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Statistical damage constitutive model of high temperature rock based on Weibull 
distribution and its verification 
 
JIANG Hao-peng,  JIANG An-nan,  YANG Xiu-rong 
Institute of Road and Bridge Engineering, Dalian Maritime University, Dalian, Liaoning 116026, China 

 

Abstract: The decrease of rock stability is caused by the possible deterioration of rock mechanical properties under high temperature 

environment. Therefore, the study of the constitutive behavior of rocks under high temperature is of great significance. Based on the 

recent researches of statistical rock damage constitutive model, the statistical damage constitutive model of rock after high 

temperature is established by adopting M-C criterion with the thermal damage variable and Weibull distribution function and the 

parameter expression is determined. The model is compared with the theoretical curve to verify its rationality. Finally, the model is 

verified by the uniaxial compression test results of sandstone under different temperature conditions (e.g., 25 ℃, 80 ℃, 100 ℃, 

150 ℃). The results show that the theoretical curve of statistical damage constitutive model of the high-temperature rock established 

in this paper has the same trend as the theoretical curve in the literature, proving that the established constitutive model is reasonable. 

The theoretical curve of the model is in good agreement with the curve obtained in the experiments, implying that it can represent the 

stress-strain characteristics of sandstone failure under the condition of uniaxial test. This model does not contain unconventional 

mechanical parameters, and the physical meaning is clear. The research results can provide theoretical support for related calculations 

and numerical simulations of rock mechanics after high-temperature treatment. 

Keywords: Weibull distribution; high temperature rock; Mohr-Coulomb criterion; thermal damage; constitutive model 

 

1  Introduction 

With the continuous development of high-temperature 

rock masses and underground engineering construction 

such as geothermal energy development and deep mineral 

resource mining, there are more and more researches 

related to the physical and mechanical properties of rocks 

under high-temperature[1−6]. The mechanical properties 

of rocks are usually degraded at high temperatures, 

which will affect the bearing capacity and stability of 

rock mass. Therefore, a reasonable constitutive model 

is the key to understand and judge the mechanical 

properties of rocks under high temperatures.  

Many scholars have studied the influence of high 

temperatures on the physical and mechanical properties 

of rocks from different aspects through experiments 

and constitutive models. In terms of experiments, Hu 

et al. [7] carried out physical and mechanical tests of 

granite treated at different temperatures; Zhao et al. [8] 

used X-ray diffraction and other test methods to study 

the variation of mechanical properties of sandstone at 

different temperatures (250 ℃−900 ℃), showing that 

the number of pores will increase, causing the decrease 

of strength as the temperature increased. Fang et al.[9]  

defined the thermal damage variables and studied the 
thermal damage characteristics of granite under tensile 
failure from the perspective of damage mechanics, 
showing that as the temperature increases, the brittle- 
plastic transformation will occur in the granite samples. 
All these experiments confirmed that high temperatures 
caused thermal damage to rocks. In terms of the constitutive 
model, the statistical damage constitutive model can 
reasonably describe the defects evolution process in the 
rocks, and can better reflect the mechanical mechanism 
of rock damage under high-temperature. Among them, 
Cao et al.[10] considered that the key of the damage 
constitutive model was the Weibull parameter. The rock 
damage statistical constitutive model was established 
based on the Drucker-Prager (D-P) criterion. Chaki   
et al.[11] studied the failure mechanism of rock thermal 
damage through experiments and established a thermal 
damage constitutive model to study the failure characte- 
ristics. Wang et al. [12] established a rock damage 
statistical constitutive model considering the damage 
correction coefficient based on experiments. Li et al.[13] 
also used the Weibull distribution function to establish 
a constitutive model without considering the high 
temperature applicability. Li et al.[14] considered the 
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influence of temperature on the Weibull function and 
introduced the D-P criterion to establish a thermal- 
mechanical damage constitutive model considering the 
temperature effect, but also did not verify the applicability 
of high temperature by comparing experimental results 
at three different temperatures. In the above studies, 
the D-P criterion was often considered in determining 
the strength of the micro-element. In fact, the M-C 
criterion is more suitable compared to the D-P criterion 
during the rock failure stage. In this paper, the strength 
of the micro-element is assumed to obey the Weibull 
distribution, a statistical damage constitutive model of 
high-temperature rock is established considering the 
impacts of thermal damage variable, damage correction 
coefficient, threshold stress, threshold strain, etc. In 
this model, the M-C criterion is used in studying the 
strength of micro-element with temperature effect. The 
rationality and applicability of the proposed model 
were verified by comparing the uniaxial test data in 
Xu et al. [6] with the triaxial test data in this paper. 

