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In order to explore the creep characteristics of thermal insulation shotcrete under the action of temperature and humidity
circulation, a series of uniaxial compression creep tests were carried out with different cycles of temperature and humidity and
hierarchical loading conditions. *e test results show that the axial creep deformation and creep strain of the thermal insulation
shotcrete specimens increase with the increase of the number of drying and wetting cycles under normal temperature water bath
condition. After 28 cycles, the deformation value becomes larger obviously, and the creep strain increases greatly in the precycle
period. *e thermal insulation shotcrete axial steady-state creep rate increases nonlinearly with the increase of the number of
drying and wetting cycles under different stress levels. When the number of adjacent cycles is 0–3, the average increase is larger,
and the axial steady-state creep rate of thermal insulation shotcrete for 28 cycles increases with the increase of water bath
temperature. *e instantaneous deformation modulus of thermal insulation shotcrete decreases logarithmically with the increase
of the number of drying and wetting cycles, and the total deterioration degree of the average instantaneous deformation modulus
increases gradually, but the deterioration degree between adjacent cycles decreases successively. *e thermal insulation shotcrete
specimens with 3 cycles of fracture were mainly stretched, and with the increase of the water bath temperature, the specimen was
damaged by shear failure. When the water bath temperature is 40°C, the fracture degree of the specimen increases first and then
decreases with the increase of the number of cycles.

1. Introduction

Nowadays, some practical projects often face high-tem-
perature damage problems [1, 2], such as the environment in
which certain roadways are located in the process of coal
mining. Solving the temperature problems encountered in
the project is of practical significance to improving the
project environment. Zhang and Xiao-Qiang [3] used in-
organic sprayed concrete materials as the insulation layer
and developed high-performance heat-insulating light-
weight aggregate sprayed concrete that can be applied in
different rock temperature environments. Yao and Pang [4]
selected a variety of thermal insulation materials, and a new
type of thermal insulation concrete was obtained through a

cross test, which found a good thermal insulation effect that
its thermal conductivity was only 1/8 of that of ordinary
concrete, At present, there have been more and more re-
search studies on insulated shotcrete (HS), and exploring the
relevant characteristics of HS has certain theoretical value. In
some roadway excavation projects, HS as the sprayed layer of
the roadway will change the moisture content of the sur-
rounding rock due to various effects [5–8] and the changes
of temperature stress [9], and the ventilation situation in the
roadway may cause the insulated sprayed concrete to be at
the state of alternation of wetting and drying; in the indoor
test, dry and water bath alternate treatments are performed
on the sample to simulate the dry-wet cycles process. Re-
garding the dry-wet cycles of concrete, domestic and foreign
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scholars have conducted a lot of research studies in recent
years. Zhao Gao-wen et al. [10] found that the underground
cast-in-situ concrete structure often suffers from multiple
ion dry and wet alternate compound erosion.*e indoor test
conditions are used to simulate the compound erosion
process of underground cast-in-place concrete structures in
actual projects. *e size, quality, and compressive strength
changes of the specimens and the distribution of sulfate at
different depths weremeasured. Li Bei-xing et al. [11] carried
out the semi-immersion dry-wet cycles test of three kinds of
concrete with large amount of mineral admixture in sodium
sulfate solution, which studied the chemical corrosion
damage mechanism of concrete and the role of mineral
admixture in it. Chen Wei-Kang and Liu [12] systematically
studied the coupling transmission process of moisture and
polyions in concrete under alternating wet and dry condi-
tions. Zhang and Sun [13] used drying and wetting cycles
and full immersion methods to carry out Cl−1 permeation
comparison tests, which found that the dry-wet cycles ac-
celerate the migration of Cl−1 into the concrete. Yao et al.
[14] studied the influence of the chloride dry-wet cycles on
the average shear strength and slip at the interface between
fiber braid-mesh reinforced concrete (TRC) and existing
concrete through double-sided shear test. *e test results
show that with the increase of the number of chloride salt
drying and wetting cycles, the interface performance be-
tween TRC and existing concrete decreases. Xue-Qiang et al.
[15] explored the effect of drying and wetting cycles on the
resistance of concrete to chloride ion penetration. It was
found that the effect of dry-wet cycles roughened the surface
pore structure of concrete specimens, increased the pore
content of pore diameters >50 nm, and significantly in-
creased the free and total chloride ion concentration. Jiang
and Di-Tao [16] obtained the full stress-strain curve equa-
tion under uniaxial compression through the action of
concrete sulfate erosion and dry-wet cycles and found a
method to determine the damage layer concrete stress-strain
equation. Chen et al. [17] used NMR technology to collect T2
spectrum and porosity under different wetting and drying
cycles, analyzed the pore development and porosity change
under wetting and drying cycles tests, and obtained the
damage rule of recycled concrete under wetting and drying
cycles environment. Yue et al. [18] studied the porosity,
ultrasonic sound velocity, and compressive strength of
concrete specimens with different numbers of drying and
wetting cycles. Jiang Shao-fei et al. [19] carried out the
corrosion degradation test of concrete’s elastic modulus,
compressive strength, and CFRP-concrete shear specimen
interface bond performance under different dry-wet cycles.
Qiang et al. [20] presented the physical and mechanical
characteristics of AAS mortars (i.e., visual appearance,
compressive/flexural strength, mass change, capillary po-
rosity, and water sorptivity), as well as mineralogical and
chemical parameters were determined using XRD, FTIR,
DSC, and BSE. Findings were compared to Portland cement
(PC) and high sulfate resistant (HSR) samples. Guo et al. [21]
*e results show that with the prolongation of the dry-wet
cycles, the deterioration degree of concrete increases first
and then decreases. *e microstructure analysis shows that

