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Water inrush is a common geological disaster during the roadway excavation process in the broken zone of water-rich faults. In
this paper, the 15107 mining roadway built by Yuxing coal mine in such a fault zone was used as a case study to determine the
water content of the surrounding rocks and a fault zone using the transient electromagnetic method (TEM). Also, the mechanics
characteristics of such rocks in both saturated and unsaturated states were analyzed, a computational model for fluid-solid
coupling in the water-rich fault fracture zone was established, and the permeability coefficient of the rocks under both shield
support and bolt-grouting support was compared, along with analyzing the changes in pore pressure, fissure water velocity, and
characteristics of deformation in the surrounding rocks. )e numerical simulation results show that the fault range has an
influence of about 20m, which causes the forms of permeability coefficient to change like a hump.)e permeability coefficient in
the fractured zone is the largest, and the mutation rate at the fault plane is faster. Bolting not only reduces the permeability
coefficient of the surrounding rock that is 1/10 of the beam support but also prevents the roof fissure water inrushing the roadway
and the surrounding rock of the floor, while also causing the pore-water pressure to decrease, even reduce to zero, in front of the
working face and floor. )e flow velocity of the fissure water can be decreased by bolting, which can effectively control the
deformation of the surrounding rock by 38.7%∼65% compared with the shield support.)e practice results show that this method
can effectively recover the cracks surrounding the mining roadway and stop gushing water. Concurrently, it successfully controls
deformation of the surrounding rocks in the fault zone, thus ensuring stability of the roadway and facilitating safer
mining production.

1. Introduction

As an important energy source, coal shoulders the im-
portant task of safeguarding national economy and social
development [1]. With the increase of mining depth and
strength, the geological conditions of coal mining become
more complicated, and mine accidents such as water in-
rush, roof collapse, and rock burst often occur, which
seriously threaten safe and efficient production of coal
mine and the safety of miner’s life and property [2, 3].
Mine water inrushing is one of the main geological

disasters often encountered in coal mining and is also an
important factor restricting sustainable development of
most mining areas. According to statistics, there have been
over 200 flooded well accidents in China in the last 30 years
[4]. )e main factors inducing a water inrush are related to
the geological structure. Preexisting faults are important
water conduits, and ∼80% of the large water inrush di-
sasters that cost more than one million Yuan in northern
China were caused by karst water inrush through fracture
zones, while the remaining 20% were related to mining-
induced fissures [5].
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)e groundwater in a water-rich fault intrudes into the
roadway, the surrounding rock through the dynamic de-
velopment of fissures. Also, through physical and chemical
interactions with the rock minerals in the surrounding rock
of the mining site, rock strength is continuously attenuated,
and the bearing capacity of the surrounding rock also de-
creases, thereby inducing deformation along roadways,
working site, and other surrounding rocks. In particular,
swelling soft rock absorbs water and causes large de-
formation in a soft rock tunnel, causing collapses in severe
cases and being a serious threat to coal mining [6].

Grouting is themain initiative to support the roadway and
is also the most effective method to control water. Grout has
the ability to block water, increase the strength of the sur-
rounding rock, and enhance the resistance to deformation of
the surrounding rock. Much research has been conducted on
grouting technology and its application [7]. Wang et al. [8, 9]
implemented a bolt-grouting supporting system with internal
grouting bolts as the core to provide support for the deep
high-stress soft rock roadway. Huang et al. [10] took the
engineering geologic conditions of the deep bolt-grouting
supporting roadway as the background and thoroughly
studied the permeability evolution and seepage diffusion
mechanisms of the bolt-grouting grout in the cracked sur-
rounding rock. Zhang et al. [11] performed bolt-grouting
supporting for the soft rock roadway of the wells with a depth
of 1000 kilometers in Zhuji coal mine and verified the effect of
lagging grouting. Liu et al. [12] effectively controlled the
dropsical problem of the surrounding roadway in the geo-
logical anomaly zone with grouting technology. Li et al. [13]
developed a hydrodynamic grouting model test bed of
a quasi-three-dimensional fracture, and then established
a hydrodynamic grouting model study on the water inrush of
fractured rock masses and obtained the principle of rapid
bleeding of sedimentation and the rule of sedimentary nuclear
diffusion of a slurry, so the quantitative evaluation of slurry
diffusion and plugging effect was realized. Based on the
unsteady seepage formula, Sun et al. [14] deduced the basic
differential equations of the slurry seepage, and the numerical
values were discretized. He obtained the finite elemental
model of calculating a slurry seepage and performed the
calculation and analysis combined with the actual grouting
project.)ese results not only enriched the grouting model of
a roadway surrounding rock and the theory of grouting and
control technology but also achieved remarkable economic
and social benefits.

