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Abstract:Many metamorphic and sedimentary soft rocks exhibit significant time 
dependent behavior such as creep and relaxation which affect the stability of rock 
structures. In the design of a durable structure in soft grounds, the secondary stage of 
creep is of paramount interest to predict the stability over long periods of time. The 
design of support system to resist such a time dependent loads is also of prime im-
portance.  A commonly used equation of state representing this stage is provided by 
the Norton law which is also called as creep power law. This formula contains two 
material constants; activation energy and stress power. 

In this study, it is tried to find the activation energy of a rock salt sample using 
multistage tests at elevated temperature. By performing such creep test on several 
samples under different stress levels and finding stress power, creep parameters with 
minimum amount of rock samples are achieved. These kinds of tests have been done 
by both compression and impression testsetups, and the results are compared in the 
present study. 
 
Theme: Mining Rock Mechanics. 
 
Keywords: multistage creep tests, rock salt, temperature, compression creep test, im-
pression creep test. 



Eurock 2012  Page 2 

1 INTRODUCTION 

Many sedimentary and metamorphic rocks exhibit significant creep behavior over 
time.  This will affect the stability of rock structures due to strain accumulation.  In the 
roof and walls of tunnels and caverns this may ultimately causerock falls and collapse. 
This matter is of particular importance for rock caverns used for oil and gas storage 
and for deposition of hazardous waste products as well as the public underground 
spaces.  

Traditionally,	 the	most	 common	way	of	 investigating	 creep	behavior	 is	 to	 carry	
out	a	 static	 load,	or	 ‘creep’,	 test;	 that	 is,	holding	a	constant	differential	 stress	on	a	
cylindrical	rock	sample	and	measuring	the	resulting	strain	as	a	function	of	time.	Fig-
ure	1	shows	a	schematic	behavior	of	materials	under	constant	 load,	 involving	three	
individual	 stages	 of	 creep,	 labeled	 transient	 (primary	 or	 decelerating);	 steady-state	
(secondary	or	constant	rate);	and	accelerating	(tertiary	or	unstable).	The	deformation	
may	be	distributed	throughout	the	sample	 in	the	first	two	phases,	but	the	phase	of	
accelerating	creep	results	in	the	eventual	failure	of	the	sample	by	localization	of	de-
formation	onto	a	 single	plane.	Formulation of design criteria and choice of suitable 
stabilization techniques for structures require understanding of the involved mecha-
nisms for which physical models implying structural heterogeneity should form the 
basis. (Pusch, 1984; Main, 2000) 

 

 
Figure 1. XRD result for Garmsar salt rock.  

Because of viscoelastic creep properties of soft rocks, the creep behavior has an 
important role in the time-dependent deformation of structures in such rocks. Creep 
properties cause many difficulties in the design of structures in soft rocks.  The im-
portance of salt and potash mining has increased due to the high demand for these 
materials. Salt is not only used for human consumption, but also it can also be used as 
a fertilizer. One type of salt is sodium chloride which is mainly used for human con-
sumption.  

“Salt type material” refers to materials that exhibit viscoelastic and creep proper-
ties. The time dependent deformation of salt has been sudied by many scholars since 
the late 1800s for various salt mines and resources in an attempt to create a reliable 
time-deformation predictive model.(Lau, 2010) 
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In this paper, the Norton’s law or power law creep equation was used to obtain the 
creep parameters of salt rock under different levels of stress and temperature. To re-
duce the test time usually needed for this purpose, a new test process was investigated. 
In this new procedure, an individual sample is put under distinct levels of stress and 
temperature is increased level by level after achieving the secondary creep at each 
level. In this procedure (which is called multistage creep test) both impression and 
compression creep tests were used and the creep parameters had been measured using 
power law creep equation.    

2 EXPERIMENTAL PROCEDURE 

2.1 Salt rock composition study 

Because of having both elastic and viscous behavior, salt rock is capable of showing 
creep behavior. This property gives salt rock deformation the ability to expand as well 
as flow when enough time and space is given to do so (Lau, 2010). Figure 2 shows the 
XRD result for the salt rock which was taken from a salt rock mine in Garmsar city in 
Iran, which shows that this sample is almost pure sodium chloride.  

