
Experimental Research on Creep Properties of 

Hard Rock under Long-term Load Conditions 
 

Shangyang Yang 
Department of Physics and Mathematics, Shandong Jiaotong University, Jinan 250023, China 

Email: 26916225@qq.com 

 

Longyun Zhang* 
Geotechnical & Structural Engineering Research Center, Shandong University, Jinan, 250061, China 

Email: 77959140@qq.com 

 

 

 
Abstract— As the excavation depth of underground 

engineering increases, the engineering becomes more and 

more complex. The splitting failure of underground caverns 

of large hydropower station is a common phenomenon that 

was not accounted for theoretically so far, which is one of 

the important factors affecting the safety of underground 

construction and the long time running stability. Long-term 

load conditions and great depth are considered to be the 

main factors that lead to the creep deformation of 

underground hard rock mass. Therefore creep tests under 

long-term load conditions are conducted for the purpose of 

studying the creep properties of the deep hard rock mass. 

An important hydropower station is taken as the research 

background project, and the Granite is taken as the 

research object to carry out the long-term creep test. 

During the test, the effect of long-term load conditions of 

hard rock is mainly recorded. Based on the results of the 

systematic analysis, it is concluded that the mechanical 

properties of granite are largely affected by high stress: (1) 

The creep process of granite can be divided into three stages: 

the transient creep, the steady creep, and the accelerated 

creep, with different strain rate in each creep region. (2) 

The granite generates instantaneous deformation at every 

loading level, the higher the confining pressure, the greater 

the initial transient strain. (3) The creep deformations of 

specimens increase with time and stress, it begins to appear 

an obvious creep deformation when the stress level reaches 

a certain value, the higher the confining pressure, the 

greater the creep deformation, and the earlier the creep 

phenomenon. (4) The higher the confining pressure, the 

shorter the creep duration, and the more liable to be broken.  

(5) With the increase of confining pressure, the rock tends 

to shear failure.  

 

Index Terms— hard rock, creep, triaxial compression test, 

triaxial creep test, confining pressure 

I. INTRODUCTION 

With the rapid development of economy and the rapid 

progress of science and technology, many large 

hydropower engineering projects continue to extend to 

the deep underground. With the increase of depth, the 

geological rock mass lies in a more complex environment, 

leading to changes in mechanical properties of rock mass. 
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The rheological mechanical characteristics of rock mass 

are the important basis for the interpretation and analysis 

of geological tectonic movement and the prediction of 

long-term stability of rock mass engineering. Rock 

rheology test is an attempt to understand the rheological 

properties of rock from aspects of macro and micro, and 

an important means to understand the mechanical 

properties of rock rheology. Therefore, creep test has 

always been the focus of rock mechanics research. As 

early as the 1990s, scholars carried out experimental 

research on the creep characteristics of rocks. Okubo [1] 

conducted uniaxial compression creep tests on marble, 

sandstone, andesite and other rock samples, and obtained 

the complete strain-time curve of the accelerated creep 

stage of the rock. Boukharovg [2] studied the creep 

characteristics of hard and brittle rocks in three different 

stages of creep by indoor triaxial creep tests. Fujii [3] 

carried out triaxial compression creep tests on Inada 

granite and Kamisunagawa sandstone, and analyzed the 

axial, lateral and volumetric strain curves. Maranini [4-5] 

studied the creep behavior of granite through triaxial 

compression tests. In recent years, more and more 

attentions have been paid to the creep characteristics of 

rocks, and the experimental research process has also 

been gradually improved. Brantut [6] summarized the 

time-based fracture and the brittle creep of rocks, and 

pointed out that the brittle creep rate of rocks is affected 

by the external environment such as stress, confining 

pressure, temperature and seepage. Liu [7] studied the 

rheological mechanical properties of deep saturated rocks 

through uniaxial loading and cyclic loading tests. Wu 

chuangzhou [8] studied the anisotropic creep of brittle 

bedded greenschist through the uniaxial compression 

creep test. Xiao mingli [9] studied the triaxial creep 

characteristics and the anisotropy of quartz mica schist of 

danba hydropower station. Zhang yu [10] carried out an 

experimental study on the triaxial creep mechanical 

characteristics of the clastic rock of the dam foundation, 

discussed the axial, lateral and volumetric creep 

characteristics and rate change, and analyzed the 

deviatoric stress-strain characteristics of creep. Zhang [11] 

carried out triaxial creep tests under complex loads to 

study the time-based creep behaviour of broken rocks. 
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Yang [12] discussed the memory effect of loading history 

on creep deformation through multi-step loading creep 

tests, and proposed a time-varying correction method for 

creep strain under multi-step loading. 

It can be seen from the above discussion that the 

research on the creep characteristics of rocks has been 

thriving and has made lots of fruitful results. Based on 

this, the creep characteristics of granite that widely 

distributed in the dam foundation of a large hydropower 

station in Xinjiang were studied. The triaxial creep tests 

of rock samples under complex stress path are carried out 

in combination with the actual condition of engineering 

rock, which provides an important reference for the 

construction of dam foundation. 

II. EXPERIMENTAL RESEARCH 

A. Experimental Background 

An important hydropower station of Xinjiang, China, 

the maximum principal stress is between 15MPa and 

25MPa. During the construction, a lot of splitting and 

fissure occurred in the surrounding rock. In order to 

study the effect of long-term load conditions on rock 

creep properties, especially the change rule of creep 

under confining pressure and high stress, the creep tests 

are carried out under conditions of different long-term 

load. This work would provide important theoretical 

basis for long-term stability analysis of large hydropower 

station. 

