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With the increase of mining depth in underground engineering, deep ground pressure has an extremely unfavorable impact on
safety production and the economic benefits of coal mines and the control of the roadway stability in deep mines are gradually
highlighted. In this study, the working face 14203 of the Zaoquan coal mine was taken as the engineering background, the
deformation mechanism of surrounding rock in the deep-buried high-stress roadway was analyzed, and the hydraulic fracturing
pressure relief technology in the advanced roadway was proposed for surrounding rock control. Finally, the numerical simulation
and field tests were used to validate the comprehensive effect of the proposed technology. Without damaging the roadway stability
in the working face, the hydraulic fracturing pressure relief technology can optimize the stress environment and stability of the
roadway through the artificial control of the roof fracture position. -e numerical simulation shows that under the action of
hydraulic fracturing, the cutting slot is formed, the deformation and failure mode of the roof are changed, the stress of sur-
rounding rock is reduced, and the development of the plastic zone of surrounding rock is limited. As a result, the stability of
surrounding rock in the roadway is effectively protected. -e field test shows that after the adoption of hydraulic fracturing
pressure relief technology, the roof subsidence, floor separation, bolt stress, and cable stress decrease, and the deformation of
surrounding rock is reduced significantly. -erefore, hydraulic fracturing pressure relief technology is verified as an effective
method to control the large deformation of the surrounding rock in the deep-buried roadway.

1. Introduction

In recent years, the mining depth and mining scope have been
continuously increased. Compared with the shallow mining,
the geological process characteristics and mine pressure be-
havior law under the condition of deep mining have been
changed greatly: for the deep mine, the vertical stress (caused
by the gravity) and the in situ stress are higher, and the tectonic
stress field is more complex. Deep ground pressure has an
extremely unfavorable impact on safety production and eco-
nomic benefits of coal mines [1–3]. In the deep mining, the

deformation characteristics of coal rock are changed from
brittleness to plasticity, and the dilatancy and the impact risk of
coal rock are increased. In the deep roadway, complex geo-
logical conditions and high ground stress fields often cause
serious deformation and failure of surrounding rock [4, 5].
-erefore, the deformation and failure of surrounding rock
should be effectively controlled under the strong mine pressure
in deep mining to ensure safe mining.

Research on the deformation mechanism and stability of
surrounding rock of deep high-stress roadway has been
widely performed. Zhang [6] studied the loose blasting and
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pressure release channel of surrounding rock through the
FLAC numerical simulation software. To solve the problem
of roadway deformation in short cantilever beam roof ex-
cavation theory, Yang et al. [7] proposed the roof excavation
pressure relief method in the adjacent roadway and deter-
mined the presplit blasting technical parameters through
theoretical analysis. Yang et al. [8] studied the stress process
of bolt on the roof by three-dimensional numerical simu-
lation, analyzed the time effect of bolt mechanical properties,
and summarized the working mechanism of floor bolt. He
et al. [9, 10] pointed out that in the deep coal mining, the
rock mass medium is in the stage of large plastic defor-
mation, leading to more significant nonlinear mechanical
phenomena; as for the supporting technology, the coupling
of the strength, stiffness, and structure between the support
body and the surrounding rock should be considered. Zuo
et al. [11] systematically analyzed the macro/meso failure
mechanism of deep rock or coal rock combinations under
different loading conditions. -e stress gradient failure
theory of surrounding rock, the hyperbolic movement
model of uniform support in the deep roadway, and over-
burden simulation were established, and the combined
grouting control technology of surface and underground
was proposed. In addition, Xiao et al. [12–16] studied the
failure mechanism and control measures of soft rock in the
deep roadway.

In previous studies, hard roof collapse behind the
working face has been mainly investigated, while the study
on stability control of deep roadway has been rarely re-
ported. -e working face 14203 in the Zaoquan coal mine
was a typical deep mining face with a large mining height.
Under the joint influence of large buried depth, high stress,
and advanced mining, large deformation occurred in the
roadway. According to the stress environment of the
roadway, on the premise of not affecting the production of
the working face and the integrity of the presplit roadway
roof, the hydraulic fracturing pressure relief technology for
surrounding rock control was performed in the advanced
roadway of the working face. Besides, theoretical analysis,
numerical simulation, and field tests were employed to study
the mechanism of the hydraulic fracturing pressure relief
technology and its implementation effect. -e research re-
sults can provide a reference for roadway stability control
under similar conditions.

