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.e study of the mechanical properties and cracking behaviors of jointed rock masses is important in rock engineering projects. In
the present study, a series of uniaxial compression experiments were conducted on intact rock, and rock masses with single or
double preexisting flaws, and then the strength, deformability, and fracture behavior of samples are investigated. Moreover,
photographic monitoring technique and emission monitoring technique are introduced to explore the fracturing mode and the
acoustic emission (AE) evolution characteristic of fractured rock during the whole loading process..e obtained results show that
the preexisting flaw has a strong influence on the mechanical properties, fracture behavior, and AE characteristic of sandstone
specimens. In detail, the stress-strain curves show that no significant stress jump occurs at prepeak and postpeak points for intact
sandstone specimens; however, the flaw-contained sandstone specimens exhibit distinct stress jump during the entire loading
process. Meanwhile, the strength parameters of the the rock specimen is obviously weakened by the preexisting fissures, and the
uniaxial compression strength of rock specimens generally decreases with the increase in the number of preexisting fissure as well
as the peak strain and the elastic modulus. .e failure modes of intact and flaw-contained sandstone specimens exhibit the
splitting failure and the mixed failure modes of shear and tension, respectively. Similarly, the maximum AE counts and AE energy
both decrease with the increasing number of preexisting flaw..e present research can enhance the understanding of mechanical
properties, cracking behaviors, and failure mechanism of jointed rock mass.

1. Introduction

Faults, joints, and fractures are widely distributed in natural
rocks, and the existence of these discontinuous surfaces
greatly deteriorates the strength and deformability behavior
of rock masses [1–5]. Under the effect of dead and live load,
primary fractures initiate, propagate, and coalesce with each
other, which results in a number of geological hazards, such
as landslide, instability of slope, and tunnel face. .erefore,
better understanding of the mechanical properties and
failure mechanism of jointed rock mass is pressing.

Up to now, a lot of studies have been performed on
strength, deformation, and cracking behaviors of rock
material under axial compression. Mechanical properties
and failure mechanism of intact rock were investigated.
Kong and Shang [6] proposed a novel method to estimate
uniaxial compression strength (UCS) of rock according to
the index test on uniform and homogeneous brick samples.
Isah et al. [7] introduced a new multichannel fiber Bragg
grating sensors (MC-FBGs) to investigate deformation
properties of intact rock samples. Li et al. [8] studied the
deformation and cracking characteristics of rock salt under
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triaxial compression by ultrasonic waves and AE
techniques.

