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Filling is commonly found in natural cracked rock mass. As the weakest part of the rock, the filling properties directly affect the
rock deformation and strength, permeability, and so on and affect the safety and stability of the rock mass engineering. In this
study, a single slit has been preset in sandstones and filled with different physical properties materials. Based on the laboratory
triaxial seepage test, the permeability and strength characteristics of filled cracked sandstones are analyzed, and the failure modes
are obtained. )e main findings of this study are as follows: (1) )e permeability coefficient peak value of the filled cracked rock
appears before the stress peak. (2) At the same confining pressure growth rate, the peak stress growth rate of the filled cracked rock
is generally higher than that of the intact rock and the strength growth rate of the cracked rock increases with the length of the
fracture. )e strength characteristics of the filling in the uniaxial compression tests and triaxial seepage tests are significantly
affected by the hydraulic properties. (3) )e strength and permeability coefficients of cracked rock filled with cement mortar are
more sensitive to the change of confining pressure, while under the same condition, the ones of cracked rock filled with gypsum
mortar are stable. (4) According to the failure mechanism, under the seepage stress, the secondary cracks can be divided into 3
types and the failure modes can be divided into 2 types.

1. Introduction

Under the high-pressure water, a large amount of liquid
energy accumulates inside the rockmass.When the energy is
concentrated to a certain extent, due to the disturbance of
the excavation effect, the roof and floor of the roadway
suddenly collapse to the free face, which will cause a water
inrush accident. )erefore, the nonburst mines that do not
generate water inrush in the shallow part will be transformed
into water inrush mines with frequent water disasters after
entering the deep. In the past 2007∼2014 years, a total of 128
coal mine water inrush accidents have occurred in China,
with a total of 702 deaths [1]. According to statistics, more
than 80% of the water inrush accidents in Chinese coal
mines are caused by faults [2]. )e fillings in the fault zone
have low tensile strength and are mostly argillaceous and
carbonaceous fragments. )erefore, under the confined

water, the filling material is easily softened, eroded, and
hollowed out, which reduces the thickness of the aquifuge
and causes favorable conditions for water inrush.

From the elastic mechanics, filling reduces the degree of
stress concentration [3]. Due to the different filling patterns
and filling properties, the filling cracks have different bearing
capacities. Under the various complicated loads such as
seepage and confining pressure, the filling cracks are easy to
cause engineering instability and geological disasters, es-
pecially in the safety and stability of mines, water conser-
vancy, bridge, mountain tunnel, and other projects. It is the
core content of this paper to study the influence of filling
cracks on strength, permeability, and failure of cracked
sandstone in triaxial seepage experiment.

Since 1960s, French scholar Louis first proposed rock
mass hydraulics as a new discipline. So far, scholars from
various countries have carried out a lot of related research
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work. Some scholars have applied laboratory tests, NMR
imaging, and discrete element method to study the per-
meability of cracked rock mass under the influence of
structural plane roughness, trace length, and fracture surface
area, verified the validity of cubic law, and proposed some
correction methods for calculating permeability [4–10]. In
addition, the researches show that the variation law and
sensitivity of permeability under different external loads are
different [11–13]. By analyzing the stress-strain-permeability
curves, the relationship between rock deformation mecha-
nism and permeability is obtained, which indicates that
permeability is controlled by crack characteristics [14, 15].

At present, researchers mostly discuss factors such as the
roughness, opening, and length of fractures that affect
seepage characteristics. For a long time, the researches on
rock filled cracks are mainly about the analysis of its shear
strength, such as Toledo et al. [16], Davies et al. [17],
Indraratna et al. [18], Li et al. [19], and so on.

