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In order to increase the understanding of the strength and failure mechanism of rock mass during tunnel excavation, a series of
uniaxial compression tests were conducted on mortar specimen with cracks and holes by using a rock mechanics servo-controlled
testing system. And by monitoring the experimental process, the initiation, propagation, and coalescence process of cracks were
observed and characterized. According to the experimental results, the influences of the excavation depth on the mechanical
parameters and fracture characteristics of mortar specimens with single hole and the ones with single-hole crack were analyzed in
detail. In the specimens with single hole, the peak strength decreases with the increase of hole depth, but the peak strain and elastic
modulus have no obvious linear correlation with the hole depth. And the position and angle of initial crack change differently with
the increase of the hole depth. 'e position of initial crack moves from the side of the hole to the top of the hole. When the hole
depth exceeds 50%, the crack initiation angle is no longer inclined to the axial stress direction, but parallel to the axial stress
direction. In the specimens with single prefabricated crack, the wing-shaped secondary cracks are generated at the tip of the
precrack, and the antiwing-shaped secondary cracks are generated at the tip when approaching the peak stress. However, in the
specimens with single-hole crack, no antiwing-shaped crack appears. And when the hole depth reaches 80%, two wing-shaped
cracks appear at the precrack tip. One of the new wing-shaped cracks appears in the direction of the extension line of the precrack.

1. Introduction

Since the mining of the earth resources has a long history,
coal and mineral resources at shallow depths have gradually
been exhausted [1]. Nowadays, deep mining has become
very common. As early as the 1980s, coal mining depths in
Poland, Germany, Britain, Japan, and France have exceeded
1 000m. And in China, there are currently 47 coal mines
with a depth of more than 1000m [2, 3]. It is very important
to understand the strength, failure mechanism, and crack
coalescence behavior of rock mass during tunnel excavation
to predict the stability of engineering.

Yang [4] conducted a series of uniaxial compression tests
on red sandstone specimens with two prefabricated elliptical

holes and analyzed the influences of the coplanar angle and
ligament angle on the mechanical parameters and fracture
process. Wong and Chau [5] conducted uniaxial com-
pression tests on sandstone-like material with two parallel
cracks with different dip angles, bridge angles, and friction
coefficients. And they have concluded that the typical modes
of crack coalescence are shear mode, shear-tension mode,
and wing-tension mode. Gratchev et al. [6] studied the
effects of the length and width of the crack on the strength of
rock specimens. 'ey have found that the strength of the
specimen is lower when the crack is longer and wider, and
the damage of the specimen is mainly caused by shear cracks.
Lajtai et al. [7] observed the rock fracture and failure
characteristics by the biaxial compression tests in the
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laboratory. Fakhimi et al. [8] conducted biaxial compression
tests on sandstone with single hole to simulate the failure of
brittle rock during underground excavation. In this exper-
iment, the axial force and displacement were monitored, and
microcracks were detected by acoustic emission technology.
Chen et al. [9, 10] revealed the failure mechanism of
specimens containing nonpersistent joints with various
joints inclinations.

Due to the existence of pores, microcracks, grains, and
minerals, rock mass is heterogeneous [11]. With the de-
velopment of modern technology, researchers are increas-
ingly using new technologies to study rock engineering.
Researchers have conducted many experimental studies,
using optical microscopes [12], the scanning electron mi-
croscope [13–15], the acoustic emission detection methods
[16–18], the X-ray CT images [19, 20], and other different
technologies to reveal the fracture process and the failure
mechanism of microcrack propagation. 'eir research
shows that the macroscopic fracture behavior and the failure
mechanism of rock are closely related to the initiation,
growth, propagation, and coalesce of the microcrack. Zhao
et al. [21] conducted uniaxial compression tests on granite
specimens with single hole and used acoustic emission (AE)
spatial location technology to study the evolution of cracks
around the hole. 'eir experimental results show that the
tensile stress and compressive stress have an important
influence on the fracture evolution process. In order to study
the temperature effects on the mechanical properties of rock,
Yin et al. [22] conducted uniaxial compression tests on
granite specimens with a central hole after high-temperature
exposure. Based on the experimental results, they have
concluded that the peak strength and elastic modulus first
increase with temperature and then decrease. Liu et al. [23]
used AE technology and moment tensor (MT) method to
analyze the crack propagation process of single-hole granite
specimens under uniaxial compression.

