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Creep generally showed a great impact on the temperature stress of concrete structure. At present, little research has been done on
the creep law of cemented sand and gravel (CSG), and the calculation of creep temperature stress mainly adopts a set of relevant
parameters. In this context, experimental compressive creep tests were carried out on the specimens of large-sized cylinders with
different cementing agent contents; the creep temperature stress of CSG was also calculated. .e results showed that the creep of
CSG increased with the increase of cementing agent content, but the specific creep was not obvious. In addition, the creep model
of CSG with high accuracy was also obtained, which could provide a basis for the numerical simulation of CSG dam. Furthermore,
the results of numerical simulation showed that creep has a great influence on the stress of CSG dam, and the thermal stress energy
was less than 37%. At the same time, it was necessary to determine whether temperature control should be considered according to
different cementing agent content and external climate conditions, which cannot be generalized.

1. Introduction

Cemented sand and gravel (CSG) dam is a new type of
dam developed on the basis of faced rockfill dam and
roller compacted concrete (RCC) dam [1]. CSG mainly
consists of sand and gravel, which was typically obtained
from the construction site without screening and
washing; besides, a small amount of cementitious ma-
terials (cement, fly ash, etc.) and water is mixed in CSG
[2]. After simple mixing, subsequent spreading, and
rolling, the materials with certain strength and shear
resistance are formed. .e cementing agent content of
this dam is between rockfill material and RCC, generally
in the range of 0–140 kg/m3 [3]. CSG dam showed the
advantages of convenience and fast construction, being
economical, eco-friendly availability, simple temperature
control, and good seismic performance [4]. .erefore,
CSG dams were widely used in various infrastructures,

including embankments, reinforcements of small rural
hydropower structures, and dam construction. Currently,
more than 50 CSG dams or cofferdams have been con-
structed worldwide [5].

For CSG, more and more attention has been paid to the
study of material properties and structural characteristics. Jia
et al. [6], Lohani et al. [7], and others have carried out a series
of strength tests of CSG. Kongsukprasert and Tatsuoka [8], Cai
et al. [9], and Yang et al. [10] developed several constitutive
models of different types of CSG based on the results of large
triaxial tests. .ese relevant researches provide the reference
basis for the following projects and deepen the understanding
of the characteristics of CSG dams, but the studies on tem-
perature control of CSG dam are still rare. With the devel-
opment of CSG dam construction to medium and high dams,
the high casting speed results in the considerable temperature
stress, while the permissible tensile strength of CSG dam is low
and still faces the risk of cracking..erefore, in-depth research
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on the temperature control and crack prevention of CSG dam
is necessary.

In the calculation of temperature stress, the temperature
stress with creep considered can be reduced by 34–44%
compared with that without creep [11]. .erefore, the study
of creep characteristics of CSG was an important part of its
temperature control research. At present, a lot of researches
on creep characteristics of concrete and other materials have
been carried out. Bazant et al. [12, 13] introduced a new
model of concrete creep and shrinkage characteristics in
concrete structure design. Compared with the previous
models, this model is more concise and has good agreement
with the experimental data. For different temperature stress
testing machines (TSTM), the testing process of cracking
age, the stiffness development, and stress relaxation caused
by creep are quite different. Staquet et al. [14] and Delsaute
et al. [15, 16] summarized the development and short-
comings of TSTM and developed a new test system and test
procedures to study the sensitivity to cracking of concretes.
Wu and Luna [17] proposed a three-dimensional finite el-
ement program to calculate the temperature stress consid-
ering multiple factors, which simulated the construction
process of mass. Abdulrazeg et al. [18] studied the effects of
temperature on the elastic and creep properties of roller
compacted concrete..e results show that in the initial stage
the growth of elastic modulus is accelerated, and the stress is
increased because of the high hydration temperature. .e
maximum principal stress increased by 40% in the initial
stage. Under the same test conditions, He et al. [19] con-
ducted compression creep and shrinkage tests on rock-filled
concrete (RFC) and self-compacting concrete (SCC) spec-
imens with different loading ages. .e results show that
loading time has little effect on creep strain. Both creep
strain and shrinkage strain of RFC are smaller than SCC.
Delsaute and Staquet [20] studied the effect of the substi-
tution of natural coarse gravel and sand by recycled gravel
and sand on the early age development of the volume change
and the mechanical properties. It is concluded that the basic
creep phenomenon increases obviously in the early stage
when using recycled aggregate. .e results can provide
reference for the subsequent research of recycled gravel and
sand. In the field of CSG, Guo et al. [21, 22] established a
reasonable creep model of CSG from macro and micro
angles through experiments and verified the accuracy of this
model. Feng [23] experimentally studied the creep prop-
erties of CSG with a cementing agent content of 80 kg/m3,
and the creep properties of the CSG were preliminarily
discussed. Wu et al. [24] simulated the creep temperature
stress of CSG dam using the creep formula of a project, and
the simplified temperature control measure was put forward.

