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Abstract

The "single roadway top coal mining method for steep and medium-thick seams™ addresses the challenges posed by significant
variations in seam dip angles and thicknesses. This approach segments the seam into multiple sections along its incline, with each
section utilizing a single roadway aligned with the seam's trend. This roadway is dedicated to one coal mining section, managing
the ventilation, transport, and pedestrian traffic for the working face. To ensure the effective execution of this method, numerical
simulations are employed to examine the surrounding rock movement after the working face advances. Two roadway
preservation techniques are proposed, tailored to different burial depths: the "flexible mold concrete wall" and the "flexible mold
concrete wall + right-angle tram I-steel roof." Both methods undergo theoretical analysis and numerical validation. Practical
application demonstrates that these techniques effectively stabilize the surrounding rock, prevent airflow between the roadway
and the gob, mitigate gas accumulation, and reduce the risk of spontaneous combustion in the residual coal. This method enables
efficient single roadway top coal mining and offers crucial technical support for similar roadway support challenges, holding
significant theoretical and practical relevance.
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1. Introduction

Maintaining a roadway along the goaf involves preserving
the original roadway after coal face advancement, ensuring it
remains undamaged and continues to function in coal mining
operations. Achieving goaf retention requires selecting ap-
propriate support methods for the goaf-side roadway. Based
on the materials used, support methods are classified into
wood stack support, masonry gangue belt support, dense

support, artificial stack support, and rigid pouring belt sup-
port. Retaining the post-mining roadway via goaf retention
enables the recovery of coal pillars and preservation of the
original roadway, thereby minimizing coal loss and reducing
excavation volume, which offers significant economic ad-
vantages.

In recent years, substantial research has been conducted on
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gob retention under inclined coal seam mining conditions.
He et al. enhanced conventional goaf retention techniques by
introducing a method involving roof cutting and pressure
relief. Through shaped charge blasting, they pre-cut the roof
seam adjacent to the mining roadway, transforming the roof
into a sidewall for the retention roadway post-mining (e.g.,
[1]). Wang investigated the optimal height and angle for roof
cutting in gob retention, concluding that cutting through
thick hard roof layers yields more pronounced pressure relief
effects (e.g., [2]). Zhu et al., using numerical simulation and
theoretical calculations, explored the parameters for gob re-
tention lanes under thick hard roof conditions, systematically
outlining the key parameter determination method in such
scenarios (e.g., [3]). Guo et al., focusing on thick coal seam
mining, proposed a "flexible concrete + reinforced support"
approach to stabilize surrounding rock during gob retention,
Feffectively reducing roof, floor, and side displacement (e.g.,
[4]). Zhang et al. analyzed the support and stability of soft
film concrete retention roadways in shallow coal seams,
demonstrating the strong safety performance of soft film
concrete as side support in these conditions (e.g., [5]).
Research on gob-retaining methods and parameters pre-
dominantly draws from various mechanical models of sur-
rounding rock in gob-retaining conditions. Currently, several
models are recognized: He's mechanical model of separated
rock blocks (e.g., [6]), Wang's roof tilt mechanical model,
Sun's bending moment failure model for rectangular stacked
laminae, Li's block balance model (e.g., [7]), and Tu's elastic
sheet roof motion model (e.g., [8]). Among these, the separat-
ed rock block model is frequently employed to estimate the
support load at the gob-retaining lane's side, guiding the de-
termination of support methods and parameters based on these
calculations. In cases where "single roadway caving top coal
in steep inclined seam" mining is employed, the roadway must
be preserved for continued use after the working face advances.
However, the absence of a continuous roof over the top coal

precludes the application of the separated rock block model,
rendering existing gob-retaining roadway models unsuitable
for this scenario. The lack of mechanical research tailored to
this unique condition underscores the necessity for focused
study. This paper addresses the steep coal seam sin-
gle-roadway top-caving mining method by analyzing the sur-
rounding rock displacement prior to roadway retention, pro-
posing and verifying a retention method to ensure safe produc-
tion continuity in the coal mining section.