In a large number of studies, in order to understand the
mechanical properties and fracture characteristics of rock
mass affected by excavation, the method of prefabricated
hole and crack in rock-like material is usually used in the
laboratory. Macroscopically, the circular hole is the exca-
vation section form often used in underground engineering,
so it can be used to simulate the tunnel in the rock mass
when the underground excavation hole exists [24]. Micro-
scopically, pores and cracks are common defects in natural
rock mass [25]. At the same time, the method of artificially
prefabricated hole and crack is easier to control the ex-
perimental conditions and can increase the stability and
reliability of the collected data [26]. 'erefore, this paper
used mortar specimens with holes and cracks to simulate
underground tunnel rock mass. Laboratory uniaxial com-
pression tests were conducted to obtain the strength and
deformation characteristics of the tunnel rock mass that
change with the vertical load.

2. Experimental Material and
Loading Procedure

2.1. Preparation of Mortar Specimen. 'e mechanical
properties and deformation characteristics of cement mortar
are similar to those of natural rock. Cement mortar is easy to
prefabricate crack and hole, so model experiments with
similar material can easily simulate the geological charac-
teristics of rock mass in engineering. Compared with field
measurement, this method can be used to control a single
variable in the laboratory and has the advantages of reliable
data and controllable conditions. In order to study the
cracking behavior of underground tunnel rock mass under
vertical load, the specimens are made of Portland cement
and river sand with an appropriate strengthening agent and
artificially prefabricated holes and cracks.'e particle size of
the screened natural river sand is less than 1.25mm, and the
ratio of cement to river sand to water is 1 : 0.5 : 0.4. Adding
an appropriate amount of additives during the mixing
process can make the curing process more stable. After
mixing evenly, pour the material into the model, and then
insert the mold to prefabricate hole and crack.'e advantage
of prefabrication is to avoid the original damage caused by
violent opening after solidification. 'e specimens are made
of the same batch of materials under the same conditions to
avoid differences affecting the experimental results. 'e
completed specimen and schematic diagram are shown in
Figure 1.

In order to comprehensively study the process of brittle
specimens with composite defects, a variety of composite
damage specimens are made for statistical study. As shown
in Figure 1, D is the diameter of the hole, and h is the depth
of the hole. D of one kind of specimen with single hole is
20mm. AndD of another specimen with single-hole crack is
10mm. 'e purpose of reducing the diameter is to observe
the subsequent evolution of the cracks around the rock mass
during the whole process.

2.2. Loading Procedure. Use the rock mechanics servo-
controlled test system RMT-150B to conduct all uniaxial
compression tests on the specimens. As shown in Figure 2,
RMT-150B mechanics test system is specially designed to
test the mechanical properties of engineering materials such
as rock and concrete. 'is instrument can preset test steps
and then complete them automatically by the computer. 'e
experimenter can also intervene in the test process and
change the control mode and test parameters. After the test,
the computer system can calculate the stress-strain curve,
elastic modulus, Poisson’s ratio, and other results. At the
same time, a digital video camera is used to record the crack
development process of the specimen. In the test, petrolatum
is applied to the top and bottom of the specimen to reduce
the influence of lateral friction.
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3. Strength Characteristics and Crack Evolution
Behavior of Specimen with Single Hole

