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ABSTRACT: Coal seam gas pressure is an important index to evaluate the
risk of coal outbursts. The accuracy of measurement is closely related to the
quality of hole sealing, and reasonable grouting pressure is one of the key
factors to determine the quality of hole sealing. To obtain a reasonable
grouting pressure, a mathematical model for slurry flow was established
based on the relationship between the seepage law of the slurry and the
properties of the borehole surrounding a rock. According to the conditions
of the working face 11111 of the coal seam Ji15−17 in Pingdingshan No. 13
Coal Mine, the reasonable grouting pressure in the process of hole sealing
and pressure measurement were simulated by COMSOL multiphysics
numerical simulation software. After comparing the pressure distribution
and slurry diffusion characteristics in the borehole under different grouting
pressures, it is concluded that the reasonable grouting pressure is 4 MPa.
When 4 MPa grouting pressure to seal the hole is used during actual engineering verification, the measured gas pressure is 2.7 MPa,
which is more accurate than the result obtained under conditions of sealing with normal pressure grouting.

1. INTRODUCTION
Coal resources have always been the basic energy supporting
economic development in China.1 In recent years, with the
deepening of mining depth and the increasing complexity of coal
mining, the deep coal seams have generally exhibited high
ground stress, high gas content, and high gas pressure
characteristics. Gas disasters have become one of the factors
seriously affecting mine safety production.2,3 Gas pressure is an
important indicator for preventing gas disasters, which directly
reflects the gas content in coal seams and the potential danger
level of coal and gas outbursts.4−6 However, accurate measure-
ment of coal seam gas pressure is very difficult under complex
production conditions.7,8 According to the long-term experience
in coal seam gas pressure measurement, the success rate can
reach as high as 70%.9 Low success rate and inaccuracy of
measurement will increase the danger in production, which
limits the production speed of the mine. Therefore, accurate
determination of gas pressure in a coal seam is of great
significance for gas control in mines.

At present, pressure measurement methods are generally
divided into direct and indirect.10,11 When using the direct
measurement method, the key is hole sealing. According to
different sealing materials, common sealing methods include
mud sealing, cement mortar sealing, rubber ring sealing,
polyurethane foam sealing,12 etc. Considering the quality, cost,
and difficulty of the sealing process, grouting sealing is the most
widely used method up to now.13 However, its disadvantage is
that when the hole sealing segment is in the soft rock or there are

microcracks around the drilling hole, or when the pressure
measurement drilling hole is constructed directly in the coal
seam, good sealing quality cannot be guaranteed, and the sealing
section is prone to gas leakage, resulting in the outcome lower
than the actual one. To overcome this disadvantage, scholars
have proposed a “two sealing and one injection” pressure
grouting hole sealing process,14 which can seal the cracks around
the drilling hole by injecting slurry. Then, the expansion force of
the solidified grouting material can approach the ground stress,
which makes the borehole sealing section form a high-stress
zone. This reduces the air leakage channels and improves the
sealing performance.15

In order to improve the quality of hole sealing, scholars have
conducted extensive research on sealing material and technol-
ogy. Yu et al.16 put forward the solid−liquid sealing technology
of “three plugging and two injection” and developed the sealing
device and materials. Xiong et al.17 tested three different sealing
technologies, namely, bagged polyurethane sealing, self-
expanding sealing device, and new-type expansive cement
sealing. It is found that the new-type expansive cement has the
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best sealing effect especially on coal cracks. Chao et al.18