 
Figure 2. XRD result for Garmsar salt rock.  

2.2 Compression and Impression creep testing 

To attain the creep parameters of salt rock, both compression and impression creep 
methods were used. For the uniaxial compression creep test (called conventional creep 
test) cylindrical salt rock samples with diameter of 51 mm and 100 mm height were 
prepared. Figure 3 shows schematic of the uniaxial compression creep apparatus 
which was built in the rock mechanics laboratory of University of Tehran and was 
used for the multistage creep tests.  With this setup, the load was kept constant within 
1% accuracy. 
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Figure 3. A schematic of the compression creep apparatus 

Since conventional creep testing requires many specimens to establish stress and 
temperature effects, a new indentation creep test called “impression creep” is intro-
duced in which a cylindrical punch with a flat-end is used to produce a shallow im-
pression on a specimen surface under the action of a constant load (Yang, 1998; Chu 
& Li, 1977). The details of this setup are explained in more details by Moosaviet al 
(2008).As shown in Figure 4, a cylindrical rigid indenter of cross-sectional area, S, is 
impressed onto the surface of the sample under a load, L. The punching stress is then 
L/S, which is constant for constant L and S. Under this punching stress, the indenter 
penetrates into the material to a depth h over time t (Li, 2002). 

 

 
Figure 4. Impression testing (Li, 2002) 

Impression creep test is an elegant test technique which offers the following ad-
vantages over the conventional creep testing (Sastry, 2005): 
• A small quantity of testing material is sufficient , 
• Constant high stresses can be obtained with a relatively low constant dead load, 
• Needs a simpler setup to determine temperature effects on creep behavior of mate-

rials, 
• Absence of tertiary stage of creep makes the deformation more stable and the test 

is, therefore, better suited for investigation on materials with almost a brittle be-
havior. 
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Rassouli, et. al (2009) and Moosavi, et. al (2009), showed that this new method 

can be applied on soft rocks to obtain the power law creep parameters of such rocks. 
To investigate the creep parameters of salt rock using multistage creep procedure, 
impression creep method was also used, which its apparatus is shown schematically in 
figure 5. The indenter applies the load to the specimen. This part is a cylinder with a 
flat end that is made out of hardened steel. The diameter of the indenter is 3 mm and 
the amount of the applied load is also measured by a load cell. For impression creep 
tests, some cubic specimens of salt rock with 3 3 3cm´ ´ dimensions were prepared. 

 

 

Figure 5. A schematic of the impression creep apparatus 

To carry out the experiments at high temperatures, a 1200 C0 furnace was de-
signed and manufactured to surround the sample. A PID or integral controller was 
used to keep fluctuation of temperature around the ideal temperature point about ±1 
C0. In addition, a pipe shape inner cover for inside of the furnace and a basement for 
the sample, both made of alumina ceramic, were machined to prevent heat convey-
ance.  

2.3 Norton’s law 

Identifying the creep characteristics of steady-state creep amongst three stages of 
creep behavior is more significant in engineering problems since it is possible to as-
sess the stability of structure over its life time and applying appropriate supports. As a 
result, in this study an empirical model is used which is known as “creep power law” 
or “Norton’s law” to model the steady-state creep. This model can best be described as 
follow: 

tA nse = , (1) 
 
Or 
 

nAse =! , (2) 
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In which A is a material constant,e ,s , n and t are strain, stress, stress power 
(which its value is typically between 2 to 8) and time, respectively. The dot represent 
first derivative of the terms.  

The Norton’s equation is commonly used to represent the steady state creep rate in 
compression creep with presence of temperature as follow: 

, 
(3) 

where ce is the strain rate, 0A  is an empirical constant related to the properties of 
the material, Q is the activation energy for creep, R is the gas constant, and T is tem-
peraturein Kelvin degree. 

