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range for each case. To achieve good agreement 
with the measured values, the parameters 
are usually obtained from back calculation by 
curve fitting with history records. Although 
this technique could improve the accuracy of 
prediction in practice, it is only applicable for a 
specific range of each work. To overcome such 
shortages, it is necessary to consider at least an 
elasto-plastic model with isotropic hardening. 
In addition to previously mentioned aspects, 
the non-linear pre-failure initial stiffness of soil 
at small strain range is necessary for analysis of 
some geotechnical earthworks (Burland, 1989). 

Recently, with the advancement in constitutive 
model development and implementation in Plaxis, 
the Hardening Soil model (HS) (Schanz et al., 1999) 
with small strain stiffness (HS-small) has been 
proven to be effective in analysis of geotechnical 
works. Moreover, with the advanced feature in 
later versions of Plaxis, the implementation of 
any desired constitutive model via user define-
model subroutine is possible. This facilitates the 
engineers to utilize more advanced soil models.
In this article, three constitutive models with 
enhancing levels of complexity are used to 
simulate three types of geotechnical works 
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»To eliminate or reduce the possibility 
of such damage, an effective method is 

needed to accurately ‘‘predict” the construction-
induced movement for such complex condition. 
The magnitude of the settlement and lateral 
movement and their distributions depend on 
a number of factors, such as soil profile and its 
geotechnical engineering properties, stiffness of 
structure and support system. The finite element 
method (FEM) is often used to predict ground 
movements induced by such soil-structure 
interaction problems. The interaction between 
existing structures and underground activities is a 
complex phenomenon in which the behavior of the 
surrounding ground is one of the main aspects to 
be taken into account. Consequently, a reasonable 
soil model is crucial in order to estimate the 
magnitudes and distribution of the strains. The 
constitutive model frequently used in numerical 
simulation of an underground work in current 
practice is linear elastic perfectly plastic with a 
Mohr–Coulomb (MC) yield  criterion. The greatest 
advantage of MC is that only five parameters, 
which includes two elastic parameters (i.e., 
Young’s modulus E and Poisson’s ratio   ) and three 
plastic parameters (i.e., friction angle   , cohesion c 
and dilatancy angle   ), are sufficient in describing 
the behavior. Moreover, the parameters can be 
easily determined. However, the model does 
not take into account the fundamental aspects 
of soil behavior, such as variation of modulus 
according to different stress state and modulus in 
loading and unloading conditions or stress path 
dependency. Therefore, in general, the numerical 
results by MC are only in good agreement with 
particular field observation at a certain strain 

In this article, three constitutive models with enhancing levels of complexity are used to simulate three types of geotechnical 
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Figure 1: Typical soil profile of Bangkok subsoil and typical section and position of geotechnical works
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(embankment construction, deep excavation 
and tunneling) on/in Bangkok subsoil conditions. 
These include MC, HS-small and a hypoplastic 
(HP) model (Masin 2005). The first two models are 
available in the Plaxis model library, whereas, the 
last one was a user-defined model subroutine.  
First, the calibration of selected models on the 
basis of the extensive in situ test results for stiff 
clay and laboratory test results for soft clay is 
carried out. The analysis results are compared with 
triaxial test results. Then analyses of three kinds 
of geotechnical works are carried out with those 
three soil models with a single set of parameters 
for each model. The impact of selecting a soil 
model for geotechnical work analysis on accuracy 
of the predictions of soil displacements is 
highlighted.