2  Statistical damage constitutive model of  
high-temperature rock 

2.1 Damage variable and statistical distribution  
function 

Based on the definition of thermal damage[15], showing 
that a large number of mesoscopic cracks will inevitably 
occur in the rock at high temperature, and they will 
gradually propagate as the temperature increases, resulting 
in a significant decrease in the elastic modulus. It indicates 
that the temperature caused rock damage. Therefore 
the elastic modulus is selected to represent the thermal 
damage variable[15], focusing on the effect of temperature 
on the mechanical performance of the rock. The thermal 
damage TD  is defined as 

T
T

0

1
E

D
E

                                （1） 

where ET is the elastic modulus of rocks at temperature 
T; E0 is the elastic modulus of rocks at room 
temperature (25 ℃). 

Due to the uneven and random distribution of rock 
material particles at high-temperature, and a large number 
of micro-cracks and fissures exist in the rock micro- 
element body, resulting in a random variation in the 
rock strength. According to the references[16−18], the 
Weibull probability distribution function has the characte- 
ristics of easy integration, and a value range greater 
than 0, which satisfies the statistical characteristics of 
rock failure under compression. Therefore, it is assumed 
that the strength of rock micro-element body at high 
temperature obeys the Weibull distribution function, so 

the Weibull distribution is introduced and the probability 
density function at room temperature is analogous to 
obtain: 

The density function ( )f x  is 
1

exp
( )

0

m m
m x x

f x K K K

                 



             （2） 

The distribution function ( )F x  is 

( ) 1 exp
m

x
F x

K

      
   

                    （3） 

where x is the strength of the micro-element body; m 
and K are the parameters affecting the shape and size 
of the rock micro-element body depending on temperature, 
which obey the Weibull distribution function. Therefore, 
thermal damage at high-temperature will affect m and 
K[19−22]. In this paper, the variation rules of K(T) and 
m(T) are similar with that of previous studies. The Weibull 
parameters of rocks under different temperatures are 

   
   

0 T

0 T

1

1

m T m D

K T K D

  
  

                      （4） 

where m0 and K0 are the Weibull parameters of the 
rock at 25 ℃; m(T) and K(T) are the Weibull parameters 
of rocks at different temperature T. 

According to the thermal damage concept and damage 
mechanics theory [21] put forward by Liu et al.[15], the 
damage of rocks at high temperature is mostly statistical 
thermal damage, and the rock micro-elements obey the 
statistical distribution. The ultimate failure of the rock 
micro-element body that continuously accumulates 
microcracks and pores will reduce the rock strength 
and cause the damage of rocks. According to the Liu 
et al.[15], the number of damaged micro-elements is a 
hypothetical random amount. Therefore, this paper 
defines the total rock damage variable D as the ratio of 
the number of damaged micro-element bodies NF under 
certain stress and high-temperature state to the total 
number of micro-element N[17, 22]: 

FN
D

N
                                  （5） 

The rock is composed of random heterogeneous 
granular micro-elements. When the strength of micro- 
elements ( )f   exceeds a certain strength, the micro- 
elements begin to fracture successively, and the number 
of damaged micro-elements NF is 

     
F 0 0

d d
f f

N N f N f
 

              （6） 

where  is the stress value. 
Therefore, according to Eqs. (4)−(6), the total damage 

value of rock is 
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 
 0

0

( )d
( )d

f

fN f
D f

N


 

  
            （7） 

Substituting Eqs. (3) and (4) into Eq. (7) yields  

 
 

 0 T1

0 T

1 exp
1

m D
f

D
K D


  

        
           （8） 

According to Eq. (8), it can be seen that the total 
rock damage value D is related to the thermal damage 
value DT, which reflects the thermal-mechanical coupling 
effect. 

