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Keywords   Abstract 
This study evaluates and compares the predictive performance of the RHT 

and KCC constitutive models in simulating the mechanical behavior of Jinping 

marble. First, the constitutive models, including the strength criteria and 

equations of state of each model, are briefly introduced. Subsequently, the 

model parameters required to predict the static behavior of marble under 

triaxial stress states are determined. Using both constitutive models, triaxial 

compression tests were numerically simulated at confining pressures of 5, 20, 

and 40 MPa, and the simulation results were compared with corresponding 

laboratory data. The results demonstrate that the RHT constitutive model 

provides better predictions of peak strength and pre-failure behavior than the KCC model. Accordingly, the RHT 

model was selected as the preferred constitutive formulation, and its post-failure response was further calibrated to 

improve agreement with the experimental observations. 
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I.  INTRODUCTION 

The relations and governing equations that describe 
the relationships among the aforementioned variables 
for rock and other engineering materials are 
collectively referred to as constitutive models [1]. For 
the first time, Johnson and Holmquist (1992) proposed 
the JH-1 constitutive model to simulate the behavior of 
brittle materials such as ceramics, incorporating the 
effects of strain rate and confining pressure on material 
strength [2]. The model was developed to predict 
material failure, post-failure strength degradation, and 
large deformations. However, after implementation in 
various numerical simulation codes, some limitations 
were identified in predicting post-peak softening 
behavior. To address these deficiencies, the same 
authors proposed the JH-2 model as an advanced 
formulation, widely applied to brittle and quasi-brittle 
materials, which was subsequently implemented into 
various numerical simulation platforms [3]. The JH-2 
model parameters were later determined for granites 
and red sandstones in 2006 and 2021, respectively [4], 
[5]. Moreover, JH-2 has been extensively employed in 
various rock mechanics and engineering analyses [6-
11]. In a related development, the JHC model was 

proposed by Johnson, Holmquist, and Cook in 1993 for 
simulating concrete under high strain rates, elevated 
confining pressures, and large deformations [12]. The 
parameters of the JHC model were later determined for 
both dolomite and coal by several researchers, and the 
numerical simulations were compared taken with the 
results of laboratory tests [13,14]. In addition, the JHC 
model has been used by several researchers to simulate 
various rock engineering problems [15,16]. As 
mentioned earlier, these constitutive models capture the 
effects of the strain rate and confining pressure on the 
strength of brittle, semi-brittle materials like rock and 
concrete. However, in all of the aforementioned 
models, the failure surface was expressed in two 
dimensions and did not address the impact of the 
intermediate principal stress. Hence, they cannot 
actually model true triaxial stress conditions. This 
limitation motivated researchers at the Karagozian & 
Case Institute to develop the KCC constitutive model 
in 1996 and 1997. The model is capable of representing 
true triaxial stress conditions and predicting rock 
strength through a fully three-dimensional failure 
surface [17,18]. Similar to the JH-2 and JHC models, 
the KCC model was initially developed for concrete. 
Later, its parameters were calibrated for dolomite and 
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sandstone and reported in 2020 and 2019, respectively 
[19,20]. Tian et al. (2022) and Mardalizad et al. (2020) 
simulated and analyzed the rock cutting process using 
the KCC model [21,22]. Kucewicz et al. compared 
three constitutive models, namely JH-2, JHC, and 
KCC, by benchmarking numerical simulation results 
against experimental data from spherical projectile 
impact tests on dolomite blocks, small-scale blast tests, 
and Hopkinson pressure bar tests. According to the 
comparative results of Kucewicz et al., both the JH-2 
and KCC models generally provided superior 
predictions. However, it should be noted that the KCC 
model overestimates the spatial extent of the damaged 
zone, whereas the growth and propagation of cracks—
as well as the overall damage distribution—are 
predicted more accurately by the JH-2 model [23]. 
Riedel, Thoma and Hiermaier (1999) presented the 
RHT constitutive model for simulating the mechanical 
behavior of concrete. The RHT model can excellently 
capture the response of concrete and other brittle 
materials for a wide range of strain rates, very high 
confining pressures, and true triaxial stress states. In 
addition, the model computes post-peak strength by 
interpolating between different strength levels, 
corresponding to the material damage and stress state 
at each instant [24,25]. Rouhani and Farrokh (2024) 
suggested a systematic methodology for determination, 
calibration, and verification of the RHT model 
parameters for Nehbandan granite [26]. There appears 
to be a noticeable gap in the literature regarding a 
systematic comparison of constitutive models that are 
capable of predicting the strain‑rate‑dependent 
behavior of rocks under three‑dimensional (3D) stress 
states, including their post‑peak response. Such a 
comparison is currently lacking and is needed to guide 
model selection for rock dynamics applications. 