Although some studies have been carried out on the
creep temperature stress of CSG, the relevant parameters
were made just based on the RCC dams or classical formulas.
.is leads to some deviations in the simulation results;
however, there is still no creep model of CSG with time
proposed until now. In view of the above problems, creep
tests of CSG with different cementing agent contents and 28
days of loading age were carried out in this study. .e creep
and specific creep characteristics of CSG were analyzed, and

a creep model suitable for CSG was also constructed.
.rough the finite element simulation, the variation law of
creep temperature stress for CSG dam was analyzed, and
whether temperature control measures should be taken into
account in this dam type was discussed.

2. Experimental Program

2.1. Test Materials and Grouping. Referring to the SL678-
2014 technical guidelines [25] for cemented granular ma-
terial dams, the cementing agent for CSG was the P. C.42.5
ordinary Portland cement with grade I fly ash mixing in a
ratio of 1 :1. Medium coarse sand obtained from the Nanjing
market was used as the fine aggregate. Cobblestones found in
the suburbs of Nanjing were used as the coarse aggregates.
.e sample density was 2360 kg/m3, and the water-binder
ratio was 1.0. .e cumulative particle gradation percentage
diagram is shown in Figure 1.

Creep tests of CSG included four groups of uniaxial
creep tests with the cementing agent content of 40, 60, 80,
and 100 kg/m3. Four specimens were used in each test, two of
which were used as the contrast specimens, and the specific
ratio is shown in Table 1.

In uniaxial compression creep test, strain sensors with
appropriate range and sensitivity were needed. .e deter-
mination of range and sensitivity was generally related to the
material strength and elastic modulus. At present, Zhao [26]
carried out the tests on strength and elastic modulus of CSG.
.e focus of this study was to carry out creep test research, so
the strength and elastic model test will no longer be carried
out. In this study, appropriate strain sensors were selected by
referring to the relevant data obtained by Zhao [26].

2.2. Instrumentation. .e test instruments mainly included
spring compression creep tester with the maximum axial
compression load less than 200 kN, DI-25 Differential Re-
sistance Strain Meter with a distance of 250mm and a range
of − 1000–600 με (negative indicates the compression), QS-5
digital bridge, 50 t hydraulic jack, force sensor with the
maximum range of 50 kN, and steel die with the specification
of Φ 200mm∗ 600mm.