For a long time, scholars have researched various tech-
nologies to control the surrounding rock of the faulted
roadway [15–20]; however, there are few studies on the
supporting mechanisms of the fractured zone of the mining
roadway passing through a water-rich fault zone. Also, most
of the research uses an engineering analogy or directly relies
on experience to control the deformation of the roadway’s
surrounding rock in the fault fracture zone by using bolt wire
cable and shield, etc., and due to the low strength of the
surrounding rock in the fault fracture zone, the developed
joint fissures and anchor rod (rope) are unable to easily find
a stable anchorage point, which produces a hidden danger for
safe production of mines. Bolt-grouting supporting can not

only improve the cohesion and internal friction angle of the
rock mass, thereby increasing the strength of the rock mass,
but also can use a slurry to seal cracks in the surrounding rock,
reduce the water permeability of the cracked rock, and
prevent the inrush of water into the mine [21–25]. Currently,
several methods to verify the effectiveness of bolt-grouting
supporting include onsite in situ testing, indoor analogue
simulation, and numerical software simulation. )e former
two have been gradually abandoned due to their high cost and
difficulty to control the flow of the slurry, allowing for nu-
merical software simulation to be favored by more and more
scholars [26–30]. )erefore, the support mechanism and
control effectiveness of the bolt-grouting supporting are
typically analyzed by numerical methods and other quanti-
tative methods in the fractured zone of the mining roadway
passing through water-rich fault, and this has important
guidance for the control of surrounding rocks in the passing
through water-rich fault in the mining roadway.

)is paper takes the fractured zone of a mining roadway
passing through the water-rich fault of the 15107 working
surface within the Yuxing coal mine as a case study to detect
the contained water of the roof surrounding rock near the
fault fracture zone. Based on the test results of the me-
chanical properties of the water-rich surrounding rock,
a corresponding numerical model of fluid-structure in-
teraction was established. Furthermore, this paper analyzed
the permeability coefficient, pore pressure, cracked water
velocity, and deformation failure characteristics of the
surrounding rock under the conditions of shield supporting
and bolt-grouting supporting.)is work provides important
theoretical and practical significance for the prevention,
prediction of burst water, and consolidation of the blocked
off water under the condition of passing through water-rich
fault in the mining roadway.

2. Project Overview

)e coal seam of the 15107 working face of the Yuxing coal
mine is 15# coal, and the average thickness of the coal seam is
4.15m with a dip angle of 3–8°. )e straight roof is the K2
limestone, and the rock formation is hard with developed
fractures. )e rock thickness is 8m∼12m. )e baseplate is
gray-black mudstone or silty mudstone with a low strength
and consists of numerous mineral components such as
smectite that can easily be deformed and damaged as they are
softened with water. )e working face uses the long wall coal
miningmethod along the working face, with a length of 200m
and propulsion length of 900m. )e recoverable reserves are
920,000 tons. )e working face adopts integrated mechanized
coal mining technology, and the gob of the working face
adopts whole caving method to deal with the roof. In the
excavation process of the return airway and haulage gate,
a normal fault with a gap of 3.7∼2.0m was found and is the
central turnoff of the working face. )e fault gap revealed by
the return airway is 3.7m.)e haulage gate revealed two other
faults, which are 2.2m and 2.0m, respectively, with a distance
between the two faults of 7m.)e return airway fault is about
35m ahead of the haulage gate. )e schematic diagram of the
fault distribution in the working face is shown in Figure 1.
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After the fault was found, the in�ow of water in the
roadway obviously increased, reaching 40m3/h.�e aquifers
that a�ect the 15107 working face during mining are mainly
composed of �ssure water in the 15# coal seams with the
direct K2 limestone roof and the water in the K4 and K5
limestone. Furthermore, the upper part of the 15107 working
face is the old coal zone of the 3rd coal seam, and there is also
excessive stagnant water. �e water in the roof of the
roadway enters the roadway along the cracks in the fracture
zone, resulting in softening of the bottom mudstone and
sandy mudstone and signi�cantly reducing the strength of
the mudstone, eventually leading to increased deformation
of the roadway surrounding rock. �e use of 16# ordinary
I-beam steel erecting shield support and 12# mining I-beam
steel erecting shield support for reinforcing a roadway in
fault fracture zones cannot e�ectively control the stability of
the roadway surrounding rock. �is not only reduces the
speed of the mining roadway and increases the cost of ex-
cavation but also allows a serious impact on the production
and safety of the working face.