Subsoil Condition and Soil Parameters
Bangkok Soft Clay was deposited in marine 
conditions at the delta of the rivers in the Chao 
Phraya Plain. The typical Bangkok subsoil is 
shown in Figure 1. It consists of made ground 
with a thickness of 2.0 m  over a 13.0 m thick soft 
clay layer. The 12.0 m thick first stiff clay layer is 
encountered below the soft clay layer at the depth 
of 15.0 m to 27.0 m  Beneath the first stiff clay 
layer is the 8.0 m thick dense sand layer and the 
6.0 m thick second stiff clay layer at the depths 
of 35.0 m to 41.0 m respectively. The 19.0 m thick 
second dense sand layer at the depth of 60.0 m is 
underneath these laters. The soil properties used 
in the analyses are mainly determined from local 
investigated data correlation from comprehensive 
in-situ tests of previous mass transit projects (Prust 
et al., 2005) and previous laboratory tests (Shibuya 
et al., 1997; Theramast, 1998 ; Uchaipichat, 1998).  
Note that the various soil models are applied 
to the only soft clay layer, whereas, other layers 
are assumed to behave as MC model in order to 
highlight the influence of soft clay model. Tables 
1-3 tabulate the soil parameters of soft clay for MC, 
HS-small and HP model, respectively.  The values 
of other soil layers are listed in Table 4. Figure 
1 also shows the typical section and position of 
geotechnical works on/in Bangkok subsoil. 

Table 1: Soil parameters of Bangkok soft clay for MC model

Soil parameter
  sat    ‘    ‘ c E’  Rinter

[kN/m3] [-] [°] [ kPa] [kPa] [°] [-]

MC model 16 0.33 22 5 10000 0 1

Soil parameter
 Eref

oed Eref
50  Eref

ur  Gref
0    0.7 m pref

[kPa] [kPa] [kPa] [kPa] [-] [-] [kPa]

HSsmall model 10000 10000 30000 22560 1x10-4 1 100

Basic parameters [unit in parenthesis] 

N* [-]   * [-]   * [-]   c [deg] r [-]

1.85 0.17 0.043 24 0.2

Intergranular strain extension parameters 

mR [-] mT [-] R [-]   r [-]    [-]

5.25 5.25 0.0001 0.2 6

Soil layer Weather Crust Soft Clay Medium Clay Stiff Clay Sand

  sat[kN/m3] 17 16 18 18 20

 [-] 0.32 0.33 0.33 0.33 0.3

  [°] 22 22 22 22 36

c [kPa] 8 5 10 18 0

E’ [kPa] 6000 5000 20000 60000 80000

 [°] 0 0 0 0 0

Rinter 1 1 1 1 0.7

Table 4: General MC soil model parameters for Bangkok subsoil (Wonglert et al., 2008)

Table 3: Soil parameters of Bangkok soft clay for Masin’s hypoplastic model for clay

Table 2: Soil parameters of Bangkok soft clay for HS-small model
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Tunneling
For tunneling work, the ground surface 
settlements were measured by settlement marker. 
The case study is construction of the Mass Rapid 
Transit (MRT) tunnel having an inner diameter of 
5.8 m at three sections including CS-8E, CS-8C 
and CS-9A with the depth from ground surface at 
21.0, 19.0 and 17.0 m, respectively. As an example, 
the boundary condition and mesh of FEM analysis 
for MRT tunnel at point CS-8E is shown in Figure 
7. The results of ground surface settlement are 
shown in Figure 8 for comparisons of the FE 
analysis results and the observed values. It shows 
that the analytical results from all models give 
satisfactory tendencies in terms of the magnitude 
and the shape of the settlement profile. However, 
the results from HP are closed to measured values 
at near-centerline (0.0 - 18.0 m), whereas, those of 
MC are in good agreement with measured ones in 
the distance of 20.0 - 40.0 m from centerline.

The results of surface settlement at the tunnel 
center (maximum), 5.5 and 11.0 m from the tunnel 
center are compared with measurement data at 
point CS-8E, CS-8C and CS-9A as shown in Figure 
9. From FE analyses, HSsmall and HS model give 
a highly accurate prediction for a wide range of 
observed settlement. The results from MC model 
seem to be more scattered.