2.3. Test Procedure

2.3.1. Mixing of CSG. Considering the discrete mechanical
properties of CSG, the influence of external factors on the
composition of the specimen was minimized in this study.
All the test specimens of each group were poured to
complete the one-time mixing of CSG. Due to the large
amount of stirring, a medium-sized mixer with a maximum
stirring volume of 0.4m3 was adopted to eliminate the
human interference. Firstly, the coarse aggregate and sand
were weighed according to themix proportion and aggregate
gradation and then evenly stirred, after which the weighed
cement and fly ash were poured and evenly mixed with the
premixed gravel. Finally, the appropriate amount of water
was added in batches andmixed with the abovematerial..e
mixing process can be seen in Figure 2.
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2.3.2. Specimen Preparation. .e creep specimen was a
cylinder with a diameter of 200mm and a height of 600mm.
Considering the low strength and the uneven surface of the
CSG, 40mm high strength cement mortar was poured into
the upper and lower parts of the cylinder to protect the
specimens and for test requirements..e composition of the
specimens was shown in Figure 3. .e pouring of CSG used
vibrating rod for vibration and compaction; the CSG was
divided into four layers and the thickness of each layer was
13 cm. During the creep test, the embedded specimens
should be kept in the center of the specimens and be per-
pendicular to the top and bottom of the specimens. To meet
this requirement, RCC creep specimens were selected to
insert a rod at the location of the embedded strain gauge and
then be compacted; the rod was slightly larger than the strain
gauge. Finally, the rod was pulled out and the strain gauge
was buried. .e burial selection of strain gauge should be
consistent with the RCC concrete due to the low cementing
agent content of CSG. .e strain meter consists of three
main parts: the sensor, the sealing shell, and the lead cable, as
shown in Figure 4.

.e digital bridge is a kind of receiver specially designed
for measuring and reading unbonded elastic wire resistance
type strain meter, as shown in Figure 5. Firstly, a calibrated
and qualified strain gauge was used in the test, and a bridge
was used to measure the resistance value R and the resistance
ratio variation Z in real time. Finally, the deformation of the
specimen was calculated according to the recommended
formula in the test code for hydraulic concrete [27]. .e
pouring process was shown in Figure 6. After 2-3 days of
pouring, the die could be removed and the specimen side
showed a honeycomb structure, as shown in Figure 7.

2.3.3. Surface Treatment and Maintenance of Specimens.
Generally, the creep of CSG was affected not only by load but
also by ambient temperature and humidity. In order to study
the effect of load on the creep of CSG, other influencing
factors should be excluded. .e specific operation methods
were shown as follows. Firstly, the surface of specimen was
coated with the asphalt paint, as shown in Figure 8. .en the
melted paraffin and rosin (ratio at 3 :1) mixture with a
certain thickness was coated after the surface asphalt paint
was dried, as shown in Figure 9. After the surface treatment,
the specimens were maintained at constant temperature of
20°C for 28 days.

2.3.4. Creep Specimen Loading. According to the specifi-
cation [27], the specimen is first installed on the com-
pression creep meter. .en a disk containing steel balls was
placed at both ends of the specimen to ensure that the
specimen was in the state of axial compression. .e position
and fixing mode of the specimen on the creep tester are
shown in Figure 10.

Next, the preloading was to obtain the elastic modulus of
the cylindrical specimen. Generally, the method of pre-
loading in creep test is to apply the pressure slowly by jack,
and the maximum preloading stress is 0.3 times of the failure
strength of the specimen. Load was measured in real time by
force sensor and dynamic acquisition instrument. Repeated
preloading of 3 times was carried out until the difference
between the two adjacent deformation values was not more
than 0.003mm. Otherwise, the preloading should be con-
tinued until the difference meets the requirements. Finally,
the jack was used to exert the pressure slowly until the load

Table 1: Proportion of cementitious material.

Sequence number Cement (kg/m3) Fly ash (kg/m3) Water (kg/m3) Fine aggregate (kg/m3) Coarse aggregate (kg/m3)
1 50 50 100 540 1620
2 40 40 80 550 1650
3 30 30 60 560 1680
4 20 20 40 570 1710
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Figure 1: Cumulative particle gradation percentage of CSG.
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(a) (b)

(c) (d)

Figure 2: .e mixing process of CSG. (a) Sieve the coarse aggregate. (b) Coarse and fine aggregate mixing. (c) Mix the cement and fly ash.
(d) Add water and mix in three batches.