The dominant mechanism for impression creep is dislocation creep.  The follow-
ing relation shows that the impression velocity is proportional to the size of the punch 
when stress is constant.  
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where u  is the velocity of the punch, 2a is the punch diameter, A is a thermal ac-
tivation term (an empirical constant), apps  is the stress applied to the punch, B is a 

correction factor for the average stress beneath the punch, and n is the stress exponent. 
Equation (3) can be rearranged and substituted into the Norton’s equation to give: 

, 
(5) 

In all above equations, index c and i represents compression and impression meth-
ods, respectively. Stress power and activation energy parameters are material con-
stants and are the same for impression and compression experiments. Comparing 
equations 3 and 5 shows that strain rate of the material in both compression and im-
pression methods are related to each other by the factor B. 

2.4 Multistage creep testing 

A new method of measuring the power law creep parameters of salt rock samples is-
used in this study which is called“multistage creep test”. In this new method, both 
compression and impression creep tests were carried out on rock samples. For each 
stress level, only one sample was used and it was exposed to distinct levels of temper-
ature step by step. Table 1 and table 2 show the test schedule of multistage compres-
sion and impression creep tests. 

As it can be seen in table 1, compression creep tests were carried out under four 
levels of stress; 5, 6.5, 10 and 12.5 MPa. The temperature was increased for all four 
tests in four levels of 100, 200, 300 and 400 C0. Because of high velocity of strain 
under 300 and 400 C0temperatures, the temperature for the test under stress level of 10 
MPa was increased to 300 C0, and for stress level of 12.5 MPa in was only increased 
to 200 C0. 

For multistage impression creep tests, as it has been shown in table 2, five differ-
ent stress levels (32, 40, 48, 60 and 72 MPa) were chosen and the temperature levels 
were the same as compression ones. Because of high velocity of sample strain exposed 
to 400 C0, the impression test under stress level of 72MPa was only continued to 300 
C0. 
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Table 1. Multistage compression creep tests schedule 

Stress (MPa) Sample Height (mm) Sample Diameter (mm) Temperature (C0) 
5 110.4 51.5 100,200,300,400 
6.5 110.12 51.38 100,200,300,400 
10 111.5 51.42 100,200,300 
12.5 110.6 51.52 100,200 

 

Table 2. Multistage impression creep tests schedule 

Stress (MPa) Diameter of indenter (mm) Temperature (C0) 
32 3 100,200,300,400 
40 3 100,200,300,400 
48 3 100,200,300,400 
60 3 100,200,300,400 
72 3 100,200,300 

3 TEST RESULTS 

3.1 Multistage compression creep experiments 

Figure 6 shows the strain percentage vs. time results for multistage compression creep 
tests. As it is obvious in this figure, the strain becomes negative during the transition 
of temperature from one level to the other. This phenomenon is because of extension 
of load bar while the temperature is increasing. After a while when the temperature 
becomes constant in the next level, the extension of load bar stops, and creep of rock 
samples continues for that level. However, since the second stage of creep for the 
power law model was used to measure the creep parameters of the samples, this phe-
nomenon did not make any problems to achieve our goal.  
 

 
Figure 6. Multistage compression creep curve results 

Creep parameters (n and Q) can be derived from equation 3 as follow: 
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To use these equations, strain rate of secondary creep for all experiments were 

calculated which are presented in Table 3.  
 

Table 3. Strain rate of second stage of creep for multistage compression creep tests  

Stress (MPa) Temperature (C0) Strain rate 

5 100 5.00E-10 

200 1.00E-08 

300 4.00E-07 

400 1.00E-05 

6.5 
 

100 1.00E-09 

200 3.00E-08 

300 7.00E-07 

400 2.00E-05 

10 
 

100 2.00E-09 

200 1.50E-07 

300 6.00E-06 

12.5 100 1.00E-08 

200 1.00E-06 

 
As it is obvious from Table 3, the strain rate has increased with an increase in 

temperature and stress level. This result is the same as conventional creep experiments 
results. 

With respect to equation 6, stress power parameter, n, is the gradient of Ln(e ) vs. 
Ln(s ) curves. These curves are shown in Figure 7, and the results are presented in 
Table 4. As it can be implied from the equation 7, activation energy parameter, Q, is 

the gradient of Ln(e ) vs. ( )1R T curves which has been shown in Figure 8, and the 

results are presented in Table 5. 
 

