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This work was to analyze and discuss the propagation mechanism of compressive shear initiation of complex fractured rock mass
with seepage stress. The dense marble of Daye Iron mine with bulk density of 26.6 kN/m3 and uniaxial compressive strength of
52.4MPa was selected as the material, and the upper and lower fracture surfaces were polished smoothly. The crack initiation
criterion under compressive shear stress state is analyzed by taking the theory of fracture mechanics and classical mechanics. The
coupling equation in the extended finite element simulation is established. The influence of lateral pressure on the crack propaga-
tion law, the relationship between lateral pressure and fracture, the initial expansion angle and pressure change law, and the effect
of working face length on the crack expansion are analyzed. Results. The initial expansion angle of cracks increases with the
increase of lateral pressure, and that of a single crack decreases with the increase of pressure. When other conditions are constant,
the crack angle of the crevice also shows a trend of increasing with the increase of lateral pressure. When the lateral pressure
becomes smaller, the initial expansion angle is relatively small. With the progress of the step size, the expansion angle shows a
gradually decreasing trend, that is, the initial expansion angle gradually decreases with the increase of water pressure. The smaller
the working face length, the smaller the expansion length of the floor crack. Conclusion. The expansion of the floor cracks is mainly
formed by the tensile shear failure, and the fracture water pressure will reduce the initiation stress, which makes the rock mass
more prone to the fracture failure.

1. Introduction

In recent years, with the rapid development of the national
economy, the related problems under the action of engineer-
ing rock mass seepage and stress have become a problem
faced by many scholars in engineering disciplines. More
than 90% of rock slopes are related to the infiltration of
low water, and the dynamic equilibrium system under the
action of rock seepage and stress has become a topic worthy
of attention in the field of rock mechanics [1–3]. Cracks or
the expansion of cracks can cause damage to the cracked rock
mass. Underground water not only affects rockmechanics but
also rock mass mechanics. Rock mass is a variable factor in
mechanics, and the result of its effect in mechanics is not very
clear. Many mine accidents are related to low water, and the
infiltration of rock mass is also a very important reason for
the failure of 30%–40% of hydropower projects [4]. Therefore,

the coupling effect between seepage and stress in rock mass
should be worthy of attention.

A very important subject in the field of rock mechanics is
the change of the stability mechanism between the seepage
and stress of fractured rock mass. Human engineering activ-
ities cannot avoid the transformation of adverse geological
environment. In order to have a better living ecological envi-
ronment, the excavation of the project is basically based on
the change of the stress field in the rock body, which will
inevitably lead to changes in the regional or local under-
ground water discharge environment of the rock mass. After
the artificial disturbance of the low-water seepage field, the
mechanical action strength and action form of the rock mass
will change to a certain extent, and these uncertain changes
will affect the stability of the fractured rock mass [5]. Frac-
tured rock mass contains many macroscopic discontinuities,
mainly including voids, microcracks, defects, and joints. The
distribution of stress field changes due to underground
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water, resulting in crack expansion. This interaction between
them is called seepage–stress coupling [6]. The failure of the
Malpasset arch dam in France in 1959 was a typical example
of seepage–stress coupling, and people gradually realized the
importance of fractured rock mass to engineering safety [7].
It is necessary to study the activity law of underground water
in rock mass and the mechanism of seepage–stress coupling
[8]. With the continuous expansion of the project scale, the
geotechnical engineering community is particularly urgent to
solve this problem.

