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Research on the deformation
and failure law and control
technology of surrounding rock
In the dense roadway area in
footwall of normal fault
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ChengCheng Xie™ and Xuesheng Liu*

!College of Energy and Mining Engineering, Shandong University of Science and Technology,
Qingdao, China, *State Key Laboratory of Coal Resources and Safe Mining, China University of Mining
and Technology, Xuzhou, China, *State Key Laboratory of Hydroscience and Engineering, Tsinghua
University, Beijing, China, “China Energy Construction Group Epply Co., Changsha, China

To solve the problem of large deformations and failure of rocks surrounding
a dense area at the footwall of a normal fault, we considered the F22 fault
in the fourth mining area of Dashucun coal mine in Hebei Province as the
research object and conducted onsite investigations of hidden dangers, such
as roof caving and wall caving over the roadway. The deformation and failure
law of the surrounding rocks was obtained using the FLAC3D numerical
simulation method, and the factors influencing such deformation and failure
were analyzed. Consequently, the advanced support of the working face and
support scheme for the dense roadway area were optimized. After implementing
these programs, the results showed that with the exception of the belt rise,
where the deformation of the surrounding rock was affected to some extent, the
roof subsidence and approach of two gangs in the dense roadway areas could
be controlled to within 220 mm and 320 mm, respectively. Hence, we proved
that the surrounding rock conditions in the dense roadway area met the needs
of the project.

KEYWORDS

mine disaster, deformation and control technology, surrounding rock, dense roadway
area, normal fault

1 Introduction

The process of transferring shallow to deep coal resources involves many problems,
especially those concerned with geological structures, and fault structures are the most
representative of all problems associated with geological structures (Liu et al., 2024;
Zhang et al., 2024a; Zhao et al., 2022; Wang et al., 2024; Han et al., 2024; Ji et al., 2024;
Grapes and Holdgate, 2014; Jahan et al., 2017; Lozos, 2022; Babcock and Bickel, 1984). In
addition, given the increasing scale of mine constructions, roadway spacing has become
more dense, resulting in dense roadway areas (Li et al., 2024a; Hu et al., 2024; Pengfei et al.,
2021; Yang et al., 2024; Potvin, 2009; Young et al., 1989; Kim et al.,, 2018; Gay et al,,
1984; Tannacchione and Tadolini, 2016; Bahrani and Hadjigeorgiou, 2017; Shan et al., 2021;
Wojtecki and KnopikZuberek, 2016; Bedford et al., 2022, 2021). However, owing to the
superimposed effects of fault influences and mining, the deformation and failure of rocks
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NO.| Column | Lithology | Thickness/m Lithology Property
1 Siltstone 0.00~23.80 The siltstone is dark with fine sandstone
23.80 interbeded.
] Extremely unstable, with a strong reationship
) Coal 23.80~24.24 | Dbetween the layer,thinkness, and upper and
0.44 lower rock layers. Most of it is carboonaceous
| mudstone.
Light gray to dark gray, mainly composed
3 Siltstone 24.24~49.20 ofhorizontal bedding, mainly composed
25.00 ofquartz, with a small amount of mica and
| darkminerals.
49.20~57.24 i i i
a|F Sandstone | 22 r>1-2 Dark gray with p?ar‘lt fossils and vertical
"""" 8.00 joints.
57.24-62.60 Gray black, with tht? largest thickne.ss and
5 Coal T 530 lowest sulfur content in the coal bearingstrata
' in this area.
Dark gray has horizontal andintermittent
. 62.60~73.40 . . . .
6 Siltstone 1080 horizontal bedding, withmany plant fossils
’ and charcoalshavings on the bedding planes.
----------- 73 40~76.20 Gray, with contim.lous horizontal bedding
7 Sandstone T80 interbedded with sandstone bands,
’ visibleplant fossil fragments.
FIGURE 1
Stratigraphic sequence of the coal seam as well as its roof and floor strata.

surrounding dense roadway areas under the fault is serious
(Wojtecki et al., 2021; Song et al., 2024; Zhang et al.,, 2024b;
Xiao et al,, 2023; Yang et al., 2025). Therefore, it is necessary to
study the deformation and failure law as well as control technology
for rocks surrounding dense roadway areas at the footwall of
normal faults.