As shown in Figure 3, the intact specimen stress-stain curve
enters an elastic stage after a brief period of compaction.
'en there is obvious plasticity near the peak. When the
stress approaches the peak value, the slope of the stress-
strain curve gradually decreases, and then small cracks
appear on the rock surface. As it approaches the peak, the
small cracks gradually expand. After reaching the peak, as
the load continues to increase, the specimen suddenly
ruptures to form a large crack, and the specimen is damaged
and partly falls off. At the same time, the axial stress of the
intact specimen drops rapidly after peak strength. Before the
peak stress, only a few small cracks appeared. It shows that
the tested specimen is sufficiently brittle. On this basis, we
prefabricate the specimens with hole and crack to study the
influence of hole and crack on the stress and deformation.

3.1. Strength Characteristics of Specimen with Single Hole.
Figure 4 shows the axial stress-strain curve of the specimen
with single hole under uniaxial compression. As shown in
the figure, the curve experiences a short compaction stage at
the beginning, which is mainly due to the closure of the

original fissures or pores in the specimen. 'en, elastic
deformation begins to dominate the axial stress-strain curve,
and the relation between axial stress and axial strain is
approximately linear. However, the distinct stress drops are
observed in the axial stress-strain curves of the specimens
when tensile cracks appear. 'rough the observation of
experiments, each stress drop corresponds to the occurrence
or coalescence of one crack in the specimen. We make a
detailed analysis of their relationship in the next section of
this paper. After several stress drops, the specimen gradually
reaches the peak strength and brittle unstable failure occurs
as the axial deformation increases. As the hole deepens, the
peak stress shows an obvious downward trend, the number
of secondary cracks increases, and the fluctuation of small
stress drops gradually increased.

Figure 5 shows the change of peak stress and initial
cracking stress with the hole depth. According to the sta-
tistical data, when the initial hole is relatively shallow, the
peak stress decreases by 8%-9% for every 20% increase in
depth. When the hole depth exceeds 40mm, the peak stress
decline begins to accelerate. For every 20% increase in the
hole depth, the peak stress decreases by about 30%. And the
results show that when the hole depth is shallow, the initial
cracking stress changes more obviously with the hole depth.
When the hole depth exceeds 60mm, the initial cracking
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Figure 1: 'e specimen with single-hole crack and its schematic diagram.

Figure 2: Rock mechanics testing system RMT-150B.
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strength does not decrease significantly and does not con-
tinue to decrease after it drops to 5MPa. As shown in
Figure 6, the peak strain changes nonlinearly with the
deepening of the hole. 'e low point of peak strain appears
when the hole depth is 40mm and 80mm. And there is no
obvious correlation between peak strains. Different from the
strain, the elastic modulus has a linear relation with the hole
depth. Only in the range of 40mm–60mm, the elastic
modulus decreases significantly, as shown in Figure 7.

3.2. 3e Crack Evolution Behavior in Specimen with Different
Depth Single Hole. Figure 8 shows the final failure modes of
specimens with different depth single hole under uniaxial
compression.'e specimens with different hole depths show
different failure modes. 'e numbers in the figure represent
the order in which the cracks appear, and the numbers in the
stress-strain curve are the responses when cracks appear in
the specimen.

As shown in Figure 8(a), in the specimen with 20mm
depth single hole, the main initiation secondary cracks are
two 45° inclined cracks. 'e first crack that appears is an
almost vertical crack, which is tangent to the single hole, and
the tangent point is approximately at the horizontal mid-
point line of the single hole.'e appearance of this crack has
no obvious response to stress and strain, and the overall
shape of the curve is in elastic deformation at this time.
When No. 2 crack appears, a pause point appears on the
stress-strain curve, and No. 2 crack continues to expand at
an inclination angle of 45°. At this time, the fragments fall
from the hole, and the stress is about 50% of the peak stress.
When No. 2 crack is continuously widened, No. 3 horizontal
crack appears, but no response is found in the stress-strain
curve when No. 3 crack appeared. When the stress reached
63% of the peak stress, No. 4 crack appears, resulting in a
downward fluctuation of the stress by about 3.3%. At this
time, the fragmentation in the hole increases. With the
increase of axial load, the vertical directions of No. 5 and No.
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Figure 5:'e change curve of peak stress and initial cracking stress
with hole depth.
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Figure 3: Stress-strain curves and failure mode of intact specimens.
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Figure 4: 'e stress-strain curve of specimen with single hole.
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6 cracks appear. At this time, the slope of stress-strain curve
significantly decreases and the specimen enters the plastic
stage and reaches the peak stress.

