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Because top coal is not stable, a roadway with thick top coal often appears to mine pressure problems, such as bolt failure, cable
breakage, and roof caving. In particular, these problems are more serious in rockburst mines. Based on a cable breakage case of No.
3 roadway in Xingcun coal mine, the paper analyzed the stress and elastic energy evolution law of surrounding rock and stress state
of cable in the 3# roadway by means of the numerical simulation method. Thus, the cable breakage mechanism of the roadway with
thick top coal in rockburst mine was revealed. Then, because surrounding rock grouting can reduce the stress concentration of
surrounding rock and cable, surrounding rock grouting technology was proposed as control technology of cable breakage. Finally,
parameters of surrounding rock grouting were designed and applied in the No. 3 roadway. The ﬁeld results showed that
surrounding rock grouting technology can be one of the solutions for cable breakage of roadway with thick top coal in rockburst
mine. The research results of this paper can provide certain theoretical and practical value for mine pressure control of roadway.

1. Introduction
In China, with the increase of coal seam mining depth and
intensity, there are more and more rockburst mines.
According to statistics of the China National Administration
of Mine Safety, there are currently about 138 rockburst
mines. In these rockburst mines, the problem of mine
pressure is more serious. Through the research and
implementation of occurrence mechanisms, hazard preevaluation, real-time monitoring, and early warning, comprehensive prevention, and control, most rockburst
problems are gradually being resolved [1–6]. However, due
to unclear mechanisms and inadequate control technology
of rockburst under complex conditions, there are still some
rockburst phenomena, events, and accidents.
According to the consequences of damage, rockburst can
be divided into general rockburst (rockburst phenomenon),
destructive rockburst (rockburst events), and accidental
rockburst (rockburst accidents). Many engineers and
scholars pay more attention to the last two rockburst types
because of their more severe damage and more casualties.

For instance, Zhu et al. [7] analyzed the rockburst accident
in the ﬁrst section of the working face of No. 3 and No. 4
mining area of layer 17, 3rd level north mining zone in Junde
coalmine. Wu et al. [8] studied the occurrence of dynamic
disasters during the horizontal sublevel mining of a steeply
inclined and extremely thick coal seam in the Wudong coal
mine. Yang [9] investigated rockburst accidents in some
typical coal mines, and the behavior and predisposing
factors of rockburst were analyzed. Li [10] analyzed several
rockburst events and accidents of roadway ﬂoor in the
Huating coalﬁeld. Li et al. [11] studied the inﬂuence of
geological and mining technology factors on the rockburst
formation based on the analysis on the occurrence characteristics of rockburst in Qianqiu coal mine. Tian [12]
researched the occurrence mechanism and prevention of
rockburst of Xinzhouyao mine in Datong combining the
mining condition and what type of rockburst happened. But
the frequent occurrence of general rockburst (rockburst
phenomenon) may be a precursor or gradually cause the
occurrence of destructive rockburst (rockburst events) and
accidental rockburst (rockburst accidents). Therefore, the
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occurrence mechanism, characteristics, and prevention
technology of general rockburst should also receive more
attention, for example, high energy microseismic activity
[13, 14], coal crack with ﬁrecrackers or thunder sound
[15, 16], and breakage of bolt or cable [17, 18].
Cable breakage occurred frequently in the No. 3 roadway
in Xingcun coal mine of Shandong Tian’an Mining Group
CO., Ltd., during the roadway excavation. The paper aims at
addressing the cause and solution of the case of general
rockburst (rockburst phenomenon). Firstly, based on the
analysis of stress and elastic energy evolution law of surrounding rock and stress state of cable, cable breakage
mechanism was revealed. After that, grouting technology
and parameters of cable breakage control were designed and
applied in the No. 3 roadway. The research results can
provide certain theoretical and practical value for mine
pressure control of roadway, especially in rockburst mines.