2. Engineering Background

The primary coal seam, designated as seam 8, lies at a depth
ranging from 50m to 400m within the planned mining area. Its
extraction thickness varies between 1.32m and 3.47m, with an
average of 2.91m. The coal seam’s dip angle generally falls
between 60<and 65 < with localized steepness reaching up to
75< and its strike exhibits significant variability. The imme-
diate roof consists of 3.1m of fine-grained sandstone, while
the main roof comprises 3.4m of siltstone, and the underlying
floor features 10.8m of fine-grained sandstone. Based on
these geological conditions, the single-roadway top coal
caving method was employed for extraction, as illustrated in
Figure 1 and Figure 2. This fully mechanized caving method
for steeply inclined seams involved dividing the seam into
sections along its dip, with each section serviced by a single
roadway and a fully mechanized system (e.g., [9]). The de-
signed mining height was set at 3m, while the coal caving
height reached 12m, resulting in a mining-to-caving ratio of
1:4. As the face advanced, an "empty wall" formed on one
side of the roadway, leaving only one side with a wall, hence
the term "single-side roadway." This roadway was maintained
along the goaf to provide structural support and isolate the
mined-out area, while a new return airway was constructed to
facilitate ventilation and worker access.
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Figure 1. Figure caption Schematic diagram of the production system for sharply inclined single-roadway mining method.
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Figure 2. Schematic diagram of the production system for sharply inclined single-roadway mining method.

3. Study on Stress-Strain Law of
Surrounding Rock of Single-side
Roadway

To implement targeted roadway retention maintenance,
FLAC3D simulations were conducted on the surrounding
rock after the completion of top coal caving, but
post-roadway retention maintenance. A Mohr-Coulomb
model, representing the geological conditions of the No. 8
coal seam in Baiyanzi mine, was developed. Simulations
were performed at varying burial depths of 100m, 200m,

300m, 400m, 500m, 600m, 700m, 800m, 900m, and 1000m.
The physical and mechanical parameters of the coal rock
strata were detailed in Table 1. The cmodel command was
employed to replicate the top coal caving process, enabling a
comparative analysis of the stress-strain behavior of the sur-
rounding rock at different burial depths. This approach offers
a clearer understanding of the stress-strain responses in var-
ying geological conditions. The investigation focused on the
stress-strain patterns within the surrounding rock of a single
roadway in a steep coal seam, providing insights to address
the challenges in maintaining roadway retention under such
conditions.

Table 1. Physical and mechanical parameters of No. 8 coal and its surrounding rock.

. Shear / Bulk /
Rock formation GPa GPa
Fine grained sandstone 1.2 1.0
Coal seam roof
Siltstone 1.7 3.9
8 coals 0.38 0.65
Siltstone 1.3 2.7
Coal fl . .
oal seam floor Fine grained sandstone 1,2, 15

3.1. Stress Condition of Surrounding Rock of
Single-side Roadway

Figure 3 illustrated the horizontal stress distribution at
varying burial depths. With the advancement of the working

Cohesion  Internal friction  Tensile strength Density /
/ MPa Angle /(9 /MPa (kg/m)
2.6 37 3.8 2600

2.0 34 2.1 2400
0.95 32 0.86 1460

2.2 33 2.6 2400

2.9 34 2.9 2600

face, a suspended triangular rock mass emerged above the
roadway, resulting in a localized stress concentration zone
within. As burial depth increased, the surrounding rock ex-
perienced heightened stress levels, leading to a more pro-
nounced concentration of stress.
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Figure 3. Horizontal stress distribution in roadway surrounding rock post-advancement of the working face.

Figure 4 illustrated the vertical stress distribution at vary-
ing burial depths. As the working face progressed, stress
concentrations developed within the "triangular" rock mass
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tration remained consistent across different burial depths.
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Figure 4. Vertical stress distribution in roadway surrounding rock post-advancement of the working face.

experiences varying degrees of deformation. The roof
3.2. Strain of Surrounding Rock of Single-side showed significant horizontal displacement, which intensi-
fied as it approached the goaf. In contrast, the roadway walls
Roadway L - ) . :
exhibited minimal horizontal displacement, with the upper
Figure 5 displayed that the roadway’s surrounding rock  section displaying a larger shift compared to the lower part.
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(b) The left and right were vertical displacement distributions when the depth was 100m and 600m respectively

Figure 5. Roadway displacement distribution following 100m burial depth advancement of the working face.
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Figure 6. Displacement measurement sites for roadway surround-
ing rock.