In this paper, the RHT and KCC models are briefly 
introduced and the model parameters for Jinping 
marble are determined. Finally, the predictive 
performance of these two models in simulating the 
behavior of Jinping marble under various confining 
pressures is assessed. 

II. MATERIAL DESCRIPTION AND CONSTITUTIVE 

MODELS 

A. Material Description 

The rock selected for numerical simulation in this 
study is Jinping marble. Rock samples were collected 
from Sichuan Province, China. The mechanical 
behavior of Jinping marble under conventional triaxial 
stress state has been investigated by several researchers 
[27-29].  

In this study, to simulate the models using the RHT 
and KCC models, the physical properties (density and 
porosity), uniaxial compressive strength, Young's 
modulus, Poisson's ratio, and tensile strength were 
adopted from the literature. The failure surface 
parameters were determined from the triaxial 
compressive strength test results of Jinping marble 
reported in the literature. The equation of state 
parameters were calculated based on Young's modulus 

and Poisson's ratio. Furthermore, the true triaxial test 
results investigated by several researchers on marble 
specimens were utilized to generate the parameters that 
define the third invariant of the deviatoric stress tensor. 

B. KCC Constitutive Model 

The failure function of the Karagozian and Case 
(KCC) constitutive model in LS-DYNA is defined by a 
pressure-sensitive yield surface, ϕ (ρ, θ, ξ, λ), given in 
Eq. (1) in terms of the Haigh–Westergaard stress 
invariants [20]. 

(1 ) 𝜙 (𝜌, 𝜃, 𝜉, 𝜆) = √3 2⁄  𝜌 − 𝜑(𝜃, 𝜉, 𝜆) 

Where: 𝜆 denotes the damage parameter and 
𝜑(𝜃, 𝜉, 𝜆) is the yield function of the KCC constitutive 
model. 𝜌, 𝜃 and 𝜉 are the quantities related to the 
Haigh–Westergaard coordinate system and are defined 
according to Eq. (2) [20]. 

(2 ) 

{
 
 

 
 𝜉 = √3 𝑝 = 𝐼1 √3⁄                               

 

𝜌 = √2𝐽2 = √2 3⁄ 𝜎𝑒𝑞  (𝜎𝑒𝑞 = 𝑞)   
 

cos(3𝜃) = (𝑟 𝑞⁄ )3 = 3√3𝐽3 2𝐽2
3 2⁄⁄

 

Where : 𝐼1denotes the first invariant of the stress 
tensor, and  𝐽2 and 𝐽3 represent the second and third 
invariants of the deviatoric stress tensor. Furthermore, 
the KCC model’s yield function, yield, peak, and 
residual strength surfaces, as well as its damage model, 
are subsequently presented [20]. As previously 
discussed, the KCC model comprises three fixed 
failures surfaces which are: 1) the yield strength 
surface, 2) the ultimate or peak strength surface, 3) the 
residual strength surface. Each of these surfaces is 
calculable using Eq. (3)-(5), as determined from the 
results of triaxial compression tests [20]. 