As shown in Figure 8(b), when the hole depth of the
specimen with single hole is 40mm, the initiation cracking
sequence of the specimen still starts from two cracks close to
the hole. Different from the 20mm depth hole, the upper
secondary crack of the 40mm hole is not directly inclined at
45° but first cracks vertically and then begins to deviate at an
angle of 45° after a certain distance. When the length and
width of No. 2 crack continue to increase and reach 60% of
the peak strength, No. 3 and No. 4 cracks appear succes-
sively, and the appearance of No. 4 crack makes the stress
drop sharply, as shown in the stress-strain curve figure.
Continue to load; when cracks 1, 2, and 4 continue to expand
to penetrate, the specimen reaches the peak stress.

As shown in Figure 8(c), the secondary cracks of the
specimen with a depth of 60mm single hole first appear at
the top of the hole. In the early stage of loading, cracks No. 1

and No. 2 appear almost simultaneously. 'e appearance of
No. 1, No. 2, and No. 3 cracks does not cause excessive
fluctuations in the stress-strain curve. When the stress
reaches 40% of the peak stress, a longitudinal circular arc
crack appears in the specimen, that is, No. 4 crack.'e stress
continues to increase, and No. 4 crack continues to expand
and widen. When it reaches the 4+ position on the stress-
strain curve, the stress drops suddenly. After the longitu-
dinal penetration of crack No. 4 and further widening, crack
No. 5 appears, which is close to crack No. 2. Crack No. 2 and
crack No.5 cause the material under the hole to break, and
the stress of the specimen reached its limit.

As shown in Figure 8(d), the initial cracking mode of the
specimen with a depth of 80mm single hole is the same as
that of the specimen with a depth of 60mm single hole. In
both cases, the vertical penetration cracks appear on the
upper and lower edges of the cracks, and the occurrence time
is similar, and only slight fluctuations are caused on the
stress-strain curves. Different from the specimen with a
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Figure 6: 'e change curve of peak strain with hole depth.
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Figure 8: Continued.
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depth of 60mm single hole, No. 2 crack appears earlier and
causes larger stress fluctuations. 'e crack that causes larger
fluctuation is still an arc-shaped crack extending upward and
downward, which is No. 2 crack in the figure. When the
stress reaches 50% of the peak stress, the debris in the hole
falls off seriously. Because these holes are deep but do not
pass through, this structure leads to inconsistent strains in
the front and back of the specimen, resulting in a horizontal
tensile crack on the back of the specimen. During the
continuous loading process, the width of No. 2 circular crack
increases continuously. When reaching the 2+ position of
stress-strain curve, stress suddenly fluctuates again, and then
No. 3 crack appears. When the stress is close to the peak, No.
4 and No. 5 cracks appear. At this time, the stress state of the
specimen is complicated and fluctuates frequently. When
No. 5 crack penetrates, the specimen reaches the peak and
then breaks.

As shown in Figure 8(e), the specimen is the one with a
depth of 100mm single hole. 'e first crack appears in the
middle below the hole, and the crack appears immediately
after the compaction stage. Subsequently, No. 2 crack ap-
pears in the position near the hole within a short time, and
No. 2 crack penetrates the specimen vertically.'ere are also
arc-shaped cracks in the specimen with single hole, which
are composed of No. 3 and No. 4 cracks, which are far away
from the hole and have a small radian. 'en, when the stress
reaches 80% of the peak, the crack growth and stress con-
dition become complicated. At the same time, due to the
continuous propagation inside the specimen, crack No. 1
and crack No. 2 continue to widen, and finally, crack No. 3
and crack No. 4 appear, forming an arc-shaped crack. After

the arc-shaped crack extends upward and downward, the
stress reaches the peak value.