2. Engineering Background

2.1. Production and Geological Conditions. Zaoquan coal
mine was located at the edge of Maowusu Desert, which was
62 km southeast of the Lingwu City, Ningxia Hui Auton-
omous Region. Its geographical coordinates were 106°30′-
106°35′ E and 37°52′-38°02′ N. -e coal seam 2 of the
working face 14203 was the main fully mechanized working
face with a large mining height. -e thickness of coal seam 2
was 8.07–8.39m, the dip angle was 2°–13°, the strike length
was 2336m, and the dip length was 182.82–235m.-e direct
roof was composed of siltstone, mudstone, and carbona-
ceous mudstone, with an average thickness of 10.90m; the
main roof was composed of medium-grained sandstone and

fine-grained sandstone and siltstone, with an average
thickness of 35.45m. -e floor was composed of mudstone,
siltstone, and fine-grained sandstone, with an average
thickness of 5.64m.-e east side of the working face was the
excavated area, the south side was the F69 normal fault of
No. 13 and No. 14 mining areas, the west side was the old
goaf of the working face 14202. Between the working face
14203 and the goaf, there was a coal pillar of 14m.-e north
side was the 2nd and 3rd middle yard of No. 14 mining area,
and there was no goaf in the upper part of the working face.
-e buried depth of the rubber-tire haulage gateway in the
fully mechanized working face 14203 was about 660m, and
the buried depth of the return airway was about 627m. -e
cross section sizes of the rubber-tire haulage gateway and the
return airway of the working face 14203 were
4500mm× 3550mmwith the joint support of anchor, mesh,
and cable, as shown in Figure 1.

2.2. Analysis of Deformation Characteristics of the Test
Roadway

2.2.1. Deformation Characteristics of the Test Roadway.
Due to the joint influence of the large buried depth, high
ground stress, and advanced mining of the working face, the
roof subsidence, floor heave, and serious shrinkage of two
sides appeared in the rubber-tire haulage gateway and return
airway. -e roadway deformation within 30 meters ahead of
the working face was still severe (serious roof subsidence,
floor heave, and side shrinkage), the erected steel beam shed
was compressed and fractured, and the single hydraulic prop
was bent. As shown in Figure 2, the roof sank and pressed on
the transfer machine section, and the transfer machine and
end support were unable to move normally, which seriously
affected the safety production of the working face.

2.2.2. Cause Analysis of Roadway Deformation. -e complex
structures such as large faults and collapse columns have not
been exposed during the excavation process of the rubber-
tire haulage gateway in the working face 14203. However,
due to its large buried depth (660m), the in situ stress
environment had an important impact on the roadway
deformation. In the field, the SYY-56 Small Aperture Hy-
draulic Fracturing In Situ Stress Measurement System
produced by Xi’an Zhongzhou Geotechnical Technology
Co., Ltd., was used, and measurement stations at four typical
positions of working faces 14203 and 14201 were set to
measure the in situ stress near the roadway. As shown in
Figure 1, the fracture pressure (Pb), fracture tension pressure
(Pr), instantaneous closing pressure of hydraulic fracture
surface (Ps), and in situ tensile strength (T) of rock in each
measuring section were determined. According to the rel-
evant formulas, the main stress value is shown in Table 1.

As shown in Table 1, there was large stress at the
measuring points in the test area, and the value of vertical
principal stress increases gradually with the increase of the
buried depth. -e underground in situ stress field type was
σv > σH > σh stress field, and the four measuring points were
NNE direction. In a word, ground stress was an important
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factor causing serious deformation of the roadway. At the
same time, the average thickness of themain coal seam in the
working face 14203 was 8.2m, belonging to the large

mining-height working face. Compared with the thin coal
seam mining, the overburden movement in the goaf of the
working face with the large mining height was more intense
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after mining. As a result, the rubber-tire haulage gateway
was disturbed, and the roadway deformation was inevitably
caused.