A large number of voids and cracks in natural rock mass
affect the mechanical properties of rock mass. There is
anisotropy between the rock masses, the strength parameters
are reduced, and the permeability characteristics of the rock
mass are also affected [9]. The characteristics of rock mass
seepage include unsaturated seepage, seepage anisotropy,
and seepage inhomogeneity. In different directions, the rock
permeability characteristics show differences, showing the
anisotropy of rock mass seepage, which is generally expressed
by the permeability tensor. The main factors that produce
seepage anisotropy are: inhomogeneity of spatial distribution
and grouping of discontinuous surfaces [10]. The permeabil-
ity of the rock mass shows a certain dominance in the direc-
tion where the joints and cracks are dense [11]. Due to the
difference in opening and roughness between discontinuous
surfaces, the seepage characteristics are also quite different.
The place with a large opening becomes the dominant seepage
channel, while for some gas-sealed areas; the seepage diameter
is more complicated. Some exploration shows that although
some cracks are below the underground water level, they are
still dry or have only a small amount of crack water seepage,
which shows the unsaturated state of the rock mass [12, 13].
The inhomogeneity of seepage is mainly reflected in the dif-
ferent permeability coefficients at different positions in the
rock mass space system. The spatial function of coordinates
is the permeability coefficient. The reason for the inhomoge-
neity is the different distribution of pores and joints [14, 15].
There is a crack in the rock mass, and the water pressure
expansion causes the intensification of the expansion process
of the rock mass, which in turn causes the macroscopic dam-
age of the cracked rockmass and the reduction of the strength
of the rock mass. The expansion of crack changes the char-
acteristics of seepage, the distribution of seepage field changes,
and there is a coupling effect between seepage and damage of
rock mass [16, 17].

The use of fracture mechanics theory to study the failure
mechanism of crack rock mass began in the 1960s, and has
become a new branch of rock mechanics in the past 10 years.
The research directions of the scholars mainly include rock
fracture toughness test, crack expansion law, and tensile–shear
and compression–shear coincidence fracture [18, 19]. The
coupling interaction between seepage field and stress field is
mainly to study the basic law of interaction between solid and
tumormedium. Vandalnlne and Roegiers [20] has proposed a
coupled solution for hydraulic fracturing. Liu et al. [21] used
the stress–seepage damage coupling model to discuss the pore
pressure during excavation. With the increase of construction
time, the pore pressure first increased and then decreased.

However, the sparseness of the damaged area and the infiltra-
tion area gradually increased. Liu et al. [22] explored the crack
interaction mechanism of crack media with irregular geomet-
ric parameters under uniaxial and biaxial compression con-
ditions. The parameter controlling the failure mode of the
specimen includes the crack length. The seepage–stress cou-
pling gradually attracted the attention of theoretical experts,
and a large number of experimental studies and a large num-
ber of data came into being [23]. However, due to the com-
plexity of the seepage stress of the rock mass fusion, there are
many uncertain factors in the discussion of this issue, and
theoretical research and experimental research are still in an
immature stage. The cracks of different sizes and different
orientations in the rock mass make it impossible for each
crack to determine the specific geometric parameters of the
crack. For these randomly distributed media, only the seepage
theory can not well reflect the expansion of aggregate cracks
and new city cracks in the seepage coupling process. There-
fore, it is necessary to continue to explore the coupling of
seepage and stress field in the cracked rock mass to provide
more reference for future engineering implementation and
application.

At present, the permeability mechanism of fractured rock
mass is not clear. The innovations of this study lie in three
aspects. First, the rock mass fracture mechanics are intro-
duced to the analysis of fractured rock mass based on the
theory of fracture mechanics. Second, the influence of stress
and strain on the permeability coefficient of fractured rock
mass is analyzed by using mathematical model. Third, the
coupling changes of seepage field and stress field in the frac-
tured rock mass are investigated from the angle of pressure
shear crack, which can provide reference for the theoretical
application.

2. Materials and Methods

2.1. Coupling Analysis of Seepage and Stress in Crack. The
mechanical properties of the cracked rock mass will be
affected to a certain extent by the existence of underground
water. The seepage force applied to the cracked rock mass
will reduce its strength, which directly affects the tempera-
ture and deformation of the rock mass. Deformation and
stability analysis of joint crack rock mass is very important
for seepage imaging. Seepage has strong stress and deforma-
tion dependence. After the cracked rock mass is loaded, the
stress field changes gradually, the normal and tangential
stresses of the crack gradually increase, the voids in the
rock mass and the crack opening degree change, and the
seepage channel of the rock mass also changes. On the other
hand, the seepage pressure generated by seepage reduces the
effective normal stress on the crack surface of the joint, and
the stability and deformation of the rock mass will be
reduced. The relationship between the stress of cracked
rock mass and the seepage coefficient is shown in Figure 1.
After the rock mass is loaded, the change of the stress field
force causes the change of the opening degree of the rock
mass and the crack, the flow velocity of the seepage and the
pressure redistribution of the fluid in the table, and the water
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flux in the crack decreases with the increase of normal stress
of the crack.