3. Transient Electromagnetic Method to Detect
Water Source

A fault was encountered in the excavation process of the
return airway and haulage gate, and the water in�ow in the
roadway suddenly increased after the fault was found. In
order to prevent a water-bursting disaster caused by the fault
connecting the water source in the upper part of the coal seam
during roadway excavation to the advancing work surface, the
water near the fault of 15107 working face was surveyed and
drawn o�, and the fault was grouted to block water sources.
Using transient electromagnetic method of PROTEM47 to
detect of 15107 return airway, a 300-meter-long survey line
was arranged along the return airway. �e starting point was
about 50m in front of the fault, and the measuring direction
was divided into vertical direction and the direction of 45°
toward the inner roof. �e detection result is shown in
Figure 2. A smaller area of the apparent resistivity chro-
matogram section (blue) indicates a higher water content in
the region, while a larger region value (orange) indicates that
the water content in the region is lower.

A total of two low-valued anomalies were detected in the
vertical direction of the 15107 return airway (Figure 2(a)).

�e number 1 abnormal area was located at stake number
30∼130m, and as inferred from the layer relationship, it was
a relatively strong water-rich area near the roof of the fault
fracture zone, located between 15 and 40m from the tunnel
roof. �e number 2 abnormal area was located at the stake
number 220∼250m, and as inferred from the layer re-
lationship, it was relatively a less water-rich area of the roof
rock compared to number 1. It was located between 10 and
25m from the tunnel roof. �e detection results in the
direction of 45° toward the inner roof also found two low-
value anomaly areas (Figure 2(b)), and the detection results
correspond well with the vertical detection results.

Comparing the detection results in the di�erent di-
rections of the return airway, we found that the aquosity of
the fault fracture zone was obviously stronger. �is may be
because the fault is a hydraulic connection with other
aquifers or other sources of water, so that the area has a high
water capacity. In the process of plugging the water of the
roadway and face advance, we should timely grout the
surrounding rock cracks so as to seal those also, while
providing additional strength of support, and timely
monitor the change of the in�ow of the roadway and the
deformation and damage of the surrounding rock.

4. Numerical Simulation of Roadway Grouting

4.1. Physical Mechanics Parameters of Surrounding Rock.
�e rock samples were taken from the roof and �oor of the
coal seam. Physical and mechanical properties were tested in
their natural state in the laboratory. �e uniaxial com-
pressive strength of the K2 limestone is 103.7MPa, while the
tensile strength is 13.8MPa, classifying it as hard rock. �e
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Figure 1: Fault distribution of the working face.
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Figure 2: Apparent resistivity detected by the transient electro-
magnetic method in 15107: (a) apparent resistivity detected in
vertical direction and (b) apparent resistivity detected 45° with the
angle of the roof.
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floor of the coal seam is a black mudstone or silty mudstone,
and its uniaxial compressive strength is 25.7MPa, while the
tensile strength is 2.13MPa, which is classified as weak rock.
)ere is a developed fracture within the fault fracture zone,
and there is muddy cementation between the fractures, and
the overall strength is low. After the fault was found, the
water inflow in the roadway increased significantly, and the
roadway surrounding rocks were softened after being im-
mersed in water.)erefore, after soaking the rock samples of
each rock formation in water for 6 hours, the mechanical
properties of the rock samples were measured as shown in
Table 1. But in the fault fracture zone, the rock samples could
not be cored to produce rock samples, so the mechanical
parameters were not determined.

As can be seen from Table 1, the mechanical parameters
of the rock samples in different rock formations are
weakened to different degrees as they absorb water, and
among them, the baseplate mudstone and coal seam are the
most obvious, with the strength decreasing by 17.46% and
32%, respectively, and the elastic modulus decreasing by
13.2% and 48.2, respectively.