(3 ) 
𝜎𝑦(𝑝) = 𝑎o𝑦 +

𝑝

𝑎1𝑦 + 𝑎2𝑦𝑝
    

 

(4 ) 𝜎𝑚(𝑝) = 𝑎o +
𝑝

𝑎1 + 𝑎2𝑝
 

(5 ) 𝜎𝑟(𝑝) =
𝑝

𝑎1𝑓 + 𝑎2𝑓𝑝
 

Eq. (3)-(5) can also be written in 𝜉 − 𝜌 system as 
follows: 

(6 ) 𝜌𝑦 = √2 3⁄ 𝑎o𝑦 +
√2𝜉

3𝑎1𝑦 + √3𝑎2𝑦𝜉
 

(7 ) 𝜌𝑚 = √2 3⁄ 𝑎o +
√2𝜉

3𝑎1 + √3𝑎2𝜉
 

(8 ) 𝜌𝑟 =
√2𝜉

3𝑎1𝑓 + √3𝑎2𝑓𝜉
 

 Where: the coefficients 𝑎𝑖  (𝑖 = 0, 1, 2) can be 
determined through curve fitting based on the results of 
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triaxial compression tests. Additionally, 𝑦, 𝑚 and 𝑟 
denote the yield, peak and residual states. As shown in 
Fig. 1, the overall configuration of the strength model 
within the KCC constitutive framework is illustrated on 
both the meridian and deviatoric planes. 

In Fig. 1, P*, Δ𝜎 and θ represent the normalized 
mean stress (relative to the unconfined compressive 
strength), the deviatoric stress, and the lode angle, 
respectively. Furthermore, r(θ) is the radial distance 
from the hydrostatic axis in deviatoric plane. 
Additionally, rc and rt represent the radial distance from 
the hydrostatic axis to the failure surface along the 
compressive meridian and the tensile meridian, 
respectively. 

According to Fig. 2, the KCC constitutive model 
parameters were determined using triaxial compression 
test results obtained by Jiang et al. (2016) on Jinping 
marble [27]. Based on the calibrated coefficients listed 
in Table 1, the yield, peak and residual strength 
surfaces for Jinping marble were plotted and are 
presented in Fig. 2. As shown in Fig. 2, the interpolated 
strength curves predicted by the KCC constitutive 
model are in good fit with the experimental results. 

The KCC constitutive model represents the elastic 
deformation of rock through its equation of state and 
the Poisson’s ratio. The equation of states describes the 
relationship between mean stress and volumetric strain, 
or the ratio of the current to initial volume. Based on 
elasticity theory and Hooke’s law, the relationship 
between mean stress and volumetric strain is 
characterized by the bulk modulus and can be 
expressed linearly as:  𝑝 = 𝐾𝜇. In this equation, 𝑝 
denotes the mean stress, 𝜇 represents the volumetric 
strain, and 𝐾 is the bulk modules. In this study, due to 
the lack of certain experimental data, the Poisson’s 
ratio and Young’s modulus of Jinping marble were 
employed to calculate the bulk modulus using Eq. (9).  
The Poisson’s ratio and Young’s modulus of Jinping 
marble are taken as 0.25 and 55 GPa, respectively. 
Accordingly, regardless of the nonlinear behavior of 
the equation of state, the elastic behavior of Jinping 
marble is defined linearly in the numerical model. 

 

  
(a) (b) 

 

Fig 1. (a) Interpolation in a linear fashion across the failure envelopes, (b) Deviatoric plane formulation introduced in 

the Willam–Warnke model [20]. 

Table 1. Calibrated strength-surface parameters of the KCC constitutive model for Jinping marble.  

(%)2 R Value Parameter Surface 

98.96 18.15 yoa yield surface 

0.1336 1ya 

0.008337 2ya 

99.99 52.95 oa Peak strength surface 

0.589 1a 

0.001096 2a 

99.53 0.4669 foa Residual strength 

0.001092 1fa 



Rouhani et al.  Journal of Rock Mechanics 

 

36 
 

 

Fig 2. Strength surfaces of the KCC constitutive model 

for Jinping marble. 