3. RoofHydraulic FracturingPressureRelief for
Surrounding Rock Control

3.1. Mechanism of Roof Hydraulic Fracturing Pressure Relief
and Roadway Protection. To ensure the normal connection
of the working face, the roadway of the next working face is
often excavated in advance. When the current working face
is mined, the coal pillar between the adjacent working faces
will become the stress concentration area, and the roadway
serving the next working face will be in a stress concen-
tration environment. As a result, serious roadway defor-
mation is caused, especially in the condition of large buried
depth. In this study, the roof hydraulic fracturing pressure
relief technology was performed as follows: before the
mining of the working face with a large mining height, a
special slotting bit was used to prefabricate a transverse slot
in the roof drilling; then, the transverse slot section was
sealed. -e high-pressure water was used to produce cracks
at the end of the slot and expand along with the rock layer,
and then a “quasifracture surface” was formed in the
overburden strata of the roadway pillar. During the mining
of the working face, under the action of periodic pressure of
stope, the roof of goaf broke along the “quasifracture surface;
” the span of cantilever beam was reduced, the action time of
lateral abutment pressure was shortened, the stress trans-
mitted by the lateral cantilever beam to the coal pillar of
roadway protection was unloaded or transferred, and then
the stress state of roadway retaining was improved [17–21].
Finally, the difficulty of roadway maintenance was reduced
and the safe production of mine was ensured, as shown in
Figure 3.

3.2. Numerical Simulation of Hydraulic Fracturing Pressure
Relief in the Roof and Roadway Protection

3.2.1. Numerical Calculation Model and Schemes. Based on
the geological data of the mine, a numerical calculation
model was established by the FLAC6.0 software. -e size of
the model was 250m in length, 100m in width, and 80m in
height, with a total of 2,000,000 grids. -e interface unit was
used to establish 11 structural planes. A total of 12 strata
were simulated from the fine sandstone of the basic floor to
the topsoil, as shown in Figure 4. Table 2 shows the me-
chanical parameters of rock mass.

According to the Mohr–Coulomb criterion, the maxi-
mum unbalance force of the model was monitored during
the calculation process. When the equilibrium state was
obtained in the model, the simulated vertical stress level was
16MPa, and the horizontal stress level was 12MPa. -e
simulated calculation level was kept at the same level as the
monitored in situ stress, as shown in Figure 5. To compare
the influence of hydraulic fracturing on the stability of
surrounding rock in the roadway, two models were designed
for comparative analysis according to the design scheme of
hydraulic fracturing drilling parameters .

Scheme 1: the influence of nonhydraulic fracturing in the
roof on the stability of rubber-tire haulage gateway 14203
was simulated. According to the data provided by the
mining enterprise, the goaf, the return airway, the
working face 14203, the rubber-tire haulage gateway, and
the auxiliary haulage gateway were excavated in coal seam
2. To meet the needs of numerical simulation calculation,
the goaf was reserved for 15m; the size of return airway,
rubber haulage gateway, and auxiliary haulage gateway
was 4.5m× 3.55m; the distance between the roadway and
the coal pillar of 20m was reserved in the goaf; and the
maximum boundary limit of the working face was re-
served for 130m as shown in Figure 6(a).
Scheme 2: the influence of roof hydraulic fracturing on
the stability of rubber-tire haulage gateway 14203 was
simulated. According to the relevant theoretical analysis,
the Interface command was used to generate a crack at
45° along the side face of the rubber-tire haulage gateway,
and the length of the crack was 50m.-e other crack was
distributed at 5° along the coal pillar, and the length of
the crack was 50m as shown in Figure 6(b). After the
working face 14203 advanced 20m in the working face
14203, the stress distribution and deformation charac-
teristics of the surrounding rock of the roadway were
analyzed and compared in the two schemes.

3.2.2. Simulation Results

(1) Influence of Hydraulic Fracturing Pressure Relief on the
Stress of the Surrounding Rock. Figure 7 shows the vertical
stress distribution nephogram of the two schemes. As shown
in Figure 7(a), when roof hydraulic fracturing of rubber-tire
haulage gateway is not performed, the low-stress (less than
6MPa) areas are mainly concentrated in the position of 20m
above and below the goaf and 5–8m above and below the
excavated roadway. -ese areas are prone to tensile failure.

Table 1: In situ stress measurement results of hydraulic fracturing in Zaoquan coal mine.

Measuring point
no.