Many scholars have conducted research on the deformation,
failure, and control of rocks surrounding dense roadway areas under
the influence of faults (Yang et al., 2021; Cao et al., 2024a; Zhang et al.,
2018; Zhang et al,, 2017; Zhu et al, 2024; Ma et al., 2024a). Cai
(2016) analyzed the influences of the study parameters on the
faults in surrounding rocks using FLAC3D numerical simulations
by considering Tongting mine as the engineering background. Wu
(2021) considered the Nuodong coal mine subflat cave as their project
background and reported that the rocks surrounding roadways in
areas affected by fault structures are soft and in a state of plastic
failure. Zhang et al. (2024c) analyzed the deformation and failure
mechanisms of the surrounding rocks of the rail transportation flat
roadway of the Nantun mine as the engineering background using
numerical simulations and proposed the concept of divisional support
for the actual failure characteristics of the roadway. Jiang and Wang
(2014) analyzed the failure characteristics of the roadway perimeter
rocks penetrating the F19 fault fragmentation zone of the Liuzhuang
coal min€’s east one track alley and proposed a stepwise coupled
support scheme based on long-term onsite observations of the mine
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pressure. Ma et al. (2024b) studied the progressive failure processes
and disaster mechanisms caused by interrelated failures of residual
coal pillars and rock strata. Li et al. (2024b) considered the roadway
111057 of the Zhuxianzhuang coal mine as the engineering background
and proposed the perimeter rock control strategy of grouting along
with anchor rods, anchor ropes, M steel belts, steel beams, and
metal mesh active support in front of the roadway. At present, many
scholars have extensively studied the deformation mechanisms and
control of rocks surrounding roadways under the influence of faults
by focusing on single roadways (Li et al., 2023; Chen et al., 2025;
Jiang et al., 2024; Cao et al.,, 2024b), but there is insufficient research
on dense roadway areas.

In the present work, we draw on the existing results and consider
three roadways in the fourth mining district of Dashucun coal mine
as the research background to study the deformation and failure
law of rocks surrounding a dense roadway area at the footwall of
a normal fault along with the necessary control technology.

2 Engineering background
2.1 Engineering geological conditions

Dashucun coal mine is located in the northeastern part of
Fengfeng Mining District, Wuan City, Hebei Province, which
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FIGURE 2
Distribution of the dense roadway area in the fourth mining district of the Dashucun coal mine.
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FIGURE 3

15°

Original support design of the dense roadway area in the fourth mining district of Dashucun coal mine.

is the fourth mining district of the lower part of the 172404
working face of the coal seam belonging to the Permian Shanxi
Formation strata; the coal seam has an average depth of 566 m,
a strike length of 999 m, and an average inclination length of
89.4m, and a stable coal seam with an average coal thickness
of 5.3 m. Directly above the coal seam is a layer of siltstone,
and the basic top is fine sandstone; the stratigraphic sequence
of the coal seam as well as its roof and floor strata are shown
in Figure 1.
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2.2 Layout and support of the dense
roadway area

Dashucun coal mine in the fourth mining district at the footwall
of the F22 normal fault is shown in Figure 2, along with three
roadways in the mining district belt rise, mining district track
rise, and mining district return rise. The three rises are at the
same level, and the roadways are 30 m apart from each other to
enable production operations in the fourth mining district. The
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(a) Rib spalling (b) Roof subsidence
FIGURE 4
Deformations of the surrounding rocks in the dense roadway area of the fourth mining district of Dashucun coal mine: (A) rib spalling; (B) roof
subsidence.
FIGURE 5

Numerical model in the presence of faults.

F22 normal fault is only 25m away from the mining district
belt rise.

As shown in Figure 3, the rocks surrounding the dense roadway
area are supported by anchored cables and anchored rods for the
cables. The anchors use left-handed non-longitudinal rebars with
length L = 2.4 m and diameter @ = 20 mm; the row spacings between
the anchors are 700 mm x 800 mm. The anchor tray nuts used are
standard thick nuts made of M22; the nuts are tightened with a
pneumatic wrench and each hole is injected with one ck2345 and
two 202345 resin rolls, with the anchor tray being a special steel
tray having a diameter of 150 mm and thickness of 10 mm. The
nut torques are not less than 140 Nm, tensile strength is 100 kN,
anchoring force is 100 kN, and bolting exposure of the nut is
10-50 mm. The anchor spacing at the top is 1,400 mm, and row
spacing is 1,400 mm, with the anchor material being a ©21.6 mm
x 5,000 mm stranded wire. For each wire, the pretensioning force is
not less than 150 kN, anchoring force is not less than 200 kN, and
steel tray has dimensions of 300 mm x 300 mm X 16 mm, with the
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anchor cable immediately following the headway construction and
installation. The entire roadway section is paved with a small-grid
metal mesh of dimensions 80 mm x 80 mm that is welded to @ =
6.5 mm rebar coils of 1.5 m length x 0.9 m width; the meshes are
overlapped and networked with two strands of 12-gauge (or four
strands of 16-gauge) iron wires at intervals of 160 mm.