(9 ) 𝐾 =
𝐸

3(1 − 2υ)
 

C. RHT Constitutive Model 

The RHT model is another constitutive model 
developed by Riedel, Hiermaier, and Thoma in 1999 to 
predict the behavior of concrete under high confining 
pressure and high strain rates, while accounting for the 
true triaxial stress state of rock and concrete. The RHT 
model features three failure surfaces: the elastic limit 
surface, the residual strength surface, and the failure (or 
peak strength) surface. The peak strength and elastic 
limit surfaces are functions of the intermediate 
principal stress (or the third invariant of the deviatoric 
stress tensor) and the Lode angle. However, the residual 
strength surface is independent of the Lode angle and 
has a conical shape; in each deviatoric plane, the 
distance from the mean stress axis to any point on the 
surface is assumed to be identical. Fig. 3 schematically 
presents the RHT failure surfaces [26]. 

 

Fig 3. RHT Constitutive Model Strength Surfaces [24]. 

According to the failure surfaces, the yield function 
corresponding to the maximum strength surface 𝜎𝑓

∗ and 

the residual strength surface 𝜎𝑟
∗ for the RHT model are 

given by Eqs. (10) and (11) [31]. 

(10 ) 𝜎𝑓
∗ = 𝐴 (𝑝∗ −

𝐹𝑅
3
+ (

𝐴

𝐹𝑅
)−(1 𝑛⁄ ))𝑛 

(11 ) 𝜎𝑟
∗ = 𝐴𝑓𝑝

∗𝑁𝑓 

Where: 𝐴 and 𝑛 are the parameters associated with 
the peak strength failure surface of the RHT 
constitutive model. The quantities 𝐴𝑓 and 𝑁𝑓 are the 

coefficients related to  the residual strength surface. The 
parameter 𝐹𝑅 represents the dynamic increase factor 
relative to the corresponding static strength at different 
strain rates.   

As shown in Fig. 3, the horizontal and vertical  axis 
represent the mean stress and the deviatoric stress 

(√3𝐽2), respectively, both of which are normalized 

with respect to the uniaxial compressive strength. 

As discussed earlier, the peak strength surface of 
the RHT constitutive model is a three-dimensional, and 
its projection onto the deviatoric plane is not circular. 
Indeed, the peak strength surface shown in Fig. 3 is the 
only compressive meridian of Jinping marble. To 
obtain the full three-dimensional surface, the RHT 
constitutive model provides a linear relation that 
expresses the ratio of the tensile meridian to the 
compressive meridian, as given by Eq. (12). The 
parameters A, n, Af, and Nf were determined according 
to Fig. 4. 

 

Fig 4. Determination of the strength-related parameters 

of the RHT constitutive model for Jinping marble. 

(12 ) 
1

2
< 𝑄2 = 𝑄o + 𝐵𝑃

∗ ≤ 1 

Where: 𝑄o and 𝐵 are the parameters of  the RHT 
constitutive model. It should be noted  that the tensile 
meridian corresponds to the triaxial extension stress 
state (𝜎1 = 𝜎2 ≥ 𝜎3), whereas the compressive 
meridian corresponds to the triaxial compression stress 
state (𝜎1 ≥ 𝜎2 = 𝜎3) [30]. In this section, experimental 
data from laboratory tests conducted by von Kármán, 
Böker and Ramsey, and Chester on similar marble, as 
collected by Yu and Ng, were used. These datasets are 
not specifically representative of Jinping marble. 
However, due to the limited availability of triaxial 
extension data for Jinping marble, data from other 
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marbles with mechanical properties similar to those of 
Jinping marble were utilized.  