analyzed the deformation, strength characteristics, and pore
evolution of three sealing materials through a triaxial
compression test and nuclear magnetic resonance test. The
results show that the increase in the elastic modulus and
deformation modulus of sealing materials under confining
pressure is proportional to those at low confining pressure. Qin
et al.19 established a chance selection model for secondary
sealing when the sealing of some boreholes is damaged under
advanced support pressure and developed a dynamic secondary
sealing device. Song et al.20 studied the instability characteristics
of the borehole sealing section in view of the instability and
sealing difficulties faced by the soft coal seam gas drainage
borehole. Scholars have also carried out some research studies
on numerical simulation. Zhang et al.21 used the COMSOL
numerical simulation method to analyze the influence of fissure
angle and initial water flow velocity on slurry diffusion, and the
changes of the pressure field, velocity field, and water flow during
slurry diffusion in inclined fractures. Zhao et al.22 addressed the
problem of low gas extraction efficiency in low-permeability coal
seams by using numerical simulation to compare the gas
extraction efficiency of different sealing lengths and determined
the appropriate sealing length for gas extraction boreholes.
Scholars study grouting through not only field engineering but
also through similar experiments. Zhang et al.23 adopted the
regional advanced grouting technology to prevent water inrush
from the karst aquifer in the coal seam floor and, based on the
Bernoulli’s equation, established the relationship of pressure
between the ground and the critical grouting. Zhang et al.24 used
the 1:20 geometric similarity ratio indoor model to simulate the
grouting experiment and applied the soil pressure and pore
water pressure sensor to study the pressure response of the
surrounding sand layer to the inclined shaft grouting. Ma et al.25

obtained the relationship between the grouting pressure and
compressive strength of cement slurry through experimental
research. However, existing research rarely link the grouting
pressure with the sealing effect directly, and in engineering
practice, the selection of grouting pressure is still founded on
previous experience instead of sufficient scientific basis.

In the current pressure testing of pressurized sealing holes, it is
generally believed that the grouting pressure needs to be above
8.0 MPa to effectively seal the rock fractures around the
borehole. However, the reasonable pressure is not fixed in
practical engineering. In order to determine the reasonable
grouting pressure under specific surrounding rock conditions,
this paper analyzes the influence of surrounding rock structure
characteristics on the grouting effect by combining the rock
lithology at the pressure measuring site of Pingdingshan No. 13
Coal Mine and the rock mass physical and mechanical
properties. Considering the different lithology around the
boreholes, the slurry diffusion radius under distinct grouting
pressures is studied by numerical simulation, and a reasonable
grouting pressure is selected, which can provide experience in
grouting and hole sealing for mines with similar geological and
gas occurrence conditions.

2. METHODS
Based on the diffusion model of slurry in the stratum and the
actual situation of grouting, COMSOL software is used to
simulate the pressure distribution formed by the cement slurry
seepage after grouting in the rock drilling, from which we can
analyze the influence of grouting pressure on the slurry diffusion
range, obtain the slurry diffusion distance under different

grouting pressures, and then determine the reasonable grouting
pressure.

2.1. Plastic Zone of Borehole. When the borehole is
excavated, a crushing ring will form around the borehole due to
the disturbance of the drill pipe to the surrounding coal. The
fissure of the crushing ring is well developed. If the slurry cannot
fill the whole range, the poor hole sealing quality will lead to gas
leakage and failure of gas pressure measurement. Due to the
relatively difficult field measurement, the borehole plastic zone is
simulated by the numerical simulation method. Since the
borehole length is much longer than that of the diameter, the
stress on the borehole wall can be considered as a plane strain
problem.

To obtain the radius of the crushing ring around the borehole,
the following basic assumptions are made:

(1) The coal is a homogeneous and isotropic continuous
medium.

(2) The stress distribution around the borehole is shown in
Figure 1.

(3) The stress distribution in the elastic zone is the same as
that around the stressed circular hole in the elastic body,
and the deformation of rock mass in the plastic zone
meets the Mohr−Coulomb yield criterion.

(4) The rock stress in the crushing ring is less than that of the
original one.

Based on the above assumptions, the radius of the plastic zone
and the radius of the crushing zone can be obtained:26

The radius of the plastic zone is
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where R is the radius of the plastic zone, m; P is the original rock
stress, MPa; φ is the internal friction angle, °; a is the drilling
radius, m; and c is the cohesion.