Figure 4: DI-25 unbonded elastic wire resistance type strain meter.
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Figure 3: Composition of specimens.
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reached 0.3 times of the failure strength of the specimen..e
elastic modulus of the creep specimen and the compressive
strength of the cube specimen measured by the test are

shown in Table 2, compared with the data from [28]; the
results of this experiment are relatively lower. .e main
reason is that sun [28] used river sand, while yellow sand
with high mud content was used in this experiment.

3. Results and Discussion

3.1. Analysis of Test Results. Figures 11 and 12 show the
variations of creep and specific creep over time for the CSG
samples with different cementing agent contents. Specific
creep refers to the creep under the action of unit stress, that
is, the creep value divided by the load of the specimen, which
can be expressed as

C(t, τ) �
εcr(t, τ)

σ
, (1)

where C(t, τ) refers to the creep function in units of 10− 6/
MPa; εcr is the basic creep strain of the loaded specimen and
σ is the uniaxial stress applied on the loaded specimen. As
shown in Figure 8, a certain amount of the short-term creep
with similar properties as in the literature [20, 29] was
observed after loading, and then the creep deformation
occurred. In the early stage of loading, the creep develops
rapidly; then the creep rate gradually decreases and finally
enters into a stable creep stage, in which the creep rate

Figure 5: SQ-5 digital bridge.
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A metal rod as thick
as a strain gauge at

the bottom

Figure 6: Pouring site.

Figure 7: Appearance of specimen.

Figure 8: Asphalt paint on the surface of the specimen.

Figure 9: Brush the mixture of paraffin and rosin.
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Figure 10: Schematic diagram of specimen mounting.
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remains basically unchanged. .e creep development law
of CSG with different cementing agent content is similar,
but as the cementing agent content decreases, its creep
rate enters the slowing stage earlier and then enters the
stable creep stage earlier. With the increase of cementing
agent content, the creep deformation of CSG increased.
.e main reason is that the compressive strength of the
specimen increases with the increase of cementing agent
content, so the load applied in the test also increases

correspondingly. From the point of view of the creep
specimen itself, the main reason could be attributed to
the relative increase of cementing agent between parti-
cles with the increase of cementing agent content, which
makes the interfacial fluidity between particles become
larger, because when the cementing agent content is
100 kg/m3, the load of the compressive specimens rises
greatly, and the creep of the specimens was also larger. A
total of 420 days were counted in this test. Due to the
large dispersion of CSG, there may be some problems in
the casting process of samples with a cementing agent
content of 80 kg/m3. After the loading time reaches 195
days, the sample is damaged and the sensor value is
abnormal.

It can be seen from Figure 12 that the specific creep
curve of CSG with different cementing agent content shows
the same trend of rapid growth in the early stage and
slowdown in the late stage as the creep curve, and the
change rate is basically the same. Furthermore, it shows
that when the cementing agent content increased from
40 kg/m3 to 100 kg/m3, the specific creep value only in-
creased by 9.52×10− 6/MPa. .at is, the average increment
of creep limit is only 3.17×10− 6/MPa for every 20 kg/m3

increase of cementing agent content, and it can be con-
sidered that the creep curve is basically the same. It in-
dicates that the creep effect produced by the unit stress of
CSG was basically the same under low stress. .e reason is
that the interfacial characteristics between the particles are
determined by the cementing agent when the CSG was
simplified as granular material. .e different cementing
agent contents mainly affected the thickness of the inter-
granular bonding layer, while the composition of the ce-
mentitious agent (cement : fly ash : water � 1 :1 : 2) was not
affected. .e creep development law of CSG is mainly
determined by the interface characteristics. .erefore, even
though the amount of cementing agent content was low, its
creep mechanism was similar to that of concrete. .e creep
of concrete is generally not affected by the cementing agent
content; however, the specific creep value of CSG still has a
certain amount of fluctuation. It is mainly due to the low
cementing agent content of CSG and the large discrete type
of material particles, so there is relative displacement be-
tween particles under load.

