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In this study, the numerical modeling of end-bearing stone columns was carried out using
both time-dependent and time-independent constitutive models. The numerical modeling was
performed using the two-dimensional finite element method based on the unit cell concept
and assuming axisymmetric conditions. Soft Soil Creep (SSC) constitutive model was
adopted in this study to account for the effects of time-dependent behavior and the
consolidation state of clayey soft soils during the numerical modeling of stone columns
installed in soft ground. To investigate the time-dependent response of stone column-
improved soft soils, a series of two-dimensional finite element consolidation analyses was
performed. The results obtained using the time-independent elastic-perfectly plastic Mohr-
Coulomb (MC) constitutive model were systematically compared with those obtained from
the time-dependent Soft Soil Creep (SSC) model. For the same soil profile, key response
parameters - including lateral displacement, settlement, excess pore water pressure (EPWP),
and stress distribution between the surrounding soil and the stone columns, represented by
the Stress Concentration Factor (SCF) - were evaluated under two different numerical
modeling approaches. The first approach employed a time-independent constitutive model
(MC) combined with a time-dependent consolidation analysis, whereas the second approach
incorporated both a time-dependent constitutive model (SSC) and a time-dependent
consolidation analysis. A noteworthy aspect of this study is that both numerical approaches
were applied to the same case study, thereby enabling a direct assessment of the influence of
constitutive modeling assumptions on the predicted behavior. A major limitation of this study
is that the behavior of the triangular arrangement of stone columns was investigated within
the framework of the unit cell concept, which should be taken into consideration. The results
of this study indicate that the stress concentration factor predicted by the SSC model is
approximately twice that predicted by the MC model. Furthermore, compared with the MC
model, the SSC model predicts a more delayed buildup and dissipation of excess pore water

pressure, primarily due to the incorporation of creep effects in the constitutive formulation.
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Introduction
Soft and very soft clayey soils, which commonly undergo excessive deformation and

settlement following the application of structural loads, are among the most problematic
geomaterials encountered in civil engineering construction. Their poor mechanical
performance and high compressibility pose significant challenges to geotechnical engineers
in the design and construction of safe and durable infrastructure. Soft and weak soils can be
improved using a variety of ground improvement techniques. Among these, the installation of
stone column groups not only enhances the strength and stiffness of the treated ground under
structural loading but also accelerates the three-dimensional consolidation process by
facilitating radial drainage, thereby reducing the rate and magnitude of post-construction
settlements. Furthermore, to enable the installation of stone columns in very soft soils, they
are commonly encased with geosynthetic materials such as geotextiles or geogrids. This
technique makes it possible to install stone columns in very loose and unstable soil deposits.
For the numerical simulation of stone columns in soft clay, two-dimensional finite element
analysis can be performed under either axisymmetric or plane strain conditions. A critical
aspect of such analyses is the selection of an appropriate constitutive model capable of
accurately predicting the time-dependent consolidation response and settlement behavior of
soft soils. In this study, the creep deformation and settlement of the soft soil were evaluated
using the Soft Soil Creep (SSC) constitutive model and compared with the predictions of the
elastic-perfectly plastic Mohr-Coulomb (MC) model employing a non-associated flow rule.

Method

In this study, stone column groups were numerically modeled using the unit cell concept under
axisymmetric conditions by means of the two-dimensional finite element method
implemented in the research version of PLAXIS 2D. Successive loading and consolidation
stages of 10 and 5 days, respectively, were adopted to allow the dissipation of excess pore
water pressure within the 10-m-thick clay layer. The length of each stone column in the group
was equal to the thickness of the soft clay layer, corresponding to 10 m. The stone columns
were assumed to have a diameter of 1.0 m and a center-to-center spacing of s =2.0 min a
triangular arrangement. Furthermore, based on the triangular arrangement of the stone column
group, the unit cell radius was calculated as 1.05 m using the relationship ru,=0.525s, and this
value was adopted in the numerical simulations.