Figure 1. Stress distribution around the borehole.
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It can be seen from the above formula that the borehole
stability and surrounding displacement mainly depend on the
original stress, borehole radius, internal friction angle, cohesive
force, and other factors of the rock stratum. With the increase of
borehole radius, both the plastic zone radius and the peripheral
displacement increase, while the peripheral displacement of the
plastic zone increases significantly with the decrease of internal
friction angle and cohesion.

2.2. Mathematical Model of Slurry Diffusion.
2.2.1. Basic Assumptions. There are many factors that affect
the pressure measurement. In order to simplify the problem in
the actual research, the following assumptions are made for the
mathematical model when studying the reasonable grouting
pressure:

(1) The seepage movement of slurry in the rock stratum is
subject to Darcy’s law.

(2) The grout only seeps and diffuses in the crack of the
surrounding rock of the grouting section.

(3) The injection pressure of drilling slurry is approximately
equal to the control pressure in the orifice grouting pump.

(4) The rock stratum of the grouting section is homogeneous
and isotropic.

(5) The grout is an incompressible fluid.

Mathematical models:

(1) Basic seepage law: fluid motion in porous medium
conforms to Darcy’s law:27

= +k
P g D( )

(3)

where v is the seepage velocity, m/s; k is the permeability,
m2; μ is the dynamic viscosity, kg·(m·s)−1; P is the fluid
pressure, kg/(m·s2); ρ is the slurry density, kg·m−3; g is the
gravitational accelerations, kg·m−3; and D is the vertical
coordinates (such as x, y, z).

(2) The continuity equation of slurry seepage in rock mass:28

+ =
t

q
( )

( )
(4)

where φ is the porosity; q is the fluid volume, source and
sink strength; and t is the time, s.

In the numerical simulation of fluid seepage, the fluid
seepage velocity is secondary. The relationship between
pressure P and density ρ is obtained by combining Darcy’s
law with continuity equation of slurry seepage. The
following formulas can be obtained from (3) and (4)
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For incompressible fluids, the density is constant, and
the above formula can be simplified as
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(3) Grouting seepage control equation
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where S is the storage coefficient, MPa−1.
2.2.2. Numerical Model and Boundary Conditions.

2.2.2.1. Establishment of Numerical Model. The grouting
hole sealing for testing gas pressure is a three-dimensional
problem, considering the feasibility and effectiveness of
numerical calculation, the problem should be simplified, the
radial direction of pressure measurement borehole is selected for
modeling, and the three-dimensional problem is transformed to
a two-dimensional problem.

Combined with the surrounding rock properties of the test
site for pressure measurement, the model is established as
follows: Taking the geometric center of the borehole as the
center, the diameter of the borehole is 0.075 m, the sealing
section involves three kinds of rocks, and the length of the

Figure 2. Model of numerical simulation.
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grouting section passing through mudstone, fine sandstone, and
sandpaper mudstone is 3.5, 7, and 3 m, respectively.

The slurry diffusion radius is set to 30, 25, 20, 15, 10, and 5 m
for simulation, and the results show that the diffusion radius is
less than 2 m. In order to make the simulation results clearer, the
model size is represented by 5 m from the calculation model
boundary to the borehole wall. The simulation model is shown
in Figure 2. Due to the deformation of the surrounding rock
caused by roadway excavation, the porosity of the surrounding
rock will change. Combined the integrity of the surrounding
rock of mine roadway and other conditions, it is assumed that
the porosity of the three rocks has increased to varying degrees
after being damaged. The porosity, permeability, and other
relevant parameters after the change are shown in Table 1.

2.2.2.2. Initial and Boundary Conditions. Take the borehole
boundary as the slurry inflow boundary of the grouting section,
and there is no slurry flow at other boundaries. The initial
condition is

| ==P Pt 0 0 (8)

where P0 is the initial pressure at the borehole boundary of
grouting.