More and more scholars have realized the influence of
filling materials on the seepage characteristics of cracked rock
masses and carried out relevant research work.Wealthall et al.
[20] had found that when the filling is widely distributed in
large fractures, the permeability of the crack shows two
opposite rules. Chen and Kinzelbach [21] had proposed that
the permeability of the cracked rock is affected by the fault
mud. Olson et al. [22] replicated the typical low permeability
of tight sandstone by filling fractures with cement and pro-
posed a natural crack rock analysis model. Wang et al. [23]
conducted a study on the seepage characteristics of cracked
rock filled with silts and summarized the effect of silt particles
on the permeability of cracked rock. )örn et al. [24] used a
fluid mechanics laboratory test with single cracked rock to
correlate the fracture strength with fracture filling, stress
history, and so on. Ono’s research [25] on the Palaeogene
Shimanto Belt of Kyushu in Japan demonstrated that the acid
water dissolved calcite crack filling minerals to form the
present groundwater flow-paths. Kavanagh and Pavier [26]
used rock strength tests to investigate the effect of the rock
interface on the fractures containing liquid filler in the crust.
Liu et al. [27] had revealed that the influence of the stress
history of fractured rock masses with sandy filler on the
permeability coefficient cannot be ignored. Zhang et al. [28]
had carried out the seepage test on the half-filled cracked rock
and found that the seepage-stress curve of the half-filled
cracked rock is more consistent with the calculated value of
the cusp catastrophe theory. Chen and Zhang [29] and Chen
et al. [30] used different brittle filling materials to conduct
experiments and discussed the influence of the mechanical
response of filling materials on the seepage characteristics. Liu
et al. [31] had studied the seepage and failure characteristics of
filled cracked rocks under high confining pressure.

From the scholars’ study of filled cracked rock mass, it is
known that the filling in the cracks makes the seepage and
mechanical characteristics significantly different. Under the
seepage stress, the internal structure of the rock mass
changes slightly or drastically, and the filling in the crack is
affected, causing its dissolution, migration, and cracking,
thus affecting the permeability and strength characteristics
of the cracked rock mass.

Previous studies have mainly focused on single-type
fillings with low design test pressure, without considering
the seepage failure characteristics of fractured rocks with
fillings of different hydraulic properties in deep formation.
)is study is investigates the variation of permeability,
strength, and fracture characteristics of filled cracked rock
due to different hydrological properties of the filling under
high water pressure and confining pressure. It can help us to
understand the influence of the physical properties and
structural characteristics of the fillings in the cracked rock
mass on the seepage failure.

2. Materials and Experimental Procedure

2.1. Sample Selection andPreparation. )e natural rock mass
structure is complex, and the rock samples taken at the site
are random and nonrepeatable. When studying the influ-
ence of cracks on the rockmass seepage damage, it is difficult
to control the variables to obtain effective conclusions. At
present, in the laboratory test on the permeability charac-
teristics of the filled fractured rock mass, the cracks are
usually prefabricated by cutting and splitting and then filled.
)ere are two types of filling cracks in rock mass. One is in
situ filling, which can be divided into primary filling and
secondary filling. )e other is artificial filling widely used in
engineering and scientific research. Artificial filling materials
can be divided into cemented filling, dry filling, and water-
sand filling. In this study, the single crack is made in the
intact sandstone by cutting. According to the common types
of fillings in natural cracked rock masses recorded in En-
gineering Geology Site Manual, river sand, cement, and
gypsum are used to fill the prefabricated cracks to complete
the sample.

Sandstone, one of the most important rocks for storing
hydrocarbon and water, is chosen as a rock for presetting
cracks. )en materials with different hydraulic properties
are poured into the fractures. )e MTS815 electrohydraulic
servo rock mechanics test system is used to conduct rock
failure tests under the conditions of stable confining pressure
and seepage pressure.

One type of filling material used in this test is gypsum
mortar. Gypsum, a soluble substance commonly found in
natural filling, is an air-hardening cementitious material that
can only harden in air and can only maintain and develop its
strength in air. It has a strong hygroscopicity, and after
moisture absorption, its strength decreases significantly.
Another type of filling material is cement mortar. Portland
cement, a common cementitious material, is a hydraulic
material. It not only hardens in the air but also hardens in
water and maintains strength.

