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ABSTRACT 

Quite often soil at the site is saturated with water. Any addition of the load onto such soil 

with low permeability results in generation of excess pore water pressure. Real life problems 

such as construction of footing, construction of embankment on saturated clayey soil and 

deep excavation falls under this category. The numerical modelling of such problems must 

be capable of simulating generation of excess pore water pressure accurately. Mohr 

Coulomb model is the most widely used constitutive model in the numerical analysis of soil 

problems. However, being elastic-perfectly plastic, application of this model in simulation of 

short term undrained simulations needs to be investigated. In the present study, efficacy of 

the Mohr Coulomb model and Hardening Soil model present in the PLAXIS have been 

investigated for coupled analysis. It is found that Mohr Coulomb model overestimates the 

undrained shear strength of the soil significantly and fails to produce the realistic stress 

path. Hardening soil model captured the realistic pore pressure response whereas the Mohr 

Coulomb model underestimated the pore pressure and resulted in unrealistic pore pressure 

evolution. It is recommended that advanced constitutive models such as Hardening Soil 

model should be employed in short term undrained numerical analysis. 
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1. Introduction 

Many times soil at the site is saturated with water. If permeability of such soil is low, as in case of clay, silt and 

sandy silt; construction of footing or any other surcharge over such soils results in undrained monotonic loading of 

the subsoil [1-3]. Stability of the footing/surcharge immediately after construction is critical due to generation of 

excess pore water pressure [2, 4-6]. Therefore, undrained shear strength and evolution of excess pore pressure 

needs to be given due consideration in the analysis of such problems. 

Nowadays, numerical modelling is widely used to assess stability and settlement of the structures resting on 

the soils [7-11]. The reliability of the numerical results depends upon the constitutive model used to simulate the 

soil stress strain response [12-16]. Mohr Coulomb (MC) model is the most widely used constitutive model in the 

numerical analysis due to its simplicity and less number of material parameters [17-20]. Being linear elastic 

perfectly plastic, this model fails to capture most typical hardening response of the soil observed at the site [12, 

20-23]. Therefore, use of Mohr Coulomb model in the undrained analysis needs to be investigated. In the present 

study, MC model and Hardening Soil (HS) model available in the PLAXIS have been investigated in respect of pore 

water pressure evolution, undrained shear strength and effective stress path. Light is also shed on the advantages 

and limitations of these models. Further, the care that has to be exercised while using these models is also 

highlighted. The present study sheds light on the importance of choosing appropriate constitutive model in 

numerical analysis so that real life problems such as construction of footing on saturated soil, construction of 

embankment on saturated clayey soil and deep excavations in clayey/silty clay/clayey silt, can be modelled 

realistically. The realistic modelling results in realistic deformations/settlements which helps in the design of such 

projects. 

2. Superiority of Hardening Soil Model over Mohr Coulomb Model 

Mohr Coulomb model is a widely used constitutive model in the field of soil mechanics. It is a linear elastic 

perfectly plastic material model. In this model, the elastic response is governed by Young’s modulus and Poisson’s 

ratio and the plastic response is governed by the angle of internal friction and cohesion. Further, yield criteria and 

failure criteria are same in this model [24]. That is in another words, material fails when it reaches yielding. 

Experimentally, it is observed that the soil shows nonlinearity and plasticity right from the very small 

deformation [25-28]. Further, the stiffness of the soil is stress dependent [29-34]. That is, the secant 

modulus/tangent modulus of the stress strain curve conducted at different confining pressure is different. This is 

called as stress (pressure) dependency of the stiffness. In HS model, this effect is incorporated in the formulation 

of the model whereas in Mohr coulomb model there is no provision to incorporate stress dependency of the 

stiffness. In other words, in case of Mohr Coulomb model, for each confining pressure we have to enter different 

value of stiffness and run the simulation separately. In case of Hardening Soil model, only one value of secant 

modulus is enough. Using the stress dependency parameter m, stiffness at all other confining pressure is 

automatically calculated. In Mohr Coulomb model, yield surface is fixed whereas in Hardening soil model it 

expands with straining. 

3. Modelling of Triaxial Test 

In the present study, the Isotropically Consolidated Undrained Triaxial (ICUT) test is simulated using the MC and 

HS models available in PLAXIS. The triaxial specimen is modelled as axisymmetric model as shown in Fig. (1). The 

dimensions of the domain are kept to be 1 m × 1 m. The boundary conditions are also shown in the Fig. (1). 

To begin with, the triaxial specimen is modelled with HS model and the constitutive parameters for this 

purpose are taken from Surarak et al. [35]. These parameters are given in Table 1. It should be noted that the unit 

weight of the soil is defined as zero in the analysis. This helps to choose the domain dimensions of our choice 

since the self-weight components does not enter into the analysis. The initial effective confining pressure 

considered is 138 kPa. The excess pore water pressure evolution obtained from the present simulation for the HS 

model is compared with the experimental response from Surarak et al. [35] in the Fig. (2). It is observed that there 
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Figure 1: The axisymmetric model of the triaxial specimen. 

Table 1: The constitutive parameters used in the analysis [35]. 
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Figure 2: Comparison of the excess pore water pressure evolution from this study with that from Surarak et al. [35]. 

is an excellent agreement between the two responses. The objective of this comparison was to ensure that the 

triaxial simulation performed in the present study was modelled correctly. Fig. (3) shows the comparison between 

the pore water pressure obtained at the top and bottom of the domain. The pore pressure responses are identical 

only. This further ensures accuracy of the simulation performed in present study. 

0 
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Figure 3: Comparison of excess pore water pressure recorded at the top and bottom of the axisymmetric model (HS 

model). 