In conclusion, according to the analysis of the failure
mode, when the hole depth is shallower, cracks first appear
around the hole. When the depth of the hole is more than
half of the specimen, the initiation secondary cracks occur at
the upper and lower positions of the hole. During the
loading process, cracks in all the specimens appear and
extend from the edge of the hole to the edge of the specimen.
And two cracks expanding to the edge form a similar circular
arc-shaped crack. 'e circular arc crack fluctuates greatly in
the stress-strain curve. According to the test, when the hole
depth is relatively shallow, the debris in the hole falls off
slowly and most of them are smaller ones. When the hole
reaches a certain depth, the debris turns into larger pieces.
When the hole passes through, an additional vertical pen-
etration crack appears near the edge of the hole.

4. Strength Characteristics and Crack Evolution
Behavior of the Specimen with Single-
Hole Crack

4.1. Strength Characteristics of the Specimen with Single-Hole
Crack. Many previous studies have focused solely on hole-
opening tests and crack propagation, but there are relatively
few studies on hole-crack compound damage. In this set of
tests, prefabricated through-hole cracks are added to single-
hole specimens to study the influence of the hole on crack
evolution. In this test, the diameter of the hole is 10mm, and
the length of the crack is 30mm.'e hole passes through the
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Figure 8:'e stress-strain curves and crack coalescence process of specimen with single hole: (a)H� 20mm, (b)H� 40mm, (c)H� 60mm,
(d) H� 80mm, and (e) H� 100mm.
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middle of the crack, and the crack passes through the center
point of the hole. 'e angle between the crack and the
vertical load is 45°.

Figure 9 shows the stress-strain curve of the specimen
with single-hole crack under uniaxial compression.
According to the stress-strain curve, due to the existence of
cracks, the peak stress of the specimen decreases significantly
compared with the intact specimen. However, with the hole
deepens, the declining trend of stress is not particularly
obvious; especially in the later stage, the hole has little effect
on the peak value of the specimen. Since the existence of hole
accelerates the propagation of precracks, the premature
appearance of secondary cracks results in a significant de-
crease in the bearing capacity of specimens.

Figure 10 shows the change of peak stress and initial
cracking stress with hole depth. Compared with the speci-
men with single hole, the peak stress and crack initiation
stress of the specimen with single-hole crack decrease to a
certain extent. In the early stage, the stress of the specimen
with single-hole crack decreases greatly, and the downward
trend is slow in the middle and late stages. 'e first 20%
increase in hole depth leads to a decrease of about 24.6% in
the peak value. In the later stage, the peak stress is reduced by
about 15% for every 20% increase in depth. However, the
crack initiation stress does not decrease significantly with the
increase of the hole depth. Due to the existence of precracks,
the crack initiation stress is relatively small, and the main
controlling factor of the crack initiation stress is precracks,
so the hole depth has relatively little effect on the crack
initiation stress.

Figure 11 shows the peak stress and peak strain of the
specimen.'e test shows that the peak stress of the specimen
decreases with the increase of the hole depth, but the peak
strain does not change linearly with the change of the hole
depth. 'e maximum peak strain occurs when the hole
depth is 60mm, and the minimum strain occurs when the
hole depth is 80mm. As shown in Figure 12, the elastic
modulus of the specimen with single-hole crack decreases
slowly, but at the hole depth 20%–60%, the elastic modulus
decreases. According to the stress-strain curve obtained by
the test, due to the existence of precracks, the occurrence of
secondary cracks can be predicted, and the specimen with
single-hole crack does not appear to have a sudden drop in
stress during the loading process.

