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In order to investigate the influence of temperature, confining pressure, and preexisting fissure on creep characteristics of rock
mass, multistage creep experiments were performed on shale-like material, with preexisting fissure under different temperatures
and confining pressures. -e results showed that new microcracks generated and propagated with the increase of temperature in
both uniaxial and triaxial creep experiments, and the generation and propagation were most pronounced at 60°C and least at
20∼50°C in uniaxial creep experiments. -e generation and propagation were restricted by confining pressure. Temperature had
less influence on the creep strain rate in triaxial creep experiment, whereas it had a significant influence on the steady-state creep
rate in uniaxial creep experiment. -e influence of confining pressure on the steady-state creep rate was slight when confining
pressure was 1MPa, whereas it was obvious when confining pressure was 3∼7MPa. -e closure of preexisting fissure promoted
the creep strain rate, and the closure was incomplete when confining pressure was below 3MPa, whereas it was complete when
confining pressure at 5 and 7MPa.

1. Introduction

In recent years, the maximum mining depth in China has
reached 1,500m and the maximum mining depth of other
countries has also reached over 1,000m. -ere are serious
potential risks in the process of coal mining due to the
deformation of surrounding rock roadway, especially the
creep characteristics of shallow rock mass are quite different
from those of deep rock mass, due to the environmental
difference of high ground temperature and high ground
stress. It is difficult to guide the deep geotechnical engi-
neering practice effectively and scientifically with current
rock mechanics theory [1]. Plenty of scholars have devoted
their efforts to the study of rock mechanical property under
different temperatures and confining pressures. Chen et al.
[2] investigated the influence of temperature and stress
conditions on granite’s creep behavior; they found that the
influence of temperature on granite’s creep strain was
slightwhen the temperature was below 90°C, whereas the
creep strain rate accelerated with the elevation in temper-
ature and the influence was enhanced with the increase of

confining pressure. Rybacki et al. [3] investigated the in-
fluence of elevated temperature and pressure on shale’s creep
characteristics, which found the strength decreased with
temperature, whereas the creep strain increased with tem-
perature. Lu and Wang [4] studied the influence of tem-
perature on creep characteristics of coal measures mudstone,
which found that the creep strain, creep duration time, and
creep strain rate were increased with temperature. Heap
et al. [5] found the strength of sandstones decreased with
elevated temperature from 20°C to 75°C. Nara et al. [6, 7]
found the crack velocity of andesite increased with tem-
perature. -e crack velocity of Whin Sill dolerite and Crab
Orchard sandstone increased with increasing temperature
[8, 9]. -e creep strain rates in porous sandstones increased
with elevated temperature in any given differential stress
[10]. -e failure mode of granite transformed from tensile-
shear compound failure to tensile failure with increasing
temperature [11]. Zhang et al. [12] and Mishra and Verma
et al. [13] investigated the creep characteristics of salt rocks
and coal-measure shale rocks, respectively, which found the
creep strain rates increased with deviatoric stress. Liu et al.
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[14] investigated the influence of deviatoric stress on the
creep strain and creep strain rate of clay-rich rock, which
found both the creep strain and creep strain rate increased
with deviatoric stress and the permeability decreased ob-
viously with elevated confining pressure. Zhang et al. [15, 16]
carried out the multiloading creep tests on cataclastic rocks
and found the time-dependent behavior decreased signifi-
cantly with increasing confining pressure. Zhang et al. [17]
found the creep strain increased with confining pressure in
multistage creep test and the higher the confining pressure
was, the lower the creep strain rate was in secondary creep.
Nadimi et al. [18] investigated the creep characteristics of
intact rocks from Siah Bisheh.

-ere were plenty of microcracks and fissures in rock
mass, and both of them had a negative influence on the
strength and long-term stability. Chao et al. [19] investigated
the influence of fissure angle on the creep characteristics,
which found the biggest deviatoric stress occurred when
fissure angle was 90° and the minimum deviatoric stress
occurred when fissure angle was 30°. Zhipeng et al. [20]
established a new anisotropic elasto-viscoplastic creep
model, which applied to granite with fissure. Brantut et al.
[21] investigated the influence of initial damage (porosity
and crack) on the creep strain rate and they found the higher
the initial damage was, the faster the creep strain rate was.
Heap et al. [22] found the creep strain rate of volcano
depended on both the mechanical property and the re-
duction in crack aperture. Yongyan et al. [23] investigated
the influence of preexisting fissure angle on rock-like ma-
terial’s strength characteristics and found when the maxi-
mum fissure angle was 45°, that confining pressure exhibited
the greatest influence on rock-like material’s strength.

