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The effect of chemical corrosion and natural joints on the damage characteristics and strength of rock masses is highly important
for the construction of rock engineering and energy extraction. Therefore, the intact granite is processed into prefabricated fissured
granite specimens with a fissure angle of 0°, 30°, and 45°. Chemical corrosion tests are then performed on the prefabricated fissured
granites. The pH of the solution gradually becomes neutral; the mass loss of the granite specimens and the mineral compositions of
the fissure surface are measured and analyzed. The scanning electron microscopy (SEM) and uniaxial compression tests are
performed on the granite specimens after chemical corrosion. After chemical corrosion, the surface of the fissure becomes loose.
The various mineral components of the specimens have been changed to different degrees or converted into other mineral
components. The peak strength and elastic modulus of the prefabricated fissured granites with the three fissure angles present a
clear decrease, as the time of chemical corrosion increases. The stress intensity factors at the fissured tip are also analyzed. The
stress intensity factors of the specimens with a fissure angle of 0°, 30°, and 45° decrease from 0.017, 0.35, and 0.84 to 0.013, 0.30,
and 0.74MPa·m1/2, respectively, as the time of the chemical corrosion increases. And the chemical corrosion has the largest
effect on the intensity factors of the specimens with a fissure angle of 45° among the three angles. These experimental results
could improve the understanding of the long-term stability of underground engineering in the multifield coupling environment.

1. Introduction

Due to the function of crustal movement and weathering, a
large number of fissures with different sizes are induced
inside rocks. In the underground of rock engineering such
as underground energy storage, oil extraction, gas extraction,
and geothermal extraction, the initiation, propagation, and
penetration of these fissures are closely related to the instabil-
ity and destruction of rock engineering.

The natural fissures of rocks are the decisive factor for the
stability of underground rock engineering. A large number of
experimental studies have focused on the physicomechanical
properties of fissured granite, such as ultrasound characteris-
tic strength, elastic modulus, and fracture behaviors [1–4]. In
addition to the traditional analysis of mechanical parameters
of fissured granites, some scholars confirm that the fracture
criterion is related to the properties of the rock, prefabricated

cracks, and types of loading [5]. Simultaneously, secondary
cracks and wing cracks are observed [6, 7] during the uniaxial
and biaxial compression tests by using rock-like models with
prefabricated fissures. In the tip of crack, the tensile crack and
petal crack [8] are observed by an experimental study on
marbles with a 3-D surface flaw. In order to supplement
previous research results, crack propagation [9, 10] and coa-
lescence [11, 12] with prefabricated fissures have been exten-
sively studied by experimental and simulation research. For
example, Wu et al. [13] distinguished coalescence modes of
three rock bridges: stretch-stretch, shear-shear, and stretch-
shear mode by the DIC and CT methods. The simulation of
granites with prefabricated joints by PFC shows that granites
usually generate tensile fracture with low confining pressure,
tensile-shear mixed fracture with medium confining pres-
sure, and shear fracture with high confining pressure [14].
The simulated crack growth, coalescence, and type are highly
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consistent with the experimental results by using the method
of finite element with unstructured mesh of tetrahedral ele-
ment [15]. Simultaneously, there is also research on the
mechanical properties and expansion modes of granite with
two kinds of joints. Rezania et al. [16] conducted the numer-
ical simulation and experimental research on granite with
two side cracks and an opening with a tunnel; the results
showed that the fissured angle has a great influence on the
mechanical properties, stress distribution, and crack propa-
gation of granite. Yang et al. [17] summarized the propaga-
tion and aggregation mode of cracks in the stage of loading
through the experimental and simulation study on granite
with two holes and a fissure.

In addition, in the underground engineering construc-
tions such as coal mining, the geological repository of radio-
active wastes and tunnels, surrounding rocks, will be
inevitably immersed in the environment of saturated water
because of the groundwater. The aggressive ions in the water
will affect the mechanical properties of surrounding rocks
and the stability of the tunnel, which weakens the mechanical
property of the rocks [18]. Therefore, it is of great importance
to study the mechanical properties of rocks under the action
of chemical corrosion.