B. Experimental Scheme 

The purpose of the creep test is to research the creep 

properties of hard rock during long-term load under a 

certain confining pressure at the normal temperature, the 

test scheme is shown in Table I.  

TABLE I.  THE TESTING SCHEME 

Test type 

Confining 

pressure 
(MPa) 

Loading stress path 

(MPa) 

Triaxial 
compression 

test 

0 
Loading axial stress until the 

rock broke 

20 
Loading axial stress until the rock 

broke 

Triaxial 

creep test 

10 
20/40/60/80/100/ 

120/140/160/180 

20 120/140/160/180/200/220/240/260 

C. Experimental Results 

From the tests, we can obtain lots of data. So data 

processing is a key link before test analyzing. Using 

computer software and other data processing software to 

deal with the huge amount of data, and then rescuing the 

different curves under different conditions of confining 

pressure (written as σ3 in figures). 

1)   Triaxial compression test results 

Stress-strain curves of compression test of the granite 

are shown in Fig. 1. Where ε1 represents the axial strain, 

ε3 represents the lateral strain, and εv represents the 

volumetric strain. 

 
(a) σ3=0MPa 

 
(b) σ3=20MPa 

Figure 1. Stress-strain curves of triaxial compression test of the granite. 

According to the stress-strain curves of compression 

test of the granite, the elasticity modulus, deformation 

modulus, poisson's ratio and other important mechanical 

parameters can be calculated, and the results are shown in 

Table II.  

TABLE II.  RESULTS OF INSTANTANEOUS MECHANICAL PARAMETERS 

OF THE GRANITE 

Confining 

pressure 

(Mpa) 

Peak 

strength 

(Mpa) 

Elasticity 

modulus 

(Gpa) 

Poisson'

s ratio 

Axial 

compressive 

strength 
(Mpa) 

Deformation 

modulus 

(Gpa) 

Residua

l 

strength 

(Mpa) 

0 92.9 52.3 0.24 92.9 38.2 4.1 

20 291.0 55.8 0.26 311.0 51.3 125.6 

2)  Triaxial creep test results 

Stress-strain curves of the triaxial creep test of the 

granite are shown in Fig. 2. Where ε1, ε3 and εv represent 

the same meaning as the above. 

 
(a) σ3=10MPa 

 
 (b) σ3=20MPa 

Figure 2. Stress-strain curves of the triaxial creep test of the granite. 
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From Fig. 2, it is obvious that the creep deformation 

increases with the increasing axial stress, when the axial 

stress reaches its maximum value, that is, it reaches its 

peak strength, the rock broken. Meanwhile, the 

deformation increases rapidly and the axial stress reduces 

sharply until loses its carrying capacity. So the creep 

process of granite can be divided into three stages: the 

transient creep, the steady creep, and the accelerated 

creep, with different strain rate in each creep region.  

The creep deformation curves of the granite with 

different confining pressure are shown in Fig. 3. 

 

Figure 3. The creep deformation curves of the granite with different 
confining pressure.  

As we can see from Fig. 3:  

(1) The specimens generate instantaneous deformation 

at every loading level, the higher the confining pressure, 

the greater the initial transient strain.  

(2) The creep deformations of specimens increase with 

time and stress, it begins to appear an obvious creep 

deformation when the stress level reaches a certain value, 

the higher the confining pressure, the greater the creep 

deformation, and the earlier the creep phenomenon. 

(3) The higher the confining pressure, the shorter the 

creep duration, and the more liable to be broken.  

All of the above shows that high stress level has 

significant influence on the creep properties of the rock, 

the higher the confining pressure and stress level, the 

more drastic the rock breaking, and the greater the harm. 

3) Failure mode 

For the granite, they have different failure modes with 

different stress paths, which are shown in Fig. 4 and Fig. 

5.  

 

     (a) σ3=0MPa                      (b) σ3=20MPa 

Figure 4. Failure mode in the triaxial compression test 

 
  (a) σ3=10MPa                 (b) σ3=20MPa 

Figure 5. Failure mode in the triaxial creep test 

Some features can be obtained  from Fig. 4 and Fig. 5: 

(1) In the triaxial compression test, the failure mode is 

splitting failure when at low confining pressure, and  the 

failure mode is shear failure when at high confining 

pressure. 

(2) In the triaxial creep test, the failure mode tends to 

be shear failure. Further more, the damage of the granite 

in the triaxial creep test is more severe than the damage 

in the triaxial compression test. 

III. CONCLUSIONS 

In this article, the authors have accomplished some 

triaxial compression tests and triaxial creep tests on the 

granite under different confining pressure based on a 

hydropower station diversion tunnel project, through the 

analysis of the deformation and the strength, it is 

concluded that high stress level and confining pressure 

both have significant influence on the creep properties of 

the rock, and these effects mainly reflect in the following 

aspects: 

(1) The peak strength of the granite in the triaxial creep 

test is much lower than that in the triaxial compression 

test. 

(2) The deformation of the granite in the triaxial creep 

test is much greater than that in the triaxial compression 

test. 

(3) The damage of the granite in the triaxial creep test 

is much more drastic than that in the triaxial compression 

test. 
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