.
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Figure 3. M-C yield criterion.

The rock mechanical parameters are shown in Table 2.

Table 2. Mechanical parameters of the rock.

Lithology Bulk/GPa Shear/GPa Cohesion/MPa Friction/◦ Tension/MPa Density/(kg/m3)

Packsand 7.88 4.90 4.76 44.1 4.31 2750

Siltstone 6.77 3.76 4.85 39.9 5.36 2570

Coal 2.23 0.98 1.64 33.6 1.48 1450

Mudstone 4.33 2.84 0.76 39.9 3.18 2460

Fine sandstone 9.24 5.57 2.28 42.0 5.44 2650

2.4. Roadway Displacement Measurement

The optimal control scheme is undergoing industrial testing in the 3308 track entry. In-
corporate the viability and reliability using the field monitoring data validation mechanism.
Figure 4 illustrates the arrangement of four displacement measuring stations positioned
at 50 m intervals along the 3308 track entry. Devices #1 and #2 monitor the displacement
of the roadway surface, while devices #3 and #4 measure the interior displacement of the
surrounding rock.

Appl. Sci. 2025, 15, x FOR PEER REVIEW 6 of 15 
 

 

Figure 3. M-C yield criterion. 

The rock mechanical parameters are shown in Table 2. 

Table 2. Mechanical parameters of the rock. 

Lithology Bulk/GPa Shear/GPa Cohesion/MPa Friction/° Tension/MPa Density/(kg/m3) 
Packsand 7.88 4.90 4.76 44.1 4.31 2750 
Siltstone 6.77 3.76 4.85 39.9 5.36 2570 

Coal 2.23 0.98 1.64 33.6 1.48 1450 
Mudstone 4.33 2.84 0.76 39.9 3.18 2460 

Fine sandstone 9.24 5.57 2.28 42.0 5.44 2650 

2.4. Roadway Displacement Measurement 

The optimal control scheme is undergoing industrial testing in the 3308 track entry. 
Incorporate the viability and reliability using the field monitoring data validation mecha-
nism. Figure 4 illustrates the arrangement of four displacement measuring stations posi-
tioned at 50 m intervals along the 3308 track entry. Devices #1 and #2 monitor the dis-
placement of the roadway surface, while devices #3 and #4 measure the interior displace-
ment of the surrounding rock. 

 

Figure 4. Layout of monitoring sections. 

3. Results 
3.1. Geostress 

The geostress components are shown in Table 3. The elevation of measurement loca-
tions #1 and #2 are both −650 m, with maximum principle stresses σ1 of 21.3 MPa and 20.2 
MPa, respectively, resulting in an average of 20.75 MPa. The significant disparity between 
the σ1 and the vertical stresses σv reveals the predominance of horizontal stresses in the 
mine. 

A
B C

D

O

σ 3

σ1

f s=0

σ 1 =
 σ 3

f t=0
σ t

σ t/tanφ

C

D

S1

S2

Cable Φ21.8×7400mm
Spacing 1600×1600mm

Rockbolt Φ22×2400mm
Spacing 800×800mm

Cable Φ21.8×4500mm
Spacing 1600×1600mm

50
m

50
m

50
m

#4

Tpo view Front view

A B

80
0

80
0

80
0

80
0

800 800 800 800 800 800

80
0

80
0

80
0

80
0

3308 deadline

#1

#2

#3

3306 deadline

50
m

Figure 4. Layout of monitoring sections.

3. Results
3.1. Geostress

The geostress components are shown in Table 3. The elevation of measurement
locations #1 and #2 are both −650 m, with maximum principle stresses σ1 of 21.3 MPa
and 20.2 MPa, respectively, resulting in an average of 20.75 MPa. The significant disparity
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between the σ1 and the vertical stresses σv reveals the predominance of horizontal stresses
in the mine.

Table 3. Components of in situ tress.

Point Principle Value/MPa Direction/◦ Dip/◦ sv/MPa sx/σv s1–s3 s1/s3

#1
s1 21.3 119.5 5.2

14.7
1.45

13.4 2.7s2 12.4 9.7 75.1 0.84
s3 7.9 210.8 13.9 0.54

#2
s1 20.2 121.2 9.3

14.7
1.37

10.2 2.0s2 14.7 −3.9 74.1 1
s3 10.0 213.3 12.8 0.68

#3
s1 35.0 161.4 −6.6

23.2
1.49

15.3 1.8s2 23.4 28.8 −80.3 1.01
s3 19.7 252.3 −7.1 0.85

The is direction of the σ1 at measurement points #1 and #2 approximately 120◦, with
a dip angle of 5 to 10◦. The σ1 values range from 20 to 22 MPa, exceeding the σv. The
direction angle of the minimal principal stress σ3 ranges from 210◦ to 215◦, the dip angle
is around 13◦, and the stress magnitude varies within 10 MPa. The disparity between
the σ1 and σ3 is significant, with ∆σ measuring 13.4 MPa and 10.2 MPa, respectively,
whereas the σ1/σ3 are 2.0 and 2.7. The significant disparity in stress alterations will result
in substantial deformation of the surrounding rock. The angle between the intermediate
principal stress σ2 and the horizontal plane is predominantly around 75◦, with the stress
magnitude ranging from 12.4 to 14.7 MPa.