Buried depth
(m)

Fracturing
parameters

Principal stress
(MPa) Fracture direction

(°)
Saturated uniaxial compressive strength

(MPa)
Pb Pr Ps σH σh σv

1 608.8 5.44 5.03 3.99 6.52 3.78 15.22 N15.2°E 14.18
2 658.1 17.30 10.28 9.00 16.30 8.79 16.45 N23.2°E 12.93
3 525.4 11.74 7.47 6.13 10.49 5.91 13.14 N15.5°E 28.75
4 571 11.34 6.60 6.21 11.65 6.02 14.28 N8.2°E 29.64
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-e relatively high-stress (above 11MPa) areas are mainly
concentrated in the upper 30m of the model, and the
concentrated stress of the 20m coal pillar is even as high as
20MPa. As shown in Figure 7(b), due to the existence of
cutting slot after the roof hydraulic fracturing, the low-stress
(less than 6MPa) area increases significantly, mainly con-
centrated in the excavation roadway and the upper 50m

range of goaf. At the same time, the stress between 20m coal
pillars decreases from the original 20MPa above to
12–15MPa, decreasing by about 40%. -e relatively high-
stress (16MPa) areas are mainly concentrated in the upper
10m of the model. On the whole, after hydraulic fracturing,
the area of high-stress concentration above the rubber-tire
haulage gateway and in the direction of the coal pillar is
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Figure 3: (a) Mechanism of roof hydraulic fracturing pressure relief technology. (b) Stress distribution before and after relief.
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Figure 4: Numerical calculation model.

Table 2: Some rock mechanics parameters of the numerical model.

Strata Bulk modulus (K/GPa) Shear modulus (K/GPa) Cohesion (C/MPa) Internal friction
angle (φ/°)

Density
(ρ/kg/m3)

Coarse-grained sandstone 3.5 1.5 2.31 32 2680
Medium-grained sandstone 4.2 2.1 2.9 37 2670
Siltstone 4.0 1.9 3.2 38 2670
Carbonaceous mudstone 3.6 2.0 2.8 36 2680
2# coal seam 2.5 1.2 1.56 30 1380
Siltstone 4.0 1.9 3.2 38 2670
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obviously reduced. As a result, the damage degree of the area
is greatly reduced, and the stability of the roadway is sig-
nificantly enhanced.

(2) Influence of Hydraulic Fracturing Pressure Relief on the
Plastic Zone of Surrounding Rock. Figure 8 shows the change
of plastic zone of surrounding rock in the roadway before

and after hydraulic fracturing pressure relief. As shown in
Figure 8(a), the roof subsidence in the nonhydraulic frac-
turing section is not sufficient, and the plastic zone is about
15m in the upper part. -e plastic zone of coal pillar is fully
developed on the side of the rubber-tire haulage gateway,
and there is a range of 2–5m free of plastic failure in the
middle of the 20m coal pillar. -e development range of the
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Figure 5: Numerical calculation model in the equilibrium state.
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Figure 6: Excavation space relationship diagram of the model. (a) Nonhydraulic fracturing. (b) Hydraulic fracturing.

Zone ZZ Stress
Calculated by: Volume

2.2156E+04
-1.0000E+06
-3.0000E+06
-5.0000E+06
-7.0000E+06
-9.0000E+06
-1.1000E+07
-1.3000E+07
-1.5000E+07
-1.7000E+07
-1.9000E+07
-1.9742E+07

(a)

Zone ZZ Stress
Calculated by: Volume

2.6184E+03

0.0000E+00

-2.5000E+06

-5.0000E+06

-7.5000E+06

-1.0000E+07

-1.2500E+07

-1.5000E+07

-1.7500E+07

-2.0000E+07

(b)

Figure 7: Nephogram of vertical stress of roadway surrounding rock (a) before and (b) after hydraulic fracturing.
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plastic zone in the upper roof is 8m, and the plastic zone in
the shallow roof and floor is dominated by tensile failure and
the two sides and other deep areas by shear failure. It in-
dicates that the deformation and failure of the surrounding
rock of the rubber-tire haulage gateway are also serious. At
the same time, the plastic zone in the two sides of the
auxiliary haulage gateway is affected by the vertical stress,
and the influence range is more than 8m. -e influence
range in the roof and floor is more than 5m.