4.2. Permeability Coefficient of Fractured Rock. Research
[31–33] shows that water flowing through the fractured rock
obeys Darcy’s law, which can be expressed as

q � KeJ, (1)

where q is the flow of single width fracture, m3/s; Ke the
permeability coefficient of fracture, m·s−1; and J is the
pressure gradient.

Snow [34] simplified a crack into two parallel plates, and
used the theory of fluid mechanics to derive the seepage
equation within the fissure, which can be expressed as

q �
ge3

12υ
J, (2)

where g is the acceleration of gravity, m/s2; e is the fracture
opening, m; and υ is the kinematic viscosity coefficient, m2/s.

Using Equations (1) and (2), the permeability coefficient
of a single parallel fissure can be obtained as

Ke �
ge3

12υ
. (3)

It is assumed that a single group of simple rock mass
under uniaxial compression is as shown in Figure 3. )e
width of the unit is a, the length is b, the compressive load
on the upper surface is σn, the average fracture spacing is l,
and the average fracture opening is e. So, the total de-
formation of the rock mass element ΔM, can be expressed
as

ΔM � ΔR + NΔF, (4)

where ΔR is the deformation of the rock; N is the total
number of fracture in the unit; and ΔF is the average de-
formation of each fracture.

Without considering the effect of gravity, the stress of
rock and fracture is equal which can be expressed as

σn � Enεn �
EΔR

b
� knΔF, (5)

where En is the average elasticity modulus of rock mass; εn is
the strain of rock mass; E is the average elasticity modulus of
rock; and kn is the fracture stiffness.

)rough Equation (5), it can be solved as follows:

ΔR �
bknΔF

E
. (6)

It is also known that ΔM � bεn and N � b/l and taking
them to Equation (4) can be expressed as

ΔF �
εnl

1 + knl/E
. (7)

)e initial opening of the fracture can be assumed to be
e0 as follows:

α �
e0

l
,

β �
knl

E
,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(8)

where e0 is the initial opening of the fracture.
Substitution of Equation (8) in Equation (7) yields

Equation (9) as

ΔF �
εn

α(1 + β)
e0. (9)

When the strain of rock is εn, the fracture opening e is

e � e0 −ΔF � 1−
εn

α(1 + β)
 e0. (10)

By σn � Enεn, the following is obtained:

e � e0 −ΔF � 1−
εn

α(1 + β)
 e0 � 1−

σn

Enα(1 + β)
 e0.

(11)

Substitution of Equation (11) in Equation (3) yields
Equation (12) as

Ke �
g

12υ
e
3

�
g

12υ
e
3
0 1−

σn

Enα(1 + β)
 

3

� K0 1−
σn

Enα(1 + β)
 

3

.

(12)

4.3. Numerical Calculation Model. In order to seal the
surrounding rock cracks of the fault fracture zone, prevent
roof water from entering the roadway, and control de-
formation and damage of the roadway’s surrounding rock,
we took the geological condition of the return air laneway of
the 15107 working face as background and established
a fluid-structure interaction numerical model for the passing
through water-rich fault in the mining roadway (Figure 4).
)e left and right boundaries in the model are the permeable
boundary, and the fixed pore pressure of the fault fracture
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zone at the top boundary in the model was set to 1MPa. )e
permeability coefficient of the rock formation was Ke

according to the Equation (12), and the average fracture
spacing was 10mm and the average fracture aperture was
1mm.)e layer change due to fault throw was not considered
here.We set the width of the fault fracture zone to 8m, the dip
angle to 75°, and the thickness of coal seam to 4m.)e model
size was 60m× 45m× 45m (length×width× height). )e
roadway section was rectangular, the size was 4m× 3m, and
the model was divided into 380,000 units.

In the roadway support structure, the 12# I-beam for
mining used the beam elements model, and the rock bolt
used the cable element model. )emechanical parameters of
the I-beam and rock bolt are shown in Tables 2 and 3,
respectively. Strain-softening model was used in the nu-
merical simulation, and the surrounding rock parameters of
strain-softening stage were obtained by the matching be-
tween numerical calculation model and the indoor test
curve. In the calculation process, the elastic modulus, co-
hesion, and tensile strength of each rock layer were taken as
1/3∼1/8 [35, 36] of the corresponding rock block mechanical
parameters. Poisson’s ratio of the rock body was taken as 1.2
to 1.4 times that of the rock mass, and the physical me-
chanics parameters of each rock layer are shown in Table 4.
)e top surface of the model was the stress boundary, the
applied uniformly distributed load was q� 7.5MPa, the
pressure measurement coefficient was 1.0, and the other
boundaries had applied displacement constraints.