2. A Case of Cable Breakage
2.1. Situation of Roadway. Xingcun coal mine, located in
Jining city, is mining No. 3 coal seam with about 8.5 meters
thick. Because of depth of more than 1100 m and many
faults, initial ground stress is very high (Table 1). In addition,
according to the appraisal report of rockburst tendency, the
No. 3 coal seam and its roof have a weak rockburst tendency.
So Xingcun coal mine is determined as a rockburst mine.
The mine pressure on the working face and roadway appears
to be severe. Particularly, there were several rockburst events
in the past.
In the recent roadway excavation project, cable breakage
occurred in the No. 3 exploration roadway in the seventh
mining area of the Xingcun coal mine. The roadway adopted
a straight wall circular arch section with 4300 mm width,
3000 mm straight wall height, and 700 mm circular arch
height (Figure 1). Because it was driven along the ﬂoor of the
coal seam, its roof was reserved with about 4.8 m top coal.
The support form of the No. 3 exploration roadway was
bolt and cable support. The bolt was made of KMG500 heattreated threaded steel with 22 mm diameter, 2400 mm
length, and 180 kN anchoring force. The spacing and row
spacing of bolts were 800 mm. In particular, 400 Nm pretightening torque was imposed on the bolts. The cable was a
constant resistance cable of the H-MS-500-08 model with
diameter of 22 mm, length of 8000 mm, constant resistance
of 350 kN, and allowable deformation of 300 mm–500 mm
[19, 20]. The spacing and row spacing of the cable was
800 mm. 250 kN pretightening force was imposed on the
cable.
2.2. Situation of Cable Breakage. According to the ﬁeld
observations data that lasted for a month during the No. 3
roadway excavation, it was found that 34 cases of cable
breakage (Figure 2) occurred in the range of 10 m∼30 m
from the heading of roadway and 9 cases of cable breakage
occurred in the range of 30 m outside the heading. Among
the 34 cases, all of them were roof cable, 15 cases on the arch
of the roof, 12 cases on the right side of the roof, and 7 cases
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on the left side of the roof. Among the 9 cases, 6 cases, 2
cases, and 1 case of cable breakage occurred on the arch of
roof, the left side of the roof, and the right side of the roof,
respectively.
In addition, the cable breakage had the following
characteristics:
(1) When a fully mechanized excavating machine was
driving or coal cracked with ﬁrecrackers or thunder
sound, which were two sources of dynamic load, the
cable breakage occurred.
(2) From the analysis of the shape and characteristics of
the cable breakage, it can be judged as a “tensionshear” breakage.
(3) The cable breakage was mainly concentrated between
1.5 m and 3.5 m away from the anchorage of the
cable.
(4) The constant resistors of cable were deformed and
the constant resistance displacement was 0∼200 mm
which was less than the allowable deformation of
cable.
2.3. Deformation of Top Coal. During the No. 3 roadway
excavation, the top coal and rock of the roof were drilled and
peeped at 15 m behind the heading of the roadway. From the
peeping images of the boreholes (Figure 3), it can be seen
that the top coal between 1.6 m and 4.0 m had poor integrity,
severe separation, loose and broken parts, and well-developed ﬁssures; vertical ﬁssures between 4.0 m and 4.8 m were
developed in the top coal. But the rock of the roof in
4.8 m∼6.2 m had better integrity. In general, the thick top
coal of the No. 3 roadway was damaged and loose, but the
rock above top coal was more stable. In other words, the
thick top coal of roadway was mainly deformed and diﬃcult
to control surrounding rock, which was like other thick top
coal roadways in other coal mines [21, 22].

3. Cable Breakage Mechanism
3.1. Stress Evolution Law of Roof. The cable stress was the
foundation of cable breakage. Therefore, the mechanism of
cable breakage can be revealed by clarifying the causes and
changes of cable stress. According to the interaction between
anchor cable and surrounding rock [23], the reason for cable
stress was the deformation of surrounding rock. Therefore,
this paper ﬁrstly analyzed the stress evolution law of surrounding rock by numerical simulation method.
A three-dimensional numerical simulation model of the
No. 3 roadway was established using FLAC3D software
(Figure 4). The horizontal width, strike length, and vertical
height of the model were X × Y × Z � 50 m × 30 m × 47.5 m.
For the accuracy of calculation, the grids of adjacent
roadways were densely divided, and other grids were relatively sparse. The total number of nodes was 226,414 and the
total number of units was 214,800. The front, rear, left, right,
and top surfaces of the model used a stress boundary, and
initial ground stresses (Table 1) were applied on the surfaces.
The bottom surface used displacement boundaries. The
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Table 1: Initial ground stress of Xingcun coal mine.