2.3 Deformation and failure status of
surrounding rocks

Through onsite observations, as shown in Figure4, the
deformation and failure of the dense roadway area was mainly
found to be rib spalling, which caused sinking of the anchored
cables. Furthermore, localized effects were found in the roofing,
where the peripheral rocks of the belt uphill in the dense roadway
area of the mining district were damaged seriously. There have been
many instances of repair and maintenance in this area, which has not
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FIGURE 6
Numerical model in the absence of faults.

TABLE 1 Mechanical properties used in the numerical simulation model.

Rock stratum Densit¥ Bulk modulus Cohesive Angle of Tensile
(kg-m™) (GPa) force (MPa) internal strength
friction (°) (MPa)

Sandstone 2,600 2.11 1.13 3.5 40 4
Siltstone 2,500 3.61 224 55 40 4
Sandy mudstone 2,500 1.54 0.49 2.5 40 35
Mudstone 2,500 0.94 0.76 2.0 45 3.5
Coal 1,400 1.33 0.44 23 45 2.0
Siltstone 2,500 3.61 224 2.05 35 38
Sandstone 2,500 3.89 2.45 6 38 6.0

only increased the maintenance cost of the roadway but also resulted
in concerns regarding safety hazards. Therefore, it is necessary to
optimize the parameters of the surrounding rock supports in the
dense roadway area based on actual geological conditions as well as
deformation and failure of the surrounding rocks to realize normal
production operations in the fourth mining district.

3 Deformation and failure of rocks
surrounding dense roadway area in a
normal fault
3.1 Numerical simulations

Based on the actual geological conditions of the dense roadway

area in Dashucun coal mine, a FLAC3D numerical simulation model

Frontiers in Earth Science

was established to study the deformation and failure characteristics
of the rocks surrounding the dense roadway area under the
influences of different factors.

Two numerical models were established, as shown in
Figures 5, 6, with model length x width x height dimensions of
400 m x 250 m x 160 m; the models were divided into 482,400 cells
and 508, 958 nodes when there was a fault or into 128,000 cells and
136,161 nodes when there was no fault, with identical boundary
constraints and loads applied to both models.

The left and right sides of each model were excluded up to
50 m to reduce the influence of the boundary effect. Here, the X
direction of the model constrained the left and right boundary
displacements, Y direction constrained the front and rear boundary
displacements, and Z direction constrained the lower boundary
displacement; the fix command was used to control the boundary
velocity of the model, and a pressure of 11.15 MPa was applied

05 frontiersin.org
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FIGURE 7
Schematic showing the arrangement of the monitoring points: (A) layout of the fault plane measurement points; (B) arrangement of monitoring points

in the dense roadway area.

TABLE 2 Simulation schemes for different roof lithology conditions.

Name of the Specific parameters

simulation
program Densitg Bulk modulus Shear Angle of Cohesion Tensile
(kg-m~) (GPa) modulus internal (MPa) strength
(GPa) friction (°) (MPa)
Flexible 2,582 423 23 40 21 24
Softer 2,532 8.64 5.69 38 32 45
Stiff 2,532 12.64 8.69 36 52 115

to the top of the model. An interface contact surface was adopted
for the fault, with a fault dip angle of 70°, drop of 50 m, normal
stiffness of 2 GPa, tangential stiffness of 5 GPa, internal friction
angle of 45°, and cohesion of 0.5 MPa. The stress and deformation
failure of the roof of the dense roadway and two gangs were
monitored in the case of both presence and absence of faults.

Frontiers in Earth Science

The mechanical properties used in numerical simulation model are
shown in Table 1.