According to the Lemaitre strain equivalence principle[16] 
and the effective stress concept, the strain of the damaged 
rock under the nominal stress measured in the test is 
equal to the effective strain produced by the damaged 
rock under the effective stress condition. Meanwhile, 
due to the friction and confining pressure of the specimen, 
it is found that the internal micro-element body still 
has the ability to transmit compressive and shear stress 
after failure during the triaxial test, and there is a certain 
residual strength[17]. Therefore, the damage correction 
factor   that is in the range of 0 and 1 is introduced. 
Then the relationship between the three-dimensional 
isotropic nominal stress i  ( 1,2,3i  ) and the effective 
stress *

i  ( 1,2,3i  ) is 

*

1
i

i D








( 1,2,3i  )                      （9） 

Tian et al.[18] studied that the rock stress−strain 
under high-temperature has an obvious elastic stage. 
Therefore, the strain and stress relationship based on 
the generalized Hooke's law can be written as 

 * * *1
i i j kE
        ，( , , 1,2,3i j k  )     （10） 

where i  is the strain value;   is the Poisson's ratio; 
E  is the Elastic modulus. 

Substituting Eq. (9) into Eq. (10) leads to 

   1

1i i j kE D
    


    

，( , , 1,2,3i j k  )  

                                       （11） 
Substituting Eq. (8) into Eq. (11) we have  

 
 
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1
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1
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i m D
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f
E

K D

i j k




 
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
 

              
    

 （12） 

The above equation can be rewritten as,  

 
 

 

 

0 T1

0 T

1 exp
1

m D

i i

j k

f
E

K D


   

  

                



  

                                       （13） 

Substituting Eq. (1) into Eq. (13), the rock damage 
equation considering the temperature effect is written 
as 

   
 

 

 

0 T1

0 T
0 T

1 1 exp
1

m D

i i

j k

f
E D

K D


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  

                 


                                       （14） 
2.2 Micro-element strength 

The micro-element, which is the smallest unit of 
microscopic damage statistics, can be regarded as a mass 
point of continuous damage mechanics. It also has the 
stress−strain mechanical characteristics. The micro-element 
body follows a certain type of statistical distribution 
characteristic, which reflects the heterogeneity of particles 
and the distribution of micro-cracks. The statistical 
characteristics of all micro-element bodies determine 
the macroscopic characteristics of the material.  

With the increase of temperature, the internal friction 
angle of rock gradually increases, and the cohesion 
decreases during the rock uniaxial and triaxial tests. 
The parameters in the M-C strength criterion are much 
easier to be obtained, making it suitable for rock analysis. 
The M-C strength criterion considering the temperature 
effect is written by Tian et al. [18−19] as follows: 

 * * * *
1 3 1 3 T T Tsin 2 cos 0c               （15） 

where Tc , T  are the cohesion and internal friction 
angle of rock under different temperatures, respectively. 

According to Tian et al.[19] and Eq. (15), the strength 
of rock micro-element ( )f   under high temperature 
is 

 * * * *
1 3 1 3 T( ) sinf                      （16） 

Since the effective stress is used, the nominal stress 
is also required. The conversion relationship between 
nominal stress and effective stress (9) can be rewritten 
as 

* 1
1 1 D








                             （17） 

* 3
3 1 D








                             （18） 

According to the conversion of Equation (11),  

 
* 1 1 1
1

1 2 31

E

D

  


    
 

  
              （19） 

 
* 3 3 1
3

1 2 31

E

D

  


    
 

  
              （20） 

Substituting Eqs. (19) and (20) into Eq. (16), based 
on M-C failure criterion, the strength of rock micro- 
element under high-temperature is given as 
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 
 

1 1 3 1 T 1 1 3 1

1 2 3

sin
( )

E E E E
f

        


   
  


 

 （21） 

2.3 High temperature statistical damage constitutive 
model 

Under the action of external force, the deformation 
and failure of rock is the process of internal crack 
generation, compaction, expansion and convergence[23−24]. 
When the stress is lower than the critical cracking stress, 
the crack propagation is not observed and no damage 
occurs in the rock. Therefore, there is a threshold point 
in the rock deformation and failure process. In this paper, 
the stress corresponding to the threshold point is defined 
as the threshold stress C , and the strain is defined as 
threshold strain C . There is a direct relationship between 
threshold stress and threshold strain and temperature[17, 22]. 
With the increase of temperature, the threshold stress 
decreases and the threshold strain increases. The threshold 
stress and strain are related to the peak stress that is 

different under different temperatures. Therefore, the 
threshold stress and the threshold strain are different at 
different temperatures. 