the corrosion depth of sulfate erosion increases with the
increase of dry-wet cycles. Dehestani et al.’ [22] experimental
study found that as the number of wet and dry cycles in-
creases, the tensile and shear fracture toughness of concrete
decreases. Daqing et al. [23] studied the relationship between
compressive strength and splitting strength of recycled
concrete under the action of dry-wet cycles. Cao et al.’ [24]
experimental results show that compared with the condi-
tions of long-term immersion in water, the wetting and
drying cycles will significantly increase the creep defor-
mation of the axial compressive fly ash concrete members,
mainly in the early four dry-wet cycles.

*ere are many studies on the relevant properties of
concrete under different dry-wet cycles. Many scholars have
mainly studied the compressive, tensile strength, and anti-
permeability properties of samples under different dry-wet
cycles. However, concrete is often subjected to the long-term
effect of external stress in some projects, so the study of the
creep characteristics of concrete samples after different dry-
wet cycles has practical significance for the long-term
strength evaluation of concrete in some projects. Further-
more, due to the increase in temperature of some projects
[25], the study of the changes in the creep mechanical
properties of concrete samples after different water bath
temperature treatments and different dry-wet cycles has
provided the theoretical reference value for concrete engi-
neering to a certain extent.

In order to better study the creep characteristics of
concrete under different water bath temperatures and dif-
ferent dry-wet cycles, this study takes HS as the research
object and uses the RDL-200 electronic creep relaxation
tester to test samples after different water bath temperatures
and dry-wet cycles. *e uniaxial compression creep test was
carried out to study the influence of different dry-wet cycles
and different water bath temperatures on the relative creep
mechanical properties of HS and revealed the mechanism of
the impact of different dry-wet cycles and water bath
temperatures on HS.