In recent years, many scholars have carried out a series of
studies on the physical and mechanical properties of various
rock materials after corrosion by water and chemical solu-
tions. Corrosive solutions, such as NaCl and NaOH, obvi-
ously have a great influence on the rate of crack growth of
quartz [19]. Dunning et al. [20] analyzed the role of the
chemical environment in frictional deformation, including
stress corrosion cracking and grinding. The failure mecha-
nism of rock mass after chemical corrosion has become a
hot topic. For example, Karfakis and Akram [21] carried
out the strain energy index and fracture toughness tests on
three kinds of rocks under five environments and researched
the mechanism of modification of rock characteristics under
the chemical corrosion. Sausse et al. [22] conducted the
research on the fissured permeability of granites under the
action of water and rock and discussed the evolution law of
permeability of granites. Min et al. [23] proposed a model
about the mechanical and transport characteristics of fis-
sured rock. Croizé et al. [24] conducted the uniaxial com-
pression test on crushed calcite to investigate the physical
properties of rocks and their evolution during fault zone
processes. Yu et al. [25] proposed the damage variables to
be used to describe the corrosion damage. The development
of computer technology has also accelerated the progress of
scientific research on rock mechanics [26, 27]. For example,
the parallel bond stress corrosion model [28] is obtained by
adding the damage rate law, which can well simulate the
chemical corrosion reaction of rock under the action of aque-
ous solution. And this model can also be used to predict the
macrogradation of mechanical properties caused by chemical
corrosion and simulate the evolution process of microdam-
age [29]. Mohtarami et al. [30] developed an extended finite
element code that could reproduce the singularity in aniso-
tropic and uneven environments after chemical corrosion.

However, the previous research results mostly focus on
the mechanical and physical properties of intact rock masses

after chemical corrosion. Considering the complexity of the
underground environment and natural joints, the rock mass
is inevitably affected by the chemical-stress coupling. There-
fore, it is essential to carry out research on the mechanical
characteristics of fissured granites with various angles after
chemical corrosion. This paper carries out research on the
physical and mechanical properties of fissured granite after
chemical corrosion (0, 30, 60, and 90 days) and analyzes
the variations of mineral composition and microstructure
of fissured granites after chemical corrosion. Simultaneously,
the stress intensity factors of the fissured tip after chemical
corrosion are calculated and analyze the change mechanism
of the stress intensity factors at the fissured tip. The results
can provide a theoretical basis for the stability analysis of
underground engineering.

2. Test Preparation

2.1. Specimen Preparation. The rock specimens in the exper-
iment are sampled from Yueyang, Hunan province, China,
with a dense structure and good macroscopic homogeneity.
And the natural density is 2.6 g/cm3. The average mass frac-
tions of the main mineral components are quartz (30%),
sodium feldspar (19.67%), and potassium feldspar
(24.49%), and the specimen also contains a small amount
of biotite (11.71%), chlorite (7.18%), and illite (6.95%). The
granite specimens are processed into cylindrical standard
specimens of φ50 × 100mm. The processed accuracy of the
specimens (including the parallelism, straightness, and per-
pendicularity of the granites) is controlled by the suggested
methods of the International Society of Rock Mechanics
and Rock Engineering (IRSM). Therefore, the surface of the
specimens is smooth and without obvious defects. The Mohs
hardness of granites is about 7 [31], which is a species of hard
granite. Since the cutting thickness of fissured specimens is
large, prefabricated fissures adopt the water-jet cutting tech-
nique to process the specimens [32]. The length of the
prefabricated fissure is 20mm, the width is 1mm, and the
maximum depth of cutting is 50mm. The prefabricated fis-
sures, respectively, have inclinations with α = 0°, 30°, and
45° (Figure 1).

2.2. Specimen Processing. Groundwater contains amounts of
various ions such as Na +, Ca2+, SO2−

4 , Mg2+, Cl-, and HCO−
3 .