.e comparison diagram of the specific creep curves of
CSG and Longtan RCC [30] material is shown in Figure 13.
It can be seen from the diagram that the final creep value of
CSG was greater than RCC. .e main reason was due to the
less slurry in CSG, which resulted in the relatively soft CSG.
When external loads were applied on the CSG, its slurry
structure would undergo a fast deformation.

Table 2: Elastic modulus and compressive strength of the test specimens.

Cementing agent content (kg/m3) Elastic modulus (GPa) Compressive strength (MPa)
40 7.72 0.54
60 9.05 1.07
80 9.24/11.21∗ 1.27/2.94∗
100 11.58/13.84∗ 3.16/4.75∗

Note. .e superscript ∗ indicates the values in the sun [28].
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Figure 11: Creep curves of different cementing agent contents.
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3.2. Specific CreepModel. .e temperature stress relaxation
caused by creep deformation of concrete will restrain the
generation and development of cracks, so it is necessary to
take the creep of concrete into account when calculating the
temperature stress. In the calculation of specific temper-
ature stress, the creep formula compliance is substituted
into the program for calculation. Temperature has a certain
influence on the creep of concrete [31, 32] but generally
does not need to be considered in the calculation of
temperature stress of concrete dam [30]. Generally, creep
test is conducted at a constant temperature of 20°C, and the
maximum temperature in the dam is about 30–40°C. Es-
pecially in the CSG dam with low cementing agent content,
the dam body temperature is lower. .erefore, the error
caused by the influence of temperature on creep can be
ignored in the simulation of dam temperature control. .e
specific creep C(t, τ) was related not only to the holding
time (t-τ) but also to the age of concrete under loading τ.
.e smaller the age of concrete under load, the greater the
specific creep of concrete. As introduced in [30], the aging
theory assumes that the creep curve of concrete has the
property of being parallel along the ε axis, as shown in
Figure 14..e above formula shows that if you shift C(t, τ0)
down the ε axis by C(τ, τ0), you get C(t, τ). .at is to say,
the aging theory holds that the creep curve changes in
different loading ages are similar and that the creep cannot
be recovered after unloading. .erefore, in the aging
theory, only one creep curve model formula needs to be
solved, and the rest of the ages can be calculated. .erefore,
this paper focuses on 28-day creep model. .e advantage of
this theory is that the number of test groups can be reduced.
However, the model obtained by experiment has some
minor imperfections.

.ere was many expressions of specific creep, such as
exponential function, composite power exponential func-
tion, and logarithmic function. In the finite element cal-
culation, it was unnecessary to record stress history by using
the characteristics of exponential function. .is not only
saved a big storage capacity but also reduced the compu-
tational workload..erefore, the creep expression expressed
by exponential function generated a wide range of stresses.
In this paper, the theoretical formula of concrete elastic
creep based on superposition principle proposed by Zhu
[30] was used as follows:

C(t, τ) � 
n

i�1
fi + giτ

− pi(  1 − e
− ri(t− τ)

 , (2)

where fi, gi, pi, and ri refer to constants.
Generally, if n takes 2, then formula (3) can be obtained.

Figure 15 shows that the fitting result was good and the
correlation coefficient reached 0.997, which showed that the
creep formula of concrete was also suitable for CSG. .e
fitting formula was shown as (4).

C(t, τ) � f1 + g1τ
− p1(  1 − e

− r1(t− τ)
 

+ f2 + g2τ
− p2(  1 − e

− r2(t− τ)
 ,

(3)

C(t, τ) � 35.4 + 49.5τ− 0.8
  1 − e

− 0.09(t− τ)
 

+ 20.1 + 60.5τ− 0.15
  1 − e

− 0.008(t− τ)
 .

