
 

 
1 INTRODUCTION 
Nowadays, an increasing trend of demand has been 
observed for constructing deep underground spaces 
in many fields of rock engineering such as mining 
activities, petroleum production and deep waste 
material disposals. Consequently, understanding 
characteristics of time-dependent behavior, 
deformations and failure around major underground 
structures and spaces is incredibly important, 
stability and safety of the structures must be 
investigated according to their specifications. [1] 
 
Creep is the time-dependent behavior of materials 
under constant stress and relaxation is the time-
dependent behavior under constant strain. In natural 
geological systems, pure creep or relaxation is hard 
to be differentiated and the combination of creep and 
relaxation is commonly observed.[1] 
 

When a constant strain is applied on a viscoelastic 
material, the force necessary to maintain the strain is 
not constant and changes with time. This behavior is 
called stress relaxation. Conversely, when a 
viscoelastic material is subjected to a constant stress, 
the deformation takes place with time. This behavior 
is called creep. Figure 1 shows typical schematic of 
relaxation and creep behavior of material.[2,3] 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 Figure 1. Schematic of (up) stress relaxation, (down) 

creep behavior. 

 

The processes that causes stress relaxation in nature 
could be physical or chemical and even under 
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ABSTRACT: In rock mechanics, several researches have been contributed to the creep behavior, however, a 
limited number of studies have been carried out on the relaxation behavior of rocks. Impression test is a novel 
technique to predict time-dependent behavior of materials. In relaxation impression, a cylindrical flat ended 
indenter penetrates into a small region of sample and after holding the indenter at a constant position, the 
decrease in the stress level is recorded. Impression relaxation tests in comparison with compression relaxation 
tests are much more economical and less time-consuming. 
In this article, 25 impression relaxation tests using indenter diameters of 2, 2.5, 3, 3.5, 4 mm and 4 
compression relaxation tests are done on rock salt. The parameters of viscoelastic behavior are then 
calculated. The results of both techniques of impression and compression tests illustrate that the value of   in 
Maxwell model decreases as the stress increases. 
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normal conditions both types of the process may 
occur simultaneously. Stress relaxation is dominated 
by the physical process at normal or low temperature 
and in short periods of time, however the chemical 
process is dominant at high temperature or in long 
periods.[2,3] 

 

In rock mechanics, several researches have been 
carried out on the creep behavior, while a limited 
number of studies have been carried out on the 
relaxation behavior of rocks. With respect to Figure 
1, the displacement of the specimen increases to a 
certain value during the stress relaxation. Then the 
residual elastic stress in the system converts into 
plastic strain gradually. Therefore, by keeping the 
strain of the sample constant, the stress also 
decreases slowly. Nowadays, the compression and 
impression tests are two common methods used in 
investigating the time-dependent behaviors of 
metals. In contrast, only compression tests are 
applied on rocks and limited studies are worked on 
impression relaxation by Mehranpour et. al. [4-8] 

 

In this paper, impression and compression relaxation 
experiments have been carried out on samples. In 
impression relaxation tests of salt rock, five different 
diameters of cylindrical indenters are used. Based on 
the results of experiments, Maxwell Model 
parameters are then measured and compared as well.  
 

2 EXPERIMENTAL PROCEDURE 

2.1. Salt rock composition study 

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

 

 
Figure 2. XRD result for Garmsar salt rock. 

 

2.2. Impression Stress Relaxation 

The impression method was applied on rocks for the 
first time by Moosavi et. al. (2008) and Rassouli et. 
al. (2009) to investigate the creep behavior of soft 
rocks. In the following researches, the apparatus was 
constructed by Mehranpour et. al to study the 
relaxation behavior of salt rocks in the impression 
relaxation test for the first time. Impression stress 
relaxation test is similar impression creep test, 
although the rate of stress relaxation is measured 
instead of the creep rate. It is a convenient and time-
saving way of collecting a lot of creep and relaxation 
data. By these methods constant parameters of time-
dependent behavior are measured with a lower 
cost.[6-10] 
 
Larsson and Carlsson (1998) performed impression 
tests on viscoelastic materials for stress relaxation 
and compared it with uniaxial tensile tests. They 
found that the effect of friction between cylindrical 
indenter and the specimen was small. They preferred 
the impression test to Brinell test because the contact 
area is constant in this impression test. Furthermore, 
they preferred the impression tests to compression 
tests because compression tests have usually end 
effects.[11] 