4.2. 3e Crack Propagation Mechanism of the Specimen with
Single-HoleCrack. Figure 13 shows the failure process of the
specimen with single-hole crack varying with the hole depth
under uniaxial compression. 'e specimens with different
hole depth show different failure modes.

When the specimen contains only through crack but no
hole, it is a classic single crack propagation study. As shown
in Figure 13(a), the secondary crack first appears at the tip of
the precrack, and the initial direction angle of the secondary
cracks is about 70°, which is consistent with Shiyu [27]
theoretical research. As the load increases, the wing-shaped
crack gradually extends to the end of the specimen. When
the wing-shaped crack penetrates, classical antiwing-shaped

crack appears at the upper end of the precrack, which is No.
3 crack in Figure 13(a). After the antiwing-shaped crack
appears, the specimen reaches its peak value.

As shown in Figure 13(b), when there is a hole with a
depth of 20mm, the peak stress of the specimen drops
substantially by about 25%, and the existence of the hole
leads to the emergence of secondary cracks earlier. As shown
in the figure, the existence of the hole makes the crack
propagation angle larger than the one without hole.

Compared with the specimen without hole, the speci-
mens with 20mm depth hole have no antiwing-shaped
cracks, and the crack propagation direction changes to the
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Figure 9: 'e stress-strain curve of specimen with single-hole
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principal stress faster. It is known from the test that, due to
the existence of the hole, No. 1 and No. 2 wing-shaped cracks
appear after the completion of the compaction stage. As the
load increases, the internal damage of the specimen in-
tensifies, causing the width of wing-shaped crack to continue
to widen. At the stage close to the peak stress, such as 1+ and
2+ positions in the stress-strain curve, the width of the wing-
shaped crack increases significantly. Since the precrack is a
through crack, when the secondary crack extends upward
and downward, the specimen has been already divided and
the stress reaches its peak.

As shown in Figure 13(c), when the hole depth reaches
40mm, the peak stress decreases by about 13%. It can be seen
from the test that the deepening of the hole makes the angle
between the secondary crack and the precrack continue to
decrease, and the propagation direction of the upper and
lower wing-shaped crack extends to the direction of prin-
cipal stress more rapidly, as shown in the figure. In this
specimen, the hole shows obvious dislocation along the

precrack during loading. Due to the dislocation of the hole,
No. 1 and No. 2 cracks widen when the stress reaches the
peak value.

As shown in Figure 13(d), when the hole depth reaches
60mm, the expansion angle and morphology are similar to
the one of the specimens with a hole depth of 40mm, but
there are more fluctuations on the stress-strain curve. At the
lower tip of the precrack, in addition to No. 2 crack, another
crack appears, which is No. 3 crack in the figure. No. 3 crack
penetrates the specimen before the wing-shaped crack.
When the stress reaches the peak value, the hole has obvious
dislocation along the precrack. When the hole depth reaches
60mm, the crack growth mode becomes more complicated
and the fluctuation of stress-strain curve becomes more
frequent.

As shown in Figure 13(e), when the hole depth reaches
80mm, the test results are similar to the one of the speci-
mens with a hole depth of 60mm. 'e upper and lower
wing-shaped cracks appear almost simultaneously, and the
appearance of secondary cracks has little fluctuation on the
stress-strain curve. 'e same as the specimen with a hole
depth of 60mm, the vertical penetration cracks appear far
away from the edge of the hole, which is No. 3 crack in the
figure. 'ere are two secondary cracks at the upper and
lower ends of the precrack, one of which is a classic wing-
shaped crack and the other one has a relatively smaller
propagation angle.