2. TheDesign of theTemperature andHumidity
Cycles Test

2.1. Test Instrument. In this test, the water bath process of
specimens should be carried out in the digital constant
temperature circulating water tank HH-420, and the tem-
perature control range is room temperature to 100°C, as
shown in Figure 1(a); the drying process should be carried
out in the DHG constant temperature drying oven, and the
temperature control range is 10–300°C, as shown in
Figure 1(b). *e creep test should use the RDL-200 elec-
tronic creep relaxation tester, the test force measurement
error is not more than ±0.5% of the indicated value, and the
deformation measurement range is 0–10mm.*e resolution
is 0.001mm, as shown in Figure 1(c).

2.2. Mixture Ratio Design. *e raw materials for the test are
selected as follows according to the specification [26]: the
sand is fine sand, the stone is Huainan melon seed slices
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stone of 5–10mm, and cement is P·O42.5 ordinary Portland
cement produced in Bagongshan, Huainan, the fly ash is
grade I fly ash, and the mixing water is tap water. *e
optimum mix proportion is calculated according to grey
correlation degree from the previous 9 groups of specimens,
as given in Table 1.

2.3. Specimen Making. According to the specification [27],
the test should use the mold with the size of φ
50mm ∗ 100mm, then put the mode into the saturated
Ca(OH)2 solution for curing for 28 days, and then take it out
and grind the rough end face, as shown in Figure 2.

2.4. Test Scheme. *e thermal insulation shotcrete specimen
was dried in the drying box for 8 h, took out and cooled for
30min, and then put into the constant temperature water
bath box for water bath for 16 h, which was a dry-wet cycle.
*e temperature of the first drying of the specimen should be
105°C, and the later drying temperature should be 60°C. *e
so-called temperature and humidity cycles are the process of
specimen cycling in different water bath temperatures. *e
specimens were divided into four groups and placed in four
different water bath temperatures of room temperature,
40°C, 60°C, and 80°C for circulation. Each group of 12 blocks
underwent 3, 7, 14, and 28 times of dry-wet cycles, re-
spectively. After the end of the cycle, prevent contact with
air, seal, and store for the next step of the test. *e specific
steps are shown in Figure 3. *e creep test is carried out by
step loading, and the creep loading value is determined by
the average value of uniaxial compressive strength after the
specimen reaches the curing age. Taking 40% of the com-
pressive strength as the initial stress value, the step loading is
divided into five stages. *e stress increment of each stage is
2.598MPa, the stress duration of each stage is 12 h, the data
acquisition interval is 5 s during loading, and the acquisition
interval for stress holding is 10min.*e specific axial graded
stress is given in Table 2, *e specific test scheme is given in
Table 3.

3. The Results and Analysis of the Creep Test

*anks to the internal heterogeneity of concrete specimens,
and the grading stress value is determined according to the

average value of compressive strength of several specimens;
so when the axial graded stress exceeds the compressive
strength of the specimen itself, the specimen will experience
creep failure, and its deformation will change greatly when
compared with the deformation under other stresses.
*erefore, only the influences of the first four stages of
temperature and humidity cycles on the axial strain, axial
creep strain, steady creep rate, and instantaneous defor-
mation modulus of thermal insulation concrete are studied.

3.1. Analysis of Creep Characteristics of Specimens under
Different Dry-Wet Cycles. *e creep curve of HS specimen
with different drying and wetting cycles under normal
temperature water bath is shown in Figure 4.

3.1.1. Creep Curve Analysis of Samples with Different Dry-Wet
Cycles. *e results show that the axial strain of thermal
insulation shotcrete specimen increases with the increase of
loading stages. *e instantaneous deformation occurs at the
moment of stress loading, and creep occurs when the stress
is constant. *e slope of early creep curve gradually de-
creases with time, showing deceleration creep, and then, the
slope of curve basically tends to be a constant value, showing
steady-state creep. As shown in Figure 4, the instantaneous
deformation and creep deformation of thermal insulation
shotcrete specimen increase with the increasing times of the
dry and wet cycles, and the deformation values after cycling
for 28 times increase obviously.