When granites are immersed in the environment of ionic solu-
tion, multiple mineral ingredients will react with chemical
solution such as decomposition reaction, oxidation-
reduction reaction, and single displacement reaction. And
the chemical reactions deteriorate the mechanical property
of granites. However, the contents of Na+ and Cl- in the ionic
solution are more [33]. Therefore, the granite specimens are
immersed in a glass vessel, which contains an oversaturated
NaCl solution with the concentration of 5.4mol/L and pH =
2. The vessel is sealed with Vaseline to prevent evaporation
of water. The test, respectively, selects 30, 60, and 90 days as
immersed time. To ensure the accuracy of the experimental
results, the temperature of a test is a constant temperature
(22°C). During the immersion of the specimens, this paper
measured the change of the pH value of the solution and the
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quality of the specimens. To ensure the accuracy of the speci-
mens on quality measurement and reduce random errors,
after the specimens are taken out, they are dried at 105°C in
an electric drying oven with constant temperature and the
specimens are completely dried for 24 hours. Then, the quality
of specimens is measured.

2.3. Test Equipment and Test Process. The uniaxial compres-
sion test is completed using a Thermo-Hydro-Mechanical-
Chemical (THMC) coupling test system in this paper [34],
which includes a triaxial pressure chamber, an antiforce

framework with high strength, an electrohydraulic servo
pump with high pressure, a microcomputer system, a strain
monitoring with acquisition system, and accessory in
Figure 2.

The test process of this article is as follows. The fissured
specimens with α = 0°, 30°, and 45° after chemical corrosion
for 0, 30, 60, and 90 days are pasted axial strain gauges and
radial strain gauges on both sides of the plane corresponding
of cylindrical shaft of specimens. Then, specimens after treat-
ment are put into the triaxial stress chamber, which connects
with strain monitoring with the acquisition system. The test
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Figure 1: Prefabricated fissured specimen with different inclinations: (a) specimen with α = 0°, (b) specimen with α = 30°, and (c) specimen
with α = 45°, 2a = 20mm.
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is a uniaxial compression test, the axial force loading is
applied under the control mode of axial displacement, and
the loading rate is 0.01mm/min.

3. Experimental Results

3.1. Chemical Corrosion for Prefabricated Fissured Granite.
After the chemical corrosion, the pH value of the solution
gradually increases with the increase of the immersed time,
and the increasing rate in the stage of initial immersion is
large and then gradually flattens out (Figure 3). Figure 4
shows the mass loss of the specimens, which undergoes a
rapid decrease to a gradual balance. Because the active min-
eral content of the initial granite surface is relatively high,

H+ ions are quickly consumed in the chemical solution; as
the reaction progresses, the granite surface active minerals
decrease, resulting in a decrease in the chemical dissolution
rate. Simultaneously, the decrease of H+ also leads to an
increase in the pH value of the solution, and the pH value
tends to stabilize with the progress of the reaction [35].

In order to analyze the degree of mass loss of prefabri-
cated fissured granites with different inclinations, a mass loss
rate Kt was defined in Equation (1), Mt is the mass of speci-
mens after chemical corrosion, and M0 is the initial mass of
specimens without chemical corrosion [36].

Kt =
Mt −M0ð Þ

M0
× 100%: ð1Þ
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Figure 2: THMC coupling test system (after [34]).
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Figure 3: Variation curve of the pH value with the change of immersed time.
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To more intuitively analyze the influence of chemical
corrosion on the composition of fissured granite, the X-ray
diffraction test is proceeded on the surface of granites after
chemical corrosion for 0, 30, 60, and 90 days, and the results
of the content of main minerals are shown in Table 1 and
Figure 5. The contents of mica and potassium feldspar show
a downward trend during the immersion process, and the
decreasing rates of mass percentage are, respectively,
43.55% and 62.96% after chemical corrosion for 90 days. This
phenomenon is attributed to the reaction of mica and potas-
sium feldspar in an acidic environment (Equations (2) and
(3)) [36, 37]. However, the content of quartz and sodium
feldspar slightly ascends with the increase of the immersed
time, and the content of chlorite appears to fluctuate. Firstly,
the hydrolysis rate of quartz is slower than other types of
minerals, and quartz has a lower sensitivity to acidic solu-
tions. Moreover, mica and potassium feldspar will also gener-
ate a certain amount of colloidal quartz during the chemical
reaction. Secondly, potassium feldspar will produce K+ in
the process of hydrolysis, and the increase of the concentra-
tion of K+ is likely to lead to the formation of sodium feldspar
[38]. The mass percentage of illite does not significantly
change after chemical corrosion for 60 days but significantly