However, most of the previous investigations only
considered the effect of a single factor or two factors
combined among temperature, confining pressure, and
preexisting fissure, whereas few of these studies took all three
factors into consideration. -e influence of high crustal
stress, earth temperature, and fissure on deep rock mass was
simultaneous; it was necessary to take temperature, con-
fining pressure, and fissure into consideration during the
creep experiment.-erefore, we investigated the influence of
temperature and confining pressure on shale-like material
with a preexisting fissure. -ree types of creep experiment
were carried on, which were coupling creep test of tem-
perature and preexisting fissure, coupling creep test of
confining pressure and preexisting fissure, and coupling
creep test of temperature, confining pressure, and preex-
isting fissure.

2. Experiments

2.1. Specimen Preparation. -e shale-like material, used in
this article, was simulated for the shale in Tang Kou mining.
-e shale was black in color, compact, and had low hardness.
Creep experiments of shale under different temperature had
been carried out in our laboratory before [24]. We found the
creep rate, for both shale and shale-like material, increased
with elevated temperature and the creep behavior of shale
and shale-like material was similar. -e mechanical

parameters of Tang Kou shale and shale-like material are
shown in Table 1, and the creep strains and characteristics
are shown in Table 2, which confirmed that the shale can be
replaced by shale-like material.

-e specimens of shale-like material were made of
cement, river sand, water, and gesso. -e mass ratio of
cement, river sand, water, and gesso was 1 : 2 : 0.4 : 0.36. -e
grain size of river sand was between 20 and 40 mesh di-
ameters. -e specimen mould is shown in Figure 1. -e
preparation of specimens followed Standard for test
methods of engineering rock mass (GB/T 50266-2013) [25].
-e specimens were made with a length of 100mm and
diameter of 50mm. -e nonparallelism error of two end
faces of the specimen was controlled within 0.05mm, the
diameter error was controlled within 0.3mm along the
height of the specimen, and the deviation of the end face to
specimens’ axis controlled within 0.25°. -e fissure was
located in the middle of the specimen and the fissure angle
was 45°angle along the bottom end face. -e size of the
preexisting fissure was A � 1mm in width, B � 20mm in
length, and C � 35mm in depth, which was explained in
Figures 2 and 3. -e specimens were stored in a climate-
controlled environment to keep the uniformity of tem-
perature, and humidity during drying and the drying time
was 15 days.

2.2. Experimental Apparatus and Methodology. -e speci-
mens were dried in the temperature and humidity chamber
(Figure 4), which can provide a constant temperature and
humidity. -erefore, it was possible to ensure that all
specimens could be at controlled temperature and relative
humidity. -e creep experiments were performed with
TAW-200 material mechanics testing machine (Figure 5) in
the Rheological Mechanics Laboratory at Qingdao Uni-
versity of Science and Technology.

Creep experiments were performed at different tem-
peratures and confining pressures. -e test temperatures
varied from 20 to 60°C, and confining pressures varied from
0 to 7MPa. Specimens were wrapped with heat shrink tubing
to protect specimens from silicone oil. Specimens were
heated to objective temperature with electromagnetic
heating coil and the temperature was kept for 1 hour before
creep test to ensure the temperature of specimen was uni-
form inside and outside.

Multistage loading method was adopted in creep ex-
periment because previous studies had proven that the
discreteness of specimen’s strength can be reduced with this
method [22, 26]. We tested the peak stress of shale-like
material at different confining pressures. And, the axial
stress of each step was determined based on the average peak
stress at each kind of confining pressure; first, we chose the
axial stress in the first step based on the average peak stress
and the stress in the later step was equal to the interval
loading, which meant the difference value between every two
steps was equal.-e axial stress in multistage loading of each
step is shown in Table 3. When the strain rate became stable
(dε/dt< 0.0005 h− 1), which meant the creep test under this
level of stress was completed, the subsequent level of stress
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can be applied, axial stress applied to the specimen until
accelerated creep phase occurred or the specimen failure.