3.1.2. Effect of Dry-Wet Cycles on Axial Creep Strain of
Specimens. *e change of axial creep strain of thermal
insulation shotcrete under different stress levels and cycle
times is shown in Figure 5. It can be seen from the figure that
the axial creep strain changing rule of thermal insulation
shotcrete is basically the same under different stress levels,
and the axial creep strain increases with the increasing times
of the drying and wetting cycles. *e results show that the
axial creep strain is larger under the first-order stress and
high stress level. *e reason is that the compactness of the
concrete itself is poor for manufacture factors; thus, the
inside of the concrete itself exist cracks. *e crack shrinks

(a) (b) (c)

Figure 1: Test apparatus. (a) HH-420 constant temperature circulating water tank. (b) DHG constant temperature drying oven. (c) RDL
series electronic creep relaxation test.
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under the primary stress; thus, the axial creep strain becomes
larger, and the high stress accelerates the shrink of the crack.

In order to make the change of axial creep strain of
thermal insulation shotcrete more specific, the average in-
crement [28] is introduced. *e formula of the average
increment of thermal insulation shotcrete axial creep strain
under adjacent drying and wetting cycles could be expressed
as follows:

Δε �
εn − εm( /εm

n − m
× 100%. (1)

In the formula, εn and εm represent the axial creep strain
after doing n times and m times of thermal insulation
shotcrete drying and wetting cycles, respectively. When n is
3, 7, 14, and 28, the value of M is 0, 3, 7, and 14.

*e average increment table of thermal insulation
shotcrete axial creep strain under adjacent drying and
wetting cycles (Table 4) is given. It can be found that the
average increase of axial creep strain of thermal insulation
shotcrete under 0–3 and 3–7 cycles is significantly higher
than that under 7–14 and 14–28 cycles. *e maximum in-
crease of axial creep strain at 0–3 times is 16.21%, and the
minimum value of 8.26% under 0–3 and 3–7 cycles is much
higher than the maximum value of the average increase

under 7–14 and 14–28 cycles. *is indicates that the axial
creep strain of thermal insulation shotcrete increases greatly
in the early stage of the drying and wetting cycles.

3.1.3. 2e Effect of the Drying and Wetting Cycles on Axial
Steady Creep Rate of 2ermal Insulation Shotcrete for
Sample. *e changing chart of thermal insulation shotcrete
axial steady creep rate under different stress levels in dif-
ferent dry and wet cycles is shown in Figure 6. It can be
found that the changing trend of thermal insulation shot-
crete axial steady-state creep rate under different stress levels
is basically the same as the changing of the times of the
drying and wetting cycles. It is all increases nonlinearly with
the increasing times of the dry and wet cycles, and the axial
steady-state creep strain rate value under the higher stress
level is much higher. *e average increase of thermal
insulation shotcrete axial steady-state creep rate under ad-
jacent drying and wetting cycles is given in Table 5.*e table
provides that the average increase of axial steady-state creep
rate under adjacent drying and wetting cycles is quite dif-
ferent, among which the average increase of 0–3 times is the
largest, and the maximum value is 92.57%, which is far more
than the average increase value of other adjacent cycles. *is
indicates that the axial steady creep rate of thermal insu-
lation shotcrete increases greatly at 0–3 times of adjacent
cycles.

3.1.4. Effect of Dry-Wet Cycles on Instantaneous Deformation
Modulus of Samples. *e ratio of each step stress to its
corresponding instantaneous strain is defined as the in-
stantaneous deformation modulus of thermal insulation
shotcrete, E0. Taking the number of drying and wetting
cycles, n as the abscissa and the instantaneous deformation
modulus under each cycle number as the ordinate, the
scatter distribution diagram of instantaneous deformation
modulus under different stress levels after drying and
wetting cycles for 0, 3, 7, 14, and 28 times was drawn. After
fitting it with the logarithmic function, the fitting results are

Table 1: Mixture ratio of specimen (kg/m3).