Significant vertical displacement in the roadway primarily
occurred at the roof, while minor bulging was observed on
the floor due to the influence of the goaf. However, varia-
tions in vertical displacement of the surrounding rock at dif-
ferent burial depths were not immediately discernible from
the diagram. To accurately assess these changes, displace-
ment monitoring at six designated sites within the surround-
ing rock at varying burial depths was required. The position-
ing of these monitoring sites was illustrated in Figure 6, with
horizontal displacement data provided in Table 2, and verti-
cal displacement data presented in Table 3.

Table 2. Horizontal displacements at monitoring sites for varying
burial depths (unit: m).

Depth/m  sitel site2 site3 site4  site5  site6

100 -0.003 -0.003 -0.004 -0.004 -0.003 -0.002
200 -0.006 -0.006 -0.007 -0.006 -0.005 -0.003
300 -0.016 -0.016 -0.017 -0.015 -0.008 -0.005
400 -0.029 -0.029 -0.029 -0.027 -0.018 -0.007
500 -0.047 -0.047 -0.047 -0.041 -0.022 -0.007
600 -0.065 -0.065 -0.064 -0.054 -0.031 -0.008
700 -0.091 -0.091 -0.090 -0.068 -0.038 -0.009
800 -0.127 -0.123 -0.122 -0.095 -0.053 -0.011
900 -0.167 -0.166 -0.164 -0.129 -0.076 -0.014
1000 -0.227 -0.223 -0.219 -0.177 -0.113 -0.019

Table 3. Vertical displacements at monitoring sites for varying bur-
ial depths (unit: m).

Depth/m  sitel site2 site3 sited siteb site6

100 -0.001 0.002 0.004 0.003 0.002 0.002
200 0.004 -0.006 -0.008 -0.007 0.004 0.004
300 0.004 -0.006 -0.007 -0.006 -0.008 0.008
400 0.001 0.003 0.003 0.001 -0.005 0.012
500 -0.007 -0.005 -0.007 -0.008 0.004 0.016
600 -0.014 -0.012 -0.013 -0.010 0.005 0.019
700 -0.026 -0.024 -0.023 -0.010 0.005 0.022
800 -0.036 -0.036 -0.032 -0.013 0.0012 0.026
900 -0.047 -0.045 -0.044 -0.027 -0.006 0.030
1000 -0.061 -0.060 -0.060 -0.029 -0.013 0.035

Based on the monitoring data, a line chart was constructed
to visually represent the movement of the surrounding rock
in the roadway. Figure 7 and Figure 8 indicate that the trend
of each line remains stable, with no significant fluctuations
observed. Consequently, noticeable plastic deformation was
evident in both the transverse and longitudinal directions.

As displayed in Figure 7, the displacement variation at
each site exhibited an approximately parabolic trend with
increasing tunnel depth. When the roadway was shallow, the
surrounding rock experienced minimal stress, resulting in
limited horizontal deformation and easier roadway mainte-
nance. In contrast, at greater depths, the surrounding rock
was subjected to significant stress, leading to substantial
horizontal displacement and considerable difficulty in main-
taining the roadway. Additionally, the roof displacement
increased significantly at sites 1, 2, and 3 as the tunnel depth
increased, while the horizontal displacement at sites 4, 5, and
6 on the roadway wall decreased progressively. Notably, at
site 6, the horizontal displacement stabilized despite increas-
ing depth. These observations indicate that the horizontal
displacement at the roof exceeds that of the walls, and the
farther the roof was from the walls, the more pronounced the
displacement becomes, with a greater sensitivity to the depth
of burial. Conversely, horizontal displacement diminished as
the distance from the roof increases, although the influence
of tunnel depth became more pronounced.

Figure 8 presented that as roadway burial depth increased,
the vertical displacement of surrounding rock exhibited dis-
tinct patterns at various sites. Between depths of 100m and
400m, site 1 moved upward, while from 500m to 1000m, it
shifted downward. Sites 2 and 3 demonstrated nearly identi-
cal vertical displacement across all burial depths. For depths
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ranging from 100m to 400m, sites 2 and 3 showed subsid-
ence in positive correlation with the upward movement of
site 1. When the depth increased to 500m-1000m, the verti-
cal displacement and trends of sites 1, 2, and 3 became near-
ly uniform. Between 100m and 500m, the displacement at
site 4 closely aligned with that of sites 2 and 3. However, at
depths of 600m-1000m, the subsidence trend at site 4 was
noticeably restrained, mirroring the behavior of site 5, which
also represented the third site of the roadway. Meanwhile,
site 6 exhibited a consistent upward movement, attributed to
the stress acting on the roadway floor.
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Figure 7. Line graph of horizontal displacements at monitoring
sites across varying burial depths.
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Figure 8. Line graph of horizontal displacements at monitoring
sites across varying burial depths.