Considering the influence of discontinuity on properties
of rock mass, failure process regarding flaw-contained rock
specimens under compression was experimentally and
numerically studied by numerous scholars. It was found that
mechanical behavior and failure modes of flaw-contained
rock are strongly affected by the forms and properties of
preexisting flaws. Previous studies on precracked material
mainly consisted of the following three categories, namely,
experimental tests on rock-like materials, numerical simu-
lation on model specimens, and experimental tests on
original rocks. Due to the high efficiency and low cost, rock-
like materials have widely been used in many experiments
[9–15]. According to uniaxial compression tests for rock-like
materials containing three parallel frictional flaws, Wong
et al. [16] found that the uniaxial compression strength of the
specimens depended on the actual number of preexisting
flaws involved in the coalescence. Meanwhile, crack co-
alescence process depended on the flaw arrangement and the
frictional coefficient on the flaw surface. Park and Bobet [17]
investigated the crack propagation and coalescence from
frictional discontinuities through prismatic gypsum speci-
mens with three preexisting flaws. .ree different types of
cracks (i.e.,wing cracks, coplanar shear, and oblique shear
cracks) and seven coalescence types were observed. Liu et al.
[18] and Huang et al. [19, 20] studied the mechanical
properties and cracking behavior of prefissured specimens
(two parallel and unparallel fissures). After that, Cao et al.
[21] also found that uniaxial compression strength and
elastic modulus of a rock-like specimen simultaneously
reach the minimum when the inclination angle is 45 degree.
Uniaxial compression strength and elastic modulus de-
creased with increasing joint distance. With the develop-
ment of computer science, numerical simulation had been
employed to study the failure mechanism of rock. Yang et al.
[22] and Manouchehrian et al. [23] adopted PFC2D to study
the cracking behavior of fractured rock. Simulation results
showed that the crack initiation angle became steeper due to
the increase of confinement stress. .e effect of the ligament
length and the flaw inclination angle on the coalescence
pattern were with AUTODYN studied by Wong and Li
[24, 25], and the effect of geometric parameters of joints,
crack initiation, growth, and coalescence on the failure
modes of fractured rock were studied by Bahaaddini et al.
[26] and Wang et al. [27] through PFC3D and RFPA3D,
respectively. Marji et al. [28–30] used a modified displace-
ment discontinuity method to analyze the quasi-static crack
branching, hydraulic fracturing, and breaking process of
precracked Brazilian disc specimens in brittle solids.
However, the failure processes of rock-like materials and
simulationmodel may be different from that of natural rocks
[31]. Recently, many experiments were performed on
original rocks to simulate the cracking process in a more
realistic way. For example, Morgan et al. [32] and Lu et al.
[33] carried out uniaxial compression tests on sandstone and
granite to investigate the influence of the flaw geometry,
crack coalescence on failure behavior of rock. In the latest
studies, Yang et al. [34] investigated the failure mechanism

of brine-saturated sandstone containing two preexisting
flaws under different confining pressures.

As acoustic signals are strongly correlated with cracking
process of rock materials [35, 36], recently, acoustic signal
monitoring techniques have been employed in corre-
sponding laboratory tests. Yang et al. [37] studied the
strength and deformation behaviors of red sandstone ma-
terial containing two unparallel fissures through photo-
graphic monitoring and AE monitoring techniques. In
uniaxial compression tests on dry and saturated basalt co-
lumnar joints, Liu et al. [38] determined the location of
cracks by AE events. Zhu et al. [39, 40] studied the me-
chanical properties and fracture evolution of prismatic
flawed sandstone based on AE and digital image correlation
(DIC) techniques, and the mechanical behavior and surface
strain fields obtained with experiments showed good
agreement with the data from the internal AE signals.

However, the influences of the number of preexisting
flaws on the mechanical behavior, fracture mechanism, and
failure mode under uniaxial compressive loads have not
systematically been investigated for the original rock ma-
terial. Besides, the effect of the number of preexisting flaws
on AE events and the comparison of AE evolution char-
acteristics between intact and flaw-contained rocks have not
been reported yet. In the present study, a series of uniaxial
compression tests were conducted on intact rocks and rocks
containing different number of flaws to simulate the
cracking processes of sandstone. Besides, photographic and
emission monitoring technique were introduced to obtain
the images and the AE evolution characteristic. Acoustic and
mechanic responses of intact and flaw-contained rock were
compared. .erefore, the effects of the preexisting flaw and
its quantity on the strength, deformability, and fracture
behaviors were studied.

.is paper is organized as follows. Experimental prep-
aration and procedure is illustrated in Section 2. Mechanical
properties of rock specimens are investigated in Section 3.
.e cracking mechanism and acoustic emission feature are
discussed in Section 4, and the conclusions are finally drawn
in Section 5.