3. Experiment Results and Discussion

3.1. Axial Creep Experiment under Different Temperatures.
-e strain-time curves of uniaxial creep experiments under
different temperatures are shown in Figure 6. We can see
from Figure 6 that the curves, for both intact and fissure
specimens, can be divided into three phases, which are
primary creep phase, steady-state creep phase, and the
accelerated creep phase. -e axial strains in intact specimen
are lower than those in fissure one, which is due to the
closure of preexisting fissure. -e axial strain increases with
elevated temperature, and the higher the temperature, the
faster the specimen failures. -is is due to the elevated
temperature contributes to the generation of new micro-
cracks [6, 7, 27]. -e accelerated creep phase occurs under
the combined effect of temperature and axial stress. In
Glove’s investigation [27], the new thermal microcrack
begins to generate at about 100°C, which is different with our
result. -e reason of the difference is the specimen in their

test is granite, a kind of hard rock, whereas the specimen in
our experiment is a shale-like material, a kind of soft rock.
-erefore, the new microcracks generate at lower temper-
ature in our investigation.

-e steady-state creep rates at different temperatures are
shown in Figure 7. -e steady-state creep rate is smallest at
20°C and the value is 0.102×10− 3/h; the steady-state creep
rate increases with temperature, which confirms that ele-
vated temperature contributes to the acceleration of creep.
Nara et al. [6, 7] found that the crack velocity increased with
elevated temperature in andesite. -e creep strain rates of
each creep stage are shown in Table 4 and interesting

Table 1: Comparison table of parameters between shale-like material and Tang Kou shale.

Mechanical parameters Density
(g/cm3)

Young’s modulus
(GPa)

Compressive
strength (MPa)

Internal friction
angle (°)

Cohesion force
(MPa)

Parameters of Tang Kou shale 1.8∼2.0 1.3∼2.1 10∼20 45∼65 3∼20
Parameters of shale-like materiala 1.902 1.864 12.077 32.751 4.199
aParameters of shale-like material are the average value from intact shale-like material’s testing results.

Table 2: Comparison of the creep characteristics between Tang Kou shale and shale-like material.

Index Instantaneous
strain (×10− 3)

Axial strain
(×10− 3)

Influence of temperature
to creep rate

Influence of confining pressure
to creep rate

Tang Kou shale 0.140∼0.258 0.32∼1.52 Creep rate increases with temperature Creep rate decreases with confining pressure
Shale-like material 0.199∼0.628 0.30∼1.62 Creep rate increases with temperature Creep rate decreases with confining pressure

Figure 1: -e mould of specimen.

Figure 2: -e prepared specimen.
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phenomenons can be seen in Table 4 that (1) the biggest
creep strain rates are in the first stage at all temperatures and
(2) the creep strain rates in four stages of each specimen are
similar in value at 60°C. -e reason of this phenomenon can
be attributed to the influence of preexisting fissure. New
microcracks generated by thermal expansion are few at

20∼50°C; moreover, the preexisting fissure closes in the first
creep stage, which contributes to the acceleration of the
creep strain rate in the first creep stage.-e newmicrocracks
generated by thermal expansion increases at 60°C, and the
influence of preexisting fissure on creep strain rate decreases.
-erefore, the creep strain rate fluctuates in a very small
range during 60°C. -e damaged specimen is shown in
Figure 7; the cracks at 60°C are more than those at 20°C.-is
may be due to the generation of new microcrack promoted
by the higher temperature in specimens. Figure 7 shows the
fitting curve of the steady-state creep rate at different
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Figure 3: -e schematic diagram of fissure. (a) Front view of specimen and (b) lateral view of specimen.

Figure 4: -e temperature and humidity chamber.
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Figure 5: TAW-200 material mechanics testing machine. 1-stress
loading device, 2-triaxial cell, 3-temperature sensor, and 4-elec-
tromagnetic heating.
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temperatures, the steady-state creep rate increases in power
function with temperature (correlation coefficient
R2 � 0.996), which indicates that the steady-state creep rate
increases with temperature.