increases after chemical corrosion for 90 days, because illite is
a kind of potassium-rich mineral, and potassium feldspar can
form illite in an acidic environment. Furthermore, after
potassium feldspar is corroded in an acidic solution for 90
days, a large amount of K+ appear in the corrosive solution,
which reacts with sodium feldspar to form illite (Equations
(4) and (5)) [39]. In short, after the chemical composition
of granites reacts with the acid solution, the chemical compo-
sition of granites has changed, leading to the change of the
mechanical and physical properties of granites.

The reaction of mica with the acidic solution is written as
follows:

KAl3Si3O10 OHð Þ2 + 10H+ = 3Al3+ + 3SiO2 + 6H2O + K+

ð2Þ

The reaction of potassium feldspar with the chemical
solution is written as follows:

KAlSi3O8 + 4H+ = AI3+ + 3SiO2 + 2H2O + K+ ð3Þ

The reaction of formation of illite is written as follows:

3NaAlSi3O8 + K+ + 2H+ + H2O = KAl3Si3O10 OHð Þ2 + 3Na+

+ 6SiO2 + H2O
ð4Þ

3KAlSi3O8 + 2H+ +H2O = KAl3Si3O10 OHð Þ2 + 2K+ + 6SiO2 + H2O
ð5Þ

The Scanning Electron Microscope (SEM) tests are per-
formed to observe the microstructure variations of the fissure
surface of the granite specimens after chemical corrosion for
0, 30, 60, and 90 days, and the results are shown in Figure 6.
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Figure 4: Variation curves of mass of specimens under the action of chemical solution.

Table 1: Contents of the main minerals of granites during the
immersed process.

Immersed
time (d)

The contents of main mineral components (%)

Quartz
Sodium
feldspar

Mica Chlorite
Potassium
feldspar

Illite

0 30.00 19.67 11.71 7.18 24.49 6.95

30 26.19 29.53 15.23 10.04 12.91 6.11

60 34.52 27.75 11.70 6.08 14.46 5.50

90 37.20 24.51 6.61 10.13 9.07 12.49
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The fissure surfaces of the granite specimens are damaged to
varying degrees after chemical corrosion.

At the initial stage, the surface texture is dense and the
cemented surface is complete without chemical corrosion
and only a small quantity of fine mineral particles could be
observed. The size of crystal particles is clearly distinct
(Figure 6(a)). After chemical corrosion for 30 days, local
degradation of cemented surface of the specimens can be
observed. The microstructure appears loose; fine particles
and crystals increase. A lot of small cracks begin to appear,
and the edges and corners begin to become smooth
(Figure 6(b)). After chemical immersion for 60 and 90 days,
the cemented surface is completely destroyed. The surface
texture of the fissure becomes loose, and small cracks begin
to connect so that the internal edges and corners gradually
disappear. A large number of small particles and crystals
appear. The structure of honeycomb appears, and secondary
pores significantly increase (Figures 6(c) and 7(d)) [36].

3.2. Mechanical Properties of Fissured Granite after
Chemical Corrosion

3.2.1. Stress-Strain Curves. To study the effect of chemical
corrosion on the mechanical property of fissured granites
with different inclinations, three kinds of fissured granite
specimens with α = 0°, 30°, and 45° are, respectively,
immersed in the oversaturated NaCl solution of pH = 2 for
0, 30, 60, and 90 days. The uniaxial compression tests are per-
formed on the granite specimens with α = 0°, 30°, and 45°

after chemical corrosion for 0, 30, 60, and 90 days, and the
environment temperature of the test is 22°C.