2. Experimental Preparation and Procedure

2.1. Experimental Preparation. In this paper, the experi-
mental material is sandstone that exhibits homogeneous
texture, nonweathering phenomenon, and good integrality
and derived from Chongqing city, China. In order to reduce
the effect of the end friction on the experimental results, the
length-diameter ratio of the sandstone specimen should be
in the range of 2.0-3.0. .erefore, the standard cylinder
specimen is adopted in the experiment and the size of the
sandstone specimen is 100mm long and 50mm in diameter.
.e preexisting fissures in sandstone samples are fabricated
with high-pressure water-jet cutting device, and the intact
and flaw-contained sandstone specimens are exhibited in
Figure 1. Geometric dimensions of the flaw-contained rock
specimens is described as below: the width of the preexisting
flaws is 1mm; α indicate the angle of prefabricated crack and
it is fixed to 45°; and 2a and 2b indicate the prefabricated
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crack length and ligament length which are, respectively,
�xed to 20mm and 20mm. �e number of preexisting
cracks is fabricated to varying from 0 to 2 in order to in-
vestigate the e�ects of the preexisting �aw and its number on
the strength, deformability, fracture behaviors, and the
resulting AE evolution characteristics of sandstone speci-
mens under uniaxial compression. �e intact, single, and
double-�awed sandstone specimens are experimented three
times to ensure the accuracy of the results. �e geometry
parameter of the intact and �aw-contained sandstone
specimens is shown in Table 1.

2.2. Experimental Procedure. In compression tests, an
MTS815 rock mechanics servo-controlled testing system is
used to test the intact and �aw-contained rock specimens.
Vertical load is applied to the upper surface of the sandstone
samples until ultimate failure occurs. All the experiments are
carried out by the displacement-load system, and the loading
rate is 1.67×10−6 s−1 (0.1mm/min) that can guarantee the
rock samples in a quasi-static equilibrium during the loading
process. �e data acquisition system can simultaneously and
continuously collect data of loads and deformations during
the uniaxial compression experiment. All the intact and
�aw-contained specimens are experimented under natural
and dry conditions so as to obtain the accurate results as well
as the best comparison.

In order to explore the crack initiation, growth, and
coalescence characteristics of the intact and �aw-contained
sandstone specimens during the deformation process, the
acoustic emission (AE) technique is applied in this exper-
iment. �e 12CHS PCI-2 acoustic emission instrument is
used to record the AE events, and the frequency of AE
equipment varies from 1 kHz to 3MHz. At the same time,
the photographic monitoring technique is employed to
capture images when the �aws initiate, grow, coalesce, and
ultimately fail. Two AE sensors are mounted on the
broadside face of the test specimen using grease as a coupling
agent and then are �xed slightly by using a cellulose tape.�e
equipment used in the experiment is given in Figure 2.

3. Mechanical Properties of Rock Specimens

In order to explore the mechanical properties of rock
specimens under the uniaxial compression, the features and
di�erences of strain-stress curves of intact and �aw-
contained sandstone specimens are discussed. �e
strength and deformation parameters of the tested sandstone
specimens are also discussed, including the e�ect of the
amount of �ssures on the uniaxial compression strength,
elastic modulus, and peak strain.

3.1. Stress-Strain Behavior. �e axial stress-strain curves
(labeled in black) of intact and �aw-contained sandstone
specimens are depicted in Figures 3–5 and the radial stress-
strain curves (labeled in red). �e tested sandstone specimens
exhibit signi�cant brittle behavior, namely, a large stress jump
is observed in all axial stress-strain curves. Moreover, all axial
stress-strain curves undergo initial compaction, linear elastic
deformation, nonlinear deformation, and brittle failure stage.
It can be observed that no signi�cant stress jump occurred at
prepeak and postpeak for intact sandstone specimens, as
shown in Figure 3. �e stress-strain curves of �aw-contained
sandstone specimens, however, exhibited distinct stress jump
during the entire loading process. �is is a radical di�erence
existing between the intact and �aw-contained specimens.
Such experimental observations are similar to those reported
by Lee and Jeon [41]. �is phenomenon of stress jump can be
explained by the principle of energy dissipation in rock. �e
elastic strain energy of crack tip will be released suddenly
when the elastic strain energy accumulated and exceeded the
critical strain energy of crack tip during the deformation of
�awed rock sample, which leads to the sudden decrease of
stress-strain curves (stress jump) within the process of elastic
deformation.