4. Results and Discussion 

4.1. Findings 

The triaxial test was simulated at the confining pressure of the 138 kPa using HS and MC model. The 

constitutive parameters for the HS model were taken from Table 1. The elastic modulus (800 kPa), friction angle 

(27°) and cohesion (1 kPa) for Mohr Coulomb model were also taken from same table. This was done because 

here objective was to know what happens to the response when elastic modulus and shear strength parameters 

are same but the constitutive models are distinct. The Poisson’s ratio was chosen to be 0.3. The effective stress 

paths are shown in Fig. (4). It is clear that the effective stress path for MC model is vertical and that from HS model 

is curved one and moves leftward. Both paths ultimately reach to the failure envelope. However, the deviatoric 

stress at failure for MC model is 151 kPa and that for HS model is 80 kPa. In other words, the strength predicted by 

MC model is 1.89 times that from HS Model. The pore pressure evolution is also compared in the Fig. (5). The pore 

pressure evolution is nonlinear for HS model whereas that for MC model is almost bilinear. The rate of pore 

pressure evolution is very high in HS model. The maximum pore pressure developed in HS case is 89 kPa. Out of 

this 89 kPa, 75 kPa is developed at strain less than 5%. In case of the MC model, the maximum pore pressure 

developed is around 50 kPa and is attained at strain of 18%. 

 

Figure 4: Overestimation of undrained shear strength by Mohr Coulomb model. 
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Figure 5: Comparison of the pore pressure evolution. 

 

Figure 6: Effect of confining pressure on effective stress path and undrained shear strength. 

Triaxial test simulations were also performed at the following initial effective confining pressures: 50 kPa, 100 

kPa, 200 kPa and 300 kPa. The effective stress path and excess pore pressure evolutions are shown in Fig. (6-10). 

From Fig. (6), it is observed that stress path for Mohr Coulomb model are vertical irrespective of the initial 

effective confining pressure whereas the stress paths for HS model are curved one and moves leftward. Further, 

irrespective of the initial effective confining pressure, the Mohr Coulomb model always estimates significantly 

higher strength than the one predicted by HS model (Fig. 6). From the Fig. (7), it is observed that with increase in 

the initial effective confining pressure, there is significant increase in the excess pore water pressure for HS case. In 

case of MC model, however, the rise in the pore pressure with rise in initial confining pressure is very small as seen 

in Fig. (7). To have further insight into the pore pressure evolution, the pore pressures are normalized with the 

initial effective confining pressure and are plotted in the Fig. (8 and 10). From Fig. (8), it is found that irrespective of 

the initial effective confining pressure, the normalized pore pressure is almost identical in HS case. The normalized 

pore pressures plotted in Fig. (10), however, are found to be distinct. It should be noted that in case of MC model, 

for initial effective confining pressure of 50 kPa, 100 kPa and 138 kPa, normalized pore pressure become identical 

at an axial strain beyond 17%. 
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Figure 7: Excess pore pressure evolution at different confining pressure. 

 

Figure 8: Normalized excess pore pressure at various confining pressure (HS model). 

 

Figure 9: Excess pore pressure evolution at different confining pressure (MC model). 
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Figure 10: Normalized excess pore pressure at various confining pressures (Mohr Coulomb model). 

4.2. Implications 

For the same elastic moduli and shear strength parameters the Mohr Coulomb model always overestimates 

the shear strength of the soil. This may endanger the stability of the real life projects if the numerical analysis 

relies just on the Mohr Coulomb model. Therefore, in conjunction with Mohr Coulomb model other advanced 

material models should always be used in the stability analysis of the important (critical) real life projects. The 

excess pore pressure predicted by the MC model is always lower than its HS counterpart and the rate of evolution 

is also low. While dealing with the real life problems this may result into small and misleading pore pressure 

development. In all cases ( i.e., confining pressures) the pore pressure predicted by MC model are significantly 

smaller than those from HS model. This implies that MC model fails to capture the contractive tendency of the soil, 

in undrained analysis, effectively. 

5. Conclusions 

The following major conclusions are drawn from the present study: 

1. The Mohr Coulomb model though widely used and simple one, significantly overestimates the undrained 

shear strength. For initial effective confining pressure of 138 kPa, the undrained shear strength given by 

Mohr Coulomb model is 89% higher than one given by Hardening Soil model. 

2. the Hardening Soil model effectively captures the nonlinear effective stress path in the undrained analysis. 

The effective stress path obtained from Mohr Coulomb model is vertical whereas that obtained from 

Hardening Soil model is curved and moves leftward. In case of Hardening Soil model, increase in the initial 

effective confining pressure increases the excess pore water pressure; however, the normalized excess pore 

pressure remains identical. 

3. In case of Mohr Coulomb model, increase in the initial effective confining pressure increases the excess 

pore water pressure but this increment is significantly low when compared with one noticed for Hardening 

Soil case. Further, the normalized excess pore pressure is found to be distinct. It is worth to note that for 

the initial effective confining pressure of 50 kPa, 100 kPa and 138 kPa, the normalized pore pressure 

becomes identical beyond axial strain of 17%. 

The present research investigated two constitutive models only. In near future, a rigorous study involving 

recently developed advanced constitutive models may be carried out. Further, this study has focused on 

monotonic loading only. The efficacy of MS model and HS model under cyclic/dynamic loading may also be 

investigated in near future. 
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5.1. Care that Needs to be Exercised 

Even while using the HS model the constitutive parameters should be first calibrated carefully and then only it 

shall be used in the analysis of the real life problem. One of the major steps in the use of constitutive models is 

evaluation of the constitutive parameters as accurately as possible. Arbitrary use of the material parameters may 

result into numerically correct but physically unrealistic responses. 
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