Under the continuous load, the initial cracks in the 
rock gradually close and undergo a linear elastic stage. 
It is difficult to obtain the threshold stress in the stress− 
strain curve. Thus the damage threshold point is also 
difficult to be obtained. Martin et al.[20] put forward a 
method to calculate the threshold stress of granite through 
triaxial compression test on Lac du Bonnet granite and 
determined that C D40%  ( D  is the peak stress, 
as shown in Fig.1). Therefore, in this paper, 40% of 
the peak stress is regarded as the threshold stress, that 
is, C D40%  , and the corresponding strain is the 
threshold strain C . 

By substituting Eq. (21) into Eq. (14), the rock 
damage constitutive model after the damage threshold 
point can be obtained: 

   
   

 

 
0 T1

1 1 3 1 T 1 1 3 1
0 T

1 2 3 0 T

sin
1 1 exp

1

m D

i i j k

E E E E
E D

K D

        
      

   

                         

       （22） 

Before the damage threshold point, the constitutive 
relationship of the rock can be obtained by fitting with 
the quadratic function. The stress−strain curve passes 
through the coordinate origin, so the quadratic function 
can be set as 

2
i i iA B                               （23） 

where A and B are the fitting coefficients of the quadratic 
function. 

Combining Eqs. (22) and (23), the statistical damage 
constitutive model for rock at high temperature is 
obtained based on Weibull distribution and M-C failure 
criterion as follows: 

   
 

 

 

0 T

2
C

1

0 T
0 T

C

,  0

1 1 exp
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m D

ii
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A B

f
E D

K D

   


  

    



 


                      
 

≤ ≤

                                       （24） 

3  Determination of parameters in the  
constitutive model  

Many parameters are required to build the constitutive 
model proposed in this paper, including E,  , Tc  
and T , which can be obtained by conventional uniaxial 
and triaxial rock tests at high-temperature. The deter- 
mination of coefficients depends on obtaining the peak 
stress and peak strain at different temperature. In the 
high temperature rock triaxial mechanical tests, parameters 

such as nominal stresses 1 , 2 , 3 （ 2 3  ）and 
strain 1 can be obtained. 
3.1 Parameters m and K 

When C  , the Eq. (21) is substituted into Eq. 
(24) to solve the parameters. Eq.(25) is obtained after 
simplification 

 
1 1 31 exp 2

m
f

E
K


    

           
     

  （25） 

where 

 
 

1 1 3 1 T 1 1 3 1

1 2 3

sin
( )

E E E E
f

        


   
  


 

 （26） 

 

 
Fig. 1  The stress−strain curve under triaxial  

compression state 
 

As shown in Fig.1, the strain at the peak point is 

D , and the stress at the peak point is D . The 
stress−strain curve satisfies the constitutive model at 





E

1

o

D

D
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the peak stress, namely: 

1 D D|                                  （27） 
The first derivative of the stress−strain curve at the 

peak is 0, 

 
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  

  
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                                                                                       （28） 
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                                       （29） 
Combining Eqs. (25), (27) and (28), the values of 

m and K can be determined. 
3.2 Parameters A and B 

The deformation and damage in the rock test is a 
continuous process, and the stress−strain curve changes  
regularly and continuously in the compression stage and  

the damage evolution stage,  

 C 2
C 3 C C1 exp 2

m
f

E A B
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                                                                                       （32）

Combining Eqs. (30) and (32), both A and B can 

be calculated. 

4  Model verification and analysis 

4.1 Literature comparison 
The uniaxial test ( 2 3 0   ) results of granite  

 

under different temperature treatments in the literature[6] 

with the correction coefficient   of 0.98 based on 
multiple fittings with the test results are used to verify 
the rationality of the statistical damage constitutive 
model of high temperature rock. The relevant data 
obtained from this experiment is shown in Table 1. 