3.2. Triaxial Creep Experiment under Different Confining
Pressures at 20°C. Triaxial creep experiments are performed
on shale-like material in order to investigate the influence of
confining pressure. Figure 8 confirms that the creep curves at
different confining pressures are qualitatively similar to
those obtained from the conventional creep experiment [26].
And, the creep is more obvious at high confining pressure
than at low confining pressure: the reason is the higher the
confining pressure, the bigger the differential stress. And, the
creep strain rate is strongly dependent on the level of the
differential stress [28]. -e failure mode of shale-like ma-
terial transforms into plastic mode form brittle mode due to
the increase of confining pressure [29, 30]. -e creep strain
rate in each stage increases with time; for example, at a
constant confining pressure of 5MPa, the creep strain rates
in each stage are 1.13×10− 3/h, 1.16×10− 3/h, 1.23×10− 3/h,
1.96×10− 3/h, respectively. -e increment of the creep strain
rate is bit in the first three stages, whereas the increment is
obvious in the fourth stage when confining pressure below
5MPa. -e reason can be attributable to the closure of
preexisting fissure, which accelerates the deformation of the
specimen [31]. Huge creep strain occurs at the confining
pressure of 7MPa: the reason can be attributed to the
transformation of failure mode.

-e creep strain rate of each creep stage at different
confining pressures is shown in Figure 9. -e creep strain
rates are not much different in four creep stages at con-
fining pressure of 1MPa, which indicates that the gener-
ation and propagation of microcrack inside the specimen is
limited because of the influence of confining pressure;
therefore, the preexisting fissure closes uniformly at four
creep stages. -e creep strain rate is stable in the first three
stages, whereas acceleration occurs at the fourth stage
under confining pressure of 3 and 5MPa.-e reason can be
attributed to the decrease of microcrack propagation inside
the specimen under the effect of lateral pressure [21], which

Table 3: -e axial stress of each loading grade under different confining pressures.

Confining pressure (MPa)
Axial stress (MPa)

First step (45%∼55%)b Second step (60%∼65%) -ird step (75%∼80%) Fourth step (85%∼95%)
0 3.06 4.08 5.10 6.11
1 8.15 10.19 12.23 14.27
3 12.23 15.29 18.34 21.40
5 16.31 20.38 24.46 28.54
7 22.42 28.54 34.65 —c

b-e percentage means the ratio of axial stress of each stage against the strength (three specimens were tested at each kind of confining pressure) at each kind
of confining pressure, for example, 45%∼55% means the value of axial stress against strength of the tested specimen at each kind of confining pressure varies
from 45% to 55%. -e four steps means four loading grades. c-e Specimen had damaged before the fourth step.
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Table 4: Creep strain rate of each stage at different temperatures.

T (°C)
Creep strain rate (×10− 3/h)

First stage Second stage -ird stage Fourth stage
20 0.22 0.07 0.05 0.11
30 0.23 0.05 0.07 0.11
40 0.24 0.07 0.07 0.12
50 0.26 0.13 0.13 0.14
60 0.27 0.19 0.25 0.21
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results in the preexisting fissure that does not close in the first
three creep stages. -e preexisting fissure closes with the in-
crease of axial stress in the fourth creep stages, which con-
tributes to the acceleration of the creep strain rate in the fourth
creep stage. -e creep strain rate is obviously higher at con-
fining pressure of 7MPa than that of other results at confining
pressure of 0∼5MPa; this is due to the transformation of failure
mode. -e failure mode of soft rock transforms from brittle
failure to plastic failure with the increase of confining pressure,
and then, large deformation occurs.

-e steady-state creep rates at different confining
pressures are shown in Figure 10. -e steady-state creep
rate increases with confining pressure. -e steady-state
creep rates are not much different at 0 and 1MPa, which
confirms that confining pressure of 1MPa has little

influence on the steady-state creep rate. However, the
influence, which increases the confining pressure on the
steady-state creep rate, is enhanced when confining pres-
sure is between 3 and 7MPa. Figure 10 shows the fitted
curve of the steady-state creep rate at different confining
pressures, which indicates that the steady-state creep rate
increases exponentially with confining pressure at 20°C
(correlation coefficient R2 � 0.994). -erefore, the creep
rates increase with confining pressure under the same level
of loading grade. -e damaged specimens are shown in
Figure 10.-e closure of preexisting fissure is incomplete at
confining pressure of 1MPa, whereas it is complete at
confining pressure of 7MPa. -e reason of this phenom-
enon, which is the specimen failure with a small axial
deformation when the confining pressure is 1 MPa whereas
a big axial deformation when the confining pressure is 7
MPa, can be attributed to the difference in the failure mode.