 

The schematic figure of impression relaxation 
apparatus that Mehranpour et. al. have constructed is 
shown in Figure 3. This apparatus consists of two 
parallel steel plates which are fixed by four 
perpendicular rods. The force is applied on the 
specimens by the lead screw. The indenters are made 
of stainless steel with diameters of 2, 2.5, 3, 3.5 and 
4 mm. The force is measured by a load cell locating 
at the bottom of specimens. For preventing indenter 
from rotating, a small ball bearing was used between 
indenter and lead screw.[6,8] 

 

 
 
Figure 3. Schematic of impression relaxation apparatus [8] 
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Table 1 indicates the details of the tests have done 
on salt rocks. To investigate the relaxation behavior 
of salt rocks, a number of impression relaxation tests 
were carried out in five levels of stress, 40, 60, 78, 
97 and 115 MPa using the indenters with the 
diameters mentioned above. The indenter penetrates 
into the specimen to a certain value. Then the stress 
is being measured. When the stress reaches a 
specific value, the displacement becomes constant 
and the amount of strain which decreases during the 
time is measured. Figure 4 shows the diagram 
sample of impression relaxation test with 3 mm 
indenter and 80 MPa stress. 

Table 1. Impression relaxation tests schedule 

 
 2 mm 2.5 mm 3 mm 3.5 mm 4 mm 

C -E/µ C -E/µ C -E/µ C -E/µ C -E/µ 

40 

MPa 

0.927 3.505 0.939 3.612 0.853 3.701 0.938 3.826 0.886 3.981 

60 

MPa 

0.878 3.619 0.842 3.856 0.817 4.017 0.878 4.222 0.904 4.249 

78 

MPa 

0.858 3.924 0.869 4.193 0.849 4.319 0.846 4.629 0.876 5.012 

97 

MPa 

0.892 4.092 0.853 4.726 0.822 5.111 0.841 6.009 0.72 6.571 

115 

MPa 

0.858 6.25 0.833 7.161 0.803 7.704 0.845 7.981 0.802 9.782 

 

 

 

 
Figure 4. An example of the impression relaxation tests on a 

sample using a 3mm indenter in 78MPa. 

 
2.3. Compression Relaxation Test 

In order to carry out the compression relaxation test, 
an apparatus that has been constructed at Rock 
Mechanics Lab, University of Tehran was used and 
it is schematically shown in Figure 5. This apparatus 
is made of a main frame and a hydraulic jack for 
applying stress. The specific tool is placed under the 
jack and it able to deactivate the jack in the circuit of 
the system in order to omit the errors caused by the 
return of oil to the jack. The stress applied on the 
sample is measured by a pressure cell that places 
under the sample. 

 
Figure 5. Schematic of compression relaxation apparatus 

[8] 
 

In order to investigation of the relaxation behavior 
of rock salt, four stress levels of 18, 20, 23 and 27 
MPa are applied on four cylinder samples with the 
diameter of 54 mm. The details of these tests are 
given in Table 2. 

Table 2. Compression relaxation tests schedule 

 sample 1 sample 2 sample 3 sample 4 Avera

ge 

C -E/µ C -E/µ C -E/µ C -E/µ -E/µ 

18 

MPa 

0.972 0.264       0.264 

20 

MPa 

0.974 0.323 0.986 0.327     0.32515 

 

23 

MPa 

0.971 0.411 0.993 0.425 96.85 0.408   0.41482 

 

27 

MPa 

0.961 0.5705 0.989 0.578 99.21 0.552 0.942 0.625 0.58138 

 
 

 

Firstly, the jack compresses the sample to reach a 
certain amount of stress. Then the jack is removed 
from the circuit and the displacement stops. Then, 
the stress that reduces during the time is measured. 
After a special period of time, when the stress 
reduction of the sample stabilizes, the sample is 
compressed again and the higher level of stress is 
applied. By removing the jack from the circuit again, 
the sample is allowed to relax and reduce the applied 
stress. 