Table 1  The measured mechanical parameters at different temperatures 
Temperature 

T /℃ 

Cohesion 

Tc / MPa 
internal friction 
angle T /(°) 

Elastic modulus
E /GPa 

Peak stress 

D /MPa 
Peak strain 

D /10−3 

Threshold stress 

C /MPa 
Threshold strain 

C /10−3 
Poisson's ratio

 

25 19.81 47.36 35.438 120.05 4.14 48.02 2.25 0.14 

200 14.65 52.86 31.188 121.15 4.78 48.46 2.41 0.15 

400 14.41 52.20 32.650  97.30 4.21 38.92 2.58 0.18 

600 17.58 53.29 14.927  54.49 5.87 21.80 3.18 0.14 

800 15.15 50.87 12.053  41.84 5.44 16.74 3.32 0.17 

1 000 16.48 50.00  3.870  19.27 6.49  7.71 3.52 0.19 

Note: Threshold stress C D40%  . 

 

The variation of peak stress, peak strain and elastic 

modulus with temperature can be obtained in Table 1 

and Fig.2. Due to the discreteness of experiments, the 

elastic modulus of granite increases at 400 ℃, but the 

compressive strength gradually decreases with the increase 

of temperature, indicating that the high-temperature 

effect will degrade the mechanical properties of granite, 

thereby reducing its strength and causing damage effects. 

As the temperature increases, the elastic modulus of 

the granite samples decrease and the overall trend of 

the peak strain gradually increase. It can be seen that 

the stress−strain curve will shift to the right direction 

with the increase in temperature, indicating that the 

plastic properties of granite increase, but the elastic 

properties decrease. 

For the parameters of the constitutive model established 
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in this paper, the parameters m, K, A, and B at different 

temperatures can be obtained according to the data in 

Table 1 and the above-mentioned parameter calculation 

methods, as shown in Table 2. 

 

 

Fig. 2  Variation of peak stress, strain and elastic modulus  
with temperature 

 
Table 2  Parameter values in constitutive model at different  
temperatures 

T /℃ m K A /105 B /105 

25 4.997 53.179 7.489 0.368 

200 4.832 41.711 1.725 0.314 

400 2.907 41.260 28.229 0.375 

600 2.119 24.350 11.352 0.167 

800 2.240 20.755 10.433 0.138 

1 000 3.786  8.296 1.061 0.041 

 

At the same time, the variation curve of the Weibull 

distribution function parameters m and K with temperature 

in the constitutive equation can be obtained from Table 2, 

as shown in Fig.3. It can be seen from Figure 3 that m 

increases with the decrease of temperature T, and m is 

the smallest when the temperature reaches 600 ℃. The 

parameter K gradually decreases with the increase of 

temperature T between 25 and 1 000 ℃. This is because 

that the parameter m not only affects the geometry of 

micro-element body, but also reflects the plastic properties 

of rocks. As the temperature increases, the plasticity of 

rocks increases, while the elasticity of rocks is relatively 

decreased. Both the peak stress and K value attain the 

largest at 200 ℃, meaning that the K value determines 

the peak intensity. Therefore, the variation law of parameter 

conforms to the change trend of the parameters in the 

references[6], proving that the constitutive model established 

in this paper has a certain rationality.  

The theoretical stress−strain curve of rocks at different 

temperatures are calculated based on Eq. (24) and the 

comparison between theoretical results and that of Xu 

et al.[6] can be seen in Fig. 4, showing similar variation 

trend. Both of them can reflect the variation law of 

strength and deformation in granite with temperature. 

It implies that the high-temperature rock statistical 

damage constitutive model based on Weibull distribution 

proposed in this paper can reflect the deformation 

characteristics of granite under different temperature 

and uniaxial compression tests. It can also efficiently 

characterize the rock stress−strain curve under different 

temperature effects. However, a certain deviation exists 

and it is in a reasonable range. The reason is that the 

parameters are different due to the selection of different 

failure criterion during the establishment of equations. 

There is a large deviation by using the constitutive model 

established by Xu et al.[6] with that of the experimental 

results. The constitutive model established in this paper 

is more in line with the experimental results at the post- 

peak stage of the stress−strain curve, illustrating that 

applying the model established in this paper in the 

uniaxial test is accurate and rational. 