3.3. Triaxial Creep Experiment under Different Confining
Pressures at 60°C. -e coupling investigation of temperature
and confining pressure is carried out on the shale-like
material with preexisting fissure. -e strain-time curves are
shown in Figure 11.-e curves are similar to the curves from
the experiments at 20°C. However, the creep strain rate
increases with temperature significantly at the same con-
fining pressure when confining pressure is below 3MPa. For
example, when the values of confining pressure are 1 and
3MPa, the creep rates are 0.16×10− 3/h and 0.41× 10− 3/h at
20°C, respectively, whereas when temperature rises to 60°C,
the values are 0.36×10− 3/h and 0.50×10− 3/h, respectively.
-e results confirm that the steady-state creep rate increases
with temperature under the coupling effect of temperature
and confining pressure. Compared with the result from
Section 3.1, temperature has less significant influence on the
creep strain rate under the coupling influence of tempera-
ture and confining pressure.

-e creep strain rates of each creep stage at 60°C are
shown in Table 5. -e creep strain rates at all confining
pressures decreased at first, and then increased.-e rates are
bigger in the first and the fourth stages but smaller in the
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second and the third stages. With the influence of tem-
perature and the closure of preexisting fissure, the genera-
tion of microcracks is pronounced in the first stage, which
contributed that the creep strain rate is faster in the first
stage. -e new microcracks decreases in the second and the
third stages because the temperature is stable and the in-
fluence of preexisting is reduced. -erefore, the creep strain
rates are small in the second and the third stages. -e creep
strain rate increases in the fourth stage; this is because the
load in the fourth stage has reached the long-term strength
of the shale-like material, and then the acceleration creep
phase occurs.

-e fitting curve of the shale-like material under dif-
ferent confining pressures at 60°C is shown in Figure 12. We
can find that the tendency of the fitting curve at 60°C is
similar to that at 20°C; that is, the average creep strain rate
increases with confining pressure in an exponential way
(correlation coefficient R2 � 0.951). However, the steady-
state creep rate at 60°C is bigger than that at 20°C under a
constant confining pressure, which can be attributed to the
increasing temperature that produced more microcracks.
-e closure of preexisting fissure is incomplete at confining
pressure of 1MPa, whereas it is complete at 7MPa, which is
similar to the result from Section 3.2.

3.4. Creep Mechanism Analysis Based on SEM. In order to
explain how the temperature and confining pressure in-
fluence the process of creep, SEM (scanning electron mi-
croscope) was used to observe the fracture surface of the
specimen, and four representative pictures are shown in
Figure 13.

(1) -e influence of temperature: By comparing the
Figures 13(a) and 13(b), there were more micro-
cracks in the specimen as the temperature increased.
We found from the results of SEM that elevated
temperature resulted in the initiation and propa-
gation of microcracks, and the higher the temper-
ature was, the more and larger the microcracks were.
-e reason of the initiation of microcracks was the
separation of sand (aggregate) and cement
(cementing agent). -e expansion factor of each
component was different, which resulted in the
different expansion degree of different components.
And, the maldistribution of the component resulted
in the difference of expansion degree at different
parts of the specimen. -e separation occurred with
elevated temperature, and then new microcracks
generated. So we found that the creep rate increased
with temperature in our experiments.

(2) -e influence of confining pressure: By comparing
Figures 13(a) and 13(c), the pores and microcracks
reduced due to the influence of confining pressure,
which resulted in the compaction of the inner space.
Inner (see in Figure 13(c)) and the surface (see in
Figure 10) cracks of the specimen decreased sig-
nificantly with the influence of confining pressure.
-e failure mode of the specimen had been trans-
formed from brittle failure to plastic failure with the
effect of confining pressure, which resulted in the
creep rate accelerated at the same loading grade.