(4)

3.3. Creep Temperature Stress of CSG. In this section, Shanxi
Shoukoubao reservoir CSG dam [33] was chosen as com-
putational model. According to whether considering creep,
the temperature stress of CSG dam was analyzed, respec-
tively. .e stress variation rule of CSG dam with different
cementing agent content and different thickness insulation
layer was analyzed to discuss whether the temperature
control measures should be taken.

3.3.1. Engineering Situation. .e total reservoir capacity is
9.8 millionm3, which belongs to the category of a small (1)
reservoir. Its crest elevation is 1243.6m, crest length is
354m, maximum height is 61.6m, crest width is 6m, and
upstream and downstream slopes are 1 : 0.6.

3.3.2. Temperature Data. .e multiyear monthly mean
temperature curve of the dam site adopts the cosine function
expression proposed by Zhu [34]:

T(τ) � Tam + Aa ∗ cos
π
6

(τ − 6.5) , (5)

where T(τ) is the monthly average temperature, τ is the time
(unit: month), Tam is the annual average temperature, and
Aa is the annual variation of temperature.

C (t, τ) C (τ, τ0)

C (t, τ0)

τ0 τ t

ε

Figure 14: Schematic diagram of aging theory.
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Figure 13: Comparison of specific creep of different materials.
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According to the statistics of local meteorological ele-
ments, the annual average temperature in the region is
7.01°C, with the highest temperature in July. .e multiyear
monthly average temperature is listed in Table 3.

Based on the data obtained in Table 4, the multiyear
monthly average temperature curve of the dam site is
expressed as follows:

T(τ) � 7.01 + 15.57∗ cos
π
6

(τ − 6.5) . (6)

3.3.3. Material Parameters. In the calculation, three rela-
tively high cementing agent contents of 100, 120, and 140 kg/
m3 were mainly considered. .e thermal conductivity,
specific heat capacity, and thermal expansion coefficient are
7.375 (kJ/(m·h·°C)), 0.99 (kJ/(kg·°C)), and 0.56×10− 5 (1/°C),
respectively. .e values of other parameters according to
different cementing agent content are shown in Table 4.

3.3.4. Calculation Model. .e dam section with 20 meters
between two transverse joints was selected for analysis. .e
finite element mesh is shown in Figure 16. In this paper, the
key point on the surface of overwintering layer (K1), the
central key point of half elevation of dam body (K2), and the
surface of the strongly constrained region key point (K3)

were selected as the research objects. .e key point diagram
is shown in Figure 17.

3.3.5. Analysis of Temperature Stress. Figures 18 and 19
show the temperature stress time-dependent curves of K1
and K2. It can be seen that the stress at the surface point of
the dam body changes periodically with time..e stress at
the center point of the dam body presents a large tensile
stress at the initial stage of casting due to the large surface
temperature difference. .en, with the pouring of the
upper layer concrete, the stress of the dam center point is
gradually transformed into the compressive stress. Fi-
nally, due to the temperature drop of the dam body, the
stress at the central point is transformed into tensile
stress again. Creep has little influence on the change trend
of temperature stress at key points of CSG dam, but the
peak tensile stress can decrease by about 37% when creep
was taken into account. Creep of CSG can effectively
reduce stress peak, so it can simplify temperature control
measures and bring about good economic benefits.
.erefore, the influence of creep should be taken into
account in the calculation of temperature control and
crack prevention of CSG dam so as to accurately reflect
the magnitude of stress and provide a basis for the re-
search of temperature control and crack prevention.

Figures 20–22 show the creep temperature stress
history curves of K3 with different thickness of insulation
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Figure 15: Specific creep fitting curve of CSG with loading age of 28 days.

Table 3: .e local monthly mean temperature.

Month 1 2 3 4 5 6 7 8 9 10 11 12
Temperature (°C) − 10 − 6.6 0.5 9.2 16.1 20.2 21.6 19.6 14.5 7.8 − 1.1 − 7.6

Table 4: .e thermodynamic and mechanical parameters of CSG dam.