(1) Select intact sandstone (Ø50mm× 100mm), and use
a cutting knife for presetting crack. Considering that
the particle size of the later-filled quartz sand is 0.5-
0.6mm, the crack width is controlled to be about 10
times the maximum particle size of the filler, that is,
about 6mm, and the length of the crack reaches 75%,
50%, and 25% of the complete specimen, as shown in
Figures 1–3.
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(2) Pour the filling slurry into the processed sandstone.
)e acrylic rod is used to gently vibrate during the
filling process to eliminate bubbles in the filling

material, ensuring the compactness and quality of the
filling. One type of filling slurry is prepared according
to the standard of 1 :1.5 : 0.5 using gypsum, quartz
sand, and water. Another one is formulated with
white cement, quartz sand, and water in accordance
with the standard of 1 :1.5 : 0.5. )e standard test
pieces of the filling material are selected for the
uniaxial compression test. )e uniaxial compressive
strength of the gypsum mortar sample is 4.27MPa,
and the one of the white cement mortar sample is
1.50MPa. Both strengths are low, and strength of the
cement mortar is lower than the gypsum mortar one
and in sharp contrast to the uniaxial compressive
strength of the complete sandstone (30.65MPa).

(3) Considering that the cement mortar hardening time
should be more than 14 days, the two types of filled
cracked rock samples made at the same time are
placed in the same indoor environment for natural
curing (room temperature is about 20 degrees) for
18 days, as shown in Figure 4.

2.2. Test Principle and Result. )is test is performed on the
MTS815 system (as shown in Figures 5 and 6). Axial loading
adopts displacement control mode, and confining pressure
remains unchanged at all levels.)e pore water pressure (p2) at
one end of the rock is fixed, and then the one (p1) at the other
end is lowered so that an initial osmotic pressure difference is
formed at both ends. As the fluid moves through the cracks in
the rock, the pore water pressure difference decreases. By
measuring the decay process of the water pressure difference
over a certain period of time, the permeability of the rock under
this stress state can be calculated. )e test method is to apply
transient pulse technique to measure permeability in the lab-
oratory. )e calculation equation of the test result is written as

k �
μCwVL

2A

lg Δpi/Δpf 

Tf −Ti

, (1)

where Δpi andΔpf are the difference in pore water pressure
at the start and end of the test and Ti andTf are the start and
end time of the test.

According to the results of the in situ tests conducted by
Xie et al. [32] in China, the ground stress can reach about
12.5MPa near the depth of 500m. When the depth reaches
750m, the ground stress tends to 18.75MPa, and when the
depth is 1000m, the ground stress can reach 25MPa. And
He et al. [33] had suggested that karst water pressure can be
as high as 7MPa or even higher in deep mining. )erefore,
this experiment simulates the seepage failure of cracked rock
when the confining pressure is 10MPa and 20MPa and the
osmotic pressure difference is 6MPa.

)e stress-strain curve shows the process of nonlinear
compaction, linear elastic process, crack development, and
nonlinear failure (as shown in Figure 7). )e change of the
permeability-strain curve is that with the increase of strain,
the permeability gradually increases and most of the max-
imum permeability value appears obviously earlier than the
peak strength of the stress-strain curve, and then the

(a) (b)

Figure 1: Prefabricated crack: 6mm width and 75% length.

(a) (b)

Figure 2: Prefabricated crack: 6mm width and 50% length.

(a) (b)

Figure 3: Prefabricated crack: 6mm width and 25% length.
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permeability enters the decline stage. �e sandstone used in
the test is a �ne-grained brittle rock and obtains more
seepage channels due to the preset �lling cracks in the intact
rock. After the beginning of the test, a small amount of
microcracks develop and connect to form a large permeation
path, which signi�cantly increases the permeability. How-
ever, in the plastic stage, the fracture is sheared or collapsed,
and the movement of the �lling blocks the �owing channel
so that the permeability is reduced, and the permeability
peak appears before the stress peak.

According to the stress-strain-permeability coe�cient
curve, the data in Tables 1 and 2 are obtained. Due to the
rapid softening failure of samples 1-5 (Figure 7(i)), only one
set of permeability coe�cients is obtained. In contrast, the
seepage tests of complete sandstone are carried out and the
data in Table 3 are obtained.