(3) -e combined influence of temperature and con-
fining pressure: By comparing Figures 13(a)–13(d),
compared with the microcracks in Figure 13(a), the
microcracks were less and smaller in size in

Table 5: Creep strain rate of each stage at different confining
pressures.
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First stage Second stage -ird stage Fourth stage
0 0.27 0.24 0.26 0.29
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3 0.38 0.31 0.35 0.95
5 0.42 0.35 0.45 0.89
7 0.48 0.50 1.21 —
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Figure 13(d).-is was because the separation of sand
and the cement was restricted by confining pressure,
so the initiation and propagation of microcracks
reduced. -e initiation and propagation of micro-
cracks were influenced simultaneously by tempera-
ture and confining pressure when both of them
applied to the specimen. -e initiation and propa-
gation of microcracks would be restricted by con-
fining pressure, whereas they would be promoted by
temperature, but the influence of confining pressure
was more significant than that of temperature. So the
temperature had little influence on creep when both
confining pressure and temperature applied to the
specimen.

(4) Influence of preexisting fissure: -e axial de-
formation increased due to the closure of fissure.
And, the cracks on the surface appeared from the tips
of the preexisting fissure, which was due to the stress
concentration on the tip. -e cracks around the tips
increased with elevated temperature, which is be-
cause the stress concentration was enhanced by
temperature. However, the cracks around the tips
decreased with confining pressure, which is because
the initiation and propagation of microcracks were
restricted and stress concentration was weakened.
And, the closure of preexisting fissure would pro-
mote the creep rate distinctly in uniaxial creep test
but indistinctly in triaxial creep test.

4. Conclusions

Creep experiments were carried out on shale-like material
with preexisting fissure under different temperatures and
confining pressures, and we investigated the influence of
preexisting fissure, temperature, and confining pressure on
creep characteristics of shale-like material. -e main con-
clusions were summarized as follows:

(1) In uniaxial creep experiments, we found the influ-
ence of temperature on the creep characteristics is
based on the generation and propagation of
microcracks due to elevated temperature. Elevated
temperature promoted the generation of micro-
cracks inside the specimen. -e creep strain rate
increased with temperature; moreover, the genera-
tion and propagation of microcrack were pro-
nounced at 60°C and least at 20∼50°C.

(2) In triaxial creep experiments (20°C), we found that
the creep strain rate of shale-like material increased
with confining pressure under a certain loading
grade. -e confining pressure of 1MPa had little
influence on the creep strain rate, whereas the creep
strain rate increased with confining pressure at
3∼7MPa. -e failure mode transformed from brittle
failure to plastic failure at confining pressure of
7MPa and the steady-state creep rates increased with
confining pressure at certain loading grade.

(a)

Microcracks

(b)

(c)

Microcracks

(d)

Figure 13: SEM results of cracks surface of shale-like material after creep experiments. (a) Room temperature, confining pressure 0MPa.
(b) Temperature 60°C, confining pressure 0MPa. (c) Room temperature, confining pressure 7MPa. (d) Temperature 60°C, confining
pressure 7MPa.
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(3) Triaxial creep experiments were carried out on shale-
like material at different confining pressures and at
the same temperature (60°C). Compared with the
results from uniaxial creep experiments and triaxial
creep experiments at 20°C, we found the results at
60°C were different from the results from those two
experiments; it was less significant that steady-state
creep rates increased with temperature under the
coupling influence of temperature and confining
pressure. -e generation of microcrack was con-
spicuous in the first stage and unconspicuous in the
rest of the stages.

(4) -e main influence of preexisting fissure on creep
characteristics reflected in the increase of the creep
strain rate, where the creep strain rate would be
accelerated when preexisting fissure closed. -is
phenomenon occurred in the first creep stage of
uniaxial creep experiments and in the fourth stage of
triaxial experiments at confining pressure. -e clo-
sure of preexisting fissure is incomplete at lower
confining pressure but complete at higher confining
pressure.

(5) -e fitting curves of the steady-state creep rate with
temperature and confining pressure were obtained,
the steady-state creep rate increased in a power
function way with temperature and increased ex-
ponentially with confining pressure at both 20°C and
60°C, and the correlation coefficients (R-square)
were 0.996, 0.994, and 951, respectively. -e effect of
temperature on the steady-state creep rate was slight
in axial creep experiment, whereas it was powerful in
triaxial creep experiments.
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