The tensile and compressive meridians, as well as 
their ratio, are shown in Fig. 5 [32]. The data used in 
Fig. 5 correspond to a minimum principal stress range 

of 25 MPa to 161.8 MPa for the compressive triaxial 
stress state, and a range of 60.5 MPa to 131.6 MPa for 
the extension stress state. 

The RHT constitutive model parameters 
determined for Jinping marble are presented in Table 2. 

(a) 

 

(b) 

 

Fig 5. Determination of the parameters for extending the compressive meridian of the RHT constitutive model to the 

three-dimensional surface for Jinping marble. 

 
Fig 6. The equation of state of the RHT constitutive model [30]. 

 
Table 2. The RHT constitutive model parameters determined for Jinping marble. 

Value Parameter Value Parameter Value Parameter Value Parameter 

1.464 Af 
(1) 0.85 gc

* 0.276 FS* 28 RO (kN/m3) 

0.8716 Nf 
(1) 36.7 A1 (Gpa) 0.0599 FT* 1.464 A 

0.02 D1 36.7 T1 (Gpa) 117 FC (Mpa) 0.8716 n 

1 D2 0 T2 (Gpa) 0.0178 B 1.707 Af 

0.005 EPM 22 G (Gpa) 0.7886 Qo 0.8737 Nf 
(1) These two parameters were determined via a calibration process. 

Where: RO denotes the intact rock density, FS* and 
FT* represent the shear and tensile strengths 
normalized with respect to the uniaxial compressive 
strength FC, respectively. The parameters A1, T1 and T2 
are the equation-of-state parameters for the 
compressive and tensile stress states and are taken to be 

equal to the bulk modules (Within this confining 
pressure range, the material behavior corresponds to 
the first (linear) phase of the equation of state. 
Consequently, this assumption holds true only for this 
phase). The parameter G denotes the shear modules, 
which is calculated using the Young’s modules and 
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Poisson’s ratio of Jinping marble. gc*  determines the 
ratio between the elastic limit surface and the peak 
strength surface. The final column of the table contains 
the calibrated parameters associated with the 
refinement of the post-failure behavior.  

III. NUMERICAL SIMULATION 

LS-Dyna software has been used for simulation in 
this study. The model comprises three finite element 
parts, including an upper jaw, a bottom jaw, and a 
cylindrical specimen between them and positioned 
under the load of the upper jaw. The specimen is 
meshed with 51,800 solid elements. 

The upper and bottom jaw were fixed rotationally 
about the X, Y, and Z axes. They were also fixed 
translationally in all directions, except for the upper 
jaw, which is free to move in the Z direction. Therefore, 
the specimen was loaded through the displacement of 
the upper jaw. 

The contact between the specimen and both the 
bottom and upper jaws was defined using the 
*CONTACT_AUTOMATIC_SURFACE_TO_SURF
ACE contact model.  

IV. RESULTS AND DISCUSSION 

In this section, the determined parameters for 
Jinping marble are defined  in both the RHT and KCC 

constitutive models, and triaxial compression tests 
under confining pressures of 5, 20 and 40 MPa are 
simulated. The simulation results obtained using the 
KCC constitutive model are presented in Fig. 7. 

B. KCC Constitutive Model Results  

According to the results illustrated in Fig. 7, the 
prediction error of the model in estimating the peak 
strength decreases as the confining pressure increases, 
from approximately 30% for the specimen subjected to 
a confining pressure of 5 MPa to less than 10% for the 
specimen under 40 MPa. However, the pre-failure rock 
behavior, including the slope of the linear elastic 
portion of the stress-strain curve, is predicted more 
accurately in the simulations conducted at lower 
confining pressures. It should also be noted that the 
post-peak slope of the stress–strain response and the 
residual strength at confining pressures 5 MPa and 40 
MPa show reasonably good agreement with the 
laboratory test results. Nevertheless, none of the 
simulated cases under confining pressures of 5, 20 and 
40 MPa were able to accurately predict the complete 
mechanical response of Jinping marble. Therefore, the 
KCC constitutive model did not provide satisfactory 
predictive performance. 