3.3. Comprehensive Stress-strain Analysis of
Single-side Roadway

The stress distribution of the roof and walls of the road-
way, analyzed through a combination of stress-strain behav-
ior and rock mass stress, can be simplified for clarity. As
depicted in Figure 9, the primary forces acting on the roof
and walls were the gravitational load of the prominent "tri-
angular” rock block and the internal stresses of the sur-
rounding rock mass. As the roadway depth increased, the
internal stress within the surrounding rock intensified, re-

sulting in varying degrees of deformation.

coal seam
roof

Internal stress of
surrounding rock

mass

mining
roadway

N N N N N N

M

coal seam

. floor

Figure 9. Stress state schematic of rock block in the "triangle area".

Analysis of the displacement charts revealed that the de-
formation patterns of the roadway surrounding rock can be
categorized into three types based on varying burial depths.
The first type, depicted in Figure 10, occurred at shallow
depths around 100m, where significant pressure was ob-
served on the roadway floor, accompanied by a slight overall
rise in the roof, floor, and walls. The roof adjacent to the
goaf exhibited minor subsidence due to gravitational forces
and the bending moment exerted by the "triangular” rock
mass. In the second type, illustrated in Figure 11, for burial
depths between 200m and 400m, the internal stress within
the surrounding rock intensified, resulting in general dis-
placement toward the goaf. The combined influence of rock
mass gravity and internal stress caused the roadway roof to
exhibit a downward trend, though a slight increase was noted
at the goaf-side roof end compared to the initial position.
Lastly, as shown in Figure 12, for deeper burial depths rang-
ing from 400m to 1000m, the increased internal stress be-
came the dominant factor driving surrounding rock defor-
mation. Notable displacement of the roof and walls toward
the goaf occurred, with the upper wall exhibiting greater
horizontal displacement than the lower portion. The wall
near the roadway floor showed minimal horizontal move-
ment, while the roof experienced subsidence. Additionally,
the floor rose, and the walls entered a zone of vertical stress
concentration, with significant compressive stress.
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Figure 10. Deformation trend of the surrounding rock in a sin-
gle-side roadway at a buried depth of approximately 100m.
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Figure 11. Deformation trend for a buried depth ranging from
200m to 400m.

For shallow burial depths (approximately 100m or less),
the surrounding rock primarily experienced gravitational
forces from the protruding "triangular”" rock mass above the
roadway. Consequently, roadway retention measures empha-
sized sealing off the gob and preventing wind channelling,
with minimal focus on mitigating deformation. At moderate
depths (200m to 400m), inadequate maintenance led to sig-
nificant roof displacement, necessitating retention strategies
aimed at resisting roof subsidence. At greater depths (400m
to 1000m), increased subsidence occurred, with both the roof

and the adjacent wall near the goaf showing considerable
horizontal and vertical displacement. Thus, retention efforts
focus on controlling roof subsidence and lateral movement.
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Figure 12. Deformation trend of surrounding rock of single-side
roadway with buried depth of 500m to 1000m.

4. Roadway Support Method and
Construction Technology

The design for the mining area of Mine 8 targeted coal
seams at depths ranging from 50m to 400m, aligning the
single roadway top coal caving method within the same
depth range. Taking both technical and economic factors into
account, no distinction was made in the retention support
measures between roadways at depths below 100m and those
between 100m and 400m.

4.1. Roadway Support Method Before the
Advancing of the Working Face

To satisfy the operational requirements of the single
roadway caving top coal mining method, a 3.8m-wide and
2.5m-high rock roadway was constructed on the coal seam
floor. Roof support was implemented using a "cable bolt +
anchor mesh" system. During excavation, temporary roof
support was installed first, followed by the application of a
metal mesh. Bolt holes were drilled according to the speci-
fied spacing, after which the bolts were installed and secured.
Two anchor cables were positioned at an 85<angle to rein-
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force roof stability, with additional anchor cables placed at
regular intervals. For the roadway walls, support consisted of
a combination of anchor rods, light steel belts, and metal
mesh. The bolts were metal with a diameter of 20 mm and a
length of 2.5m, spaced at 700>800mm intervals. The anchor
cables were 7.2m in length, with a spacing of 1400><1600mm.