The measurement location at the elevation of −920 m yields a bigger value, with
the direction of σ1 recorded at 161.4◦. The value of σ1 is 35 MPa, and the σ3 is 19.7 MPa,
resulting in a difference of 15.3 MPa and a ratio of 1.78. The maximal primary stress is ori-
ented horizontally, with a magnitude about 1.3 to 1.52 times the gravity load, considerably
affecting the mining configuration.

3.2. Coal Pillar Width Analysis

The 3308 track entry is adjacent to the 3306 goaf. The width of the coal pillar directly
affects the stress distribution and deformation characteristics of the surrounding rock.
Analyzing the appropriate coal pillar width can not only improve the recovery rate, but
also reduce the risk of rock burst. By analyzing the destruction mode of surrounding rock,
the support countermeasure of roadway could be proposed.

(1) Vertical Stress

Figure 5 illustrates the vertical stress distribution of the surrounding rock with varying
coal pillar widths. The stress concentration zone occurs when the contour surpasses 22 MPa.
Three regions of stress concentration are indicated, with the stress maxima in each region
illustrated in Figure 6. Regions #1 and #2 are situated in the upper and lower sections of the
coal pillar, influencing its stability. When the pillar’s width is 3 m, the range and peak stress
in the two concentrated places are minimal; there exists a pressure relief zone within the
pillar, where the stress value is below 22 MPa. As the width of the coal increases, the range
and stress values of regions #1 and #2 also rise. When the breadth attains 4 m, the stress
value in the center of the coal pillar hits 22 MPa. When the breadth attains 5 m, the two
stress concentration zones in the coal pillar become interconnected, which compromises
safety. The stress of the coal pillar suggest optimal widths of 3 m and 4 m.
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(2) Plasticity State

The distribution characteristics of the plastic regions are shown in Figure 7. According
to the destruction criteria, after the yield, the force state is located outside the M-C envelope.
The plastic zone shows a combination of yield form and yield state. Where “shear” and
“tension” are t yield forms, “n” is the critical yield state and “p” means already yielded. The
types of plastic zones are distinguished by different colors. Marked in green, the plasticity
state of the coal pillar is the combination of “shear-n” and “shear-p”. With the increase in
width, the color in the coal pillar gradually changes from green to cyan (only “shear-p”).
This phenomenon shows that the pressure of the coal pillar is positively correlated with the
width. In other words, the larger pillar width can easily cause destruction and even the
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collapse of the pillar. The characteristics of the plastic zone indicate that a smaller width
should be selected.
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Marked in red, the plasticity state of roadway roof is the combination of “tension-p”
and “shear-p”. This phenomenon indicates that the stability of the roadway roof is worse
than that of the coal pillar. Figure 8 shows the statistical results of the plastic area of
the roadway roof. The area marked red is 10.88 m2 when the pillar is 3 m. Shear and
tensile yield occur at the roadway roof and floor. This phenomenon shows that the coal
pillar width is small, and its bearing capacity is insufficient to maintain the stability of the
roadway. When the width of the coal pillar is not less than 4 m, the area of the red zone
decreases. The characteristics of plasticity state indicate that the suiTab.coal pillar width is
4 m, 5 m, and 6 m. Combining the stress and plastic zone characteristics of the surrounding
rock, the optimal coal pillar width is 4 m.
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3.3. Support Scheme

All the supporting components are from Shiheng Special Steel Group Co., Ltd., Fe-
icheng (271612), Shandong Province, Chana. Anchor net cable beam is used for combined
support, and the parameters are shown in Figure 9.
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(1) Rock Bolt

Utilizing Φ 22 × 2400 mm high-stiffness prestressed left-handed threaded rock bolt,
seven bolts per row and equipped with a relief ring. The interrow spacing measures
800 × 800 mm. The bolt employs one MSK2550 and one MSCK2535 resin anchor agent,
measuring 1270 mm in grouting length. The anchor force must be no less than 50 kN.

(2) Anchor Cable

In Flac3D, the support is simulated by adding structural units. The cable is a linear
structural unit. By assigning different parameters to each segment, the simulation of the
anchor end and the free segment is realized. The specification of the roof anchor cable is
Φ 21.8 × 7400 mm; the specification of the coal pillar anchor cable is Φ 21.8 × 4500 mm.
The spacing between the anchor cables is 1600 mm. Each anchor cable is secured with two
MSK2550 and one MSCK2535 resin anchor agent, each measuring 2030 mm in grouting
length. The anchorage force of the anchor cable is no less than 150 kN. The anchor cable is
compatible with the flat tray, with dimensions 300 × 300 × 16 mm.