Figure 7 shows stress-strain curves for granites with
α = 0°, 30°, and 45° without chemical corrosion under the
uniaxial compression test. The compaction stage of fissured
specimens with α = 45° has a shorter time by comparing with

the specimens with α = 0° and the specimens with α = 30°,
once the microcracks are compacted, which soon enter the
elastic deformation stage. Moreover, the specimen with
α = 0° shows ductile failure when it fails. However, when
the loading pressure is close to the peak strength of the spec-
imens with α = 30° and α = 45°, the principal stress drops
instantly, which shows a kind of brittle failure.

Due to space constraints, the paper only gives the stress-
strain curves of the specimens with α = 0° after chemical
corrosion in Figure 8. According to the stress-strain curves
of fissured granite after chemical corrosion, the duration of
the initial compaction stage is relatively long for specimens
without chemical corrosion. The stress-strain curves of spec-
imens without chemical corrosion in the compaction stage
have an obvious concave downward trend. However, the
compaction stage of specimens after chemical corrosion is
relatively short. Particularly, the specimens are immersed
for 90 days. The result shows that the chemical corrosion will
shorten the compaction stage of fissured granite and acceler-
ates the destruction speed of the specimens, resulting in a
decrease in the peak value of the specimens. The specimens
without chemical corrosion basically maintain a linear
change before reaching the peak value, and the elastic stage
is longer than the specimens after chemical corrosion, and
there is no obvious yield point. However, the elastic stage of
the specimens becomes shorter after chemical corrosion.
The specimens after chemical corrosion for 90 days have
the shortest elastic stage. It is indicated that chemical corro-
sion has damaged the internal structure of the granite, caus-
ing the granite to quickly enter the destruction stage. When
the stress-strain curve reaches the peak strength, it can be
seen that the specimens after chemical corrosion are instan-
taneously broken, the peak value has a significant drop, and
strain even rebounds (specimens after chemical corrosion
for 90 days), which presents a brittle failure. However, the
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specimens without chemical corrosion show a ductile failure,
and there is no instant drop of principal stress.

It can be seen in Figure 9 that the expansion path of the
granite specimens is relatively bent. And a few of paths even
deviate from the failure path. It is due to the heterogeneity of
composition of granite. The strength of each composition is
naturally different, and then, the resistance of fissured prop-
agation of granites is also different.

3.2.2. Peak Strength and Elastic Modulus. To further study
the effect of chemical corrosion on the mechanical properties
of fissured granites, this paper selects the maximum value of
the stress as the peak strength and approximately 40% to 60%
of the linear part in the elastic stage of the stress-strain curve
to calculate slope as the elastic modulus [34] by using the
following formula:

E = σa60 − σa40
εa60 − εa40

, ð6Þ

where σa40 and σa60 are 40% and 60% of the peak strength,
respectively. εa40 and εa60 are 40% and 60% of the axial strain
in each stress-strain curve, respectively.

Figure 10 shows the variation curve of the elastic modu-
lus of fissured granite with α = 0°, 30°, and 45°. Figure 11
shows the effect of prefabricated fissures on the peak
strength of granite. The mechanical parameters are calcu-
lated, and the results are shown in Table 2. It is not difficult
to find that the prefabricated fissures have a significant influ-
ence on the mechanical parameters of granite from the
experimental results. As the fissured angles increase, the
elastic modulus and peak strength both show a tendency to
attenuate.

Based on the test results of stress-strain curves after
chemical corrosion in Figure 8, it is indicated that the longer
time granites are immersed in the chemical solution, the big-
ger chemical damage is acted on the granites. Therefore,
chemical damage has a significant influence on the mechan-
ical parameters of granite. The following part of this article
explores the influence of chemical corrosion on the

(a) (b)

(c) (d)

Figure 6: SEM images of fissure surface of granite: (a) without immersion, (b) 30 days, (c) 60 days, and (d) 90 days.
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mechanical properties of fissured granites through the rele-
vant mechanical parameters of granites.