Measuring
point
No. 1
No. 2

σ Maximum principal stress
Value
Direction Inclination
(°)
(MPa)
(°)
68.46
152.86
8.35
68.65
153.87
10.26

Depth
(m)
−1186
−1156

σ Intermediate principal stress
Value
Direction Inclination
(MPa)
(°)
(°)
49.63
−115.07
13.86
54.69
65.57
7.16

Cable

800

3000

12

°

3700

800

1500

12

°

Bolt

4300

Figure 1: Section size and support parameters of No. 3 exploration
roadway (unit: mm).

Mohr-Coulomb constitutive model was used for the constitutive relationship of coal and rock, and Table 2 showed
their mechanical parameters.
The excavation of the roadway made the surrounding
rock lose the original equilibrium state and caused the stress
redistribution within a limited range; that is, the stress in the
surrounding rock had a continuous change process in time
and space [24]. For the stress evolution in space, the surrounding rock within 10 meters above the roadway arch was
selected for stress monitoring. For the stress evolution in time,
the roadway advancing was simulated by the step-by-step
excavation method, and the step advancing distance was 3 m.
According to the numerical simulation results (Figure 5),
horizontal stress evolution law was as follows:
(1) When the roadway was excavated forward 3 m, the
horizontal stress peak in the same cross-section of
the roof was 35.45 MPa. When the roadway was
excavated forward 9 m, the peak stress was
38.54 MPa. When the roadway was excavated forward 18 m, the peak stress was 39.42 MPa. In a word,
horizontal stress peak in the same cross-section of
the roof had a tendency to increase with the roadway
excavation.
(2) When the roadway was excavated forward 6 m,
horizontal stress peak was located at 2.5 m in the top
coal. When the roadway was excavated forward
15 m, horizontal stress peak was located at 3.0 m in
the top coal. In a word, horizontal stress peak shifts
to deep with the roadway excavation.
In addition, according to the numerical simulation results (Figure 6), vertical stress evolution laws were as follows:
when the roadway was advanced for 3 m, the vertical stress

σ Minimum principal stress
Value
Direction Inclination
(MPa)
(°)
(°)
35.23
−147.35
−73.73
34.92
121.25
−77.44

peak was 64.69 MPa. When the roadway was advanced for
9 m, the vertical stress peak was 57.35 MPa. When the
roadway was advanced for 18 m, the vertical stress peak was
55.43 MPa. In a word, with the roadway advancing, the
vertical stress peak at the same position of the roadway roof
gradually decreases.
From the perspective of the evolution law of horizontal
and vertical stress on the roof of the roadway, as the roadway
excavation, the horizontal stress peak increased and ﬁnally
tended to balance and shifted to the deep. Particularly the
horizontal stress peak no longer spread to the deep when it
was transferred to a depth of about 3 m in top coal. But the
vertical stress peak gradually decreases as the roadway advances and eventually tends to balance. This causes the stress
diﬀerence between the horizontal and vertical stress to
gradually increase as the roadway excavation continues. The
maximum stress diﬀerence occurred at about 3.5 m in depth
in top coal, which was about the place of cable breakage.
3.2. Elastic Energy Evolution Law of Roof. The change of
elastic energy in the surrounding rock of roadway was the
main cause of rockburst phenomenon, incident, or accident
in a roadway [25–28]. The elastic energy of surrounding rock
of roadway is
E0 �

2
2
2
σ 1 + σ 2 + σ 3 − 2μ σ 1 σ 2 + σ 1 σ 3 + σ 3 σ 2 
,
2E

(1)

where E is the modulus of elasticity, Μ is Poisson’s ratio, σ 1
is the maximum principal stress, σ 2 is the intermediate
principal stress, and σ 3 is the minimum principal stress.
Based on the numerical simulation model shown in
Figure 4, the elastic energy evolution law of the roof was
obtained (Figure 7). The following can be seen:
(1) The elastic energy of the shallow surrounding rock
was released instantly after the roadway was excavated, and the elastic energy accumulated in the deep
coal and rock. In particular, the elastic energy accumulation range was between 3 m and 4 m in depth
in the top coal.
(2) As the roadway excavation, the elastic energy in the
range of 10 m in depth of roof was released, and
when the roadway advanced distance changed from
3 m to 6 m, the elastic energy released at the area
around 3.5 m in depth in the top coal was the largest.
The position was exactly the place of cable breakage.
3.3. Cable Stress Distribution. The force of the cable that
exceeded the ultimate strength of the anchor cable was the
most direct cause of cable breakage. Based on the numerical
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Figure 2: Cable breakage of No. 3 exploration roadway.