As shown in Figure 8(b), due to the existence of hy-
draulic fractures, the plastic zone in the upper part of the
mined roof is fully developed and the roof subsidence is
sufficient. -e plastic zone on the side of the rubber-tire
haulage gateway changes obviously. -e plastic zone of the
20m coal pillar is less than 5m, and the plastic zone of the
roof is reduced by about 50%, which greatly reduces the
deformation and failure of the roof and coal wall. -e plastic
zone of the two sides of the auxiliary haulage gateway is
reduced to less than 4m, and the development range of the
roof and floor is less than 4m. Compared with the non-
hydraulic fracturing section, the reduction of plastic zone is
obvious in the hydraulic fracturing section. It indicates that
hydraulic fracturing is more conducive to reducing the
mining influence and roadway deformation and maintain-
ing the stability of the roadway.

(3) Influence of Hydraulic Fracturing Pressure Relief on the
Deformation of Surrounding Rock. Figure 9 shows the dis-
tribution of displacement and deformation curve of rubber-
tire haulage gateway 14203 in the two schemes. -rough the
comparison, it can be seen that the displacement of sur-
rounding rock of roadway in hydraulic fracturing section
decreases significantly, with an overall decrease of about
45.8%. -e floor and the left and right sides have the most
prominent decrease. -e left side decreases from about
435mm to about 377mm, and the right side decreases from
about 434mm to about 174mm. -e change of floor is the
biggest, and the decrease is about 365mm before and after
hydraulic fracturing. -e displacement of surrounding rock

decreases obviously, which is positively correlated with the
plastic zone distribution of surrounding rock. It shows that
hydraulic fracturing technology reduces the influence of
mining on roadway deformation and maintains the stability
of the roadway.

4. Engineering Practice

4.1. Hydraulic Fracturing Parameter Design. To ensure the
normal production of the working face, the drilling was
carried out at the position of rubber-tire haulage gateway
14203, which was 120m away from the working face. Fig-
ure 10 shows the hydraulic fracturing parameters and
roadway support parameters of the rubber-tire haulage
gateway in the working face 14203. -e construction se-
quence was as follows: observation of roof rock structure
with a peep scope⟶ in situ test of roof rock strength⟶
determination of fracturing parameters ⟶ fracturing
drilling operation⟶ implementation of fracturing⟶
fracturing monitoring. -e underground construction
started on July 20, 2019, and ended on January 20, 2020. -e
length of the test roadway in the working face 14203 was
300m, and a total of 60 boreholes were constructed:

(1) -e fracturing boreholes were arranged along the
axial direction of the haulage gateway. -e opening
position was about 1m away from the coal pillar, and
the included angles with the roadway were 45° and 5°,
respectively, as shown in Figures 10(a) and 10(b).
-e actual angle and opening position were adjusted
according to the field space.

(2) -e length of boreholes was 50m, the dip angle was
50°, and the spacing was 10m, as shown in
Figure 10(c).

(3) Roadway support parameters: two corners of the
roadway roof were supported by the ∅21.98mm×

4300mm (1× 19) anchor cables. -e dip angle of
anchor cables was 15°, the preload was more than
200 kN, and the row spacing between anchor cables
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Figure 8: Variation cloud map of plastic zone of surrounding rock in the roadway (a) before and (b) after hydraulic fracturing.
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was 1000/600× 900mm. -e top of the cable truss
was arranged for support, the specification of this
cable was 21.98mm× 8300mm, and the cable

preload was greater than 200 kN. -e anchor cable
trusses L� 3800mm were arranged symmetrically
along both sides of the center line, and the row
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spacing was 900mm. -e W280× 5× 4700-1000/
600-6 typeW steel strip was used for the top support.
-e φ6.5mm round steel welded steel mesh was
hung at the top of the roadway, and themesh size was
100×100mm. -e 20#-M22-2000 BHRB335 left-
handed rebar bolt without longitudinal bar was
adopted at the side of the roadway. -e tensile force
of the bolt at the side was greater than 50 kN, the row
spacing between the bolts was 900× 900mm, and the
spray layer with a thickness of 400mm was laid on
the bottom plate, as shown in Figure 10(d).

4.2. Monitoring Content and Scheme. In the working face
14203, three measuring stations were respectively arranged
in the hydraulic fracturing section and nonhydraulic frac-
turing section, with a total of six measuring stations. -e
interval of stations was 100m, as shown in Figure 11. -e
hydraulic fracturing section was 120m away from the
working face. -e surface displacement of the roadway, roof
separation, and anchor cable stress were mainly monitored.