Ceramsite Taunsa Basalt fiber Plant fiber Vitrified microsphere Sand Gravel Cement Fly ash Water-reducing agent Water
58.142 66.448 5.26 0.4 9 764.152 772.458 427.5 47.5 3.8 213.8

Figure 2: Concrete specimen.

Sample Drying

Different Temperature 
Water Bath

Cool Down

Get Samples

Different Times of
Wet and Dry Cycles

Figure 3: Sample preparation step diagram.

4 Advances in Civil Engineering



shown in Figure 7. As shown in the figure, the instantaneous
deformation modulus of thermal insulation shotcrete de-
creases nonlinearly with the increasing times of the drying
and wetting cycles. What is more, the instantaneous de-
formation modulus of thermal insulation shotcrete E0 at
different stress levels has the following relationship with the
times of drying and wetting cycles, n:

E0 � 6.31 − 0.86 ln n R
2

� 0.95 . (2)

*e instantaneous elastic modulus of thermal insu-
lation shotcrete at different stress levels fluctuates in a
certain range under the same cycle times. *erefore, the
average value of instantaneous elastic modulus under four
stress levels was taken as the research object to explore the
variation of instantaneous elastic modulus of thermal
insulation shotcrete under different wetting and drying
cycles. According to the research of Deng [29], define the
decreases of degree of the average instantaneous defor-
mation modulus of thermal insulation shotcrete after
different drying and wetting cycles as degradation degree
and define the average decrease degree of thermal insu-
lation shotcrete average instantaneous deformation mod-
ulus as the stage degradation degree Δs. *us, the
relationship of total degradation degree Sn and stage de-
terioration degree Δs can be expressed as follows:

Sn �
E00—E0n

E00
× 100%, (3)

ΔS �
Sn − Sm

n − m
. (4)

In the formula, E00 is the average value of the instan-
taneous deformation modulus of the sample when the dry-
wet cycles is 0 times, and E0n is the average value of the

Table 2: Axial graded stress.

Loading series
Axial graded stress (MPa)

0 3 7 14 28
1 6.926 6.926 6.926 6.926 6.926
2 9.524 9.524 9.524 9.524 9.524
3 12.121 12.121 12.121 12.121 12.121
4 14.719 14.719 14.719 14.719 14.719
5 17.316 17.316 17.316 17.316 17.316

Table 3: Specific test plan.

Times
T (°C)

25 40 60 80

3
A11/7-24
A12/7-26
A13/7-4

7
A21/7-10
A22/8-4
A23/8-2

14
A31/8-12
A32/8-3
A33/8-29

28
A41/7-18 B41/8-1 C41/8-7 D41/8-8
A42/8-17 B42/8-19 C42/8-30 D42/8-16
A43/8-26 B43/8-20 C43/8-24 D43/8-5

0 12 24 36 48
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Figure 4: Uniaxial compression creep curve of different dry-wet
cycles.
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Figure 5: Axial creep strain of thermal insulation shotcrete under
different drying and wetting cycles.
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instantaneous deformation modulus of the sample during N
dry-wet cycles. When n is 3, 7, 14, and 28,M is 0, 3, 7, and 14.

According to the calculation results of equations (3) and
(4), the total deterioration degree Sn and the stage deteri-
oration degree Δs of thermal insulation shotcrete average
instantaneous deformation modulus under different drying
and wetting cycles are planted (Figure 8). As shown in
Figure 8, with the increasing times of the drying and wetting
cycles, the total deterioration degree of average instantaneous
deformation modulus gradually increases, and their value are
44.81%, 51.24%, 57.33%, and 65.05% (from small to large). But
the stage deterioration degree between 0, 3, 7, 14, and 28
adjacent cycle times decreases in turn, of which the deterio-
ration degree of 0–3 times is the largest, reaching 14.94%,
which is far greater than that of other adjacent cycle times.*is
indicates that the deterioration of thermal insulation shotcrete
is gradual processing during the drying and wetting cycles.
What is more, during the process of drying and reabsorbing
water at the early stage of the cycle, there is a large concen-
tration gradient difference between the surface and the interior
of the thermal insulation shotcrete specimen, which makes the
deterioration degree obvious relatively.