The X direction of the model is the advancing aspect of the
working face, and the working face advances toward the fault
face from far to near. The stress changes in the fault face were
monitored for the influences of different factors on the stopping
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Subsidence of the roof (mm)

FIGURE 8

—=— With fault

—e— Without fault

9000 9500 10000 10500 11000
Step

(a) Subsidence of the roof

Simulation results of the deformations of the surrounding rocks in the belt rise: (A) subsidence of the roof; (B) approach of the two gangs.
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(b) Approach of the two gangs

FIGURE 9

(a) Without fault modeling

Belt rise surrounding rock failure simulation results: (A) without fault modeling; (B) with fault modeling.
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Variation of fault for different roof lithologies.
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line, and the monitoring points were arranged along the roof and
two gangs of the dense roadway area to record changes in the
stress and displacement of the area owing to the faults during
working face mining. The locations of the measurement points
are shown in Figure 7; here, measurement point C is located 20 m
below the fault, and measurement points A and B are located 80 m
and 40 m above the fault, respectively.

3.1.1 Roof lithology

By ensuring that all other conditions remain unchanged,
different rooflithologies were setup separately, as detailed in Table 2.
This allowed us to obtain the fault surface slip conditions as well as
changes in the displacements of the roof and two gangs in the dense
roadway area.

3.1.2 Mining height of the working face

We set the working face mining height to 1m, 3 m, and
5m, while ensuring that all other conditions remain unchanged
and observed the fault surface slip conditions as well as changes

frontiersin.org
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Displacement changes in the dense roadway area for different roof lithologies: (A) subsidence of the roof; (B) approach of the two gangs.
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FIGURE 12

Changes in the fault at different mining heights.

in the displacements of the roof and two gangs in the dense
roadway area.

3.1.3 Mining length of the working face

We set the working face mining length to 100 m, 150 m, and
200 m while ensuring that all other conditions remain unchanged
and observed the fault surface slip conditions as well as changes
in the displacements of the roof and two gangs in the dense
roadway area.

3.1.4 Advancing speed of the working face

We set the advancing speed of the working face to 5m/d,
10 m/d, and 15 m/d while ensuring that all other conditions remain
unchanged and observed the fault surface slip conditions as well as
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changes in the displacements of the roof and two gangs in the dense
roadway area.

3.2 Analysis of deformation and failure law
of the surrounding rocks

After ensuring stress balance of the above two models, three
rises were excavated in the same order; then, after calculating the
stress balance, the deformation and failure ranges of the rocks
surrounding the dense roadway area were counted. The results of
these calculations are shown in Figures 8, 9 by considering the uphill
belt closest to the fault as the example.

As seen from the figures, when there is no fault, the deformations
of the roof and floor of the belt rise are similar, and the deformation
of each gang is approximately 8 mm; when a fault exists, the
deformation of the left gang is 120 mm, deformation of the right
gang is approximately 90 mm, and the roof and floor of the belt rise
are closer by approximately 40 mm.

In summary, the deformation and failure ranges of the rocks
surrounding the dense roadway area are larger in the presence
of the fault, with the maximum increase in deformation being
approximately 110% and maximum increase in failure range being
approximately 40%; the two gangs show more obvious asymmetric
characteristics, and the deformation and failure ranges of the coal
gangs on the side close to the fault are larger by 140% and 40% than
those on the other side, respectively.

3.3 Analysis of the impact factors

3.3.1 Roof lithology

As seen from Figure 10, as the hardness of the rock properties of
the roof increases, the displacement at each measuring point changes
such that the deformations at the measurement points A, B, and C
decrease. When the rock properties belong to the soft rock stratum,
the relative deformation between points A and B is 24 mm; when

frontiersin.org


https://doi.org/10.3389/feart.2025.1517598
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Ma et al.

—=— Belt rise
—&— Track rise

R - —4+—Return rise

220

200

180

160

140

Subsidence of the roof (mm)

120

Mining height (m)
(a) Subsidence of the roof

FIGURE 13

Approach of both roadway gangs (mm)

10.3389/feart.2025.1517598

—&— Belt rise

—&— Track rise
340

r —A— Return rise
"
320
300
%F ¢&0———— ——6——®
260
240 |+
220 -
A
200 A A
L L L L L
1 2 3 4 5
Mining height (m)

(b) Approach of the two gangs

Displacement changes in the dense roadway area for different mining heights: (A) subsidence of the roof; (B) approach of the two gangs.
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Changes in the fault at different mining lengths.

the rock properties belong to the hard rock stratum, the relative
deformation between points A and B is 12 mm, which means that
the deformation between the two points is reduced by 100% with
respect to that of the soft rock stratum.