Details of the support system were illustrated in Figure 13.

Jloar, o

Figure 13. Schematic diagram of the initial support method of a

single roadway.

4.2. Roadway Side Support Method

(1) The buried depth of the roadway was less than 100m

// /// goaf LT

single

// Flexible membrane
roadway
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+++++

s ST

Figure 14. Schematic diagram of roadway side support mode for

roadway with buried depth less than 100m.

At a burial depth of less than 100m, the influence of depth
on the "single roadway" following the advancement of the

working face was minimal. The "triangular" suspended rock
mass above the roadway was effectively stabilized by the
flexible concrete wall, which also isolated the goaf, as illus-
trated in Figure 14.

(2) Roadway with buried depth of 1200m~400m

To mitigate roof subsidence and lateral roadway dis-
placement, I-beam scaffolding was employed to reinforce the
support after the flexographic concrete wall was poured. As
depicted in Figure 15, the I-beam shed formed a right-angle
trapezoid, effectively minimizing the displacement of the
roadway side toward the goaf caused by the internal stress of
the surrounding rock.

- T 77 LRI
o // // // o Lt LT,
s e T,

e e

AN
o’ // // i e
0000
(A // // ORISR
A e

7 / o+ o+ o+ o+t ot
coal seam’ ST
roof 7 v+ + wcoal seam .
s +,*,1floor *
// /// e e e e e

7 ey goaf LT
o + P T T

H

////// ’:’+1«T-*+*+’T’+* *:,:{

e ..t i—steel shed,*.".
"

//// 4 EIE I S T T R
[ S

// o T T T

s b4+t
PR

7 . LT
s . single s T T T
7 Flexible membrane d LTt
s concrete wall roadway o+ o+
7 _concrete wall ST,

T

9 P

PN

Figure 15. Schematic diagram of roadway side support mode with
buried depth of 100m to 400m.

4.3. Construction Process of Retaining Roadway
Support

| Advanced reinforcement support |
!

| Dry material transportation |
]

| Moving frame and supporting pouring space |
!

| Hanging flexible mould |
!

| pumped concrete |
)

| monitoring |
!

| Reinforcement support of retaining roadway |
]

| ending work |
i

| Next cycle |

Figure 16. Schematic diagram of process flow.

The construction of flexible form pumping concrete along
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the hollow retaining lane involves three critical aspects (e.g.,
[10]): space support for pouring, flexible formwork installa-
tion, and pumped concrete application, as illustrated in Fig-
ure 16. After the working face advances, temporary support
must be promptly established for the pre-pouring space of
the flexible form. At the end of the frame, three rows of sin-
gle pillars, spaced 500mm>500mm, should be installed (e.g.,
[11]). These pillars supported a w-shaped steel beam against
the roadway roof within the construction area of the concrete
wall to mitigate roof deformation, as shown in Figure 17.

“n” shaped
| steel beam _J
single ‘ I
pillar
single
roadway
single “ " shaped
pillar steel beam

O OO
O ©

<
QO O O

Omm

O U
O O

500mm

Figure 17. Schematic diagram of temporary support in flexure pre-
placement space.

To ensure a secure connection between the flexible form-
work and the base, the bottom plate was leveled prior to the
construction of the flexible form concrete wall. The con-
struction process for the flexible form concrete wall followed
these steps: a. Insert the steel bars, serving as the framework,
into the sleeve of the top flange, and secure them to the flex-
ible form flange using No. 10 galvanized iron wire; b. Em-
ploy a single hydraulic prop to stabilize the steel bars and the
initial support's metal mesh against the roof, providing tem-
porary roof support; ¢. Pump the prepared concrete into the
flexible form until it adheres tightly to the roof; d. Utilize the
permeable and non-permeable properties of the flexible form
by refilling the form after ensuring no water seepage from
the concrete. This process was repeated 3 to 4 times to guar-

antee a full connection of the concrete to the roof; e. Once
the flexible concrete wall had cured for 3 to 5 days, reaching
70-80% of its final strength, the single hydraulic prop was
removed (e.g., [12]).