Figure 12 shows the variation curves of elastic modulus of
fissured granites with α = 0°, 30°, and 45° after chemical cor-
rosion for 30, 60, and 90 days. Figure 13 shows the variation
curves of peak strength of fissured granites with α = 0°, 30°,
and 45° after chemical corrosion for 30, 60, and 90 days. It
can be seen from Figures 12 and 13 that the mechanical

parameters of prefabricated fissured granites with α = 0°,
30°, and 45° have changed to a certain extent after chemical
corrosion for 30, 60, and 90 days. According to the above
method of calculating the peak strength and elastic modulus,
the mechanical parameters of the fissured granites after
chemical corrosion for 30, 60, and 90 days are calculated.
The results of peak strength and elastic modulus of fissured
granite with α = 0°, 30°, and 45° after chemical corrosion for
30, 60, and 90 days are recorded in Table 3.

As shown in Figure 13, after chemical corrosion for 30,
60, and 90 days, the peak strength of prefabricated fissured
granite with different inclination shows a decreasing trend
on the whole. Through the experimental values of the peak
strength in Table 3, it can be seen that the peak strength of
specimens with α = 0° decreases from 140.88 to 112.50MPa,
and the degradation amplitude of the peak strength of the
specimens with α = 0° is 10.60%, 17.17%, and 20.14%, respec-
tively. The peak strength of specimens with α = 30° decreases
from 100.73 to 85.34MPa, and the degradation amplitude of
the specimens with α = 30° is 9.22%, 10.20%, and 15.28%,
respectively. The peak strength of specimens with α = 45°
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Figure 7: Stress-strain curves of fissured granites with α = 0°, 30°,
and 45° under the uniaxial compression test without chemical
corrosion.

−0.6 −0.4 −0.2 0.0
0

20

40

60

80

100

120

140

160

0.2 0.4 0.6 0.8

0 d
30 d

60 d
90 d

𝜀3(%) 𝜀3(%)

𝜎1 − 𝜎3 (MPa)
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compression test under the action of chemical corrosion (α = 0°
specimen after chemical corrosion for 30, 60, and 90 days).
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Figure 9: Crack initiation of prefabricated fissured granite with
different inclination under the uniaxial compression test: (a)
specimen with α = 0°, (b) specimen with α = 30°, and (c) specimen
with α = 45°.

8 Geofluids



decreases from 75.75 to 67.19MPa, and the degradation
amplitude of the specimens with α = 45° is -0.12%, 7.92%,
and 12.46%, respectively.

It can be seen from Figure 12 that the elastic modulus of
granites with different inclinations show a gradually
decreasing tendency with the increase of immersed time
of chemical solution. Combined with the value of elastic
modulus in Table 3, the average values of elastic modulus
of specimens with α = 0° descend from 39.26 to 33.17GPa

after the chemical corrosion for 90 days. And after chemical
corrosion for 30, 60, and 90 days, the degradation ampli-
tude of the elastic modulus of the specimens with α = 0° is
2.06%, 5.99%, and 15.51%, respectively. Granites with other
fissured angles have similar results. For example, descend-
ing from 31.73 to 26.96GPa, the degradation amplitude is
-1.70%, 10.53%, and 15.03%, respectively (specimens with
α = 30°). Descending from 29.33 to 21.91GPa, the degrada-
tion amplitude is, respectively, -3.10%, 10.47%, and 25.30%
(specimens with α = 45°). Through the above analysis, it can
be seen that the mechanical parameters of specimens with
α = 30° and α = 45° slightly increase after chemical corro-
sion for 30 days. Because granite has the heterogeneity of
material itself and the fissure has an error in size, the
change of microstructure and the degree of corrosion soft-
ening are slightly different under the action of the chemical
solution, leading to different mechanical characteristics of
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Figure 11: Variation of peak strength of fissured granites with α = 0°, 30°, and 45°.

Table 2: Results of fissured granites with different inclination under
uniaxial compressive test.

Fissured angle (°) Peak strength (MPa) Elastic modulus (GPa)

0 140.88 39.26

30 100.73 31.73

45 76.75 29.33

9Geofluids



0 20 40 60
Immersed time (d)

El
as

tic
 m

od
ul

us
 (G

Pa
)

10080

45

42

39

36

33

30

27

24

21

18

0
30
45

Figure 12: Variation of elastic modulus of fissured granite with α = 0°, 30°, and 45° after chemical corrosion for 30, 60, and 90 days.
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Figure 13: Variation of peak strength of fissured granite with α = 0°, 30°, and 45° after chemical corrosion for 30, 60, and 90 days.