In the process of the numerical calculation, the choice of
support modes was shield support and bolt-grouting sup-
port. )is paper mainly discusses the permeability co-
efficient, pore-water pressure, fissure water velocity, and
deformation law of the roadway surrounding rock under the
condition of these two types of support modes. Grouting can
not only improve the macroscopic mechanical properties of
rock and largely decrease the softening coefficient of rock
but also can greatly improve the physical mechanics
properties of the fracture surface in fractured rock mass and
improve hydraulic environment of the environment of rock
mass, namely, the grouting effect in the surrounding rock. It
is mainly reflected in two aspects [7]: reinforcing the sur-
rounding rock and reducing the permeability of the sur-
rounding rock. )erefore, the simulation of grouting in the
bolt-grouting support was achieved by reducing the per-
meability coefficient of the surrounding rock and increasing
the residual strength of the surrounding rock.

Qian et al. [4] studied the permeability coefficient, po-
rosity, and the variation of compressive strength of the

model materials with different effective particle sizes and
fineness modulus before and after grouting. )e experi-
mental results show that grouting significantly reduced the
permeability of the material, and the permeability coefficient
of each model decreased between 84% and 97%. )e per-
meability coefficient of the rock mass after the grouting was
10% of the before grouting value. )e effect of grouting to
stabilize the surrounding rock was achieved by using the
slurry to fill the rock fracture to consolidate the broken
surrounding rock. )e improvement of the mechanical
properties of the fractured rock grouting after consolidation
was expressed by the increase of the generalized cohesion
and the generalized internal friction angle.)e study showed
that the residual strength of the rock can be increased by
0.7∼2.0 times after grouting reinforcement with a general
cement slurry [37–40]. )e grouting reinforcement of the
roadway at some point after excavation of the roadway is
believed to be able to spread to the entire fracture zone of the
surrounding rock. In the calculation process, the strength of
the rock after grouting reinforcement was 1.5 times greater
than before grouting.

4.4. Result and Analysis. )e permeability coefficient vari-
ation curve of the roof surrounding rock under different
supporting conditions is shown in Figure 5. Due to the
existence of the fault fracture zone, the variation form of the
permeability coefficient was a hump distribution, while the
maximum permeability coefficient was in the fractured zone
(the maximum of shield support was 9.996×10−9m·s−1; the
maximum of bolt-grouting support was 1.021× 10−9m·s−1).
At the fault plane, the mutation rate was relatively quick (the
two sides of the fault plane of the shield support were

Table 1: Mechanical parameters of rock strata.

Lithology Elasticity modulus
(GPa)

Poisson’s
ratio Cohesion (MPa) Internal friction

angel (°) Tensile strength (MPa)

K2 limestone (natural state) 24.6 0.18 23.5 41 13.8
K2 limestone (water-saturated state) 22.6 0.20 22.4 38 9.4
Coal (natural state) 3.26 0.28 6.3 28 2.7
Coal (water-saturated state) 2.83 0.3 5.3 27 2.1
Mudstone (natural state) 4.94 0.29 7.2 32 3.7
Mudstone (water-saturated state) 2.56 0.32 5.1 30 1.5

Fracture

Rock

σn

a

l
b

Figure 3: Simple rock unit with uniaxial compression.
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Table 2: Mechanical parameters of 12# mining I steel.

12# mining I
steel

Elasticity modulus
(GPa)

Poisson’s
ratio

Yield strength
(MPa)

Section area
(m2) Ix (m4) Wx

(m3) Iy (m4) Wy (m3)

Beam unit 210 0.3 275 3.97e−3 0.867e−5 0.145e−6 0.178e−5 0.375e−4

Table 3: Mechanical parameters of bolt.