As seen from Figure 11, as the lithologies of the roof and floor
change, the movements of the top and bottom of the dense roadway
area as well as the two gangs decrease. When the roof is a hard rock
stratum, the movements of the two gangs at the three roadways are
401 mm, 398 mm, and 370 mm, while the corresponding roof and
floor movements are 200 mm, 120 mm, and 80 mm; compared to a
soft rock stratum, the movements of the two gangs decrease by 5%,
5.1%, and 8%, while the corresponding roof and floor deformations
decrease by 13%, 25%, and 33.3%. Thus, when the lithology is
hard rock stratum, it is evident that the deformations and faults in
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the dense roadway area are relatively lower and that this stratum
effectively reduces the approach amount of the dense roadway area.

3.3.2 Mining height of the working face

As seen from Figure 12, when the mining height is increased
from 1m to 3m and 5m, the relative deformation at each
measurement point shows a small change.

As seen from Figure 13, when the mining height increases from
I m to 5m, the maximum displacement of the roof and floor is
218 mm, and the displacement of the two gangs is 334 mm; further,
the minimum displacement of the roof and floor is 120 mm, and
the displacement of the gangs is 205 mm owing to the fact that the
mining district’s backwind rise is farther away from the working face
and faults, resulting in a smaller influence of the mining movement.

3.3.3 Mining length of the working face

As seen from Figure 14, from the relative deformations of the
fault, when the working face advances from 150 m to 200 m, the
relative deformation between points A and B is 28 mm and that
between points B and Cis 11 mm.

Asseenfrom Figure 15, when the mininglength ofthe working face
increases from 100 m to 200 m, the maximum movement of the roof
and floor in the belt uphill of the mining district increases by 19.3%,
and the corresponding movement of the two gangs increases by 14.3%;
the roof and floor movement in the rail uphill increases by 37.5%, and
the corresponding movement of two gangs increases by 12%; the roof
and floor movement in the return air uphill increases by 40%, and the
corresponding movement of the two gangs increases by 20%.

3.3.4 Advancing speed of the working face

As seen from Figure 16, as the advancing speed increases, the fault
closer to the working face is affected more, and the deformations at
points B and C are obviously larger than that at point A.

As seen from Figure 17, changing the advancing speed has only
a small influence on the dense roadway area. When the rate of
advancement is 15 m/d, the maximum roof and floor rise of the belt

frontiersin.org


https://doi.org/10.3389/feart.2025.1517598
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Ma et al.

10.3389/feart.2025.1517598

—=— Belt rise
—o— Track rise

320 .
Return rise

300 |-
280
260
240 |-
220 |-
200 -

180

Subsidence of the roof (mm)

160

140 |-

120 |

L L L L L
120 140 160 180 200
Mining length (m)

(a) Subsidence of the roof

FIGURE 15

Approach of both roadway gangs (mm)

Displacement changes in the dense roadway area for different mining lengths: (A) subsidence of the roof; (B) approach of the two gangs.

—a— Belt rise
—e— Track rise

/ Return rise

400
350
300
250

200

100 120 140 160

Roof length (m)

180 200

(b) Approach of the two gangs

—&— Monitoring point A
—e— Monitoring point B
—— Monitoring point C
50 | e
-
P
_ i -
£ 40 -
£ -
= -
.2 o
‘g‘ 30 F //‘
é% ////////‘r//
a) _—
0, —
10
1 1 1 1 1 1
4 6 8 10 12 14 16
Rate of advancement
FIGURE 16
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in the mining district is 210 mm, and the corresponding maximum
rise of the two gangs is 380 mm.

3.3.5 Comparative study of the impact factors

By studying the effects of the roof lithology, mining height,
mining length, and advancement rate of the working face on the
deformation and failure of rocks surrounding a dense roadway area
in a fault disc, the following observations were obtained. When the
rock lithology is stiff, the possibility of fault slip is smaller, and
the subsidences of the roof and softer rock stratum of the gang in
the dense roadway area are reduced. As the mining length of the
working face increases, there is a greater possibility of fault slip, and
the movements of the roof, floor, and gangs in the dense roadway
area are more obvious. Mining height and advancement rate of the
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working face have few effects on the fault slip and rocks surrounding
the dense roadway area, but a higher rate of advancement results in
increased deformations of the roof and gangs.