As shown in Figure 13(f ), the depth of the hole reaches
100mm. At this point, both cracks and holes have pene-
trated the specimen. 'e propagation mode of secondary
cracks is similar to that of single crack specimen without
hole. Wing-shaped cracks appear at the tip of all the pre-
cracks. In addition, there is a vertical penetration crack far
away from the precrack. However, there is no antiwing-
shaped crack. Due to the existence of prehole, the initial
stress of the secondary crack and the peak stress decrease
significantly, and the peak stress is reduced by about 60%.

In conclusion, the initiation position of the specimen
with single-hole crack all appears at the tip of the precrack.
'e existence of the hole and crack prevents the appearance
of traditional antiwing-shaped cracks. 'e crack initiation
stress changes little with the depth of the hole, and the
existence of precracks greatly affects the crack initiation
stress. When the hole depth increased to 60mm, two wing-
shaped cracks appear at the tip of the precrack, which
accelerated the failure process of the specimen.

5. Discussion

Under uniaxial compression, the specimen with single hole
and the one with single-hole crack show different changes
with hole depth.'e detailed data is shown in Tables 1 and 2.
Figure 14 shows that the peak stress of the specimen with
single-hole crack is generally lower than that of the specimen
with single hole. And the effect of the through crack is much
greater than that of the hole diameter. 'e peak strength
decreases with the depth of the hole. However, the initial
crack stress is relatively complicated. As shown in Figure 15,
the specimen with single hole decreases uniformly with the
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Figure 13: Continued.
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depth of hole. However, the initial crack initiation stress of
the specimen with single-hole crack decreases stepwise.
When the hole depth exceeds 60mm, the crack initiation
stress of the specimen with single hole is lower than that of
the specimen with single-hole crack. As shown in Figure 16,
the peak strain changes nonlinearly with the change of hole
depth. 'e changing trend of the two groups of specimens is
the same. 'e maximum value appears at 60mm and the

minimum value appears at 80mm. Figure 17 shows the
fluctuation of elastic modulus value, and the elastic modulus
fluctuates sharply at the hole depth of 60mm.When the hole
depth exceeds 50mm, a hole appears at the center of gravity
of the specimen, resulting in obvious uneven deformation.
Combined with the change of the peak stress and peak strain
with the hole depth, violent fluctuations occur at the hole
depth of 60mm.
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Figure 13: 'e stress-strain curve and crack coalescence process of specimen with single-hole crack: (a) H � 0 mm, (b) H � 20 mm,
(c) H � 40 mm, (d)H � 60 mm, (e) H � 80 mm, and (f ) H � 100 mm.

Table 1: Uniaxial compression test results of specimen with single hole.

Conditions and results C0H0 C0H20 C0H40 C0H60 C0H80 C0H100
Diameter of hole (mm) 20 20 20 20 20 20
Depth of hole (mm) 0 20 40 60 80 100
Length of crack (mm) 0 0 0 0 0 0
E (GPa) 6.34 5.52 5.17 3.29 3.04 2.87
Initial cracking stress (MPa) 23.4 14.45 8.78 4.74 4.26 3.58
Peak stress (MPa) 48.47 43.94 40.41 31.42 27.59 21.91
Peak strain (10−3) 16.18 13.21 12.42 13.83 11.71 13.99

Table 2: Uniaxial compression test results of specimen with single-hole crack.

Conditions and results C30H0 C30H20 C30H40 C30H60 C30H80 C30H100
Diameter of hole (mm) 10 10 10 10 10 10
Depth of hole (mm) 0 20 40 60 80 100
Length of crack (mm) 30 30 30 30 30 30
Angle of crack (°) 45 45 45 45 45 45
Elasticity modulus (GPa) 6.45 5.5 5.3 4 3.6 2.9
Initial cracking stress 13.54 12.85 8.24 7.24 4.37 4.05
Peak stress 44.38 36.48 31.73 28.48 24.29 19.23
Peak strain 10.85 10.18 10.73 13.18 8.24 10.3
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According to a large number of studies on crack in rock
[28–34], it has been recognized that, due to high-stress
concentration, cracks always start from the crack tip. Griffith
believes that when the crack end extends for a short length,
the release rate of elastic potential energy is greater than the
increase rate of surface energy, and the crack is in an un-
stable state and is bound to expand further. 'erefore, in the
experiments of this paper, the failure of the sample always
occurs preferentially from the prefabricated holes and
cracks.