Table 3: The results of the uniaxial compression test of fissured granites under the action of chemical solution.

Immersed time
(d)

0° 30° 45°

Peak strength
(MPa)

Elastic modulus
(GPa)

Peak strength
(MPa)

Elastic modulus
(GPa)

Peak strength
(MPa)

Elastic modulus
(GPa)

0 140.88 39.26 100.73 31.73 76.75 29.33

30 125.94 38.45 91.44 32.27 76.84 30.24

60 116.69 36.91 90.46 28.39 70.61 26.26

90 112.50 33.17 85.34 26.96 67.19 21.91
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some specimens and occurrence of discreteness phenome-
non [40, 41].

4. Discussion

4.1. Evolutions of Stress Intensity Factors under the Action of
Chemical Solution. In order to better understand the evolu-
tion of the stress field at the tip of the fissure after chemical
corrosion, stress intensity factors are analyzed to investigate
the effect of chemical solution on the fracture characteristics
of fissured granite.

From previous research results, we can know that the
process of failure of rock masses containing joints, I-type ten-
sile failure, and II-type shear failure both exist, but II-type
shear failure is difficult to observe [42]. More importantly,
there is no clear boundary between the two destruction

modes. Brace and Bombolakis [43] carried out tests on a glass
model with prefabricated fissure and propose the slip-tension
fracture model to study mechanical characteristics of brittle
materials under the action of compression, which believes
that I-type tensile failure is dominated in the mechanism of
slip fracture. Therefore, the model of sliding fracture can bet-
ter simulate the two types of shear-tension mixed failures in
the process of compressive failure of granites. In the present
work, an improved slipping crack model [44] is adopted,
and the formula for stress intensity factors is written as

K1
σ1

ffiffiffiffiffiffi

πa
p = −μ 1 + λð Þ − 1 − λð Þ cos γ½ � sin γ

π
ffiffiffiffiffiffiffiffiffiffiffiffiffi

L∗ + L
p

+ 1 − λð Þ sin 2γ sin γ

π
ffiffiffiffiffiffiffiffiffiffiffiffiffi

L + L∗
p − λ

ffiffiffi

L
p

,
ð7Þ

0
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Figure 14: Variation of K1 under the action of chemical solution.

11Geofluids



where K1 is the I-type strength stress factors, μ is the friction
coefficient of the fissured surface, γ is the angle of crack initi-
ation, L∗ = 8/ð3π2Þ, L = l/a, l is the length of fissure after
chemical corrosion, and λ is the ratio of the confining pres-
sure to the axial pressure. Considering the uniaxial compres-
sion testis applied in this work, a simplified formula of stress
intensity factors is rewritten as

K1
σ1

ffiffiffiffiffiffi

πa
p = −μ 1 − cos γ½ � sin γ

π
ffiffiffiffiffiffiffiffiffiffiffiffiffi

L + L∗
p + sin 2γ sin γ

π
ffiffiffiffiffiffiffiffiffiffiffiffiffi

L + L∗
p : ð8Þ

After the chemical corrosion, the extent of fissure growth
is not obvious in the macroscopic view; therefore, the length
of fissure is considered to be a constant during the chemical
corrosion. According to Equation (8), the I-type stress inten-
sity factors of specimens with α = 0°, 30°, and 45° after chem-
ical corrosion for 30, 60, and 90 days are calculated and the
results are shown in Figure 14.

It can be seen from Figure 14 that the stress intensity fac-
tors of the specimens with α = 0°, 30°, and 45° generally show
the downward trend, as the immersed time of the chemical
solution increases. And under the same chemical corrosion
time, the changes in intensity factors of the specimens with
α = 45° are the largest among the three angles.