3. Seepage Failure

3.1. Characteristics of Permeability and Strength
(1) When the con�ning pressure increases, the strength

of intact rock and �lled cracked rock increases.
According to the data in Table 4, at the same con-
�ning pressure growth rate, the peak stress growth
rate of the �lled cracked rock is generally higher than
that of the intact rock. When the fracture �llings in
the rock are the same, the strength growth rate of the
cracked rock increases with the length of the fracture.
Under the same external load and fracture conditions,
the strength of cracked rock �lled with cement mortar
is generally higher than that �lled with gypsum
mortar. �is is contrary to their uniaxial compression
test results and re�ects the change in strength caused
by di�erent physical properties of �llings.

(2) Under the same load and same fractured structural
plane conditions, the cracked rocks with di�erent
physical properties �llings have di�erent sensitivities
to the con�ning pressure.
Table 5 shows the peak strength di�erences for di�erent
crack length rocks under con�ning pressure. Due to the
increase of con�ning pressure, the strength di�erence
of fractured rock �lledwith cementmortar has dropped
dramatically, which is more sensitive to con�ning
pressure con�nement e�ect. And the strength decline
value of fractured rock �lled with gypsum mortar is
more stable when con�ning pressure changes.

(3) �e permeability of the �lled cracked rock decreases
as the con�ning pressure increases. At low con�ning
pressures, the change in permeability of �lled
cracked rock is generally higher than that at high
con�ning pressure. In the three types of structural
planes, the permeability change of samples with the
crack length of 50% is generally larger.

(a) (b)

Figure 4: Cracked rocks �lled with (a) gypsum mortar and (b) cement mortar.

Figure 5: MTS815 system.

Pore water pathwayProtective cover

σ1

p1
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σ3σ3
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Figure 6: Rock sample in the seepage test system.
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Figure 7: Continued.

Advances in Civil Engineering 5



(4) According to the data in Table 6, the seepage co-
e�cient of cracked rock �lled with gypsum mortar is
in an integer multiple proportional relation to the

joint length and has no change with con�ning
pressure.�e seepage coe�cient of cracked rock �lled
with cement mortar is in an integer multiple inverse

Table 1: Seepage test results of cracked sandstone �lled with gypsum mortar.

Conditions and results 1-1 1-2 1-3 1-4 1-5 1-6
Sample size (mm)
D 48.28 48.32 48.64 48.33 48.23 48.00
H 99.45 99.66 99.55 99.33 99.46 99.55

Crack length (%) 25 25 50 50 75 75
Density ρ (g cm−3) 2.29 2.99 2.30 2.28 2.29 2.31
Elastic modulus E (GPa) 6.02 7.9 8.64 9.07 3.23 4.18
Con�ning pressure σ3 (MPa) 10.00 20.00 10.00 20.00 10.00 20.00
Pore pressure (top) (MPa) 7.00 7.00 7.00 7.00 7.00 7.00
Pore pressure (bottom) (MPa) 1.00 1.00 1.00 1.00 1.00 1.00
Osmotic pressure di�erence (MPa) 5.36∼5.83 5.32∼6.03 5.89∼5.94 5.80∼5.99 5.70 5.91∼5.98
Peak stress σ1t (MPa) 36.05 71.23 25.25 59.29 13.67 55.76
Peak strain 0.0212 0.0117 0.0137 0.0083 0.0038 0.0118
Permeability (Darzy) 1.55∼1.75 0.94∼1.21 4.19∼6.92 3.72∼5.26 8.30 6.83∼7.30
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Figure 7: Stress-strain-permeability coe�cient curve. (a) Sample 1-1: con�ning pressure� 10MPa; water pressure� 6MPa. (b) Sample 1-2:
con�ning pressure� 20MPa; water pressure� 6MPa. (c) Sample 2-1: con�ning pressure� 10MPa; water pressure� 6MPa. (d) Sample 2-2:
con�ning pressure� 20MPa; water pressure� 6MPa. (e) Sample 1-3: con�ning pressure� 10MPa; water pressure� 6MPa. (f ) Sample 1-4:
con�ning pressure� 20MPa; water pressure� 6MPa. (g) Sample 2-3: con�ning pressure� 10MPa; water pressure� 6MPa. (h) Sample 2-4:
con�ning pressure� 20MPa; water pressure� 6MPa. (i) Sample 1-5: con�ning pressure� 10MPa; water pressure� 6MPa. (j) Sample 1-6:
con�ning pressure� 20MPa; water pressure� 6MPa. (k) Sample 2-5: con�ning pressure� 10MPa; water pressure� 6MPa. (l) Sample 2-6:
con�ning pressure� 20MPa; water pressure� 6MPa.
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proportion relation to confining pressure, and its
change value is much larger than that caused by crack
length increase.