The slurry pressure gradient is 0 at infinity. The boundary
condition of the model is
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3. RESULTS AND ANALYSIS
3.1. Influence Range of Plastic Borehole Zone. Taking

the drilling operation in fine sandstone as an example, a two-
dimensional plane model is established to analyze the variation
law of the plastic zone and the stress around the borehole. The
upper is covered by a rock mass of 600 m (average density is
2500 kg·m−3), that is, the upper load is 15 MPa, and the left,
right, and lower parts are sliding boundaries. The simulation
results are as follows:

It can be seen from Figures 3 and 4 that the surrounding rock
stress changes after the formation of the borehole, in which the
tensile stress is positive and the compressive stress is negative. As
we can see from the horizontal strain nephogram, the horizontal
stress around the borehole decreases along both sides and
increases along the up and down directions, while the vertical
stress increases along both sides and decreases along the upper
and lower directions.

As shown in Figures 3a and 4a, around the borehole, the
tensile strain occurs, and the formed pressure relief space
aggravates the stress imbalance, resulting in some deformation
and damage. As shown in Figure 5, the red area is the plastic
failure area, and the failure range is about 30 mm. In the plastic
zone, the surrounding rock fractures develop, providing more
channels for gas flow, reducing the effectiveness of hole sealing,
which is one of the most difficult problems to be overcome in the
pressure measurement. Therefore, the plastic zone must be
sealed tightly.

3.2. Pressure Distribution under Different Grouting
Pressures. The pressure distribution nephogram of slurry
seepage under different grouting pressures is shown in Figure 6.

The results of the simulation are as follows:

(1) When the lithology around the borehole is mudstone,
sandy mudstone, or fine sandstone, under the same
grouting pressure, the pressure distribution of slurry
seepage in different rock layers is different, that is to say,
the slurry diffusion radius is different in different
lithology; the radius in fine sandstone is the largest,
followed by sandy mudstone, with mudstone having the
smallest radius. Under different grouting pressure, the
diffusion in the same surrounding rock is also different,
which is difficult in mudstone and easy in fine sandstone.

(2) The seepage of slurry at the boundary of two different
rock layers is relatively easy because the porosity and

Table 1. Related Parameters of the Numerical Simulation

variable description unit value

g gravitational acceleration m·s−2 9.80
density density of slurry kg·m−3 1280
μ slurry viscosity coefficient Pa·s 2.8e−4

kappa-xsy permeability of fine sandstone m2 1.7e−13

kappa1-ny permeability of mudstone m2 8.7e−19

kappa1-sny permeability of sandy mudstone m2 1.2e−16

fract-ny porosity of mudstone % 3.4%
fract-xsy porosity of fine sandstone % 5.3%
fract-sny porosity of sandy mudstone % 4.4%

Figure 3. Horizontal stress changes after the formation of a borehole.
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permeability between the two rock layers change greatly,
and the cracks are more developed for seepage diffusion.

(3) When the grouting pressure is constant, the pressure
distribution law of the same rock layer around the
borehole is the same, and the pressure distribution is
independent of the length of the borehole. The pressure
decreases only in the radial direction of the borehole until
the slurry pressure decays to be equal to the pore pressure,
and the slurry keeps still. The maximum distance between
the slurry and the borehole wall is the diffusion radius of
the slurry.

(4) For the same rock, when the grouting pressure is less than
a certain range, the increase of slurry diffusion radius is
obvious with the growth of grouting pressure. When the
grouting pressure continues to ascend and exceeds a
certain spot, the increasing trend of radius is not
conspicuous. In different rock layers, the grouting
pressure required for the slurry to reach the same
diffusion radius is also different. Therefore, the reasonable
grouting pressure is distinct for different surrounding
rocks to achieve the best sealing.