(a)

(b)

(c)

(d)

(e)

(f )

Figure 3: Continued.
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(g)

Figure 3: Borehole peep image under diﬀerent borehole depths. (a) 1.6 m. (b) 2.5 m. (c) 3.1 m. (d) 4.0 m. (e) 4.3 m in depth. (f ) 4.8 m in
depth. (g) 6.2 m in depth.
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Roadway
Siltstone
Mudstone
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30
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m

Figure 4: Three-dimensional numerical simulation model of the
No. 3 roadway.

simulation model shown in Figure 4, cable stress distribution
under diﬀerent excavation distances of roadway was obtained (Figure 8). The following can be seen:
(1) Whether the roadway excavation distance was 3 m,
6 m, 9 m, and 12 m, the cable stress increased ﬁrst
and then decreased from the surface to the deep part
of the top coal and the rock, and the concentrated
part of the larger axial force of the cable was within
the range of 2 m∼4 m.
(2) When the roadway was advanced for 3 m, 6 cables
with an axial force greater than 1.4 × 106 MPa
appeared. When the roadway advanced for 9 m, 12
cables with an axial force greater than 1.4 × 106 MPa
appeared. When the roadway advanced for 12 m,
there were 14 cables with an axial force greater than
1.4 × 106 MPa, which was 2 times more than that
which appeared when the roadway advanced for 9 m.
In a word, as the roadway advanced, more and more

cables with an axial force greater than 1.4 × 106 MPa
appeared.
(3) Because the length of the bolt was 2.4 m which was in
the top coal range, blot stress was uniform and little
change as the roadway excavation. In other words,
the bolts of the roof were not broken, but the cable
was broken. The roadway scene also proved the
phenomenon.
Through the above analysis of stress distribution, elastic
energy distribution, and cable stress, cable breakage
mechanism was revealed: in the process of roadway excavation, the stress was constantly redistributed and the stress
was constantly shifting to the deep part of the roof. The
vertical stress dropped at about 3.5 m in depth in top coal of
the roadway with a large descending gradient, and the
horizontal stress reached its peak. Especially when the
surrounding rock in the load-bearing area suddenly broke,
due to the large amount of elastic energy that accumulated
here, the surrounding rock in this area would be dislocated
instantly, and the cable would be broken in the area where
the axial force was concentrated.

4. Control of Cable Breakage
4.1. Control Mechanism of Surrounding Rock Grouting.
Surrounding rock grouting technology can allow the grout
to penetrate the ﬁssures in the surrounding rock, thereby
improving the integrity, elastic modulus, and strength of the
surrounding rock. In addition, it can transform the twodimension force-bearing fractured structural surface due to
the inﬂuence of excavation or mining into three-dimension
force-bearing [29–31]. The following was a comparative
analysis on the stress distribution of surrounding rock, the
elastic energy of surrounding rock, and stress distribution of
cable before and after surrounding rock grouting.
4.1.1. Comparison of Horizontal Stress Evolution. The mechanical parameters of the top coal and the rock with
grouting were set larger than that without grouting in the
numerical simulation model shown in Figure 4. Figure 9 was
a comparison of the calculation results of horizontal stress
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Table 2: Mechanical parameters of coal and rock.
Density/kg·m−3
2620
2640
1800
2490
2660

Bulk modulus/GPa
20.5
16.1
14.3
15.6
18.2

Shear modulus/GPa
12.5
10.2
8.2
8.8
11.2

42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6

Cohesion/MPa
13
12
8
11
12

Tensile strength/MPa
2.5
1.9
1.2
2.2
1.9

5.00E + 015
4.00E + 015
3.00E + 015
2.00E + 015
1.00E + 015
0.00E + 000
0
0

1

2
3
4
5
6
7
8
Vertical distance from roof surface (m)

Excavate 3 m
Excavate 6 m
Excavate 9 m

9

10

2
4
6
8
Vertical distance from roof surface (m)
Excavate 3 m
Excavate 6 m

Excavate 12 m
Excavate 15m
Excavate 18m

10

Excavate 9 m
Excavate 12 m

Figure 7: Elastic energy distribution under diﬀerent excavation
distance.