�e number of preexisting �aws has a strong in�uence
on the stress-strain responses of �awed sandstone speci-
mens, especially around the peak loads. For sandstone
specimens containing one single preexisting �aw, the stress
jump occurs at the postpeak stage (Figure 4), while for
sandstone specimens containing double preexisting �aws,
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Figure 1: �e intact and �aw-contained sandstone specimens (unit: mm).
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the stress jump occurs at the prepeak stage (Figure 5).
Moreover, the stress jump degrees at the postpeak for single-
�awed sandstone specimens are obviously larger than those
at the prepeak for double-�awed sandstone specimens. �is
phenomenon is mainly caused by the distribution charac-
teristics of precrack and the failure modes of �awed rock
specimens. �e mechanism interpreting the stress jump at
the postpeak for specimens containing one single preexisting
�aw is that the new initiated cracks successively grow and

eventually travel through the vertical direction of specimens
when the compression loads reach the peak stress, and then
the penetrated cracks break the specimen into two or more
separate supporting structures (Figure 6). �at is to say, the
compression loads that are originally carried by the speci-
men are correspondingly transferred to these separate
supporting structures at the postpeak. When the remaining
supporting structures fail, the �nal stress jump is found,
which indicates the eventual failure of sandstone specimens.

AE monitor

AE system

MTS

(a)

AE channel

(b)

Figure 2: �e experimental equipment. (a) MTS815 equipment. (b) 12CHS PCI-2 AE system.

–30 –20 –10 0 10 20
0

10

20

30

40

50

60

Radial strain (10–3) Axial strain (10–3)

A
xi

al
 st

re
ss

 (M
Pa

)

Figure 3: Typical stress-strain curve of an intact specimen.
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Figure 4: Typical stress-strain curve of a single-�awed specimen.

Table 1: Geometry parameter of the intact and �aw-contained specimens.

Specimen H (mm) W (mm) α (°) 2a (mm) Fissure width (mm) 2b (mm)
Intact specimen
A1 100.05 50.02 — — 0 —
A2 100.01 50.06 — — 0 —
A3 100.10 50.11 — — 0 —

Single-�awed specimen
B1 100.06 50.13 45 20 1 —
B2 100.03 49.96 45 20 1 —
B3 100.08 50.05 45 20 1 —

Double-�awed specimen
C1 100.02 50.07 45 20 1 20
C2 100.12 49.98 45 20 1 20
C3 100.04 50.01 45 20 1 20
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�e mechanism of the stress jump at the prepeak for
specimens containing double preexisting �aws is rather
complex. As observed in this experimental study on spec-
imens containing double preexisting �aws, the stress jump at
the prepeak is mainly caused by the crack initiation and
crack coalescence within the bridge zone. However, the
fracturing behavior within the bridge zone cannot trigger the
whole failure of sandstone specimens. �e sandstone
specimens can continue to support the increasing com-
pression loads until it reaches the uniaxial compression
strength of rock material. When the compression load
amounts to the peak stress, the cracking behaviors without
the bridge zone induce the unstable failure of sandstone
specimens. For specimens containing double preexisting
�aws, the formed fragments cannot bear the vertical com-
pression loads. �erefore, the formation of fragments sug-
gests the eventual failure of sandstone specimens. �e
number of preexisting �aw a�ects the initial compaction to
some extent. Figures 3–5 show that the initial compaction
increases stage with increasing the number of preexisting

�aw. �e initial compaction stage is mainly caused by the
closure of microcracks and microvoids under uniaxial
compression. �e preexisting cracks lead to the increase of
the porosity of the rock sample, which results in the increase
of the initial compaction stage with the increasing the
number of preexisting �aw.