3.2. Discussion. In the rock triaxial seepage compression
experiment, the opening of original cracks, the generating of
new cracks, and the increase of pore space in rock make the
pore pressure decrease and the effective stress increase,
especially the effective confining pressure increase, which
leads to an increase in rock strength. )is is the dilatancy

hardening [34]. In this paper, since the gypsummortar in the
filling crack dissolves and loses gelation in water, under the
hydrodynamic force, the particles in the filling are washed
and moved, and the particles enter the newly added pores,
hindering the flow of pore water.)is is not conducive to the
reduction of pore pressure so that the strength changes of
this kind filled cracked rock caused by the increase of ef-
fective confining pressure is not sensitive. )e cracked rock
filled with cement mortar is different. Cement is a hydraulic
material, and it continues to exert its gelation effect in water
so that the filling particles are not easily lost. And this

Table 2: Seepage test results of cracked sandstone filled with cement mortar.

Conditions and results 2-1 2-2 2-3 2-4 2-5 2-6
Sample size (mm)
D 48.57 48.13 48.31 48.25 48.26 48.29
H 98.64 98.41 99.21 98.80 98.17 99.02

Crack length (%) 25 25 50 50 75 75
Density ρ (g cm−3) 2.34 2.32 2.31 2.32 2.30 2.31
Elastic modulus E (GPa) 6.94 8.39 6.09 8.92 6.53 9.02
Confining pressure σ3 (MPa) 10.00 20.00 10.00 20.00 10.00 20.00
Pore pressure (top) (MPa) 7.00 7.00 7.00 7.00 7.00 7.00
Pore pressure (bottom) (MPa) 1.00 1.00 1.00 1.00 1.00 1.00
Osmotic pressure difference (MPa) 5.38∼5.93 5.87∼5.93 5.76∼5.83 5.80∼5.92 5.76∼5.87 5.93∼6.05
Peak stress σ1t (MPa) 43.99 71.19 40.01 70.62 32.80 64.88
Peak strain 0.0081 0.0098 0.0067 0.0090 0.0054 0.0097
Permeability (Darzy) 7.94∼8.67 3.51∼3.64 8.35∼9.84 4.72∼4.90 11.62∼11.85 5.85∼6.06

Table 3: Seepage test results of intact sandstone.

Sample Size
(mm)

Density ρ
(g cm−3)

Elastic
modulus E

(GPa)

Confining
pressure σ3
(MPa)

Pore
pressure

(top) (MPa)

Pore
pressure
(bottom)
(MPa)

Osmotic
pressure
difference
(MPa)

Peak
stress σ1t
(MPa)

Peak
strain

Permeability
(darzy)

0-1
D 49.00 2.24 8.64 10.00 7.00 1.00 5.96∼6.15 75.09 0.0101 1.35∼1.7739H 100.02

0-2
D 48.00 2.24 8.87 20.00 7.00 1.00 5.61∼5.94 89.32 0.0128 0.63∼0.94H 99.55

∗1Darcy � 9.869 × 10−9cm2; ∗σ1t � σ1 − σ3.

Table 4: Peak stress ratio of the filled cracked rocks.

Sample σ0−2/σ0−1 σ1−2/σ1−1 σ1−4/σ1−3 σ1−6/σ1−5 σ2−2/σ2−1 σ2−4/σ2−3 σ2−6/σ2−5
Confining pressure ratio 2 2 2 2 2 2 2
Peak stress ratio 1.19 1.98 2.35 4.08 1.62 1.77 1.98

Table 5: Strength difference of the filled cracked rocks.