4.3. Engineering Effect. -e monitoring results of 5# station
in the nonhydraulic fracturing section and 2# station in the
hydraulic fracturing section of the rubber-tire haulage
gateway in the working face 14203 were compared and
analyzed.

4.3.1. Roadway Surface Displacement. According to the
monitoring results of 5# station and 2# station, the roadway
surface displacements of nonhydraulic fracturing section and
hydraulic fracturing section in the working face 14203 are
plotted respectively, as shown in Figures 12 and 13. -e
maximum roof subsidence of the nonhydraulic fracturing
section is 310mm, the maximum floor heave is 760mm, the
maximum displacement of the left side is 607mm, and the
maximum displacement of the right side is 409mm. When
the hydraulic fracturing section is 110m away from the
working face, the surrounding rock of the roadway has ob-
vious displacement changes. When it is 80m away from the
working face, the displacement of surrounding rock rapidly
increases. However, compared with the nonhydraulic frac-
turing section, the roof subsidence, floor heave, left side, and
right side of the hydraulic fracturing section decrease by
52.2%, 53.8%, 59.2%, and 44.5%, respectively. At the same
time, when the hydraulic fracturing section is 90m away from
the working face, the displacement of the surrounding rock of
the roadway changes; when it is 80m away from the working
face, the displacement of surrounding rock of roadway in-
creases rapidly.-erefore, hydraulic fracturing has an obvious
effect on the roadway stability control.

4.3.2. Roof and Floor Separation of Roadway. -e separation
amount of roof and floor in the roadway is also the rock
movement amount at the roof and floor of the roadway.
According to the monitoring results of 5# station and 2#
station, the roof and floor separation of nonhydraulic
fracturing section and hydraulic fracturing section in

working face 14203 are drawn, as shown in Figures 14 and
15. When the distance from the working face is 130m, the
roof separation of roadway occurs in the nonhydraulic
fracturing section (monitored by 5# station), which is
consistent with the response of roof subsidence. It indicates
that the separation and roof subsidence have a positive
correlation. When the distance from the working face is
60m, the amount of roof separation begins to increase
rapidly. When the distance from the working face is 0m, the
maximum value of the deep base point is 186mm, and the
maximum value of the shallow base point is 68mm.
However, in the hydraulic fracturing section, when the
distance is 100m away from the working face, the roof
separation occurs (monitored by 2# station). When the
distance from the working face is 65m, the amount of roof
separation is significant. When the distance from the
working face is 0m, the maximum values are obtained. -e
maximum value of the deep base point is 164.7mm, and that
of the shallow base point is 22mm in the hydraulic frac-
turing section, which is 22.6% and 60% less than that of the
nonhydraulic fracturing section. -e amount of roof sepa-
ration presents the characteristics of decreasing from deep to
shallow.

4.3.3. Bolt Stress

(1) Stress Analysis of Side Bolt of Coal Pillar. Figures 16 and 17
show the stress curves of the bolts at the coal pillar side of 5#
and 2# stations, respectively. It can be seen that the stress of
the upper 2# bolt in the nonhydraulic fracturing section is less
than that of the lower 1# bolt, and the stress of the two bolts
shows a gradually increasing trend. -is suggests that the
lower bolt is obviously affected by the floor heave, and the
stress is obviously larger. With the advance of the working
face, the stress of the bolt increases gradually. When the
distance from the working face is 0m, the stress of the upper
2# bolt reaches themaximum value of 163.8 kN, and the stress
of the lower 1# bolt increases to 105.3 kN and does not change.
When the distance is 100m away from the working face in the
hydraulic fracturing section, the bolt stress on the side of the
coal pillar begins to increase, in which 2# bolt increases more
rapidly than the lower 1#. It indicates that the pressure on the
upper part of the coal pillar is faster. When it is 65m away
from the working face, the stress of the upper 2# bolt reaches
the maximum value of 112 kN and suddenly decreases to
0 kN.-e actual observation shows that the bolt tail breaks off.
-e stress of the lower 1# bolt increases continuously until it
reaches 85 kN and does not change. Compared with the
nonhydraulic fracturing section, the stress of the side bolt of
the coal pillar in the hydraulic fracturing section is reduced by
12.3%–31.9% on average.