(3) Steel Mesh

The metal mesh is made of Φ 5.5 mm cold-drawn steel bar. The mesh size is
100 × 100 mm. Use 14 # iron wire to connect the protective mesh, and the lap size is
200 mm.

3.4. Support Effect

Analyze the stability of the surrounding rock by considering the roadway located 10 m
ahead of the mining face. The distribution characteristics of displacement and plastic zones
within the roadway are illustrated in Figure 10. Anchor cables are secured in the stable
strata. The maximum displacement of the roadway roof measures 103 mm; compare with
the left side displacing 30 mm and the right side 70 mm. The depth of the roof’s tensile
plastic zone is approximately 800 mm. The plastic area of the left side is smaller than that of
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the right. The findings indicate that the implementation of anchor cable support effectively
mitigates the deformation of the surrounding rock.
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Figure 10. Roadway deformation analysis. (a) Displacement; (b) plasticity state.

The deformation of the surrounding rock in the roadway is shown in Figure 11. The
data in the figures show the following:

(1) During the initial phase of 3308 track entry driving, the displacement variation is
significant, exhibiting a rapid upward trajectory. The support resistance escalates
with deformation. The roadway deformation stabilized after 70 days of support
application, signifying that the surrounding rock stress attained equilibrium.

(2) The change size of roadway displacement is as follows: roof > solid coal side > floor
> pillar side. Subsequent to the stabilization of the surrounding rock deformation,
the roof subsidence measures 120~130 mm. The floor heave measures 50~60 mm.
The lateral displacement of the solid coal is approximately 70~80 mm. The pillar
displacement measures 30~40 mm. The deformation of the two sections is asymmetric,
although the displacement remains within the acceptable limit.

(3) Following the excavation of the roadway, the stability of the roof is augmented. Ten
days prior to the roadway excavation, the expansion rate of the separation layers is
considerably high. As monitoring time increases, the internal deformation rate of
the surrounding rock progressively diminishes. The roof crack’s maximum width
is around 12 mm. The monitoring results indicate that the support strategy can
significantly diminish layer separation.
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4. Discussion
The stress state of the surrounding rock along the gob side entry are asymmetric,

with the roadway roof and coal pillar identified as critical failure zones. Based on the
deformation properties of deep surrounding rock, bolt and cable support is sufficient to
enhance the bearing capacity of the surrounding rock. Strengthening the critical zones with
substantial force, thereby enhancing its shear and slip resistance. The high stiffness anchor
cable is employed to secure the surrounding rock of the roadway within the stable rock
mass, so ensuring the overall stability of the roadway.

(1) High-Stiffness Rock Bolt

To prevent the surrounding rock in the anchorage region from developing a detached
layer, the applied cable force must attain 30~50% of the rock mass’s yield strength. The
high-stiffness rock bolt is employed to create a compressive stress zone in the shallow
surrounding rock via the pretensioning force, thereby mitigating the formation of fractures.
The pallet and steel belt will effectively distribute the prestress, enhancing total support
strength and stiffness.

(2) Anchor Cable

Long anchor cable is employed to secure the deep layer of coal, thereby minimizing
the degradation of the surrounding rock. Utilizing high-stiffness anchor cable to create an
expanded bearing range.

(3) Strengthen the Coal Pillar

Following roadway excavation, the coal pillar is susceptible to deformation due to
excessive stress. The short anchor cable should be employed to reinforce the pillar, thereby
extending the control range of the rock bolt and enhancing the strength of the gob side entry.

5. Conclusions
The 3308 track entry at Yangcheng Coal Mine serves as the project context. The mining

depth, along with the significant inclination and thickness of the coal seam, results in
a complex stress environment. The stability of surrounding rock is examined through
numerical investigation. The conclusions are encapsulated as follows:

(1) Analyzing the pillar width in the context of a significant inclination angle. When
the breadth of the coal pillar ranges from 3~6 m, the surrounding rock pressure is
consistently asymmetric. The pillar and roof possess the primary reinforcement zone
for surrounding rock stabilization. The displacement of the roadway exhibits an
asymmetric characteristic relative to the roof, solid coal side, and pillar side. The
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plastic zone consistently exhibited an unequal distribution in its width. A thorough
assessment of stress and plastic area parameters indicates that the optimal coal pillar
width is 4 m.

(2) Proposing control measures for the gob side entry. The proposed essential technology
for surrounding rock control is based on the features of stress and the plasticity state.
Utilizing high-stiffness (500 MPa) rock bolt, the size is Φ 22 × 2400 mm and the spacing
measures 800 × 800 mm. The stiffness of cable is 1860 MPa and the spacing measures
1600 × 1600 mm. The size of roof cable and pillar cable is Φ 21.8 × 7400 mm and
Φ 21.8 × 4500 mm, respectively. After 70 days of support application, the maximum
displacement is measured on roof, with a reasonable value of 130 mm.
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