2.2. Fracture Model of Seepage Stress Coupling. After the
action of various stresses such as tension, compression, and
torsion, the structural characteristics of the cracked rock
mass will remain after countless transformations, and there
is still a certain regularity.

The fracture modes of rock mass cracks mainly include
three types of cracks as shown in Figure 2, namely, Type I
cracks, Type II cracks, and Type III cracks. Type I cracks
become open, and the displacement of the crack surface is
perpendicular to the crack surface. Type II cracks are also
called slip shear. Type III cracks have discontinuities in the Z
direction of the upper and lower surface points on the sur-
face, and are also called tearing or shearing.

According to the theory of fracture mechanics and clas-
sical mechanics, a coupled seepage–stress model is estab-
lished. Figure 3(a) shows a single crack in tension, and
Figure 3(b) is a schematic diagram of a single pure shear
crack. Figure 3(c) is an equivalent schematic diagram of a
single pure shear crack. The stress concentration occurs at
the crack tip under tension at the maximum position of the
crack. When KI≥KIC, the shear effect will appear, and the
crack plane will gradually expand outward. Figure 3(b)
shows the path of the crack expansion. The state of the crack
subjected to pure shear stress is shown in Figure 3(b).
Figure 3(b) is equivalent to Figure 3(c), then α1= α2= /2ɤ.
When KI≥KIC crack initiation, the initiation angle is 70.5°.
The expansion direction is shown in Figure 3.

The maximum circumferential stress theory contains two
basic assumptions: the first is that the crack expansion occurs
when the maximum circumferential stress reaches the criti-
cal stress, and the second is that the crack will expand in
the direction of the maximum circumferential stress value.
The critical stress condition can be determined according to

the first basic assumption, and the crack initiation angle can
be derived from the second basic assumption. The stress
components at the crack tip of Type I and Type II are
superimposed, and the polar coordinate stress component
Equations (1)–(3) at the crack tip are expressed as follows:

αρ ¼
1

2
ffiffiffiffiffiffiffiffi
2πρ

p K1 3 − cos
θ

2

� �� �
þ KII 3 cos θ − 1ð Þsin θ

2
;

ð1Þ
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1
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K1 sin θð Þ þ KII 3 cos θ − 1ð Þ½ �: ð3Þ

In the equation, ϴ is the crack initiation angle, α refers to
the axial stress, and the circumferential stress αϴ takes the
extreme value to obtain the crack initiation angle ϴ, the
equation is as follows:

∂αθ
∂θ

¼ 0: ð4Þ

It should continue to take the derivative of ϴ for the
second time, and the equation is expressed as follows:

∂αθ
∂θ

¼ −3
4

ffiffiffiffiffiffiffiffi
2πρ

p cos
θ

2
K1 sin θ þ KIIð 3 cos θ − 1½ �: ð5Þ

According to the equation, the crack expansion angle ϴ0

is obtained, and the calculation equation is as follows:

θθ ¼
2arctg K1j j −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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2 þ 8KII
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(
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ρ¼ ρ0: ð7Þ

The equation for the maximum circumferential stress on
the circumference is expressed as follows:
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FIGURE 2: Schematic diagram of crack types.
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FIGURE 1: The relationship between crack opening and water flow
and effective normal stress.
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FIGURE 3: Equivalent schematic diagram of hand fracture with dif-
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αθmax ¼
1

2
ffiffiffiffiffiffiffiffiffiffi
2πρ0

p cos
θ0
2

K1 1þ cos θ0ð Þ − 3KII sin θ0½ �:

ð8Þ
According to the second assumption of maximum cir-

cumferential stress, the fracture criterion is expressed by the
equation as follows:

αθmax ¼ αθc: ð9Þ

The critical value stress of αϴc can be determined
according to the fracture toughness KIC of the first type of
crack. The expansion of the first type of crack is always along
the crack surface. Therefore, the cracking angle can be taken
into the equation as follows:

θ0 ¼ 0;KII ¼ 0;  KI ¼ KIC: ð10Þ

The critical value for obtaining the maximum circumfer-
ential stress is expressed as Equation (11) below:

αθc ¼
KIC

2
ffiffiffiffiffiffiffiffi
2πρ

p : ð11Þ

After Equation (11) and Equation (8) are incorporated
into Equation (9), the below equation can be obtained as
follows:

KIC ¼ 1
2
cos

θ0
2

K1 1þ cos θ0ð Þ − 3KIIsin θ0½ �: ð12Þ

This is the basis for judging the cracks of the first type
and the second type of composite type.

For a Type I crack, which is incorporated into the
Equation (12), then, the following expression can be obtained:

cos θ0
1
3
: ð13Þ

2.3. Crack Expansion Length. The schematic diagram of the
crack force of the two cracks in the geese, the schematic
diagram of the expansion of the branch crack, and the force
of the crack tip. F represents the water pressure; α1 and α2
represent the principal stress in the crack, and the direction is
perpendicular to the crack surface. The theory of elasticity is
adopted, and the equations of the normal stress (ζ) and shear
stress (α) on the crack surface are given as follows:

ζ ¼ α1 − α3
2

sin 2β; ð14Þ

α¼ α1 þ α3
2

þ α1 − α3
2

cos 2β: ð15Þ

The crack surface is subjected to compressive shear load,
and the resulting slip force is expressed as below equation:

Fs ¼ ζ þ f αþ Pð Þ: ð16Þ

Fs is the tangential force on the branch crack, and Fn is
the normal force on the branch crack. P represents water
pressure.

The tangential stress αϴϴ at the tip at an angle to the
original crack determined by the driving sliding force is
expressed as follows:

αθθ ¼
3Fs

ffiffiffiffiffiffi
πα

p
2

ffiffiffiffiffiffiffiffi
2πρ

p sin θ cos
θ

2
: ð17Þ

The expression factor of stress intensity factor at a tiny
crack m at the crack tip is expressed as follows:

KI ¼
3
2
Fs

ffiffiffi
π

p
sin θ cos

θ

2
: ð18Þ

When the crack is sheared, the extreme value is obtained
according to the effective shear stress, and the expression
equation is as follows:

∂Fs
∂ϕ

¼ 0; ð19Þ

∂2Fs
∂2ϕ

<0: ð20Þ

Then, the equation for the brute force factor is expressed
as follows:

KI ¼
πα

3

� �1
2 α3 − α3½ � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ f 2π
p þ f α1 þ α3ð Þ: ð21Þ

When the external forces α1 and α2 reach a certain value,
the twill surface will slide; forming a branch crack at the
crack tip, and the crack expansion direction is parallel to
the direction of the maximum compressive stress.

2.4. Finite Element Analysis of Crack Expansion with Seepage
Stress Coupling. The research on rock mass includes theo-
retical research, numerical simulation, and experimental
research, and the theoretical solution of simple problems
can be obtained by using theoretical research. However, it
can not deal with particularly complex problems. Numeri-
cal simulation can accurately carry out numerical simula-
tion analysis of crack expansion of the crack rock mass, and
can achieve rapid development. The method of experimen-
tal research is relatively inconvenient in practical applica-
tion, but it can directly form the expansion law for
simulating crack. Experiment is the spine of numerical sim-
ulation, and numerical simulation is the in-depth discussion
of experimental research. The combination of these two
methods can handle many problems well. The in-depth
study of rock mass failure mainly relies on the synergistic
analysis of these three methods. In this work, the expansion
study in the seepage coupling process in crack is analyzed,
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and the expansion law of cracked rock mass under different
water pressures is discussed.