 

 
(a) mT curve 

 
(b) KT curve 

Fig. 3  Variation of m and K with temperature          
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(a) T =25 ℃                                (b) T =200 ℃                                (c) T =400 ℃ 

   
(d) T =600 ℃                                (e) T =800 ℃                                (f) T =1 000 ℃ 

Fig. 4  Comparison of stress−strain curves calculated in this paper with that of Xu’s model[6] at different temperatures 
 

4.2 Test verification 

In order to verify the applicability of the model 

established in this paper, the triaxial test results of 

sandstone under different temperature conditions (25, 

60, 100, 150 ℃) are used. 

The rock samples were taken from the sandstone 

stratum of a tunnel project in Hunan province. The 

rock block from the same tunnel face is taken to the 

laboratory and the ZS-200 automatic coring machine 

and the SHM-200 double-end face grinder are used to 

make the cylindrical standard samples with a diameter 

of 50 mm and a height of 100 mm. The multi-functional 

RLW-2000 rock triaxial instrument jointly developed 

by Dalian Maritime University and Changchun Chaoyang 

Testing Machine Factory are used in the tests. Fig.5 

shows the rock sample and instrument. The allowable 

height deviation of rock is not more than 5 mm and 

the diameter deviation is not more than 0.3 mm. 

The real-time heating rate is controlled at 4 ℃/min. 

When the temperature reaches the preset temperature,  

 

the heating is stopped and a constant temperature is 

kept for 4 h. The displacement loading mode, with the 

displacement loading speed of 0.05 mm/min, is applied.  

Combining the experimental data and the solution process 

of the above-mentioned constitutive model parameters 

(e.g.,  =0.98), the parameter values of the constitutive 

model at each temperature can be obtained, see in Table 3. 

According to Eq. (24), the triaxial stress−strain curve of 

the rock at various temperatures can be compared with 

the experimental data, as shown in Fig.6. 

 

 
(a) Sandstone specimen           (b) Triaxial apparatus 

Fig. 5  Sandstone samples and triaxial instrument 

Table 3  Mechanical parameters in the constitutive model at different temperatures 

T /℃ 2 3  /MPa Tc /MPa T /(°) E/GPa D /MPa D /10−3
C /MPa C /10−3  m K /106 A /106 B /106 

25 5 18.24 46.58 33.452 117.21 4.06 46.88 2.21 0.15 6.25 36.05 −2 133.94 33 455.96

60 5 17.48 47.83 31.243 114.10 4.43 45.64 2.41 0.16 4.84 35.55 −6 804.22 31 256.01

100 5 17.22 47.92 30.174 108.21 4.94 43.28 2.68 0.15 3.00 38.95 −67 434.88 30 294.42

150 5 16.87 48.47 28.774 99.78 5.12 39.91 2.78 0.15 2.48 34.59 −332 456.83 26 772.24

Note: the threshold stress C D40%  . 
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(a) T =25 ℃                                                (b) T =60 ℃ 

     
(c) T =100 ℃                                               (d) T =150 ℃ 

Fig. 6  Comparison of theoretical and experimental stress−strain curves under different temperatures 
 

It can be seen from Fig.6 that the theoretical value 
of stress−strain curve calculated by the Weibull distribution- 
based high-temperature rock statistical damage model 
established in this paper shows a minor difference from 
the experimental value, which fully reflects the trend 
of stress−strain at the post-peak stage. It can also efficiently 
reflect the stress−strain relationship of sandstone at high- 
temperature under triaxial test conditions, revealing 
the deformation and failure characteristics of sandstone 
under different temperatures. Compared with t 

he D-P criterion in Xu et al.[6], the M-C strength 
criterion that considers the temperature effect is more 
consistent with the failure law of rock at the post-peak 
stage. Therefore, the constitutive model established in 
this paper is proved to be reasonable and applicable by 
comparing results between the experiments and the 
model. 

5  Conclusions 

(1) First of all, the strength of the rock micro- 
element body at high temperature is assumed to obey 
the Weibull distribution. The rock damage equation 
considering the temperature effect is established based 
on Lemaitre strain equivalence principle, the effective 
stress theory and the damage correction coefficient  .  