For sample 1 only the stress level of 27 MPa, sample 
2 the levels of 23 and 27 MPa, sample 3 levels of 
20,23 and 27 MPa and sample 4 levels of 18, 20, 23 
and 27 MPa are applied. Figure 6 shows the test that 
was done on sample 1 under the stress of 27 MPa. 
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Figure 6. An example of the compression relaxation test on a 

sample in 23MPa. 
 

3 RESULTS 

3.1. Maxwell Model 

A Maxwell material is a viscoelastic material. The 
Maxwell model can be represented by a purely 
viscous damper and a purely elastic spring 
connected in series.  

The general form of Maxwell model under constant 
strain is described as follow [11]: 

0
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(1) 

Where σ is the stress level, E is the Young’s 
modulus, µ is the viscosity modulus, ε0 is the initial 
strain and t is time. 

In this study, the Maxwell model is used to calculate 
the relaxation parameters of salt rock.  By dividing 
the stress to the initial strain, the following equation 
can be attained in the form of Maxwell function: 
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(2) 

This function shows the stress relaxation for the 
obtained model. 

With respect to the equation 1, this equation can also 
be rewritten in a more general form as follow: 
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(3) 

where σ0 is the initial applied stress and C, E and μ 
are material constant, elastic modulus and viscosity 
modulus, respectively. 

By dividing equation 3 to the initial applied stress, 
the following equation is obtained.[12] 
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(4) 

3.2. Impression Experiments 

According to equation 4, the amount of “C” and the 
ratio of    ⁄  for all impression tests are calculated 
by fitting the power diagram and these data are 
shown in Table 1.  

The ratio of    ⁄  is also given as a diagram in 
Figure 7 at different levels of stress and diameters of 
indenters. Obviously, this ratio increases with 
increasing stresses. 

  On the other hand, by increasing the diameter this 
ratio increases. Thus if the value of Young's 
modulus is assumed constant, the value of   is 
reduced by increasing the diameter and stress. 

 
Figure 7. Indenter diameter vs.    ⁄  in its stress level for 

different indenter diameters 
 

Figure 8 shows values of    ⁄  for all impression 
relaxation tests in different stresses and indenter 
diameters. A logarithmic curve is fitted to obtain the 
below relations for each diameter of indenters. 
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Figure 8. Logarithmic curves fitted to the initial stress of each 

experiment vs.    ⁄  
 

With the respect to these relations, the logarithm 
coefficient decreases while the diameter rises, this 
indicates that when the indenters’ diameter, 
increasing the stress has a greater impact on 
reducing μ. Furthermore, Figure 9 illustrates the 
diagram of the indenter diameters vs   ⁄  in 
different stress levels. Therefore a linear relation can 
be fitted to the diagram. The relations are listed 
below. 
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Figure 9. Linear relations fitted to indenter diameters of each 

experiment vs.    ⁄  
 

According to the diagram, while the stress is 
constant, increasing the indenters’ diameter leads to 
decreasing   ⁄ . Consequently, the stress increase 
is more effective on decreasing μ if Young's 
modulus is assumed constant. 

3.2. Compression Experiments 

According to relation 4, the value of C and the ratio 
of    ⁄  can be also calculated for compression tests 
by fitting the power relation its values that are given 
in Table 2. Because of existing more than one data 
for some stresses, the average value is calculated for 
them.  

Figure 10 shows the graph of stress vs. the average 
of   ⁄ . As it can be seen,    ⁄  increases by 
increasing the stress. By assuming Young's modulus 
is constant, μ value declines when the stress rises. 
On the other hand, linear and exponential relations 
are both fitted to the data that are follows: 
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Figure 10. Natural logarithmic relations fitted to stress vs. 

   ⁄   

 

4. Discussion  

Impression relaxation test is a novel method to 
investigate time-dependent behavior of rocks that is 
time-saving and cheap. In addition, the sample 
preparation procedure is very simple. Maxwell 
equations are also an appropriate way to anticipate 
the relaxation behavior of rocks 

Evidently, in impression relaxation tests the value of 
  decreases as the stress and indenter diameter 
increases. On the other hand, by increasing the 
indenter diameters μ decreases more significantly 
when the stress increases. Also, by increasing the 
stress the decrease of   is less sharply if the diameter 
surges. In compression relaxation tests, the value of 
  decreases as the stress surges such as in impression 
tests. 
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