Expansion finite element is to use discontinuous shape
function to express the regional discontinuity in the calcula-
tion area. The mesh boundary in the calculation process has
no relationship with the description of the discontinuous
field, and it shows superiority when dealing with fractures.
Any path in crack expansion can be simulated concisely and
comprehensively using the finite element method of expan-
sion. First, the expansion finite element numerical simula-
tion software ABAQUS is used to analyze the simple linear
analysis and the complex flying linear problem to simulate
the performance of typical engineering materials. Numerical
simulation research can also solve many problems in the field
of engineering geology by noduling the problems of stress
and strain. The steps of the analysis flow of expansion finite
element are shown in Figure 4. It should preprocess some
physical models such as defined parts, materials, and assem-
blies to generate a file, solve the numerical model and its
parameters defined in the input file, and then read the result
data. The ways of presenting the results include expansion
diagrams, animations, cloud diagrams, and deformation
diagrams.

2.5. Establishment of Coupling Equations in Expansion Finite
Element Simulation. The fluid–solid coupling theory is widely
used in the processing of petroleum, harmful nuclear waste,
and earthquakes in reservoirs, and it has also become a newly
emerging subject of the interaction between fluid and rock
mass. On the basis of elastic mechanics, the stress balance
equation is expressed by the principle of virtual work. In
the equation, the virtual work of the rock mass and the virtual
work generated by the external force are equal, and the
expression equation is as follows:

Z
V
δεTdσdV −

Z
V
δuTdf dV −

Z
V
δuTdtdS¼ 0: ð22Þ

In the equation above, T represents the surface force, f
represents the body force, δε represents the virtual stress, and
δu represents the virtual displacement.

The constitutive relation can be expressed in incremental
form as follows:

dσ ¼Wep dε − dε1ð Þ: ð23Þ

dε1 refers to the particle compression, as expressed in
Equation (24), and Wep is the elastoplastic matrix.

dε1 ¼ −m
dp
3Ks

: ð24Þ

In the above equation, m= [1, 1, 1, 0, 0, 0]T

The effective stress expression is shown as follows:

σ ¼ σ þ αmp: ð25Þ

p represents the average pressure of the two fluids:
If α= 1, Equation (26) can be obtained fromEquations (22),

(23), and (25) as follows:

Z
V
δεTWep dε1 þm

dp
3Ks

� �
dV −

Z
V
δεTmdpdV

−

Z
V
δuTdfdV − S¼ 0:

ð26Þ
If the pressure is constant, then the equation below could

be obtained as follows:

dpa
dt

¼ 0: ð27Þ

Therefore, the derivative of the mean void pressure with
respect to time can be simplified as Equation (28):

dp
dt

¼ d swpw þ 1 − swð Þpað Þ
dt

¼ sw
dw
dt

þ pw
dsw
dt

: ð28Þ

Sw is saturation, Pw is void pressure, and Pa is void air
pressure, with Pa= 0.1MPa, which is a standard atmospheric
pressure. Sw is a function of void water pressure, as expressed
in Equation (29):

dsw
dt

¼ dsw
dpw

dwPw
dt

¼ ψ
dpw
dt

; ð29Þ

Material
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Assembly Solve a numerical
model and its parameters Display calculation resultsDefine parts

FIGURE 4: Schematic diagram of expansion finite element analysis flow.

Advances in Civil Engineering 5



where ψ represents the capillary pressure, which is deter-
mined by the saturation test, so Equation (30) below can
be obtained as follows:

dp
dt

¼ sw þ pwψð Þ dpw
dt

: ð30Þ

Equation (31) is obtained by combining the Equations (26)
and (30) as follows:

Z
V
δεTWep

dε
dt

� �
dVþ

Z
V
δεTWep m

sw þ pwψð Þ
3Ks

dpw
dt

� �
dV

−

Z
V
δεTm sw þ pwψð Þ dpw

dt
dV¼

Z
V
δuT

df
dt

dVþ
Z

V
δuT

dt
dt

dS

:

ð31Þ
The seepage field contains two boundary conditions: one

is the flow boundary condition, and the other is the pore
pressure boundary condition. The flow boundary condition
is expressed as follows:

−eTKKr
Pw
ρw

− g
� �

¼ qw: ð32Þ

In the above equation, e represents the unit normal vec-
tor of the boundary surface, and qw is the flow rate of water
flowing through the flow boundary.