  
Confining Pressure of 5 MPa Confining Pressure of 20 MPa 

  
Confining Pressure of 40 MPa Comparison of Simulation Results with Experimental 

Data 
Fig 7. Simulation Results of Triaxial Compressive Tests under Variable Confining Pressures Using the KCC 

Constitutive Model.

A. RHT Constitutive Model Results  

The results of the triaxial compression test 
simulations under confining pressures of 5, 20 and 40 

MPa using the RHT constitutive model are also shown 
in Fig. 8. The presented results reflect the outcomes of 
calibrating the model parameters that govern the post-
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peak behavior and residual strength of Jinping marble. 
The calibration procedure was performed such that, 
after determining the parameters that could be obtained 
experimentally, the remaining parameters were refined 
through iterative adjustments and monitoring of the 
simulation results for a model under a confining 
pressure of 5 MPa. The calibrated model was then 
validated using other models subjected to higher 
confining pressures. It should be noted that this 
calibration procedure did not affect the prediction of the 
pre-peak behavior of the rock or the peak strength at the 
onset of failure. As shown in the Fig. 9, the simulation 
results obtained using the RHT constitutive model 
exhibit very good accuracy. The RHT constitutive 
model provides satisfactory performance in predicting 
the pre-failure behavior, the peak strength at the onset 
of failure, as well as the post-peak deformation and 
residual strength. The high fidelity of these results 

further confirms the validity of the parameter 
determination and calibration procedure adopted for 
this constitutive model. According to the peak strength 
error curve obtained from the comparison between the 
numerical and experimental results, the prediction error 
is less than 5% for the specimen subjected to a 
confining pressure of 5 MPa and less than 1% for the 
other two specimens. 

C. Comparison of KCC and RHT Models 

Finally, Fig. 9 compares the peak strength values 
obtained under different confining pressures using the 
RHT and KCC constitutive models. The specimen is 
shown in Fig. 10 under a confining pressure of 5 MPa, 
simulated using the RHT constitutive model to 
demonstrate the model's ability to predict post-peak 
behavior and crack propagation. 

 

  
Confining Pressure of 5 MPa Confining Pressure of 20 MPa 

  
Confining Pressure of 40 MPa Comparison of Simulation Results with Experimental 

Data 
Fig 8. Simulation Results of Triaxial Compressive Tests under Variable Confining Pressures Using the RHT 

Constitutive Model.
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Fig 9. Comparison of the RHT and KCC constitutive models in predicting peak strength under confining pressures of 

5, 20, and 40 MPa. 

 
Fig 10. Specimen simulated by RHT model under 5 MPa confining pressure.

V. CONCLUSION 

This study evaluated the predictive performance of 
the RHT and KCC constitutive models in simulating 
the mechanical behavior of Jinping marble under 
conventional triaxial stress conditions. Both models 
were first briefly introduced, and their respective model 
parameters were determined specifically for Jinping 
marble. Numerical simulations of triaxial compression 
tests were performed at confining pressures of 5, 20, 
and 40 MPa, and the results were compared with 
experimental observations to assess the accuracy of 
each model in predicting the rock’s mechanical 
response. 

The KCC model demonstrated limited predictive 
capability for Jinping marble. While the model’s 
prediction of peak strength improved with increasing 
confining pressure—from approximately 30% error at 
5 MPa to less than 10% at 40 MPa—the pre-failure 

behavior, particularly the slope of the elastic portion of 
the stress–strain curve, was more accurately captured at 
lower confining pressures. The post-peak response and 
residual strength predicted by the KCC model exhibited 
reasonable agreement with experimental data at 
selected confining pressures. However, the model 
failed to reproduce the complete mechanical response 
across all tested conditions, highlighting its limitations 
for accurately simulating the full stress-strain behavior 
of Jinping marble. 