3.2. Strength andDeformation Properties. Figure 7 shows the
axial stress-strain curves of intact and �aw-contained sand-
stone specimens under uniaxial compression. From Figure 7,
the strength and deformation parameters of tested sandstone
specimens, including uniaxial compression strength σc, peak
strain εc, and elastic modulus Es, can easily be obtained. �e
e�ects of preexisting �aw and its number on the strength and
deformation parameters of sandstone specimens under
uniaxial compression are shown in Figure 8.

Figure 8(a) shows the uniaxial compression strength σc
of sandstone specimens versus the �ssure number. As il-
lustrated in Figure 8(a), the uniaxial compression strength
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Figure 6: Eventual failure of specimens containing single preexisting �aw under uniaxial compression. (a) B1 specimen. (b) B2 specimen.
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Figure 5: Typical stress-strain curve of a double-�awed specimen.
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decreases with increasing �ssure number. �e average
uniaxial compression strength σc decreases from 60.57MPa
to 32.76MPa as the �ssure number increases from 0 to 1, and
the uniaxial compression strength decreases by 45.91%.
When the �ssure number increases from 1 to 2, the average
uniaxial compression strength σc decreases from 32.76MPa
to 28.62MPa, and the uniaxial compression strength de-
creases by 12.64%.

Figure 8(b) suggests the role of the �ssure number on the
peak strain εc of sandstone specimens under uniaxial
compression.�e average peak strain approximately linearly
decreases with increasing �ssure number. �e average peak
strain of intact specimens is approximately 8.24×10−3.
When the �ssure number increases from 1 to 2, the average
peak strain decreases from 7.89×10−3 to 7.61× 10−3, which,
respectively, decreases by 4.25% and 3.55%.

Figure 8(c) shows the sensibility of the elastic modulus of
sandstone specimens under uniaxial compression to the
�ssure number. �e trend of the elastic modulus depicted in
Figure 8(c) is in good agreement with that of uniaxial
compression strength. When the �ssure number increases
from 0 to 2 with an interval of 1, the average elastic modulus
decreases from 12.01GPa to 7.75GPa and 6.41GPa, which
decreases by 35.47% and 17.29%, respectively. It was found
that the strength parameters of the rock specimen are ob-
viously weakened by the preexisting �ssures, so the uniaxial
compression strength, elastic modulus, and peak strain of
rock specimens gradually decrease with the increase of the
number of joints.

4. Cracking Mechanism and Acoustic
Emission Feature

�e characteristics of crack propagation and acoustic
emission are of great signi�cance for profound

understanding of failure process of rocks and contribution
to the evaluation the stability and safety of rock mass en-
gineering [42]. To reveal the failure mechanism of the rock
under uniaxial compression, the cracking processes and
acoustic emission characteristics of intact and �aw-
contained sandstone specimens are discussed.

4.1. Cracking Process. �e cracking processes of intact and
�aw-contained sandstone specimens under uniaxial com-
pression are obviously di�erent as well as the failure modes
in this experimental study. Figure 9 shows the ultimate
failure patterns of intact sandstone specimens, and Figures 6
and 10 show the ultimate failure patterns of single- and
double-�awed sandstone specimens, respectively. �e
number in the �gures indicates the cracking order ob-
servable by photographic monitoring, and the following
subscript letters indicate that these cracks simultaneously
emanate from di�erent positions.

For the intact sandstone specimens, the eventual failure
mode exhibits the splitting failure. In specimen A1, one
tensile crack (crack 1a) initiates from top boundary of the
specimen and propagates towards the bottom boundary of
the specimen, while another tensile crack (crack 1b) evolves
from left top boundary of the specimen towards the bottom
boundary of the specimen. Subsequently, crack 2 initiates
from the middle of the specimen and extends towards the
bottom boundary of the specimen and then coalesces with
crack 1a. Finally, crack 3a and crack 3b occur simultaneously,
as shown in Figure 9(a). In specimen A2, one tensile crack
(crack 1) initiates from top boundary of the specimen and
grows towards the bottom boundary of the specimen, and
another tensile crack (crack 2) travels from the middle of the
specimen to the top boundary of the specimen. Crack 3a
emanates from the middle of the specimen and spreads
towards the bottom boundary of the specimen, and at the
same time, crack 3b initiates from bottom boundary of the
specimen and connects with crack 1. �is indicates the
splitting failure of intact sandstone specimens.