The pore pressure boundary conditions satisfy the fol-
lowing equation:

Pw ¼ Pwb: ð33Þ

2.6. Experimental Methods. Coal seam floor water inrush is a
complex geological phenomenon, which is affected by the
factors such as mining pressure, water pressure of confined
water in aquifers, lithologic characteristics of aquifers in coal
seam floor, and water-rich aquifers. In order to calculate the
limit water pressure value of the impedance water of the
bottom plate, a mechanical model of the bottom plate is
established, and the length of the working face is L. Figure 5
shows the numerical calculation model of the base plate.

The physical parameters of the rock mass are shown in
Table 1.

The relationship between permeability coefficient and
shear stress is discussed, and the conditions of low stress
and low-water head are selected. In the test, a vertical Qianjin
top is selected to apply normal pressure to the crack surface, a
vertical dial gauge is used to record the corresponding dial
gauge value and flow rate, and the seepage flow under the
corresponding shear stress is measured. The record of seepage
flow is measured indirectly. The test measures the time it takes
for three water flows to fill a measuring cup of a certain volume,
and the average value is taken during the calculation process.

3. Results

3.1. Influence of Lateral Pressure on Fracture Expansion Law.
Lateral pressure plays a very important role in crack initia-
tion, expansion, and penetration. Under the condition that

the physical parameters remain unchanged, a crack inclina-
tion model (45°, 60°) is established to simulate the influence
of water pressure on crack initiation and expansion. The
lateral pressures are 0.1, 0.2, 0.3, and 0.4MPa, respectively.
Figure 6 suggests that the water pressure shows an increasing
trend with the increase of the time step. The larger the incli-
nation angle, the greater the water pressure.

3.2. Analysis of the Relationship between Lateral Pressure and
Fracture. When other conditions are constant, with the
increase of lateral pressure, the crack angle also tends to
increase; when the lateral pressure becomes smaller, the ini-
tial expansion angle is also relatively small, which shows that
the splitting effect of water pressure on the rock mass is more
obvious. The expansion angle becomes larger, the lateral
pressure becomes larger, the crack tends to expand in the
vertical direction, and the splitting effect of the water pres-
sure decreases. Figure 7 shows the results of the initial expan-
sion angle under different pressures with a crack inclination
angle of 45°. When the lateral pressures are 0.1, 0.2, 0.3, and
0.4MPa, respectively, and the expansion angles are 40°, 50°,
52°, and 68°, respectively.

Figure 8 shows the results of initial expansion angles
under different pressures with a crack inclination angle of
60°. When the lateral pressures are 0.1, 0.2, 0.3, and 0.4MPa,
respectively, and the expansion angles are 42°, 53°, 56°, and
67°, respectively. The schematic diagram of the initial expan-
sion angle of the two angles with the pressure is shown in
Figure 9, and the expansion angle shows an increasing trend
with the increase of the pressure.

3.3. Effect of Water Pressure on Fracture Expansion. Water
pressure has a relatively complex change in the mechanical
properties of rock mass. After the lateral pressure is constant,
the physical parameters and other loading conditions remain
unchanged, and the influence of the water pressure on the
crack expansion of the 45° and 60° models is analyzed. As
shown in Figure 10, under different water pressures of 0.1,
0.2, 0.3, and 0.4MPa, the water pressure at the midpoint
gradually increased and finally showed a stable trend with
the progress of the step.

Sandstone

Coal seam

Cement rock

Cement rock

Water-bearing sandstone

FIGURE 5: Numerical calculation model of the base plate.