4 Control measures and practices for
rocks surrounding the dense roadway
area

4.1 Technical procedures for enclosure
control

4.1.1 Advanced support procedures for the
working face

The monopole supports in the roadway below the 172404
working face were eliminated, and all of these were replaced with
grouting and ordinary anchored cables for advanced support. The
row spacing of the anchored cables was 1.0 m, and each row had
three anchored cables (two grouted and one ordinary) of ®22 mm x
7.5 m stranded wires; further, the anchoring force was not less than
200 kN, and the pretensioning force was not less than 150 kN. The
ordinary anchored cable was located at the centerline of the roadway,
and the two grouting anchored cables are arranged symmetrically
about the centerline at distances of 1.2 m each; the spacing of the
anchored cables from the front and back of the existing support
structure in each row is 0.5 m, as shown in Figure 18.

4.1.2 Technical procedures for controlling the
rocks surrounding the dense roadway area

The roadway support was mainly based on anchored cable
supports, and the uphill of the mining district and joint lane were
supported by anchored cable spraying. In the event of broken roof, soft
rock, coal seam section, faults, and tectonics, it is necessary to reduce
the row spacing of the anchored cables and anchor beams, adopt 36U
shed supports, and also adopt internal anchoring and external frame
composite supports with increased support strengths in special cases.
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Scheme showing the advanced support section.

We chose ordinary 335 rebar bolting with ®22 mm x 2.5m
for the left section of the rise roadway support, MG500 rebar
bolting with 22 mm x 2.5 m to locally strengthen the left support
section, and square bolting pallets of 300 mm x 300 mm x 16 mm.
The bolting equivalent steel pallets were produced and pressed
into curved shapes. The pallets for the roof of the roadway
were arranged along the middle, and the bolts were spaced in
rows of 800 mm x 800 mm with the bolting force being not
less than 100 kN. The test resistance to pull out the bolts was
not less than 90% of the designed value. For the gang part, the
distances between the rows of bolts was not more than 800 mm
x 800 mm, design bolting force was not less than 60 kN, and
test resistance to pull out the bolts was not less than 90% of the
designed value.

The anchored net was fabricated by welding ®7 mm round steel
wires into a structure of length x width 2 m x 1 m having a mesh
of 100 mm x 100 mm; the anchored net overlap was not less than
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100 mm, and double strands of 12-gauge iron wires were used for
the connections or hooking.

The anchored cables were made of ®21.8 mm prestressed steel
strands of length L = 7.2 m; each anchor cable supports two pallets of
sizes 300 mm x 300 mm x 16 mm and 150 mm x 150 mm x 14 mm
along with a single KM22-1860 model lock. A total of five anchored
cables were arranged along the roof of the roadway, and the spacing
between the rows was not more than 1.2 m x 1.6 m. The designed
anchoring force of each anchored cable was not less than 140 kN,
and the prestress was not less than 90% of the designed value. The
support scheme used in this study is shown in Figure 19.

4.2 Site monitoring program

To research the control effects of peripheral rock supports
in dense roadway areas, the monitoring procedures used herein
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FIGURE 20
Locations of the monitoring stations in the dense roadway area.

mainly included observations of the surface displacements of the
rocks surrounding the roadways, and the main equipment used for
monitoring was the laser range finder.

The monitored area mainly comprises the areas of the belt rise,
track rise, and return rise in the mining district. Each monitoring

Frontiers in Earth Science

12

12404 Working face

-

point or station was equally spaced at a certain interval so as to
reduce errors and improve the accuracy of monitoring. Among these
points, since the mining district belt rise is close to the fault location,
the points were equally spaced 50 m apart to better monitor the
changes in the dense roadway area. For the mining district track
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rise, the measurement points were arranged back to the wind rise
every 60 m. The monitoring area and locations of the measurement
stations are shown in Figure 20.

4.3 Analysis of the monitoring results

4.3.1 Results of surrounding rock deformations in
the dense roadway area

To obtain the deformations of the rocks surrounding the dense
roadway area under the influence of the working face mining, it
was necessary to ensure the rationality of the surrounding rock
control technology. A laser range finder was used to monitor the
deformations of the dense roadway area, which was mainly obtained
in terms of the movements of the roof and floor as well as two
gangs; the monitoring was conducted once every three days or so
to evaluate the effects of the support procedures on the roof. The
specific monitoring data are shown in Figures 21-23.