σ3 � 10MPa σ1−1 − σ1−3 σ1−1 − σ1−5 σ2−1 − σ2−3 σ2−1 − σ2−5
Δσ1t 10.80MPa 22.38MPa 3.98MPa 11.19MPa
σ3 � 20MPa σ1−2 − σ1−4 σ1−2 − σ1−6 σ2−2 − σ2−4 σ2−2 − σ2−6
Δσ1t 11.94MPa 15.47MPa 0.57MPa 6.31MPa
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cracked rock filled with cement mortar has obvious failure
crack and high continuity (as shown in Figure 8), which is
favorable for the reduction of pore pressure, so it is sig-
nificantly affected by the effective confining pressure.

Rocks are composed of mineral particles or grains, which
are inhomogeneous and anisotropic at millimeter scale and
have different scales of weak plane. In this test, with the
increase of confining pressure, the peak stress growth rate of
the filled cracked rock is significantly higher than that of the
intact rock. Friction works when the rock is defective, and the

friction between the end and the metal head is transmitted to
the sample by the mineral particles to affect the strength.)us
the strength deviation of the sample is related to the internal
crack. )is shows that the end friction effect can have a
significant impact and cause the strength of the filled cracked
rock to be high. )e increase of the confining pressure or the
normal stress increases the bearing capacity of the defects, and
the difference from the intact material will gradually decrease.

)e effect of confining pressure on the permeability of
the filled cracked rock is related to the sample internal

Table 6: Permeability of the filled cracked rocks.
Rock 1-1 1-3 1-5 2-1 2-3 2-5
Crack length (%) 25 50 75 25 50 75
σ3 (MPa) 10 10 10 10 10 10
Permeability (Darzy) 1.55∼1.75 4.19∼6.92 8.30 7.94∼8.67 8.35∼9.84 11.62∼11.85
Rock 1-2 1-4 1-6 2-2 2-4 2-6
σ3 (MPa) 20 20 20 20 20 20
Crack length (%) 25 50 75 25 50 75
Permeability (Darzy) 0.94∼1.21 3.72∼5.26 6.83∼7.30 3.51∼3.64 4.72∼4.90 5.85∼6.06

(a) (b) (c)

(d) (e) (f)

Figure 8: Destruction pictures of cracked sandstone filled with cement mortar. (a) 2-1. (b) 2-2. (c) 2-3. (d) 2-4. (e) 2-5. (f ) 2-6.
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structure. )e framework grains, cracks, and fillings in the
filled cracked sandstone are compressed so that the samples
show compression deformation. With the increase of con-
fining pressure, the sandstone volume deformation increases
gradually, which leads to the increase of the crack closure

and the decrease of the permeability channels and conse-
quently leads to the gradual decrease in the permeability.

)e equation of the hydraulic conductivity coefficient of
the parallel crack surface proposed by Schrauf and Evans
[35] is

(a) (b) (c)

(d) (e) (f )

Figure 10: Destruction pictures of cracked sandstone filled with gypsum mortar. (a) 1-1. (b) 1-2. (c) 1-3. (d) 1-4. (e) 1-5. (f ) 1-6.

(a) (b)

Figure 9: Complete sandstone destruction pictures. (a) 0-1. (b) 0-2.
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Kf �
kge2

12μc
, (2)

where k is the crack continuity index, e is the crack width,
and c and d are the relative roughness coe�cients. In the
seepage test of cracked rock �lled with cement mortar,
considering that the cement has gelation in water and the
�lling is not lost, the permeability of rock with di�erent
joint lengths is less a�ected by the crack continuity index.
However, it is obviously a�ected by the compression of the
con�ning pressure, the crack width becomes smaller, and
the permeability a�ected by the width is a square change.
�erefore, due to the in�uence of increased con�ning
pressure, the permeability of cement mortar �lled cracked
rock is greatly reduced. In the fractured rock �lled with
gypsum mortar, since that it is not sensitive to the con-
�ning pressure and the �lling particles are easily washed
away, the permeability is more a�ected by the preset crack
length. Moreover, the lost �lling particles are easy to block
the pore space in the rock, which makes the permeability of
the fractured rock �lled with gypsum mortar generally
lower than that of the fractured rock �lled with cement
mortar.