3.2.CreepCharacteristics of SpecimensatDifferentWaterBath
Temperatures. When the step stress is 14.719MPa, the table of
the axial steady-state creep rate of thermal insulation shotcrete
at different water bath temperatures after experiencing drying

andwetting for 28 times can be drawn as follows (Table 6). As it
given in the table, the axial steady-state creep rate of thermal
insulation shotcrete increases with the increase of water bath
temperature, indicating that the drying and wetting cycles at
higher water bath temperature will enhance the axial steady-
state creep rate of thermal insulation shotcrete.

*e logarithmic lnK is taken from the axial steady-state
creep rate K of thermal insulation shotcrete under different
water bath temperatures, and logarithmic lnk has a linear
relationship with the reciprocal 1/Tof the absolute temperature
T, which can be analogically written as Arrhenius formula:

K � A1 exp −
QC

RT
 , (5)

where K is the axial steady-state creep rate of specimen; A1 is
the material structure coefficient related to stress, and unit is
consistent with K; R is the molar gas constant, which is
8.314 J/(mol·K); QC is the creep activation energy, unit: J/
mol; T is the absolute temperature, unit: K.

In the formula (5), the creep activation energy represents
the energy required for a unit amount of material to creep
initially. If the creep activation energy of the material is
larger, it means that creep needs more energy; thus, it is
difficult to produce creep under the same conditions.
*erefore, the creep activation energy can be used to
measure the deformation properties of materials.

If the logarithms of both sides of equation (5) are taken at
the same time, then

ln K � ln A1 −
QC

RT
. (6)

Fitting (Figure 9) according to the correlation value of
formula (6) is given in Table 7.

*e structural coefficient A1 under the stress of
14.719MPa was obtained by calculation. *e creep activa-
tion energy QC obtained by fitting was 3.658 kJ/mol, and the
correlation coefficient was 0.9744. As shown in Figure 9, the
fitting results are good.

Table 4: Average increment of thermal insulation shotcrete axial creep strain under adjacent drying and wetting cycles.

Stress level (MPa)
Average increment of axial creep strain (%)

0–3 3–7 7–14 14–28
6.926 8.26 10.46 0.75 1.53
9.524 8.92 14.52 3.70 1.12
12.121 16.21 6.71 0.87 1.16
14.719 9.61 9.18 2.65 0.15

6.926 MPa
9.524 MPa

12.121 MPa
14.719 MPa
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Figure 6: Axial steady creep rate of thermal insulation shotcrete
under different drying and wetting cycles.

Table 5: Average increase of thermal insulation shotcrete axial
steady creep rate under adjacent drying and wetting cycles times.

Stress level (MPa)
Average increase of axial steady creep

rate (%)
0–3 3–7 7–14 14–28

6.926 92.57 1.71 1.21 1.38
9.524 5.81 11.26 1.02 1.23
12.121 19.26 0.21 1.91 0.75
14.719 5.30 0.80 1.52 0.58
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4. Failure Mode

*e uniaxial creep failure pattern of specimens under the
action of temperature and humidity cycles is shown in
Figures 10 and 11. Figure 10 shows the failure pattern of
specimens under the different water bath temperatures, and

Figure 11 shows the failure pattern of specimens under
different cycles times under the same water bath
temperature.