Bolt
Elasticity
modulus
(GPa)

Poisson’s
ratio

Tensile
load (t)

Section
area (m2)

Cement slurry
sti�ness on unit
length (MPa)

Cohesive force of
cement slurry in

unit length (N·m−1)

Perimeter of outer ring
of cement slurry (m)

Anchoring section
210 0.3 136 3.799e−4

1e10 1e20 8.792e−2

Free section 1 1 6.91e−2

Grouting section 17.5 20e4 8.792e−2

Roadway

15# coal seam
Fault fracture zone

p0 = 1MPa
p1 = 0MPa

15# coal seam
Fault fracture zone

Figure 4: Numerical model of �uid-solid coupling in the roadway through fault.

Table 4: Mechanical parameters of each rock stratum in numerical calculation.

Lithology Elasticity modulus (GPa) Poisson’s ratio Cohesion (MPa) Internal friction angel (°) Tensile strength (MPa)
K2 limestone 3.1 0.2 2.56 32 1.7
Coal 1.1 0.31 1.26 25 0.9
Mudstone 1.65 0.32 1.44 29 1.2
Fault fracture zone 0.85 0.32 1.02 26 0.85
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Figure 5: �e permeability coe¢cient variation curve of roof surrounding rock under di�erent supporting conditions: (a) shed supporting
condition and (b) bolt-grouting supporting condition.
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0.05×10−9 s−1 and 0.081× 10−9 s−1； the two sides of the
fault plane of the bolt-grouting support were 0.016×10−9 s−1
and 0.02×10−9 s−1) because the surrounding rock fractures
in the fault fracture zone were developed, and the perme-
ability of the surrounding rock was relatively connected, and
the stress concentration phenomenon occurs at the outer
edge of the fault fracture zone, and the surrounding rock
fractures closed under the high-stress conditions so that the
permeability coefficient of the surrounding rock decreased.
)e impact range of the fault zone is about 20m. In addition,
due to the existence of faults and the difference in stress
distribution of the surrounding rock in the excavation pro-
cess, the permeability coefficient distribution outside the fault
zone varied (the shield support was
9.883∼9.929×10−9m·s−1； the bolt-grouting support was
0.98∼1.015×10−9m·s−1）. Under the two support conditions,
the variation of permeability coefficient of the surrounding
rock was similar, but after grouting with, the slurry flowed
along the cracks of the fractured surrounding rock and filled
the cracks in the surrounding rock after consolidation, so that
the permeability coefficient of the surrounding rock was
significantly reduced. )e difference between the two reached
a maximum near the fault fracture zone. At this time, the
permeability coefficient of the surrounding rock with bolt-
grouting support was 1/10 of that under the shield support.
)erefore, grouting can effectively reduce the permeability
coefficient of the broken surrounding rock, especially the
permeability of the surrounding rock along the fault fracture
zone, and prevent weakening of the surrounding rock caused
by the massive influx of roof fissure water in the roadway,
thereby improving the geomechanical environment in the
surrounding rock of the roadway. Accordingly, in order to
control the deformation of the roadway surrounding rock,
the first step would be to block the fracture aisles of the
surrounding rock in the roadway and reduce the perme-
ability of the surrounding rock.

)e pore-water pressure distribution in the fault fracture
zone under different supporting conditions is shown in
Figure 6. Under shield support, there was a significant
decrease in the area of pore-water pressure around the
roadway, but there was a relatively high pore-water pressure
in the top roof, bottom roof of the roadway, and in front of
the working face. )is is because when the roadway was
excavated to the fault fracture zone, deformation and
damage occurred under the influence of the surrounding
rock stress during the excavation process, which increased
the permeability coefficient of the surrounding rock. )e
fissure water in the top roof crack flowed along the cracks
and pores of the surrounding rock under the effect of pore-
water pressure and then invaded into the roadway, causing
the pore-water pressure around the roadway to decrease.)e
same conclusion can also be obtained from the velocity
vector of the fissure water in the roadway section (Figure 7).
Under of bolt-grouting support, the area of pore-water
pressure around the roadway decreased, and the pore-
water pressure in front of the bottom floor and working
face essentially disappeared because during the grouting
process the slurry flowed along the cracks of the fractured
surrounding rock and filled the cracks in the surrounding

rock after condensation, effectively reducing the perme-
ability of the surrounding rock, thus preventing the con-
tinuous flow of top roof’s fissure water into the roadway and
surrounding rock of the bottom roof. )e pore-water
pressure in front of the bottom roof and the working sur-
face was significantly reduced or reduced to zero.