For roadways with a burial depth of 100m to 400m,
I-beam sheds should be installed to reinforce the support
following the removal of the hydraulic prop.

5. Determine the Reasonable Width of
the Flexographic Concrete Wall

5.1. Theoretical Calculation

(1) Flexographic concrete bearing capacity calculation

Drawing on the operational experience of similar mines
and the specific conditions of the working face, a 1m-wide
concrete wall was recommended for roadways at depths of
less than 100m. For roadways at depths between 100m and
400m, a 1.2m-wide concrete wall was proposed. Theoretical
calculations were now performed to assess the bearing ca-
pacity of the filling wall, which was dependent on the inter-
nal composition of structural materials. In this case,
C30-grade concrete, known for its higher strength, was em-
ployed as the filling material for the flexible mold. The pull
anchor bolt, acting as a "skeleton,” exerts transverse binding
forces on the concrete. The specified pull anchor bolts,
024%1350, were arranged in rows of four, with a spacing of
800mm>1000mm between rows (e.g., [13]).

The bearing capacity (N;) of the flexographic concrete
was derived using the specified formula (e.g., [4])

Ni=¢(f+4o) A ' 1)

The binding ¢ of the anchorr was calculated by

__ opmd?
or = 4aqa; @

Where, N; represented the bearing capacity of a C30 con-
crete wall (kN/m); ¢ denoted the stability coefficient, set at
0.97; o, was the effective binding force exerted on the bolt
(MPa); A, referred to the section area of the concrete (m?),
with a value of 1.2m? f.. was the compressive strength of
C30 concrete, defined as 15.8 MPa; d indicated the diameter
of the anchor bolt, specified as 20 mm; o, signified the ten-
sile strength of the steel bar (MPa), with a value of 300 MPa;
a; and a, represented the row spacing of the anchor bolt ar-
rangement, measured at 800 mm > 1000 mm.

The effective binding force of the anchor bolt was calcu-
lated as 6=0.12 MPa, and the bearing capacities of the flexi-
ble concrete walls, with widths of 1.0 m and 1.2 m, were
determined to be 15,791.6 KN/m and 18,949.9 kN/m, respec-
tively.

(2) Flexographic concrete supporting load calculation

As the roadway roof was not part of the coal seam, the
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load on the concrete wall cannot be calculated using the ar-
ticulated rock block theory. Based on previous mechanical
analyses, at a burial depth of 100m, the maximum bearing
pressure on the flexible form concrete was limited to the
weight of the overlying "triangular” rock block. Between
100m and 400m, the flexible form concrete also absorbs a
portion of the internal pressure from the surrounding rock,
though the predominant load remains the triangular rock
block. When the bearing capacity of the flexible form con-
crete significantly exceeded the weight of the "triangular"
rock block, the support conditions were satisfied, yielding
the following inequality:

(d+x)hyf
NZ = T

K N; 3)

In the formula: N, represented the pressure per unit length
on the flexible concrete wall (kN/m); d was the remaining
roadway width (m); x was the width of the concrete wall (m);
h denoted the mining height of the top coal caving (m); y was
the rock density, taken as 24 kN/m3f was the compensation
coefficient, take 1.5.

Upon calculation N,=1069.2kN/m. The load-bearing ca-
pacity of the flexible membrane concrete wall, with widths
of 1.0m and 1.2m, significantly exceeded N,, confirming its
adequacy in meeting the engineering requirements.

5.2. Numerical Simulation Analysis of Flexure
Concrete Bearing Capacity

Theoretical calculations and analysis indicated that a
1m-wide flexible film concrete wall was sufficient to meet
safety production requirements at a buried depth of up to
100m, while a 1.2m-wide wall was necessary for depths be-
tween 100m and 400m. Following this analysis, FLAC3D
numerical simulation software was used to evaluate the
stress-strain behavior of the roadway under these two depth
conditions.

(1) Model establishment

Figure 18. FLAC3D modeling diagram of lane retention.

Two models were constructed based on the surrounding
rock conditions following the advancement of the original
working face. In the first model, referred to as Model I, the
buried depth was set at 100m, with a 1m-wide concrete wall
added to the goaf side of the roadway. The second model,
referred to as Model |1, applies a buried depth of 400m and a
1.2m-wide concrete wall on the same side. The grid sur-
rounding the roadway was refined for higher resolution, as
illustrated in Figure 18, and the physical and mechanical
properties of the rock strata were listed in.