By monitoring of the roof subsidence and the approach of the
two roadway gangs in the belt rise of the mining district, we found
that the roof and two gangs of all three stations were unstable in the
early stages of mining but gradually stabilized at the late stage. The
roof subsidence of station I was stable at 289 mm, and the approach
of the two gangs was stable at approximately 400 mm. The roof
subsidence of station II was stable at 255 mm, and the approach of
the two gangs was stable at 360 mm. The roof subsidence of station
III was stable at 210 mm, and the approach of the two gangs was
stable at 289 mm. Compared with the movements of station I, the
roof and two gangs of stations IT and IIT decreased by 13.3% and
37.6% and by 11.1% and 38.4%, respectively.

The roof subsidence at station I was 220 mm, and the two gangs
moved closer to 320 mm, which are respectively 31.3% and 25%
lower than those uphill of the mining district. The roof subsidence
at station IT was 188 mm, and the two gangs moved closer to
288 mm, which are respectively 35.6% and 25% lower than those of
monitoring station Il in the rise of the mining district. By monitoring
the surrounding rocks in the track rise of the mining district, it was
found that the closer the roadway was to the working face and fault,
the more it was affected by the mining.

From the monitoring results of the surrounding rocks in the
return rise of the mining district, it was seen that the roof subsidence
of station I was 188 mm, and the approach of the two gangs is
approximately 220 mm, which are, respectively, 53.7% and 81.8%
lower than those of the belt rise in the mining district. The roof
subsidence of station II was 170 mm, and the approach of the two
gangs was 190 mm, which are respectively 70% and 110% lower than
those of the belt rise. Since the return rise of the mining district is
far from the fault, it is less affected by the mining and the fault.

From the deformation results of the rocks surrounding the dense
roadway area, it is seen that the belt rise in the mining district is
affected to a greater extent while the track rise and return rise are
less affected.

4.3.2 Analysis of monitoring results of
surrounding rock deformations in the dense
roadway area

The monitoring for the roadway area
are shown in Table 3. It was found that only the deformations of

results dense
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TABLE 3 Monitoring results of surrounding rock deformations of the
dense roadway area.

Belt rise ’ Track rise  Returnrise

Subsidence of the roof 289 220 180
(mm)
Approach of both 400 320 220
roadway gangs (mm)

the belt rise in the mining district were slightly larger while those of
the track rise and return rise were smaller. Therefore, we have shown
that there are no serious deformations in the dense roadway area in
the later stages after adopting the corresponding control measures
for the surrounding rocks and that these measures are effective.

5 Discussion

(1) In this study, we focused exclusively on an illustrative example
concerning the occurrence of faults in the context of coal
mine disaster prevention and control. However, it is important
to note that faults, as ubiquitous geological features, can
play crucial roles in various geoscientific domains, including
tunnels, bridges, and beyond. Consequently, investigation
of such faults holds profound significance in the field of
earth sciences.

(2) In this work, we identified the deformation and failure
characteristics of the rocks surrounding coalmine roadways
influenced by faults. Additionally, we propose a control scheme
that is specifically tailored to address issues arising from
the influences of such faults. The implementation of the
proposed scheme demonstrated favorable outcomes, offering
valuable insights and serving as a reference for coal mines with
comparable geological conditions.

6 Conclusion

(1) From the numerical simulations, we concluded that the
deformations and failures of rocks surrounding dense roadway
areas are larger when affected by faults, with the maximum
increase in deformation being approximately 110% and that
of the failure range being approximately 40%. Both roadway
gangs in such areas have obvious asymmetric characteristics.
The deformation and failure of the coal gangs on the side close
to the fault are larger by 140% and 40%, respectively, compared
to those on the other side.

(2) By studying the effects of roof lithology, mining height, mining
length, and advancement rate of the working face on the
deformation and failure of the surrounding rocks in the
dense roadway area under a fault, it was found that the roof
lithology and mining height had significant effects while the
working face mining length and rate of advancement had
smaller effects.

(3) This work proposes an optimal scheme for surrounding rock
control based on onsite monitoring. After the implementation
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of the proposed measures, the results showed that except for
the belt rise, where the deformations of the surrounding rocks
were affected to some extent, the roof subsidence and the
approach of the two gangs in the dense roadway area were
controlled to within 220 mm and 320 mm, respectively. This
proves that the surrounding rock conditions in the dense
roadway area meet the needs of the project.
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