Under different support conditions, the maximum
displacement change of the roadway surface with the
progress of the working face excavation in the roadway is
shown in Figure 8. Before the heading face reached the fault
fracture zone, the surrounding rock deformation of the
roadway surface was small and changed little. When the
heading face entered the fault fracture zone, the surface
deformation of the roadway increased rapidly, and when the
advancement of the working face went beyond the fault
fracture zone, the maximum deformation of the surface
continued to increase with the continued advancement. )is
is because as the working face entered the fault fracture zone,
fissure water in the top roof flowed into the roadway, which
resulted in the weakening of the surrounding rock. It causes
continuous increase in the deformation of the surrounding
rock. )e use of bolt-grouting support not only changes the
permeability of the surrounding rock and prevents the
surrounding rock from being weakened by the fissure water
in the roof but also improves the strength of the surrounding
rock. Compared with shield support, the surface de-
formation of the roadway was reduced by 38.7%–65%. After
the working surface surpassed the fault fracture zone, the
performance gradually stabilized and effectively controlled
the deformation of the fractured zone of the mining
roadway, which provides the guarantee for the safe and
efficient production of the mine.

5. Bolt-Grouting Supporting Scheme and
Monitoring Results and Effects

In the vicinity of the fault, 15107 working face of the mining
roadway adopted bolt-grouting combination support
(Figure 9). )e main technical parameters of the support
were φ22mm× 2400mm regular screw-thread steel bolts, with
seven bolts in the roof, and the interrow spacing was
700mm× 700mm. Each side was arranged with five bolts, and
the interrow spacing was 800mm× 700mm. A steel ladder
beam was welded with a φ10mm steel. )e top roof of the
roadway was equipped with two high-strength cable supple-
ment supports with the specification of φ15.24mm× 7000mm.
)e interrow spacing was 2100mm× 2100mm. )e grouting
bolt was a high-strength screw-thread steel grouting bolt with a
specification of φ25mm× 2500mm and breaking force≧ 15t.
Four grouting bolts had been arranged on the roof with
the interrow spacing of 1200mm× 1400mm, and three
grouting bolts on each side with the interrow spacing of
1400mm× 1400mm. Among them, the bottom angle grouting
bolt was arranged at an angle of 30° with the plane of the
bottom roof. )e grouting material was made of ordinary
Portland cement additive. )e cement adopted 525# ordinary
Portland cement, the additive amount was 4%∼6% of cement
weight, and the water-cement ratio of slurry was 0.7 :1∼1 :1;
a cement additive of ACZ-1 was used at 4%∼6% of cement
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Figure 6: Pore-water pressure distribution in fault fracture zone under di�erent supporting conditions. (a) Shed supporting condition and
(b) bolt-grouting supporting condition.

8 Advances in Civil Engineering



(a)

(b)

Specific discharge
Plane: on
Maximum: 0.000120461
Scale: 12260.3

5.0000E – 05
5.0000E – 05
4.5000E – 05
4.0000E – 05
3.5000E – 05
3.0000E – 05
2.5000E – 05
2.0000E – 05
1.5000E – 05
1.0000E – 05
5.0000E – 06
0.0000E + 00

Specific discharge
Plane: on
Maximum: 0.000120461
Scale: 12260.3

5.0000E – 05
5.0000E – 05
4.5000E – 05
4.0000E – 05
3.5000E – 05
3.0000E – 05
2.5000E – 05
2.0000E – 05
1.5000E – 05
1.0000E – 05
5.0000E – 06
0.0000E + 00

Figure 7: Flow velocity of fractured water in the fault fracture zone under di�erent supporting conditions. (a) Shed supporting condition
and (b) bolt-grouting supporting condition.
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weight. �e grouting pressure was 2.0∼3.0MPa with a maxi-
mum grouting pressure of 3.0MPa for a time of 3∼5min per
hole.