(2) Stress Analysis of Side Bolt in the Mining Face. Fig-
ures 18 and 19 show the stress curves of the bolts at the
mining face of 5# and 2# stations, respectively. As shown
in Figure 18, the stress of 3# bolt in the nonhydraulic
fracturing section decreases slowly at the later stage, while
the stress of the lower 4# bolt increases greatly at the later
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stage. When the distance from the working face is 30m,
the stress of the upper 3# bolt reaches the maximum value
of 84 kN, and the stress drops sharply to 0, and the stress of
the lower 4# bolt begins to rise rapidly. When the distance
from the working face is 0 m, the stress of the lower 4# bolt
reaches 136 kN. As shown in Figure 19, the supporting
force of 3# bolt in the hydraulic fracturing section fluc-
tuates strongly in the later stage, while that of 4# bolt
increases steadily. When it is 15m away from the working
face, the maximum stress of the upper 3# and lower 4#
bolts is 78 kN and 42 kN. -en the stress of the upper 3#
bolt decays. Finally, the upper 3# bolt is stable at about
57 kN, and the lower 4# bolt reaches the maximum value
of 46 kN. -e stress of the side bolt in the hydraulic
fracturing section is 56.1%–51.8% less than that in the
nonhydraulic fracturing section.

4.3.4. Anchor Cable Stress

(1) Stress Analysis of the Anchor Cable at Coal Pillar Side.
Figures 20 and 21 show stress curves of anchor cable at coal
pillar side of 5# and 2# measuring stations, respectively. As
shown in Figure 20, with the advance of the working face, the
stress of anchor cable in the nonhydraulic fracturing section
increases continuously. When it is 30m away from the
working face, the stress of anchor cable decreases rapidly.
With the decreasing distance to the working face, the stress of
anchor cable increases continuously until the distance is about
0m.-e stress of 5# anchor cable reaches the maximum value
of 239 kN and that of 6# anchor cable reaches more than
500 kN. -ese conditions are consistent with the character-
istics of roof subsidence. As shown in Figure 21, when hy-
draulic fracturing technology is adopted and the distance
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Figure 16: Nonhydraulic fracturing section: stress of side bolt of
coal pillar at 5# station.
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from the working face is 60m, the stress of 6# and 5# fluc-
tuates, indicating that the roof failure fluctuates. When the
distance is 1m away from the working face, the stress reaches
the maximum value of 502 kN and 116 kN, with an average
reduction of 44.8% and 16.4%.

(2) Stress Analysis of the Side Anchor Cable in Mining Face.
Figures 22 and 23 show the stress curves of the anchor
cable at the mining face of 5# and 2# measuring stations,
respectively. As shown in Figure 22, for the nonhydraulic
fracturing section, when the distance is 100m away from
the working face, the stress of the anchor cable begins to
increase, which synchronizes with the increase of roof
subsidence and separation amount. With the advance of
the working face, the stress of the anchor cable continues
to increase until the distance is 0 m away from the working

face and then the stress remains relatively stable. -e
stress of the outer 8 # anchor cable is 205 kN and the inner
7 # anchor cable is 242 kN. As shown in Figure 23, for the
hydraulic fracturing section, with the advance of the
working face, the stress of the anchor cable increases and
remains stable until the distance is 10m away from the
working face. -e stress of the 7 # anchor cable is 216 kN
and that of the 8 # anchor cable is 47 kN. Compared with
the nonhydraulic fracturing section, the stress of anchor
cable is reduced by 48% and 51.3% on average in the
hydraulic fracturing section.

5. Conclusion

(1) On the premise of not destroying the stability of
roadway in working face, the fracture position of the
roof can be artificially controlled, and the high-stress
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Figure 20: Nonhydraulic fracturing section: stress of the anchor
cable at coal pillar side of 5# station.
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Figure 21: Hydraulic fracturing section: stress of the anchor cable
at coal pillar side of 2# station.
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Figure 22: Nonhydraulic fracturing section: stress of the anchor
cable at 5# station.
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from the lateral cantilever beam of the working face
to the coal pillar of the retained roadway can be
unloaded or transferred to improve the stress state of
the retained roadway.

(2) Hydraulic fracturing pressure relief technology
changes the deformation and failure mode of roof
and restricts the development of the plastic zone of
surrounding rock in the roadway. As a result, the
deformation and failure of roof and coal sides are
greatly alleviated, and the stress of anchor bolt and
anchor cable is reduced to varying degrees.
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