(2) Numerical simulation analysis

Parameters were assigned to each rock layer and concrete
wall, followed by the application of initial ground stress. The
resulting horizontal stress distribution for the roadway and
concrete wall was illustrated in Figure 19. The figure
demonstrated that, under the influence of the flexible film
concrete wall, horizontal stress concentrations developed in
the roadway roof at burial depths of 100m and 400m. The
flexible film concrete wall effectively resisted the roof's ten-
dency to shift toward the goaf and endures substantial shear
stress.
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Figure 19. Horizontal stress distribution of roadway surrounding rock.
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As shown in Figure 20, the simulated vertical stress dis-
tribution of the roadway and concrete wall revealed that,
following mining, the vertical force exerted on the original
roadway roof closer to the goaf shifts. The stress concentra-

tion on the roadway roof adjacent to the goaf, caused by the
overlying rock mass, was alleviated after the concrete wall
was installed.

FLAC3D 6.00

0B A Cornitng g e |

FLAC3D 6.00

B3O8 tewce Comtrg Seses re

(a) Model 1

(b) Model 2

Figure 20. Vertical stress distribution of roadway surrounding rock.

Figure 21 and Figure 22 displayed the horizontal and ver-
tical stress distributions in the surrounding rock of the road-

way, revealing significant plastic deformation in both models.

When the roadway was maintained using a concrete wall, the
roof movement slows considerably, though the wall was
subjected to shear and compressive stresses from above.
With a burial depth of 100m and a 1m-wide flexible mem-
brane concrete wall, the maximum horizontal displacement

FLAC3ID 6.00

A2010 bewea Zeows vy G (o2

(a) Modell

was 11mm, and roof subsidence remains under 20mm, indi-
cating minimal displacement. At a depth of 400m, with a
1.2m-wide flexible mold concrete wall, horizontal displace-
ment increases to 54mm, and roof subsidence reaches 90mm,
indicating substantial movement. Consequently, an auxiliary
support system using right-angle trapezoidal I-beam sheds
was recommended for this roadway retention method.

FLAC3D 6.00
S e CoP Srom:

(b) Model 2

Figure 21. Horizontal stress distribution of roadway surrounding rock.
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Figure 22. Horizontal stress distribution of roadway surrounding rock Vertical stress distribution of roadway surrounding rock.
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In conclusion, the FLAC3D numerical simulation demon-
strated that maintaining roadway stability in steep single rock
roadways can be effectively achieved using a 1m-wide flexi-
ble mold concrete wall for roadways at a depth of 100m, and
a 1.2m-wide wall for those at a depth of 400m. For roadways
buried at 400m, the installation of a right-angle trapezoidal
I-beam support structure played a significant role in control-
ling deformation and further stabilizing the roadway.

6. Conclusions

(1) Based on the geological conditions of the No. 8 coal
seam in a specific mine, the stress-strain behavior of
the surrounding rock in a single-side roadway follow-
ing the advance of the working face is investigated,
employing the top coal caving method for single-side
roadways. The study reveals distinct movement pat-
terns of the surrounding rock at different depths: shal-
low (100m), intermediate (100m to 400m), and deep
(400m to 800m). These observations offer a founda-
tion for further research on roadway retention in simi-
lar mining environments.

(2) For roadways buried below 100m, a single roadway
retention method along the goaf is recommended
through the construction of a flexible concrete wall.
For depths between 100m and 400m, the proposed
method includes building a flexible form concrete wall
in conjunction with a right-angle trapezoid I-beam
support. Theoretical calculations and numerical simu-
lations confirm the feasibility of both methods. These
approaches enable the formation of full negative pres-
sure ventilation at the working face, effectively isolat-
ing the goaf, preventing gas accumulation and sponta-
neous combustion of residual coal, and ensuring a saf-
er working environment for miners.

(3) The "steeply inclined medium-thick layer single
roadway top coal mining method" is designed for
steeply inclined medium-thick coal seams with signif-
icant variations in seam thickness, dip angle, and com-
plex geological conditions. However, this method re-
sults in complex stress conditions in the surrounding
rock of the roadway, and the lack of comprehensive
theoretical support for roadway retention highlights
the need for further research to strengthen the theoret-
ical framework.
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