6 Advances in Civil Engineering



3.4. Initial Expansion Angle and Pressure Variation Law. For
a single crack, after the lateral pressure is constant and other
loading conditions and physical parameters remain unchanged,
the influence of different water pressures on the expansion
angle of the crack is analyzed. As shown in Figure 11, under

different water pressures of 0.1, 0.2, 0.3, and 0.4MPa, the
expansion angle shows a gradually decreasing trend, that is
with the progress of the step, which means that the initial
expansion angle gradually decreases as the water pressure
increase.

TABLE 1: The physical parameters of the rock mass.

Sandstone Coal seam Cement rock Water-bearing sandstone Cement rock

Thickness m 20 3 30 40 65
Elastic modulus (GPa) 2.6 16 18 36 18
Compressive strength (MPa) 60 25 40 90 35
Poisson’s ratio 0.2 0.32 0.25 0.15 0.27
Permeability coefficient (m/d) 0.01 0.01 0.01 100 0.01
Homogeneity 5 10 2 4 2
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3.5. Effect of Working Face Length on Gap Expansion. The
floor expansion is driven by the Eurasian shear stress, and as
the mining progresses, the fractures expand gradually. As
shown in Figure 12, when the thickness of the water barrier
and the mechanical properties of the rock mass are kept
constant, the length of the working face increases, which
leads to an increase in the length of the crack expansion,
which reduces the ability of the floor to resist water. That
is to say, the smaller the length of the overall working face,
the larger the water pressure value of the bottom water
inrush limit becomes.

4. Discussion

Underground water has a certain influence on rock mechan-
ics and mechanical properties of rocks. After the rock mass
in the crack is subjected to the force, it will deform. As a
bridge between the seepage field and the stress field, the
permeability coefficient connects the coupling relationship
between the two, and it also changes with the change of crack
under the action of force. After the coupling relationship is
generated, the phenomenon of seepage–stress coupling of
crack rock mass can be better understood [24]. Many scho-
lars have carried out research on the coupling of rock mass
seepage, and some people have proposed the idea of static
inversion of even coupling parameters, which is also a hot
spot in this field. On the basis of traditional parameter inver-
sion, a fully coupled analysis is carried out on various types
of observational data such as head and displacement. It also
provides a powerful tool for some uncertain parameters. The
construction of rock mass engineering and the environment
are constantly changing over time. The observation of rock
mass seepage and mechanical behavior also needs to be deep-
ened [25, 26]. There are many changing factors that need to
be considered for the seepage and stress of cracked rock
mass. This kind of research is also a relatively complex topic,
and it is necessary to comprehensively consider many aspects
such as dynamics and rock mass structure. The natural geo-
logical body of the rock mass itself constitutes a highly com-
plex and uncertain system, and people’s understanding of it
is still uncertain, and there are still many problems to be
solved. At this stage, many scholars have carried out a lot
of research on the positive aspect of seepage. Pang et al. [27]
independently designed a triaxial seepage system in order to
study the recrushing mechanism and seepage characteristics

of crushed coal medium under load. Using the steady-state
infiltration method, various flow factors of the crushed coal
medium under different particle size combinations and dif-
ferent stress conditions are obtained. On the one hand, the
reduction of the porosity of the crushed coal medium will
lead to the reconstruction of the flow channel, and the sud-
den change of the flow will directly lead to the non-Darcy
flow regime. On the other hand, the seepage throat in the
crushed coal medium may experience a sharp increase in
flow velocity, resulting in abrupt changes in the flow regime.
The law obtained according to the seepage characteristics
can be used as the calculation basis for the prevention and
control of mine water inrush accidents. Shao et al. [28] estab-
lished a micromechanics-based stress–seepage–damage cou-
pled model to simulate the initiation and expansion of cracks
in rock materials and their interaction with fluid flow. The
model provides an intuitive understanding of the evolution
process of rock failure and water inrush, which is difficult to
observe, and helps to prevent water inrush disasters in prac-
tical engineering. The influence of surrounding rock pressure
on the failure of fractured rock mass is significant. When the
confining pressure is low, the failure is brittle. When the
confining pressure is high, the rock mass shows the property
of soft rock.