In specimen B1, one shear crack (crack 1) initiates from
the upper tip of preexisting �aw and grows towards the top
boundary of the specimen. After that, another shear crack
(crack 2) is observed emanating from the lower tip of �ssure
and propagates in the downward direction. Finally, one
tensile crack (crack 3a) and one shear crack (crack 3b) are
observed from crack 1 and 2 towards the opposite direction,
as shown in Figure 6(a). �e cracking modes of specimens
B1 and B2 show very similar results. In specimen B2, two
shear cracks (cracks 1 and 2) are observed, respectively, from
the upper and lower tips of preexisting �aw. Tensile cracks 3a
and 3b initiate in specimen B2 when cracks 1 and 2 grow to a
certain distance. Tensile cracks 3a and 3b gradually extend
towards the top and bottom boundaries of specimens. Fi-
nally, cracks 4a and 4b were formatted simultaneously as
shown in Figure 6(b).

In specimen C1, one tensile wing crack (crack 1) initiates
from tip C of �aw① and grows towards the top boundary of
the specimen, and then two tensile wing cracks (crack 2a and
2b) were observed from tips A and B of �aw ① and then
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Figure 9: Eventual failure of intact specimens under uniaxial compression. (a) A1 specimen. (b) A2 specimen.
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extended to the opposite direction. Subsequently, two
antiwing cracks (crack 3a and 3b) emanate from tip A of
�ssure ① and tip D of �ssure ②, respectively. �e tensile
crack 3a propagates towards the bottom boundary of the
sandstone specimen and coalesces with the tensile wing
crack 1, and the tensile crack 3b extends towards the top
boundary of the specimen and coalesces with the tensile
crack 2. Simultaneously, another tensile crack (crack 3c)
initiates from tip D of �ssure ② towards bottom boundary
of the specimen and also coalesces with the tensile crack 2.
Finally, far-�eld cracks 4a, 4b, and 4c appear at left top of the
specimen or at middle region of the specimen, as shown in
Figure 10(a). �e propagating paths of tensile crack are
tortuous, which is also due to the fact that the crack always
propagates along the boundaries of large quartz grains
within the matrix of sandstone [37].

Compared with the experimental observations from
specimen C1, the cracking mode in specimen C2 are clearly
similar. In specimen C2, one tensile wing crack (crack 1)
initiates from tip A of �aw ① and grows towards the top
boundary of the specimen. One antiwing crack 2a and one
tensile crack 2b emanate from tips A and B of �aw ①, re-
spectively, and extend towards the bottom boundary of the
specimen. Subsequently, two tensile cracks (cracks 3a and 3b)
initiate from tips C and D of �aw ②. Afterwards, tensile
cracks 3a and 3b spread towards the top and bottom
boundaries of the specimen, respectively. Subsequently, one
antiwing crack (crack 4b) emanates from tip D of �aw② and
then grows towards the top boundary of the specimen and
ultimately coalesces with crack 2b. At the same time, cracks
4a and 4c are formatted simultaneously, as shown in
Figure 10(b). �ere exist two coalesced cracks within the
bridge zone. More speci�cally, the crack emanating from tip
A of �aw① links with the crack initiating from tip C of �aw
②, and the crack emanating from tip B of �aw① coalesces
with the crack initiating from tip D of �aw ②.