Cementing agent content (kg/m3) Adiabatic temperature rise (°C) Elastic modulus (GPa) Tensile strength (MPa)
100 θ(τ) � 16.84τ/(2.72 + τ) E(τ) � 13.89τ/(5.46 + τ) σ(τ) � 0.84τ/(3.51 + τ)

120 θ(τ) � 21.58τ/(2.79 + τ) E(τ) � 15.14τ/(5.12 + τ) σ(τ) � 0.94τ/(3.09 + τ)

140 θ(τ) � 26.96τ/(2.80 + τ) E(τ) � 16.84τ/(4.72 + τ) σ(τ) � 1.14τ/(3.33 + τ)
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layers when the cementing agent content was 100, 120,
and 140 kg/m3 (cement and fly ash ratio 1 : 1). It can be
seen that the tensile stress on the surface of the dam
increases gradually with the decrease of the thickness of
the insulation layer of the dam body. When the
cementing agent content was 100 kg/m3, the temperature

stress reached 0.82MPa at K3 point in the first winter,
which closed the allowable tensile strength. .e stress
drop to 0.62MPa belongs to the allowable range when the
polystyrene insulation board with thickness of 1 cm was
adopted. When the cementing agent content reached
120 kg/m3, there was a risk of cracking in the strongly
restrained area without considering surface insulation
measures. When the insulation thickness was increased to
1 cm, the tensile stress was reduced to the allowable
tensile strength. When the cementitious content reaches
140 kg/m3, the maximum tensile stress reached 1.48MPa,
which obviously exceeded the allowable range. When
2 cm thick insulation measures are considered, the
temperature stress dropped to 1.02MPa within the al-
lowable range.

In this paper, temperature control and crack preven-
tion of 60 meters high CSG dam in Northwest China are

ZY X

Figure 16: .e finite element model.
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Figure 17: Key point diagram.
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Figure 20: Temperature stress history curve of K3 at cementing
agent content of 100 kg/m3.
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Figure 18: K1 temperature stress history curve.
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Figure 19: K2 temperature stress history curve.
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studied, but many conditions are still not considered, for
example, the climate of different areas, the thickness of
dam construction layer, dam height, and dam joints. All
these factors have an impact on the selection of dam
temperature control and crack prevention measures.
.erefore, it cannot be generalized that the CSG dam did
not need to consider temperature control measures, and it
was determined according to the actual situation. At
present, simple temperature control measures should be
taken into account when building dams in cold areas with
high cementing agent content. With the acquisition of
specific creep model suitable for CSG dam, it can provide
theoretical support for scholars and engineers to study the
temperature stress and temperature control crack pre-
vention of the dam.

4. Conclusion

.is paper presented the results of creep tests conducted on
CSG. Based on the test results and numerical simulation
analysis, the following conclusions were obtained:

(1) .e creep of CSG increased with the increase of
cementing agent content. When the cementing agent
content reached 100 kg/m3, the increase was obvious.
Without changing the contact interface character-
istics between particles, the specific creep did not
change significantly with the amount of cementing
agent content. .e specific creep of CSG was greater
than that of RCC and had more effect on temper-
ature stress release.

(2) An exponential specific creepmodel suitable for CSG
was obtained, which can fully reflect the trend of
subsequent specific creep of CSG. It provided a
reference for the subsequent simulation of thermal
stress of CSG dam.

(3) Considering the influence of creep, the temperature
stress of the CSG dam decreased obviously, with a
decrease range of about 37%. In cold areas, when the
cementing agent content reached 100 kg/m3, it was
suggested to consider the thermal insulation mea-
sures on the surface of the dam. With the increase of
the cementing agent content, the surface insulation
measures should be gradually thickened. In con-
clusion, whether the temperature control measures
should be considered for CSG dam should be judged
comprehensively according to the external condi-
tions. It is not simply considered that the low
cementing agent content of CSG dam did not need to
consider the temperature control measures.
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