It is very important to analyze the effect of lateral pres-
sure on crack propagation to understand the mechanical
properties of rock mass. In this study, the law of lateral
pressure on crack propagation was analyzed. Under the con-
dition of constant physical parameters, the crack inclination
model (45° and 60°) was established to simulate the influ-
ence of water pressure on crack initiation and propagation.
The water pressure increases with the increase of time step,
and the greater the inclination angle, the greater the water
pressure. When other conditions are fixed, the crack angle
also shows an increasing trend with the increase of lateral
pressure. When the lateral pressure changes, the initial
expansion angle is relatively small, which indicates that the
water outlet pressure has an obvious splitting effect on the
rock mass. As the expansion angle increases, the lateral pres-
sure increases, the crack tends to expand in the vertical
direction, and the splitting effect of water pressure decreases.
When the lateral pressure is small, the initial propagation
angle is relatively small, and the wing crack is more inclined
to spread in parallel axial direction, which also shows that the
water outlet pressure has a more obvious effect on the frac-
ture of rock mass.

In the seepage of crack network rock mass, when the rock
mass presents a discontinuous distribution, the seepage
mainly depends on the relatively large fracture. If a relatively
continuous medium or an equivalent continuous medium is
used for processing, a relatively large error will occur. The
results of low-water permeability calculated by the discontin-
uous medium method are almost consistent with the actual
results [29]. There are many uncertainties in the rock mass,
cracks of different sizes and the expansion of the cracks of
the heart. To solve these problems, it is necessary to contin-
uously introduce new theoretical methods. This work
explores the crack expansion rule under seepage stress
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FIGURE 12: Effect of working face length on floor crack expansion.
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coupling. The results show that as the lateral pressure
increases, the initial expansion angle of the crack also
increases, and the initial expansion angle of a single crack
decreases with the increase of the pressure. In the change law
of initial expansion angle and pressure, the expansion angle
of different water pressures gradually decreases with the step
length, that is, the initial expansion angle gradually decreases
with the increase of water pressure. The limit model of floor
resistance to water inrush shows that the smaller the length
of working face, the smaller the extension length of floor
crack, and the expansion of floor crack is mainly formed in
the form of tensile shear failure. When other physical param-
eters are unchanged, the initial expansion angle of single
crack increases with the increase of lateral pressure. When
the water pressure is changed, the initial expansion angle of
single crack decreases with the increase of water pressure.
The geometric characteristics of fracture are closely related to
the seepage characteristics of rock mass, and the geometric
parameters of fracture will also change when the stress field
of rock mass changes, which also indicates that there is a
strong coupling effect between the seepage field and the
stress field of the fractured rock mass. The study of spectrum
sum of fractured rock mass is also a complex subject, and a
large number of coupling studies have been carried out by
scholars all over the world. However, how to determine the
coupling parameters, how to determine the seepage, stress,
etc., has been a key problem in the field of rock mass
research. There are still many problems to be solved in the
mechanism of rock mass press-shear initiation and further
work needs to be done.

5. Conclusions

This work aims to explore the crack expansion law under seep-
age stress coupling. Based on the theory of fracture mechanics
and classical mechanics, the crack initiation criterion under
compressive shear stress state is analyzed starting from the direc-
tion of crack expansion. As the lateral pressure increases, the
initial expansion angle of the crack also increases gradually, and
the initial expansion angle of a single crack decreases with the
increase of the pressure. The water inrush resistance limit model
of the floor is used to show that the smaller the working face
length is, the smaller the expansion length of the floor crack will
be, and the tensile shear failure is the main reason for the expan-
sion of the floor crack. There are many future research direc-
tions.What is the expansion law of various cracks? The influence
of the factors such as lateral pressure, crack inclination angle, and
crack spacing in this process is also a direction worthy of in-
depth study. In addition, floor water inrush is also a complex
project.What are the factors of floor water inrush?What kind of
impact results will be produced? Further exploratory research
can also be done to providemore comprehensive theoretical data
and provide a reference for the application of rockmass seepage.
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