(2) On the basis of considering the existence of a 

damage threshold point in the process of rock deformation, 
the M-C strength criterion with temperature effect is 
used as the basis of the failure of rock micro-elements. 
A high-temperature rock statistical damage constitutive 
model based on Weibull distribution is established and 
the determination methods of parameters in the model 
are clarified. 

(3) The parameters of the constitutive model estab- 
lished in this paper can be calculated from the results 
of conventional uniaxial and triaxial tests, making it 
very convenient to be applied. By comparison with the 
results of the literature, it is found that under uniaxial 
test conditions, there is a minor difference between the 
theoretical results and the calculated curve trends in the 
literature, especially at the post-peak stage. According 
to the comparison results between the triaxial test of 
sandstone at high-temperature and the theoretical curves 
calculated by the constitutive model, it is found that 
the model can better reflect the stress−strain relationship 
of sandstone at high-temperature under the triaxial test 
conditions, proving that the constitutive model established 
in this paper is applicable. 

References 

[1] ZUNINO F, CASTRO J, LOPEZ M. Thermo-mechanical 

assessment of concrete microcracking damage due to 

0 2 4 6 8 10
0

20

40

60

80

100

120  Theoretical value 
 Experimental value 

S
tr

es
s 
 

/M
P

a 

Strain  /103 

0 2 4 6 8 10
0 

20

40

60

80

100

120

140
 Theoretical value 
 Experimental value

S
tr

es
s 
 

/M
P

a 

Strain  /103 

0 2 4 6 8 10
0

20

40

60

80

100

120

140
 Theoretical value 
 Experimental value 

S
tr

es
s 
 

/M
P

a 

Strain  /103 

0 2 4 6 8 10
0

20

40

60

80

100 

120 

140 
 Theoretical value 
 Experimental value

S
tr

es
s 
 

/M
P

a 

Strain  /103 

8

Rock and Soil Mechanics, Vol. 42 [2021], Iss. 7, Art. 4

https://rocksoilmech.researchcommons.org/journal/vol42/iss7/4
DOI: 10.16285/j.rsm.2020.6461



  1902                      JIANG Hao-peng et al./ Rock and Soil Mechanics, 2021, 42(7): 18941902 

early-age temperature rise[J]. Construction and Building 

Material, 2015, 81: 140−153. 

[2] LÜ C, SUN Q, ZHANG W Q, et al. The effect of high 

temperature on tensile strength of sandstone[J]. Applied 

Thermal Engineering, 2017, 111: 573−579. 

[3] CHEN Shi-wan, YANG Chun-he, LIU Peng-jun, et al. 

Evolution of cracks and permeability of granites suffering 

from different thermal damages[J]. Chinese Journal of 

Geotechnical Engineering, 2017, 39(8): 1493−1500. 

[4] CAO Wen-gui, ZHANG Chao, HE Min, et al. Statistical 

damage simulation method of strain softening 

deformation process for rocks considering characteristics 

of void compaction stage[J]. Chinese Journal of 

Geotechnical Engineering, 2016, 38(10): 1754−1761. 

[5] WU Gang, XING Ai-guo, ZHANG Lei. Mechanical 

charactistics of sandstone after high temperatures[J]. 

Chinese Journal of Rock Mechanics and Engineering, 

2007, 26(10): 2110−2116. 

[6] XU Yin-hua, XU Xiao-li. Study on damage constitutive 

model of rock under high temperature[J]. Journal of 

Guangxi University (Natural Science Edition), 2017, 

42(1): 226−235. 

[7] HU Shao-hua, ZHANG Guang, ZHANG Miao, et al. 

Deformation characteristics tests and damage mechanics 

analysis of Beishan granite after thermal treatment[J]. 

Rock and Soil Mechanics, 2016, 37(12): 3427−3436, 

3454. 

[8] ZHAO Yi-qing, WU Chang-gui, JIN Ai-bing, et al. 

Experimental study on microstructure and mechanical 

properties of sandstone after heat treatment at high 

temperature[J]. Rock and Soil Mechanics, 2020, 41(7): 

2233−2240. 

[9] FANG Xin-yu, XU Jin-yu, LIU Shi, et al. Research on 

splitting-tensile tests and thermal damage of granite under 

post-high temperature[J]. Chinese Journal of Rock 

Mechanics and Engineering, 2016, 35(Suppl.1): 

2687−2694. 