 
Figure 7. The compression strain rate as a function of stress 
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Figure 8.  

Table 4. Stress power parameter for multistage compression creep tests  

Temperature (C0) Stress Power 
100 2.94 
200 3.88 
300 3.98 
400 2.64 

 
 

 
Figure 9. The compression strain rate as a function of temperature 

Table 5. Stress power parameter for multistage compression creep tests  

Stress level (MPa) Activation Energy (kJ/mol) 
5 67.9 
6.5 67.08 
10 70.47 
12.5 67.54 

3.2 Multistage impression creep experiments results 

In Figure 9 the strain percentage vs. time results for multistage impression creep tests 
are shown. Same as the compression tests, the negative strain also presents in these 
curves, which is due to the extension of loading bar during increase in temperature 
level.  

Stress power and activation energy parameters can be derived from equation 3 in 
the same way as explained in compression tests (index i indicates impression test): 
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To use these equations, strain rate of the secondary creep for all experiments were 
calculated which are presented in Table 6.  
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Figure 10. Multistage impression creep curves results 

Table 6. Strain rate of second stage of creep for multistage compression creep tests  

Stress (MPa) Temperature (C0) Strain rate 

32 100 1E-08 

200 3.4E-08 

300 1.54E-06 

400 1.55E-04 

40 100 1.9E-07 

200 2.9E-07 

300 1.86E-05 

400 3E-04 

48 100 5E-08 

200 4.3E-07 

300 4.08E-05 

400 6.1E-04 

60 100 7E-08 

200 1.54E-06 

300 1.412E-04 

400 1.236E-03 

72 100 1.2E-07 

200 2.25E-06 

300 2.2E-04 

 
As it can be seen from Table 6, the strain rate here also has increased with an in-

crease in temperature and stress level. With respect to equation 8, stress power param-
eter, n, is the gradient of Ln(e ) vs. Ln(s ) curves. These curves are shown in Figure 
10, and the results are presented in Table 7. As it can be implied from the equation 9, 
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activation energy parameter, Q, is the gradient of Ln(e ) vs. ( )1R T curves which has 

been shown in Figure 11, and the results are presented in Table 8. 

Table 7. Stress power parameter for multistage impression creep tests  

Temperature (C0) Stress Power 
100 2.95 
200 3.459 
300 3.614 
400 3.346 
  

 
Figure 11. The impression strain rate as a function of stress 

 

 
Figure 12. The impression strain rate as a function of temperature 

Table 8. Stress power parameter for multistage impression creep tests  

Stress level (MPa) Activation Energy (kJ/mol) 
32 67.73 
40 51.44 
48 66.18 
60 69.6 
72 64.7 
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With respect to what the laboratory results for Garmsar rock salt the range of stress 
power and activation energy values are almost the same regardless of testing method 
(compression or impression). These results are summarized in Table 9. From conven-
tional creep tests the stress power is about 3-4 and its activation energy changes be-
tween 60±10 kJ/mol. As it can be seen from Table 9, creep parameters obtain from 
multistage creep tests are close to what was attained from conventional creep tests. 
 

Table 9.  Summary of multistage creep experiments  

Multistage creep type Stress power Activation energy (kJ/mol) 
Compression tests 2.6-4 67-71 
Impression tests 2.9-3.7 51-70 

4 DISCUSSIONS 

This empirical study was undertaken to make further contributions to the understand-
ing of multistagecreep loading of salt rock (keeping the load constant and increase the 
temperature step by step).   

To investigate this new creep method, both impression and compression creep 
tests were utilized. Four and five levels of stresses for compression and impression 
tests were applied respectively and the temperature was increased in four steps for 
each test. By using this method, three to four different strain rates were obtained from 
merely one sample. 

Norton’s law or power law creep was used to measure the secondary stage creep 
parameters of Garmsar salt rock.The stress power and activation energy parameters 
attained from this new method were almost equal for both kinds of impression and 
compression creep tests. As a result, it can be inferred that creep parameters in Nor-
ton’s law can be obtained from multistage “impression” creep test instead of conven-
tional “compression” tests and as a result minimum amount of material will be needed 
and faster testing would be obtained. 
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