A 1-m-thick sand layer was placed above the soft clay layer and the stone column group to
serve as the upper drainage boundary. The finite element mesh was generated using 15-node
triangular elements to discretize the computational domain. The numerical analysis,
particularly the modeling of the soft clay layer, was performed using both the time-dependent
Soft Soil Creep constitutive model (SSC) and the time-independent Mohr-Coulomb
constitutive model (MC). The results obtained from these two constitutive models were
subsequently compared and evaluated. The interaction between the geosynthetic-encased
stone column and the surrounding soft clay at their interface was modeled using the interface
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strength reduction factor (Rix). The Rin between the soft clay layer and the stone column was
taken as 0.50 for both the MC and SSC constitutive models, whereas a value of 1.0 was
assigned to the interface between the stone column and all other materials. Furthermore,
numerical analyses based on both constitutive models were conducted using time-dependent
consolidation analyses. The numerical simulations performed using the two constitutive
models provided results for shear strain, shear stress, horizontal and vertical stresses, excess
pore water pressure, the stress concentration factor (SCF), horizontal and vertical
displacements, stress paths in the p-g space, as well as graphical outputs at selected monitoring
points within the numerical model.

Results

The shear strain response of the soft clay predicted by the SSC model was smoother and
exhibited fewer abrupt changes and discontinuities than that obtained using the MC model.
The p'-q stress path indicates that, at the same mean effective stress (p'), the SSC model
reaches failure at a lower deviatoric stress (g) than the MC model owing to the incorporation
of creep effects. The stress concentration factor predicted by the SSC model was slightly more
than twice that predicted by the MC model for both the geogrid-encased and unencased stone
column configurations. Furthermore, at the mid-depth of the soft clay layer, the horizontal
displacements predicted by the SSC model were approximately one-seventh and one-fourth
of those predicted by the MC model for the geogrid-encased and unencased cases,
respectively. On the other hand, the settlement (vertical displacement) at point B, located at
the mid-depth of the soft clay layer, was approximately 1.5 times greater in the MC model
than in the SSC model for both the geogrid-encased and unencased cases. The vertical stress
within the soft clay layer predicted by the SSC model was approximately 10-50% lower than
that predicted by the MC model for both the unencased and geosynthetic-encased cases,
particularly at the end of each consolidation stage following the dissipation of excess pore
water pressure. Moreover, at point B, located at the mid-depth of the soft clay layer, the excess
pore water pressure predicted by the SSC model in the geosynthetic-encased case was lower
than that predicted by the MC model at the beginning of the loading stage, but became higher
by the end of the loading stage.

Conclusions

In this study, the settlement, displacement, and stress-strain behavior of geosynthetic-encased
stone columns installed in soft clay were investigated and compared using the time-dependent
Soft Soil Creep (SSC) constitutive model and the time-independent Mohr-Coulomb (MC)
constitutive model. The main findings of this study reveal significant differences in the
predicted displacements, stresses, and strains of the two-dimensional finite element unit-cell
model obtained using the SSC and MC constitutive models. The time-dependent behavior
associated with incorporating creep effects in the SSC model is the primary factor responsible
for the differences observed relative to the MC model. For both the geosynthetic-encased and
unencased configurations, the stress concentration ratio predicted by the SSC model was
approximately twice that predicted by the MC model. The results of this study indicate that,
because creep is a fundamental mechanism governing the mechanical behavior and
consolidation of soft clay deposits, the SSC model provides a substantially more realistic



Numerical Modeling of Stone Columns Using Time-Dependent and ... 27

representation of the problem than the MC model. The results of this study indicate that the
stress concentration ratio predicted by the SSC model is approximately twice that predicted
by the MC model. Furthermore, compared with the MC model, the SSC model predicts a more
delayed buildup and dissipation of excess pore water pressure, primarily due to the
incorporation of creep effects in the constitutive formulation.
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