In contrast, the RHT constitutive model provided 
consistently high-fidelity predictions across all 
confining pressures. The calibration procedure, 
involving both experimentally determined parameters 
and iterative refinement of remaining parameters, 
allowed the model to accurately capture the pre-failure 
behavior, peak strength at failure onset, and post-peak 
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deformation, including residual strength. The 
numerical results showed excellent agreement with 
laboratory data, with peak strength prediction errors 
less than 5% at 5 MPa and below 1% for the higher 
confining pressures. These findings demonstrate that 
the RHT model is capable of accurately representing 
both the elastic and post-failure response of Jinping 
marble, including the effects of confining pressure on 
strength and deformation. 

Overall, the comparative analysis indicates that 
while both models are suitable for simulating rock 
behavior under triaxial conditions, the RHT model 
outperforms the KCC model in terms of overall 
predictive accuracy, particularly for capturing post-
peak softening and residual strength. Therefore, for 
Jinping marble, the RHT model is recommended as the 

preferred constitutive formulation for numerical 
simulations requiring accurate representation of both 
pre- and post-failure behavior. 

 These results not only validate the parameter 
determination and calibration procedures adopted for 
the RHT model but also provide a framework for 
selecting appropriate constitutive models for brittle 
rock types in numerical analyses. The findings 
highlight the importance of accurately capturing post-
peak behavior and residual strength in constitutive 
modeling, particularly when simulating rock under 
varying confining pressures. Future studies may extend 
this approach to other rock types and stress conditions, 
further improving the reliability of numerical 
predictions in rock mechanics and engineering 
applications.
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بینی رفتار سنگ مرمر  در پیش  KCC و RHT های رفتاریمقایسه عملکرد مدل 

 استاتیکیجینپینگ تحت بارگذاری استاتیکی و شبه 
 

 *1، ابراهیم فرخ1آیدا عاملی قمصر، 1هومن روحانی

 ، تهران، ایران.دانشگاه صنعتی امیرکبیردانشکده مهندسی معدن،  -1
 

 29/12/1404: ؛            پذیرش01/11/1404:  دریافت

 (e.farrokh@aut.ac.irنویسنده مسئول: *)

   

مدل  چکیده  عملکرد  مطالعه،  این  رفتاریدر  شبیه KCC و RHT های  زمینه  مرمر  در  سنگ  مکانیکی  رفتار  سازی 

ابتدا، مدل قرار گرفته است. در  های شکست و معادلات حالت هر کدام از  جینپینگ مورد ارزیابی و مقایسه 

به طور مختصر شرح داده شده است. سپس، آن گروه از پارامترهای هر مدل که به  مدل های رفتاری مذکور 

بارگذاری سهمنظور شبیه بوده تعیین شده است.  سازی رفتار سنگ مذکور تحت  محوری استاتیکی مورد نیاز 

مگاپاسکال، با استفاده از هر دو    ۴۰و    ۲۰،  ۵محوری مرسوم تحت فشارهای جانبی  آزمون مقاومت فشاری سه

از شبیهمدل رفتاری، شبیه نتایج حاصل  و  از دادهسازی شده  نتایج حاصل  با  آزمایشگاهی  سازی عددی  های 

و   مقاومت حداکثر  مقادیر  پیشبینی  حاصله،  نتایج  مطابق  است.  شده  مقایسه  مطالعه،  مورد  از سنگ  موجود 

بهتر پیشبینی شده است. بنابرین، مدل   RHT پذیری سنگ پیش از شکست، توسط مدل رفتاریتغییرشکل

به عنوان مدل تواناتر و ارائه دهنده پیشبینی با صحت بیشتر تشخیص داده شده و رفتار پس از   RHT رفتاری

 .شکست سنگ، برای این مدل از طریق فرایند کالیبراسیون، تدقیق شده است

 RHT ،KCCمدل رفتاری، مرمر جینپینگ،   واژگان کلیدی 
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