3.3. Slurry Diffusion Characteristics under Different
Grouting Pressures. Based on the simulation results of slurry
pressure distribution under different grouting pressures,
COMSOL multiphysics software was used to extract data, and

the law of slurry pressure attenuation with diffusion radius under
the same grouting pressure was studied. The general rule is as
follows: the slurry pressure will gradually decline due to
overcoming the flow resistance when flows. The farther away
from the borehole wall, the smaller the slurry pressure is, as
shown in Figure 7.

(1) According to Figures 6 and 7, the diameter of the borehole
is 75 mm, so the distance between the borehole boundary
and the borehole center is 37.5 mm. The maximum
grouting pressure point during diffusion is located by 37.5
mm away from the borehole center, that is, the maximum
grouting pressure point is the borehole wall, and the
grouting pressure continues to decay outward with the
borehole as the center. The decay rate is related to the
surrounding rock properties and in situ stress around the
borehole. With the seepage and diffusion of slurry, the
grouting pressure decreases in varying degrees until it is
equal to the pore pressure, and the slurry stops to flow.
The maximum distance between the slurry seepage and
the borehole wall is the slurry diffusion radius.

(2) When the grouting pressure is constant, the slurry
diffusion in fine sandstone, mudstone, and sandy
mudstone is different. When the grouting pressure
reaches 6 MPa, the diffusion distance of slurry in fine
sandstone is more than 975 mm, while in mudstone, it is

Figure 4. Vertical stress map after the formation of a borehole.

Figure 5. Plastic damage area around the borehole.
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only about 575 mm. It can be seen from Figure 7 that the
diffusion distance of slurry in fine sandstone is the largest,
followed by sandy mudstone, and the diffusion distance in

mudstone is the smallest. Due to the different lithology of
the three surrounding rocks, the permeability, porosity,
and fracture development degree, the hardness of the

Figure 6. Slurry pressure distribution under different grouting pressures.
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surrounding rock, and in situ stress are also different. The
greater the permeability is, the higher the porosity and
fracture development degree is, and the lower the firmness
coefficient of the surrounding rock, the easier the slurry
diffuses. Therefore, the grouting pressure is affected by
geological conditions, and different hole sealing tech-
nologies and corresponding grouting pressure should be
selected under different geological conditions.

(3) For a certain kind of rock stratum, the grout diffusion
distance increases with the increase of grouting pressure,
so the grouting pressure plays a key role in the seepage
diffusion of grout.

3.4. Determination of Reasonable Grouting Pressure.
In order to analyze the reasonable grouting pressure, extract the
corresponding slurry diffusion radius data when the grouting
pressure attenuation is zero, and generate the curve illustrating

Figure 7. Attenuation diagram of grouting pressure with diffusion radius.
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the relationship between grouting pressure and diffusion
distance, as shown in Figure 8.

It can be seen from Figure 8:
(1) The diffusion radius of grout in rock formation is

positively correlated with the grouting pressure. With
the increase of grouting pressure, the diffusion radius of
grout gradually increases, but when the pressure is up to a
certain value, the rising trend of radius is not obvious. At
this time, it is unreasonable to increase the grout diffusion
radius by continuously increasing the grouting pressure
because the main factor affecting the grout diffusion
radius is the nature of the surrounding rock, and the rock
stratum has a limit pressure that it can withstand. When
the grouting pressure is higher than the limit, the rock
mass will split, forming a large number of new flow
channels, resulting in poor sealing effect or even failure.

(2) When the grouting pressure of fine sandstone, sandy
mudstone, and mudstone is less than 4, 3, and 2 MPa,
respectively, with the increase of grouting pressure, the
slurry diffusion rate is very fast, and the ascending trend of
diffusion radius is obvious. When the grouting pressure of
fine sandstone, sandy mudstone, and mudstone is greater
than 4, 3, and 2 MPa, respectively, with the increase of
grouting pressure, the increasing slows down. When the
pressure continues to increase, the variation of the radius
is very small, which indicates that the grouting pressure no
longer plays a leading role in the formation of slurry
diffusion radius. In addition, the slurry diffusion distance
is greater than the radius of the plastic zone of the
borehole, that is, the slurry can block the entire plastic
zone. Therefore, it can be considered that the reasonable
grouting pressure is 4 MPa.