4.2. Analysis of Mechanism of Stress Intensity Factors. The
plastic zone of the fissured tip has a decisive effect in the frac-
ture toughness of granite during the process of destruction of
granite. When the chemical solution erodes the granite spec-
imens, the chemical solution molecule is driven to the fissure
of granites under the action of concentration gradient of
chemical solution. The active ions of solution react with the
mineral molecules such as adsorption reaction and hydration
reaction. The chemical bond connecting with grains in the
fissured tip appears fracture under the action of H+ [45].
The process of water-rock reaction deteriorates the seepage
channels of the fissured surface and the mechanical property
of the fissured surface. The active ions in the chemical solu-
tion cause the mineral particles to migrate and dissolve, and
form caves and microfissures inside the fissures, leading to
an increase of porosity of the fissured surface, weaken the
seepage performance and pore pressure of the fissured sur-
face, and increase secondary pore [36]. Under the long-
term chemical corrosion of the fissure tip of granite, micro-
cracks both appear at the top and bottom of the fissures
(see Figure 6), leading to a decrease of mechanical properties
of the plastic zone at the fissured tip and increase of fissured
length and a large quantity of stress concentration in the
plastic zone [46]. Therefore, as the chemical corrosion time
increases, the stress intensity factors at the fissure gradually
decrease.

From a previous study, it can be known that as the fis-
sured angle increases, the crack initiation stress becomes
smaller, leading to initiate easily in the fissured tip. Simulta-
neously, a large number of cracks initiate, leading to stress
concentration at the crack tip [47]. It is seen that there is
no obvious stress concentration of specimens with α = 0°
during the loading process (Figure 9(a)). The failure mode
of the specimens with α = 0° is a simple compression failure

and does not depend on the influence of the fissure. Conse-
quently, the tension crack propagates along the direction of
paralleling to prefabricated fissured surface. Nevertheless,
the fissured granite of other angles reaches the crack initia-
tion stress, and wing cracks and antiwing cracks gather and
appear at the fissured tip, leading to stress concentration that
occurs at the fissured tip (Figures 9(b) and 9(c)). As the load-
ing progresses, the cracks penetrate and lead to the destruc-
tion of the specimens [48]. The stress intensity factors are a
parameter that reflects the concentration of the stress field
at the fissured tip. Therefore, from the above analysis, the
specimen with α = 0° is a simple compression failure. There
is almost no stress concentration at the prefabricated fissured
tip. Therefore, the stress intensity factors of the specimens
with α = 0° are the smallest or even close to 0, while the spec-
imens with α = 30° and α = 45° have a large quantity of stress
concentration at the fissured tip, and the chemical corrosion
has the largest effect on the intensity factors of the specimens
with α = 45° among the three angles.

5. Conclusions

In this paper, granites are processed into three kinds of stan-
dard cylindrical fissured specimens with different inclina-
tions. First, a chemical corrosion test is performed, and
then, the specimens before and after immersion are pro-
ceeded to the uniaxial compression test. Based on the physi-
cal and mechanical experiment data of granite, this paper
analyzes the damage effect of fissures on the mechanical
properties of granite and chemical solutions on the physical
and mechanical property of fissured granite. It is found that,
during the immersed process, the pH value of the solution
gradually becomes neutral and maintains at 4.1, and the mass
loss gradually increases, and the pH value and rate of mass
loss greatly change in the early immersed stage; the main
mineral content of the fissured surface significantly changes.
After the chemical corrosion, the surface of the fissure
becomes loose and secondary micropore increases. As the
time of chemical corrosion increases, the peak strength of
fissured granite with α = 0°, 30°, and 45° has decreased in
varying degrees (from 140.88, 100.73, and 76.75 to 112.50,
85.34, and 67.19MPa, respectively). Simultaneously, the
modulus of fissured granites with α = 0°, 30°, and 45° also
shows similar variation trends (from 39.26, 31.73, and 29.33
to 33.17, 26.96, and 21.91GPa, respectively). Furthermore,
the chemical corrosion shortens the compaction stage of
the fissured granite, reduces the elastic stage of the fissured
granite, and accelerates the failure of fissured granite. The
stress intensity factors of the specimens with α = 0°, 30°,
and 45° decrease from 0.017, 0.35, and 0.84 to 0.013, 0.30,
and 0.74MPa·m1/2, respectively, as the time of the chemical
corrosion increases, and the chemical corrosion has the larg-
est effect on the intensity factors of the specimens with
α = 45° among the three kinds of specimens.
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