Numerical Analysis and Results
All problems which are from well-documented 
case histories having reliable monitored data are 
analyzed by PLAXIS 2D assuming plane strain 
condition with the appropriate analysis condition. 
These include the embankment construction 
(Bergado et al., 1994), deep excavation (Teparaksa 
et al., 1999) and tunneling (Suwansawat, 2002). 
The consolidation analysis is carried out for 
embankment construction since the monitoring 
data was obtained at 300 days after construction. 
For analyses of deep excavation and tunneling, 
undrained conditions are assumed since the 
measured data were obtained during and at a 
few days after construction. The extension of the 
finite mesh is wide enough and suitable boundary 
conditions are assumed for all model boundaries 
to ensure the accuracy of the analysis.

Embankment Construction
Figure 2 depicts the finite element mesh, 
geometry and dimension of the problem for the 
embankment construction case. The case is the 
construction of 4.0 m high test embankment at 
AIT (Asian Institute of Technology) in 1992. The 
data to be compared is the settlement of the 
embankment measured at the level of the original 
ground using surface settlement plates for 300 
days after the construction. 

The comparison between measured data (red 
dot) and analysis results by three different soil 
models (color lines) as embankment loading 
increases is illustrated in Figure 3. It is seen that, 
for this problem in which the soil behavior is mainly 
governed by compression loading, the results 
from HP are best comparable with measured data. 
While those of HS-small and MC have acceptable 
agreement with measured data in low to moderate 
loading range.

Deep Excavation
The finite element mesh, geometry and dimension 
of the problem for underground construction of 
Bangkok Metropolitan Hospital (BMH) which is a 
14 m deep excavation using 20 m high diaphragm 
wall as retaining structure, is depicted in figure 
4. Figure 5 shows the comparison between the 
FEM analysis results and observed values of the 
excavation works at the excavation depth of 2.0, 
5.7, and 11.0 m. For this problem which the soil 
behaviors are mainly governed by compression 
unloading and extension unloading paths, it shows 
that the tendencies of analytical results with HP 
and HS-small models are satisfactory in terms of 
magnitude and the shape of the wall movement 
while those of MC model are over-estimated. 

Figure 6 shows the maximum lateral wall 
movement from analyses compared with the 
observation results of all cases (Oriflame Building, 
MRT Bang Sue, China tower and TPI Building).  It 
was shown that the predicted results by HP and 
HS-small models give a satisfactory accuracy with 
the observed data.  Especially, when the maximum 
lateral wall movements are lower than 20.0 mm.  It 
can be seen that, for the constitutive soil models 
which take the small-strain stiffness into the 
account, the lateral wall movement is accurately 
predicted.  However, the simple constitutive soil 
model such as elastic-perfectly plastic (MC) is still 
able to accurately predict the lateral deformation 
only for specific strain range of each problem.

Figure 5: Comparison of wall movement of BMH construction between 
measured data and analysis results by three different soil models 

Figure 4: Finite element mesh for deep excavation case

Figure 2: Finite element mesh for embankment construction case
Figure 3: Comparison of settlement between measured data (red dot) 
and analysis results by three different soil models (color lines)
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Figure 6: Comparison between computed maximum wall displacement 
by different soil models and measured data of all case studies

Figure 8: Comparison of surface settlement at point CS-8E between 
measured data and analysis results by three different soil models
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Discussion
The analyses of three kinds of geotechnical 
works carried out in this article shows the 
impact of soil model on the simulations. Using 
more sophisticated soil models considerably 
improves the prediction of movements. The HP 
and HSsmall models which include non-linearity 
at prefailure and high stiffness under very small 
strain, particularly the HP which has stress-path 
dependent stiffness, give satisfactory accuracy of 
movement prediction for all three types of work 
covering the wide range of observed data. MC 
model over-predicts the deformation for analysis 
of embankment and excavation work, particularly, 
at range of small movement. However, the 
advanced models are applied to only the soft clay 
layer in this study. By applying to the other clay 
layers, the analysis results can be further improved 
(Rukdeechuai et al., 2009).
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Figure 9: Comparison between computed settlements by different 
soil models and measured data of all case studies

Figure 7: FE mesh for tunneling case