[10] CAO Wen-gui, FANG Zu-lie, TANG Xue-jun. A study of 

statistical constitutive model for soft and damage rocks[J]. 

Chinese Journal of Rock Mechanics and Engineering, 

1998, 17(6): 628−633. 

[11] CHAKI S, TAKARLI M, AGBODJAN W P. Influence of 

thermal damage on physical properties of a granite rock: 

porosity, permeability and ultrasonic wave evolutions[J]. 

Construction and Building Materials, 2008, 22(7): 

1456−1461. 

[12] WANG Jun-bao, LIU Xin-rong, LI Peng. Statistical 

damage softening constitutive model for rock[J]. Journal 

of Lanzhou University (Natural Sciences), 2011, 47(3): 

24−28. 

[13] LI Shu-chun, XU Jiang, LI Ke-gang, et al. Study on 

damages constitutive model of rocks based on Weibull 

distribution[J]. Journal of Hunan University of Science & 

Technology (Natural Science Edition), 2007, 22(4): 

65−68. 

[14] LI Tian-bin, GAO Mei-ben, CHEN Guo-qing, et al. A 

thermal-mechanical-damage constitutive model for hard 

brittle rocks and its preliminary application[J]. Chinese 

Journal of Geotechnical Engineering, 2017, 39(8): 

1477−1484. 

[15] LIU Quan-sheng, XU Xi-chang. Damage analysis of 

brittle rock at high temperature[J]. Chinese Journal of 

Rock Mechanics and Engineering, 2000, 19(4): 408−411. 

[16] LEMAITRE J. A continuous damage mechanics model 

for ductile fracture[J]. Journal of Engineering Materials 

and Technology, 1985, 107(1): 83−89. 

[17] CAO Rui-lang, HE Shao-hui, WEI Jing, et al. Study of 

modified statistical damage softening constitutive model 

for rock considering residual strength[J]. Rock and Soil 

Mechanics, 2013, 34(6): 1652−1660, 1667. 

[18] TIAN Hong, ZIEGLER M, KEMPKA T. Physical and 

mechanical behavior of claystone exposed to 

temperatures up to 1 000 ℃[J]. International Journal of 

Rock Mechanics and Mining Sciences, 2014, 70: 

144−153. 

[19] TIAN Hong. Development of a thermo-mechanical model 

for rocks exposed to high temperatures during 

underground coal gasification[D]. Aachen, Germany: 

Department of Geotechnical Engineering, RWTH Aachen 

University, 2013: 61−81. 

[20] MARTIN C D, CHANDLER N A. The progressive 

fracture of Lac du Bonnet granite[J]. International Journal 

of Rock Mechanics and Mining Science & Geomechanics 

Abstracts, 1994, 31(6): 643−659. 

[21] ZHU Zhen-nan, JIANG Guo-sheng, TIAN Hong,  et al. 

Study on statistical thermal damage constitutive model of 

rock based on normal distribution[J]. Journal of Central 

South University (Science and Technology), 2019, 50(6): 

1411−1418. 

[22] LI Tian-bin, GAO Mei-ben, CHEN Guo-qing, et al. A 

thermal-mechanical-damage constitutive model for hard 

brittle rocks and its preliminary application[J]. Chinese 

Journal of Geotechnical Engineering, 2017, 39(8): 

1477−1484. 

[23] KUANG X, JIAO J J, WAN L, et al. Air and water flows 

in a vertical sand column[J]. Water Resources Research, 

2011, 47: W04506. 

[24] XU X L, KARAKUS M, GAO F, et al. Thermal damage 

constitutive model for rock considering damage threshold 

and residual strength[J]. Journal of Central South 

University, 2018, 25(10): 2523−2536. 

9

JIANG et al.: Statistical damage constitutive model of high temperature rock ba

Published by Rock and Soil Mechanics, 2021


	Statistical damage constitutive model of high temperature rock based on Weibull distribution and its verification
	Custom Citation

	<4D6963726F736F667420576F7264202D20BDAFBAC6C5F42DC1F5BAD8BEEA2DCDF5B7C9B7C92DD6DCC6BD2DBAFABBDBD5E4>