'e intact specimen shows obvious shear failure, and the
existence of hole and crack leads to complex failure mode of
the specimen. In the specimen with single hole, when the
hole depth is relatively shallow, the failure mode of the
specimen is similar to that of the intact one, which is mainly

shear failure, as shown in Figure 18(a). When the hole depth
is more than half of the specimen, the crack initiation point
appears directly above the hole, but the shear failure cracks
still occur at the edge of the hole and the overall performance
is tensile-shear failure, as shown in Figure 18(b). When the
hole passes through, the initiation crack still appears above
the hole, and the cracks around the hole also show vertical
tensile crack. In this case, the crack failure is mainly tensile
failure, as shown in Figure 18(c). As shown in Figure 19, the
failure mode of the specimen with through crack shows
obvious predictability during uniaxial compression. With
the deepening of the hole depth, the initial crack initiation
point of secondary cracks appears in a shear crack mode
from the tip of the precrack. During the loading process, the
secondary cracks gradually turn to the principal stress
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direction, showing obvious tensile failure. In addition, the
existence of precrack leads to a simple failure mode, and the
occurrence of cracks also shows predictability. 'e occur-
rence of cracks does not show excessive stress drop on the
stress-strain curve.

6. Conclusions

(1) 'e prefabricated hole and crack greatly reduce the
mechanical parameters of the mortar specimen
under uniaxial compression. In the specimen with
single hole, the peak strength has an obvious linear
correlation with the hole depth. And there is also a
significant correlation between the crack initiation
stress and the hole depth. In the specimen with
single-hole crack, the hole depth has a relatively
small effect on the crack initiation stress, while the
through crack plays a major role in the secondary
crack initiation. 'e peak strain and elastic
modulus have no obvious relation with the depth
of the hole.

(2) 'e crack initiation, propagation, and coalescence of
the specimens are observed by using photographic
monitoring. When the hole depth of the specimen
with single hole is relatively shallow, the main crack
is shear failure from the edge of the hole at an in-
clination angle of nearly 45°. It is similar to the failure
mode of the intact specimen. All cracks extend
outward at a certain inclination angle on both sides
of the hole. When the hole depth reaches 60%, the
initial crack appears directly above or directly below
the hole, and then a new crack appears at the edge of
the hole and extends outward at a certain angle.

While loading is close to the peak strength, large
pieces of debris fall from the hole. However, the
initiation cracks in the specimen with single-hole
crack appear at the tip of the precrack, and the classic
antiwing-shaped cracks do not appear. All wing-
shaped cracks deflect in the direction of principal
stress. When the hole depth reaches 60%, two wing-
shaped cracks appear at the tip of the precrack. And
when the strength is close to the peak value, the hole
slips obviously, and the debris falling from the hole is
small.

(3) In the process of crack propagation in the specimen
with single hole, the appearance of the crack is
relatively sudden and not easy to be predicted. 'e
appearance of the crack leads to a sharp drop in
stress, which is especially obvious when the hole is
deep. However, in the specimen with single-hole
crack, due to the existence of crack, the secondary
crack is easier to predict and relatively simple. And
the crack of specimen with single hole has relatively
little interference to the stress.
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H = 20/40 H = 60/80 H = 100

Figure 18: Failure diagram of specimen with single hole: (a) H� 20/40mm, (b) H� 60/80mm, and (c) H� 100mm.

H = 0 H = 20/40 H = 60/80/100

Figure 19: Failure diagram of specimen with single-hole crack: (a) H� 0mm, (b) H� 20/40mm, and (c) H� 60/80/100mm.
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