3.3. Failure Mode. �e complete sandstone rupture in the
triaxial seepage test is characterized by signi�cant shear failure
(Figure 9). A shear slip occurs along the rupture surface, and
the angle between the fracture surface and the maximum
compressive stress direction is less than 45°. However, even
under di�erent con�ning pressures, the cracks of intact rocks
are similar, and the failure modes are consistent, indicating
that the failure characteristics of intact rocks are not a�ected
by water pressure and con�ning pressure.

As shown in Figures 10 and 8, with the increase of
preset crack length, the shear crack length that sprout from
the top also increases, which is directly proportional to it.
Di�erent from the intact rock, the failure of �lled cracked
rock in the seepage test is in�uenced by con�ning pressure
and water pressure. Compared with those under high

con�ning pressure, the �lled cracked rocks show more
secondary cracks under lower pressure. However, due to
the �ller and their di�erent physical properties under
water pressure, the cracked rock failure characteristics are
also di�erent. In the cracked sandstone �lled with gypsum
mortar, small tensile cracks at the end of the rocks in
Figure 10 can be observed, as the �lling material migrates
under the hydrodynamic force, and the water carries
gypsum mortar into the open crack, which causes further
deformation and damage. As shown in Figure 8, in the
cracked sandstone �lled with cement mortar, the devel-
opment of microcracks is not obvious, but a large tensile
crack sprouted along the end of the crack.

Figure 11 is a sketch of the macroscopic failure mode of
�lled fractured sandstone. According to the di�erent failure
formation mechanism, the secondary cracks of rocks under
the seepage stress can be divided into 3 categories:

(1) Type I is a tensile-shear mixed crack that initiates
from the tip of the preset crack to the end of it.

(2) Type II is a distal tensile crack caused by the mi-
gration of the �lling.

(3) Type III is a tensile crack that develops from the
region of tensile stress concentration near the tip of
the preset crack and develops in the direction of the
hydrodynamic force direction.

�e percolation failure modes of single crack sandstones
with di�erent �llings can be classi�ed into 2 types:

(1) In the cracked sandstone �lled with gypsum mortar
(Types 1 and 2), the shear cracks generated from the
tip of the crack and connected to the upper end of the
rock to form a “cone” structure that no longer bears
load, leading to instability and failure, accompanied
by a small number of distal tensile cracks.

(2) In the cracked sandstone �lled with cement mortar
(Type 3), the tensile-shear mixing crack propagates
from the preset crack tip to the entire rock, resulting
in the overall instability of the rock.

(a) (b) (c)

Figure 11: Macrofailure mode sketch. (a) Type 1. (b) Type 2. (c) Type 3.

10 Advances in Civil Engineering



4. Conclusion

In order to understand the strength, deformation, per-
meability, and failure law of filled cracked rock, the triaxial
compression seepage experiments of cracked sandstones
filled with gypsum mortar and the ones filled with cement
mortar are carried out, under the confining pressure of
10MPa and 20MPa and the water pressure of 7MPa.

According to the laboratory seepage tests, the following
conclusions are obtained. (1) )e permeability coefficient
peak value of the filled cracked rocks appears before the
stress peak. (2) )e peak stress of intact rock and filled
fractured rock increases with the increase of confining
pressure. At the same confining pressure growth rate, the
stress growth rate of the fractured rock is significantly
higher than that of the intact rock, and the stress growth
rate of the fractured rock increases with the increase of the
crack length. (3) )e strength and permeability coefficient
of cracked rock filled with cement mortar are more sen-
sitive to the change of confining pressure because this filler
can still work synergistically with the original rock in the
water, so it is obviously affected by confining pressure
confinement effect. However, under the same condition,
the ones of cracked rock filled with gypsum mortar are
stable. )e permeability coefficient of cracked rock filled
with gypsum mortar is sensitive to the change of crack
length because of the fluidity of gypsum mortar; the preset
cracks become the dominant one to expand the flow path
and significantly affect the permeability change. (4) )e
seepage failure modes of filled cracked rocks can be di-
vided into 2 categories. One is that the shear cracks ini-
tiated from the fracture tip and extended to the end lead to
“cone” structure and failure, and the other is the tensile-
shear mixed cracks initiated from the preset crack tip and
extended to the whole rock leading to the overall
instability.
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