4. ENGINEERING VERIFICATION
4.1. Engineering Background. The pressure measurement

site is selected at the rock roadway on the floor of the machine
roadway of working face 11111 in the coal seam Ji15−17, with the
section of 15.20 m2. The working face 11111 in the coal seam
Ji15−17 is located in the sixth section of the east wing of the No. 1
mining area, which tends to the safety coal pillar as the east
boundary, the west is the protection coal pillar of the east air
shaft, the south is the working face 11131 in the coal seam Ji15−17
that has not been mined, and the north is the working face 11091
in the coal seam Ji15−17 that has been mined. The ground is

located in Baopo and Yuzhuang, with ground elevation by +80−
85 m and working face elevation by − 470 to − 630 m. The
occurrence is relatively stable, with a thickness of 4.35−6.20 m,
an average of 5.80 m, a dip angle of 10−19°, a strike of 80−100°,
and a dip of 170−190°. The direct roof of the coal seam is sandy
mudstone with a thickness of 0.6−2.6 m, the main roof is fine-
and medium-grained sandstone (thickness: 1.2−8.1 m), the
direct bottom is sandy mudstone of 0.2−3.5 m, and the main
bottom is 4.7−9.4 m fine sandstone and sandstone interbedding.
Because the roof and floor of the coal seam are sandy mudstone,
the permeability is poor. Most of the exposed rock strata in the
floor rock roadway are interbedded with fine sandstone and
sandy mudstone in the range of 1/3−1/4 at the upper right of
the roadway, which are grayish black, and the rest are mudstone.

According to the geological structure, surrounding rock state,
and the layout of extraction holes, the specific positions of three
pressure measuring fields are determined. The first pressure
measuring field is of 380 m from the outer opening of the
roadway, and the pressure measuring holes 1 and 2 are arranged
in the field. The normal staggered distance of the two pressure
measuring hole openings in the roadway should be greater than
1.0 m, and the axial staggered distance should be greater than 2.0
m. Therefore, No. 3 and No. 4 holes are selected at 405 and 410
m away from the outside of the roadway, respectively. The
second field should be more than 25 m apart from the first one,
and the distance from the fault should exceed 30 m. Therefore,
No. 3 and No. 4 holes are selected at 405 and 410 m away from
the outside of the roadway, respectively. The third field locates
between the two fault layers with the relatively complete section.
The distance between No. 5 and No. 6 pressure measuring holes
and the outer opening of the roadway is 450 and 455 m,
respectively. The specific location of the pressure drilling hole is
shown in Figure 9.

According to the site, the locations of the test boreholes were
determined. There were three pressure measuring fields, and
each field was equipped with two boreholes. No. 1, No. 3, and
No. 5 boreholes are arranged on the left side of the roadway, and
No. 2, No. 4, and No. 6 on the right. See Table 2 for the
parameters of pressure measurement borehole.

4.2. Results and Analysis of Pressure Measurement. In
No. 1 borehole, a bag is used to block the orifice of the borehole,
and the hole sealing is conducted under normal pressure. While
No. 2−6 boreholes, the pressure grouting method is used to seal
the hole, and the grouting pressure is 4 MPa. The hole sealing
method is “two blocking and one injection” bag sealing method,
and the CPD8M type coal seam gas pressure automatic tester is
used to measure the gas pressure. The results measured are
shown in Table 2. The gas pressure recovery curve of boreholes
1−6 is shown in Figure 10.

Figure 8. Grout diffusion radius under different grouting pressures.

Figure 9. Specific location of pressure measuring borehole.
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(1) It can be seen from Figure 10 that the curve conforms to
the characteristics of coal seam gas pressure recovery,
which indicates that the measured pressure does not

include water pressure, and no water is found in the
borehole during on-site pressure measurement, which is
consistent with the engineering practice.