Displacement meters were installed within the roof,
�oor, and two ribs of the 15107 mining roadway to monitor
deformation of the roadway surface. A monitoring station
was set every 10m, and a total of three monitoring sections
were installed (Figure 10). �e monitoring of the surface
displacement of the roadway is shown in Figure 11. �e
deformation of the surrounding rock in the early excavation

of the roadway rapidly increased (the maximum de-
formation rate between roof and �oor was 17.2mm/d; the
maximum deformation rate between the two side ribs was
14.2mm/d), and the surrounding rock velocity clearly de-
creased after grouting reinforcement. After 20 days, the
deformation of the surrounding rock in the roadway
gradually stabilized. �e roof to �oor convergence was
120∼162mm, and the rib to rib convergence was
104∼140mm. Deformation and damage after grouting to the
surrounding rock were also e�ectively controlled.
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Figure 8:�emaximumdisplacement’s change of the roadway surface with the progress of the working face excavation: (a) shed supporting
and (b) bolt-grouting supporting.
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Figure 9: �e scheme of bolt-grouting combined support: (a) roadway support section and (b) roadway support plane.
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At the same time, grouting also e�ectively reduced the
water in�ow near the fault zone, namely, reducing from the
initial 40m3/h to 2∼7m3/h. �is is due to the fact that, after

grouting, slurry �lled the surrounding rock fracture near the
fault fracture zone, and the solidi�ed slurry e�ectively re-
duced the permeability of the surrounding rock in the area.
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Figure 10: Layout of roadway monitoring section.
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Figure 11: �e surface displacement of the roadway: (a) monitoring station 1, (b) monitoring station 2, and (c) monitoring station 3.
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)e fissure water cannot flow into the roadway through the
original fissures, thereby effectively reducing the water in-
flow of the roadway.

Overall, bolt-grouting support not only effectively blocks
the surrounding rock fracture near the fractured zone of the
mining roadway passing through the water-rich fault,
blocking the water inflow to the roadway, but also effectively
controls the deformation of the surrounding rock in the fault
fracture zone, ensuring the stability of the roadway’s sur-
rounding rock and safe production of the mine in the
fractured zone of the mining roadway.

6. Conclusion

(1) Using the 15107 working face of the Yuxing coal
mine which passes through a water-rich fracture
zone, the transient electromagnetic method was used
to detect the water content of the surrounding rock
of the roof near the fault fracture zone. Between 15
and 40m in the top roof of the fault fracture zone was
a relatively strong area of water content.)erefore, in
the advancing of the working face, we should timely
grout to seal the surrounding rock fracture.

(2) Based on the test results of the mechanical properties
of the surrounding rock in the state of natural and
saturated, a numerical calculation model of fluid-
solid coupling was established for the fractured zone
of the mining roadway passing through a water-rich
fault. We comparatively analyzed the permeability
coefficient of the surrounding rock, the variation of
pore pressure and fracture water velocity, and the
deformation characteristics of the surrounding rock
under the conditions of shield support and bolt-
grouting support and can conclude the following.

Due to the existence of the fault fracture zone, the
variation of the permeability coefficient is a hump distri-
bution, with the maximum permeability coefficient in the
fracture zone and along the fault section. )e mutation rate
is relatively quick.)e impact range of the fault zone is about
20m.)e distribution of the permeability coefficient outside
the fault zone fluctuates, and the bolt-grouting support
effectively reduces the permeability coefficient of the sur-
rounding rock, to 1/10 of that for shield support. Under the
condition of shield support, there is a relatively higher pore-
water pressure and larger fissure water velocity in the top
roof, bottom roof of the roadway, and in front of the working
face. Bolt-grouting support effectively prevents fissure water
from inflowing into the surrounding rock of the roadway
and bottom floor, so that the pore-water pressure in front of
the bottom floor and the working surface is significantly
reduced or even decreased to zero, and the fissure water
velocity is also reduced. )e self-bearing capacity of the
confining pressure is improved by bolt-grouting support,
which reduces the surface deformation of the roadway by
38.7%∼65% compared to the shield support and effectively
controls the deformation of the roadway surrounding rock.

(3) In the fault fracture zone along the roadway, the
practice of bolt-grouting support was implemented,

and the effect of water plugging and reinforcement
after grouting was monitored. Results show that the
bolt-grouting support not only effectively filled the
surrounding fractures near the fractured zone of the
mining roadway and blocked water gushing into the
tunnel but also effectively controlled the deformation
of the surrounding rock in the fault fracture zone,
which ensures the stability of the roadway sur-
rounding rock and the safe production of the mine
when the mining roadway passes through the water
enriched fault zone.
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