Figure 5: Horizontal stress distribution under diﬀerent excavation
distance.

30
27
24
Vertical stress (MPa)

Friction/°
39
35
38
36
35

6.00E + 015

Elastic energy (J)

Horizontal stress (MPa)

Lithology
Sandstone
Siltstone
Coal
Mudstone
Siltstone

21

evolution. After surrounding rock grouting, the horizontal
stress in the range of 0.5 m∼3.5 m of the roof was relatively
uniform. In addition, as the roadway excavation continues,
the horizontal stress of the roof surface was continuously
decreasing, which was consistent with the evolution law
before surrounding rock grouting, but the diﬀerence was
that the stress value of the roof surface did not appear to be
greatly reduced and approached lower value but gradually
approached the higher stress value after surrounding rock
grouting.

18
15
12
9
6
3
0

0

1

2
3
4
5
6
7
8
Vertical distance from roof surface (m)

Excavate 3 m
Excavate 6 m
Excavate 9 m

9

10

Excavate 12m
Excavate 15m
Excavate 18m

Figure 6: Vertical stress distribution under diﬀerent excavation
distance.

4.1.2. Comparison of Vertical Stress Evolution. Figure 10
shows a comparison of the calculation results of vertical
stress evolution. Whether it was grouted or not, as the
roadway excavation continues, the vertical stress within
10 m above the roof surface gradually decreased as a whole.
But compared to that without surrounding rock grouting,
the vertical stress drops evenly within the range of 3 m∼4 m
of roof after surrounding rock grouting, and there was no
instantaneous sharp drop in the vertical stress. Another
aspect, regardless of whether there is surrounding rock
grouting or not, as the roadway excavation continues, the
vertical stress of the surrounding rock within 1 m above the
roof surface was gradually decreasing, but there was no
situation that the vertical stress tended to be of very low
value without surrounding rock grouting. For example, at
the part 1 m deep of the top coal, the vertical stress without
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8.0000E + 05
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4.0000E + 05
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(d)
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40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6

42
40
Horizontal stress (MPa)

Horizontal stress (MPa)

Figure 8: Stress condition of cable under diﬀerent excavation distance. (a) Excavate 3 m. (b) Excavate 6 m. (c) Excavate 9 m. (d) Excavate
12 m.

38
36
34
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30
28
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8
Vertical distance from roof surface (m)

Excavate 3 m
Excavate 6 m
Excavate 9 m

9

10

Excavate 12 m
Excavate 15 m
Excavate 18 m
(a)

0

1

2
3
4
5
6
7
8
Vertical distance from roof surface (m)

Excavate 3 m
Excavate 6 m
Excavate 9 m

9

10

Excavate 12 m
Excavate 15 m
Excavate 18 m
(b)

Figure 9: Horizontal stress evolution under diﬀerent excavation distance without and with surrounding rock grouting. (a) Without
surrounding rock grouting. (b) With surrounding rock grouting.

surrounding rock grouting was about 3 MPa, and the vertical
stress was at 9 MPa after surrounding rock grouting.
4.1.3. Comparison of Elastic Energy Evolution. Figure 11 was
a comparison of the calculation results of the elastic energy.
When the roadway surrounding rock was not grouted, as the
roadway excavation, the elastic energy of the surrounding
rock within 1 m of the shallow part of the roof tended to

zero, and a large amount of elastic energy accumulated
within 3 m∼4 m of the roof. After the surrounding rock was
reinforced by grouting, although the surrounding rock
energy was dissipated within 1 m of the shallow part of the
roof, the elastic energy dissipation in this range was less
compared to that without surrounding rock grouting. In
addition, the elastic energy distribution of the surrounding
rock was even within the range of 1.8 m∼3 m of the roof, and
the peak value was reduced compared to that without
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Figure 10: Vertical stress evolution under diﬀerent excavation distance without and with surrounding rock grouting. (a) Without
surrounding rock grouting. (b) With surrounding rock grouting.
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Vertical distance from roof surface (m)
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Excavate 9 m
Excavate 12 m

(b)

Figure 11: Elastic energy evolution under diﬀerent excavation distance without and with surrounding rock grouting. (a) Without surrounding rock grouting. (b) With surrounding rock grouting.

surrounding rock. As the roadway excavation, the degree of
the elastic energy dissipation in this range was smaller and
even than that without surrounding rock grouting.
4.1.4. Cable Stress Distribution after Surrounding Rock
Grouting. Cable stress distribution after surrounding rock
grouting under diﬀerent roadway excavation distance was

obtained (Figure 12). Compared with that without surrounding rock grouting (Figure 8), the following can be seen:
(1) After the surrounding rock was grouted, the cable
was uniformly stressed in the middle, and there was
no axial force concentration, and the value was
smaller than that without surrounding rock
grouting.