In a word, the failure mode for intact sandstone spec-
imens exhibits the splitting failure, whereas for �aw-
contained sandstone specimens, it exhibits the mixed

failure modes of shear and tension.With regard to the e�ects
of the preexisting �aws, it can be concluded that the cracking
behaviors for specimens containing double preexisting �aws
are more complex than those for specimens containing
single preexisting �aws. In terms of the postpeak behavior,
the brittle characteristics of jointed rock samples are more
obvious than that of intact rock samples. �e main reason
for this phenomenon is that a relative signi�cant frag-
mentation occurs (the crack coalescence can be observed
within the specimens containing double preexisting �aws)
when the fractured rock mass is destroyed under the
compression process (Figure 10), which leads to the decrease
of the bearing capacity of the supporting structures because
of the complete failure of the fractured rock sample.
�erefore, the brittleness is obvious for specimens con-
taining preexisting �ssure in the postpeak stage.

4.2. Acoustic Emission Evolution. In this paper, AE tech-
nique is applied to explore real-time cracking behaviors of
intact and �aw-contained sandstone specimens, including
the crack initiation, growth, and coalescence.

Figure 11 shows the axial stress of the tested sandstone
specimens versus time and AE counts. It is found from
Figure 11 that very fewAE counts is recorded when the stress
state remains at initial compression stage and the elastic
deformation stage. As compression loads increase, the
cracking behaviors are gradually triggered. Figures 11(a) and
12(a) shows that AE events became active when the stress
level of sandstone specimens reaches the uniaxial com-
pression strength. �is is because the cracking behaviors are
dramatically triggered at this moment. At the postpeak, the
AE events remain active, which is due to the sustainable
damage of supporting structure.

�e AE counts and AE energy of sandstone specimens
containing single preexisting �aw are shown in Figures 11(b)
and 12(b), respectively. �e crack initiation and propagation
processes are observed after the uniaxial compression
strength, which leads to the di�erence in AE counts. Crack 1
(Figure 6(a)) initiates and propagates when the stress level of
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Figure 10: Eventual failure of specimens containing double preexisting �aws under uniaxial compression. (a) C1 specimen. (b) C2
specimen.
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sandstone specimens reach the uniaxial compression
strength, which produces a big AE event and a sudden
increase in the AE counts and AE energy. With the increase
of deformation, the axial stress further decreased, which can
be attributed to the initiation crack 2 (Figure 6(a)). Com-
pared with crack 1, the AE count and AE energy induced by
crack 2 is more active. �is is because crack 2 extended a
long distance, which makes the specimen split into several
separated supporting structures, and more elastic strain
energy is released at this stage. �erefore, the AE count and
AE energy induced by crack 2 is more active at this stage.
�en the axial stress again increased with the increase of
deformation, and the initiation of crack 3 (Figure 6(a)) also
triggers large AE counts and AE energy. Compared with the
intact sandstone specimen, it is found that AE events sig-
ni�cantly decrease after the uniaxial compression strength.
�e main reason lies in the preexisting �aws that lead to the
signi�cant weakening of energy reserve of the rock speci-
men. �e progressive cracking behavior of the preexisting
�aws releases the elastic strain energy accumulated by the
compression loads. When the elastic strain energy is dis-
sipated by the progressive cracking behavior, both AE counts
and AE energy reduce to some extent.

�e crack initiation and propagation processes are ob-
served at the prepeak. As illustrated in Figures 11(c) and
12(c), the stress that drops in the stress-time curves in
Figures 11(b) and 12(b) all corresponds to the progressive
cracking behavior within sandstone specimens. Herein the
progressive cracking behavior includes the crack initiation,
growth, and coalescence. �ese cracking behaviors were
accompanied by a big AE event and a sudden increase in the
AE counts and AE energy. Tensile crack 1 (Figure 10(a))
initiates from the tip C of �aw ① when the axial stress
increases to 23.01MPa, which corresponds to the �rst big AE
counts. When the stress is loaded to 26.79MPa, tensile
cracks (Figure 10(a)) 2a and 2b initiate simultaneously,
which leads to a great stress jump in the stress-strain curve
and a sudden increase in the AE counts and AE energy. After
that, two antiwing cracks 3a and 3b and one tensile crack 3c
(Figure 10(a)) emanate simultaneously, which leads to an
obvious stress jump from 28.33MPa to 12.58MPa. At this
moment, largest AE counts can be observed. Herein the
largest AE counts are attributed to the initiation of cracks 3a,
3b, and 3c. When the stress is increased from 12.09MPa to
12.63MPa, far-�eld cracks 4a, 4b, and 4c (Figure 10(a))
occur, and larger AE count is found along with a large AE
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Figure 11: AE counts of sandstone specimens containing di�erent �ssures: (a) intact specimen, (b) one �ssure, and (c) two �ssures.
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energy. Compared with sandstone specimens containing
single preexisting �aw, the AE events for specimens con-
taining double preexisting �aws also decrease. �is is be-
cause more fragments are generated for double-�awed
specimens, and more elastic strain energy is released during
the loading process. Both AE counts and AE energy reduce
to a larger extent.