Figure 10. Gas pressure recovery curve of boreholes.
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(2) No. 1 and No. 2 boreholes are in the same drill site, which
exists no influence of geological structure and ground-
water, and the coal seam occurrence conditions are the
same. No. 1 borehole was sealed by atmospheric pressure
grouting, and the measured gas pressure is 0.97 MPa. The
“two plugging and one injection” bag type hole sealing
method is adopted in No. 2, and the grouting pressure is 4
MPa, the measured pressure is 1.97 MPa, which is 1.0
MPa higher than the gas pressure measured in borehole
No. 1. The “two plugging and one injection” bag type hole
sealing method with a grouting pressure of 4.0 MPa was
adopted for the No. 3−No. 6 boreholes in other sites, and
the results were also much higher than 0.97 MPa. It can be
considered that the pressure measurement result of
grouting hole sealing with a grouting pressure of 4.0
MPa is more accurate than that of the normal, which
shows that under the same other conditions, the grouting
pressure plays a key role in hole sealing.

In summary, it is reasonable to select a grouting pressure of 4
MPa and which can meet the requirements under this condition.
Moreover, the technology, characterized by “two plugs and one
injection” bag type rapid sealing automatic pressure measure-
ment, can be fully applied to the measurement of coal seam gas
pressure under the same conditions.

5. DISCUSSION
Based on Darcy’s law and the continuity equation of grout
seepage in rock mass, the grouting seepage control equation and
grouting model are established. Compared with the existing
research, the slurry model constructed in this paper simplifies
the slurry flow as a two-dimensional problem, and regards the
velocity as a non-important factor, while focusing on the
pressure. This model is simple and effective for this paper.
Through simulation calculation, the variation law of grout
diffusion radius in surrounding rock under different grouting
pressure is obtained, and the most reasonable grouting pressure
is determined to be 4 MPa. Through numerical simulation
analysis, it was found that the plastic failure zone of the borehole
is around 30 mm, and under a grouting pressure of 4 MPa, the
minimum diffusion radius of the slurry is 550 mm. This indicates
that effective sealing of the plastic zone of the borehole can be
achieved under a grouting pressure of 4 MPa. Tests were also
carried out at the project site, the measured gas pressure under 4
MPa grouting pressure is more accurate than that under normal
pressure, which also verifies the effectiveness of the model.
Compared with previous studies, this study links the grouting
pressure with the grouting effect, and the research results are
extensive and can provide theoretical reference for grouting
engineering under similar surrounding rock and geological
conditions. However, there are also certain limitations, as the
surrounding rock conditions of mines are different. Overall, this
study provides a method for determining reasonable grouting
pressure.

6. CONCLUSIONS
In this work, a mathematical model of grout seepage is
established derived from Darcy’s law and the seepage law of
grout in the rock mass, and a two-dimensional grouting model is
also established based on the geological properties of the test
site.

Combining the specific geological conditions of the test
working face with simulating the stress change in the plastic zone
around the borehole, it is determined that the damage range
around the borehole is about 30 mm. The horizontal stress
around the borehole decreases in the horizontal direction and
increases in the vertical direction. The vertical stress around the
borehole increases in the horizontal direction and decreases in
the vertical direction.

By simulating the diffusion characteristics of grout under
different grouting pressures, it is concluded that the critical
grouting pressure for fine sandstone, mudstone, and sandy
mudstone is 4, 3, and 2 MPa, respectively. Since the drilling is
composed of three types of rock, the reasonable grouting
pressure is 4 MPa. At which, the diffusion radius of slurry is far
greater than the influence range of the borehole plastic zone, and
the borehole can be effectively sealed. Through practical
engineering verification, it is found that when the grouting
pressure is 4 MPa, the highest gas pressure in the tested coal
seam is 2.7 MPa, which is more accurate than the pressure test
results obtained from normal pressure grouting sealing.
Therefore, it is reasonable to determine the grouting pressure
as 4 MPa.
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