Advances in Civil Engineering

9
Cable force
1.6049E + 05
1.6000E + 05
1.5000E + 05
1.4000E + 05
1.3000E + 05
1.2000E + 05
1.1000E + 05
1.0000E + 05
9.0000E + 04
8.0000E + 04
7.0000E + 04
6.0000E + 04
5.0000E + 04
4.0000E + 04
3.0000E + 04
2.0000E + 04
1.0000E + 04
0.0000E + 00
–1.0767E + 02

Cable force
1.3461E + 05
1.3000E + 05
1.2000E + 05
1.1000E + 05
1.0000E + 05
9.0000E + 04
8.0000E + 04
7.0000E + 04
6.0000E + 04
5.0000E + 04
4.0000E + 04
3.0000E + 04
2.0000E + 04
1.0000E + 04
0.0000E + 00
–4.6505E + 01

(a)

(b)
Cable force
1.7293E + 05
1.7000E + 05
1.6000E + 05
1.5000E + 05
1.4000E + 05
1.3000E + 05
1.2000E + 05
1.1000E + 05
1.0000E + 05
9.0000E + 04
8.0000E + 04
7.0000E + 04
6.0000E + 04
5.0000E + 04
4.0000E + 04
3.0000E + 04
2.0000E + 04
1.0000E + 04
0.0000E + 00
–9.4915E + 01

Cable force
1.6915E + 05
1.6000E + 05
1.5000E + 05
1.4000E + 05
1.3000E + 05
1.2000E + 05
1.1000E + 05
1.0000E + 05
9.0000E + 04
8.0000E + 04
7.0000E + 04
6.0000E + 04
5.0000E + 04
4.0000E + 04
3.0000E + 04
2.0000E + 04
1.0000E + 04
0.0000E + 00
–1.8483E + 02

(c)

(d)

Deep hole grouting

Fissure
development
zone

0

00

130

13

Through the above analysis, surrounding rock grouting
can reduce the stress concentration of surrounding rock and
cable. So surrounding rock grouting technology was proposed as control technology of cable breakage.
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maximal axial stress value of the rib cables was still
smaller than that without surrounding rock
grouting.

2000

Figure 12: Cable stress distribution under diﬀerent excavation distance with surrounding rock grouting. (a) Excavate 3 m. (b) Excavate 6 m.
(c) Excavate 9 m. (d) Excavate12 m.

Shotcret

4.2. Parameters of Surrounding Rock Grouting

Figure 13: Schematic diagram of grouting hole design (unit: mm).

4.2.1. Grouting Material. According to the above borehole
peeking results of the No. 3 roadway, it can be seen that the
top coal of the roadway was loose and broken, and cracks
were developed. So cement-based grouting material can be
selected for surrounding rock grouting of the roadway [32].
Particularly, the grouting material had a wide source and low
price. The water-cement ratio was 0.8 : 1.

4.2.3. Grouting Pressure. The pressure selected for surrounding rock grouting was to ensure that the grout can
penetrate the ﬁssures of the surrounding rock, but the
grouting pressure should not be too high or too small [33]. If
the grouting pressure was too high, problems such as roof
falling will easily occur. If the grouting pressure was too
small, the grout cannot be diﬀused in the surrounding rock
due to insuﬃcient power, and the grouting cannot achieve
the expected eﬀect of reinforcement. So the shallow hole
grouting of the surrounding rock of the No. 3 roadway used
1 MPa grouting pressure, and the deep hole grouting used
1.5 MPa grouting pressure.