Figure 13 shows the maximum AE counts and AE
energy versus the number of preexisting �aws. It is found
from Figure 13 that the maximum AE counts and AE
energy all decrease with increasing number of preexisting
�aw, and the reduction of the maximum AE events in-
creases. When the number of preexisting �aws increases
from 0 to 1, the maximum AE counts decrease from
21852mv·μs to 20449mv·μs, which decreases by 6.42%.
However, the maximum AE counts decrease from
20449mv·μs to 18290mv·μs (by 10.56%), as the number of
preexisting �aw increases from 1 to 2. In terms of AE
energy, the maximum AE energy decreases from
33864mv·μs to 28239mv·μs and 11795mv·μs when the
number of preexisting �aw increases from 0 to 2 with an
interval of 1. And the maximum AE energy decreased by
16.56% and 58.23%, respectively. �e energy reserve of the
rock specimen is signi�cantly weakened by the number of

preexisting �aws, which lead to the decrease of elastic strain
energy in the rock sample. �e release of elastic strain energy
decreases with the increasing amount of preexisting �ssure
when the crack propagation and ultimate failure of rock
samples occur during the load process. �erefore, the
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Figure 12: AE energy of sandstone specimens containing di�erent �ssures: (a) intact specimen, (b) one �ssure, and (c) two �ssures.
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maximum AE counts and AE energy all decrease with in-
creasing number of preexisting flaws.

5. Conclusions

.is study explored and discussed the mechanical properties
of the intact and flaw-contained rock subjected to axial
compression load by the experimental study. In addition, the
photographic and emission monitoring technique were
introduced to analyze the crack propagation and acoustic
emission characteristics of the sandstone specimen. Based
on the experimental results, the main conclusions can be
drawn as follows:

(1) .e stress-strain curves show that no significant
stress jump exhibited at the prepeak and postpeak
points for intact sandstone specimens, the flaw-
contained sandstone specimens exhibited distinct
stress jump during the entire loading process. For
sandstone specimens containing single preexisting
flaw, the stress jump occurred at the postpeak, while
the stress jump occurred at the prepeak for sand-
stone specimens containing double preexisting flaws.

(2) .e strength parameters of the rock specimen are
obviously weakened by the preexisting fissures. .e
initial compaction stage of the rock specimen in-
creases with the increasing amount of preexisting
flaw; meanwhile, the uniaxial compression strength
of rock specimens generally decreases with the in-
creasing number of preexisting fissure and the peak
strain and the elastic modulus.

(3) .e failure modes of intact and flaw-contained
sandstone specimens exhibit the splitting failure
and the mixed failure modes of shear and tension,
respectively. .e cracking behaviors for specimens
containing double preexisting flaws are more com-
plex than those for the specimens containing single
preexisting flaws.

(4) .e amount of released elastic strain energy de-
creases with increasing preexisting fissure number
when the crack propagation and ultimate failure of
the rock samples occur during the loading process,
which results in the decrease of the maximum AE
counts and AE energy with increasing number of
preexisting flaw.
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