Under uniaxial conditions, the fracture of the specimen
is mainly based on tensile. As shown in Figure 10, the
fracture degree of the specimen decreases gradually. Under
the action of low water bath temperature, the fracture of the
specimen and the peripheral spalling part is more obvious.
*e main reason is that the internal matrix of the specimen
may change under the action of temperature, and the
fracture degree is getting lower and lower due to the closer
connection of the matrix. What is more, with the increase of
water bath temperature, shear failure appears. It can be seen
from Figure 11 that when the water bath temperature is
40°C, the fragmentation degree of the specimen first in-
creases and then decreases with the increasing times of
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Figure 7: Fitting curves of thermal insulation shotcrete instantaneous deformation modulus under the drying and wetting cycles.
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Figure 8: Total degradation degree and stage deterioration degree
of average instantaneous deformation modulus under different
drying and wetting cycles.

Table 6: Axial steady-state creep rate at different water bath
temperatures.

Stress
(MPa)

Axial steady creep rate at different water bath
temperatures (10−6/h)

Normal atmospheric
temperature 40°C 60°C 80°C

14.719 10.629 11.472 12.715 13.289

0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034
-11.6

-11.5

-11.4

-11.3

-11.2

-11.1

lnK
Curve fitting

ln
K

1 (T)

Figure 9: Fitting diagram of creep affected by water bath
temperature.
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cycles, among which the specimen with cycling for 3 and 7
times has a greater crushing degree, while the crushing degree
of the specimen with cycling for 28 times is small, but some

parts of specimen are spalling. It is analyzed that this is caused
by the dispersion and condensation of sample components
under the action of the drying and wetting cycles.

Table 7: Calculation table of creep fitting equation influenced by water bath temperature.

Stress
(MPa) Temperature (°C) Reciprocal of absolute

temperature (1/K)
Axial steady-state

creep rate K (10−6/h) LnK Fitting A1
(10−11/h)

QC (kJ/
mol)

14.72

Normal atmospheric
temperature 0.003354 10.6294 −11.452

y� −439.97x− 9.97 4.68 3.65840 0.003193 11.4717 −11.376
60 0.003002 12.7148 −11.273
80 0.002832 13.2894 −11.229

(a) (b) (c) (d)

Figure 10: Failure pattern of specimens under the different water bath temperatures (drying and wetting cycles, 3 times). (a) Normal
atmospheric temperature. (b) 40°C. (c) 60°C. (d) 80°C.

(a) (b) (c) (d)

Figure 11: Failure pattern of specimens under different cycle times (40°C). (a) *ree times. (b) Seven times. (c) 14 times. (d) 28 times.
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5. Conclusion

(1) Under normal temperature water bath, the creep
deformation and axial creep strain of thermal
insulation shotcrete specimens increase with the
increasing times of the drying and wetting cycles, the
deformation values after cycling for 28 times increase
obviously, and the axial creep strain increases greatly
at the early stage of cycle times.

(2) *e results show that the axial steady creep rate of
thermal insulation shotcrete increases nonlinearly
with the increase of the drying and wetting cycles
under different stress levels, and the value of axial
steady creep strain rate is larger at the higher stress
level, among which the average increase of 0–3 times
is the largest, and the maximum value is 92.57%.*e
axial steady-state creep rate of thermal insulation
shotcrete increases with the increase of water bath
temperature after doing the drying and wetting
cycles for 28 times, which indicates that the drying
and wetting cycles will increase the axial steady-state
creep rate of thermal insulation shotcrete under
higher water bath temperature.

(3) *e results show that the instantaneous deformation
modulus of thermal insulation shotcrete decreases
logarithmically with the increasing times of the
drying and wetting cycles. *e total degradation
degree of average instantaneous deformation mod-
ulus increases gradually, but the stage deterioration
degree between adjacent cycles decreases in turn.

(4) *e fracture of thermal insulation shotcrete speci-
men in 3 cycles is mainly based on tensile, and shear
failure occurs with the increase of immersion tem-
perature. When the water bath temperature is 40°C,
the fragmentation degree of the specimen first in-
creases and then decreases with the increasing times
of the cycles.

Data Availability

*e data used to support the findings of this study are
available from the corresponding author upon request.
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