4.2.2. Grouting Hole Design. The reasonable design of
surrounding rock grouting holes can eﬀectively shorten the
work, reduce the number of grouting materials, and increase
the utilization rate of the grout. The grouting method of the
No. 3 roadway used a combination of shallow hole grouting
and deep hole grouting (Figure 13). The length of the shallow
hole grouting pipe was 2600 mm (in the range of the ﬁssure
development zone), the radius was 15 mm, and the spacing
and row spacing were 1300 mm. The length of the deep hole
grouting pipe was 4800 mm (in the range of the small ﬁssure
zone), the radius was 10 mm, and the spacing and row
spacing were 1300 mm.

4.2.4. Shotcrete. The cement of concrete strength grade C20
was used to shoot out the surface of the No. 3 roadway to
close the ﬁssure on the surface of the surrounding rock of the
roadway to ensure that the injected grout will not ﬂow out
and to improve the grouting eﬃciency and eﬀect. The watercement ratio was 0.5, and the thickness of the shotcrete was
60 mm.
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Figure 14: Convergence displacement of roadway surrounding
rock surface in the No. 3 roadway.
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In order to verify the control eﬀect of surrounding rock
grouting technology on cable breakage, the design parameters were applied to the new excavation section of No. 3
roadway in Xingcun coal mine and the displacement of the
surrounding rock and the cable force were monitored.
In the early stage of roadway excavation, the surface
displacement of the surrounding rock near the heading of
the roadway changes quickly. When the excavation distance
was about 20 m from the heading, the surface displacement
of the roadway started to converge stably. The convergence
displacement of the two ribs was stabilized at about 53 mm,
and the convergence displacement of the roof and ﬂoor was
stabilized at about 97 mm (Figure 14). The deformation of
the roadway was small.
In order to check the integrity of the surrounding rock of
the roadway after grouting, deep base point displacement
meters were used to monitor the displacement of the surrounding rock of the roadway at diﬀerent depths. The ﬁrst
measuring point was arranged at a distance of 5 m from the
heading of the roadway, and the next measuring point was
arranged every 20 m of the roadway. There were 3 measuring
points in total, and the average value of the displacement
value of the same depth measured by each measuring point
was regarded as the ﬁnal result. Figure 15 showed that when
the measuring point was close to the heading, the displacement of each depth of the roof of the roadway increased
faster and ﬁnally stabilized gradually. According to the data,
the amount of separation in the deep part of the surrounding
rock of the roadway was smaller, and the shallow part was
slightly larger. But after a certain period of time, they all tend
to be stable, and the maximum displacement was on the
surface of the roadway. The maximum displacement of the
roof was 38 mm.
For the monitoring of the force of cable, the force of each
part of the cable decreased ﬁrst, then increased, and then
stabilized (Figure 16). The axial force of the cable on the roof
arch was the largest, and the maximum was 190.6 kN. The
axial force of cable at the corner of the roadway was the next,
and the maximum was 171.5 kN, and the anchoring force of
the cable at the rib was the smallest, and the maximum was
151 kN. The axial force value of all the cable did not exceed
the ultimate strength of the cable. More importantly, there
was no cable breakage.

100

30

20

10

0
10

0m
2m
4m

20
30
40
Distance from roadway heading (m)

50

6m
8m

Figure 15: Displacement of surrounding rock at diﬀerent depth in
the No. 3 roadway.
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6. Conclusion
The study was mainly focused on the mechanism and control
of the case of cable breakage in the No. 3 exploration
roadway in Xingcun coal mine. The main conclusions in this
paper are summarized as follows:
(1) When the roadway was excavated forward, there was a
stress adjustment process in which the horizontal stress
continuously increases and the vertical stress continuously decreases in the surrounding rock. The location
of the largest diﬀerence between the horizontal stress
and the vertical stress was about the position where the
maximum axial force and breakage of cable occurred.
(2) When the roadway was excavated forward, the elastic
energy of the surrounding rock was released from
shallow part to deep part of roof and accumulated in
the top coal at a depth of 3 m-4 m. The top coal and
its accumulated elastic energy were the main factors
of cable breakage.
(3) When the roadway was aﬀected by dynamic load, a
large amount of accumulated elastic energy in the
top coal was released, and then the cable was broken
at the position of maximum axial force.
(4) The surrounding rock grouting technology can make
top coal improve the stress and elastic energy distribution, which was conducive to the uniform force
of the cable and the prevention of cable breakage. The
results of the ﬁeld measurements of the No. 3 roadway
showed there was no cable breakage phenomenon
and guaranteed the normal use of the No. 3 roadway.
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