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Behavior of ordinary and encased stone columns in soft
clay soils of Egypt - finite element study
Comportement des colonnes de pierre ordinaires et encastrées dans le
sol argileux mou d'Egypte - Etude par éléments finis
M. F. AwadAllah
National Researcg Center, Cairo, Egypt
ABSTRACT: This paper introduces a numerical comparsion study using finite element method (FEM). The
behavior of ordinary stone columns (OSC) versus the geosynthetic encased stone columns (ESC) installed in
soft clay soil deposit of Egypt is investigated. Parametric study of an embankment on soft soils reinforced with
stone columns is performed using commercial computer program based on the finite element technique. The
study investigates the influence of the following parameters: diameter of stone columns, stiffness of geosynthetic
encasement, and the length encasement of the stone column on the consolidation time, vertical settlement, and
lateral displacement (bulging) of soft clay soil formations.
RÉSUMÉ: Cet article présente une étude comparative numérique utilisant la méthode des éléments finis (FEM).
Le comportement des colonnes en pierre ordinaires (OSC) par rapport aux colonnes en pierre recouvertes de
géosynthétique (ESC) installées dans un gisement de sol argileux mou en Égypte est étudié . L'étude paramétrique
d'un remblai sur des sols meubles renforcés avec des colonnes en pierre est réalisée à l'aide d'un programme
informatique commercial basé sur la technique des éléments finis. L’étude examine l’influence des paramètres
suivants: diamètre des colonnes de pierre, rigidité de l’enveloppe géosynthétique, et longueur de l’enveloppe de
la colonne de pierre sur le temps de consolidation, le tassement vertical et le déplacement latéral (renflé) de sols
argileux mous..
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soils, and reduce total and partial settlement. On
the other hand, installation of stone column in
very soft soils faces some limitations. Stone
column obtain its strength and stiffness mainly
from the confinement stress provided by the
surrounding soil. In very soft soils (Cu≤12.5
KPa), this confinement is not enough; so further
development is required in stone column
installation, which is reinforcing the columns
with geosynthetic encasement.
Structures constructed on soft soils may
experience problems, such as excessive
settlements, large lateral flow. Figure 1 shows the
typical configuration of ordinary and encased

1 INTRODUCTION
The increasing infrastructure growth in urban and
metropolitan areas has resulted in a dramatic rise
in land prices and lack of suitable sites for
development. As a result, construction is now
carried out on sites which, due to poor ground
conditions, would not previously have been
considered economic to develop.
Construction over soft clay frequently leads to
large lateral movement, excessive settlements
and slope instability (Abusharar et al, 2009). Out
of all methods, stone column became the most
popular as it increase bearing capacity of soft clay

IGS

1

ECSMGE-2019 - Proceedings

B.3 - Ground reinforcement and ground improvement

jacketing with tubular wire mesh and found their
load carrying capacity and the settlement
performance.
Castro and Sagaseta (2010) presented an
analytical closed form solution to study the
settlement reduction and the acceleration of
consolidation caused by encased stone columns.
They found that the column encasement has
negligible effect for an elastic column and starts
to be useful only after column yielding.
Effectiveness of the encasement is directly
related to its stiffness and hence, encasing stone
columns is recommended in soft soils using stiff
encasements and under moderate loads because
for high applied loads, the encasement reaches its
tensile strength and does not provide any further
improvement (Dheerendra babu et al, 2013).
Therefore, in this paper the behaviour of
ordinary stone column (OSC) were compared
againt the encased stone columns (ESC) installed
in soft clay soil using finite element method
(FEM). Influence of the following parameters:
stiffness of geosynthetic encasement, depth of
encasement from ground level, and diameter of
stone columns on vertical settlment and lateral
displacement as well as the required
consolidation time of soft clay were studied.

stone columns installed in soft clay soil,
respectively. Van Impe (1989) and Katti et al
(1993) proposed the concept of encasing stone
column using geosynthetic materials (e.g.
geotextile, geogrid, etc.).

2 FINITE ELEMENT MODELLING OF
THE PROBLEM
Finite lemennt tool (PLAXIS 2D) is chosen for
simulation of the problm because of its flexibility
to model the behavior of the three different
materials (i.e., clay, stone, and geosynthetic). The
soft clay soil and the stone column were modeled
as a Mohr-Coulomb model. In the following subsection a detailed discussion is presented.
Numerical modelling of 2-D finite element
method in axisymmetric condition has been used.
An axisymmetric unit cell was used to simulate
the stone column with the surrounding affecting
soft soil (Figure 2). Based on unit cell concept
used in the present numerical analysis, the impact
area of the stone columns at the triangle pattern is

Figure 1(a, b). Typical configuration of ordinary
(OSC) and encased stone columns (ESC), respectively

Analytical and axisymmetric model based on
unit cell concept were also developed by Raithel
and Kempfert (2000) for designing a geotextile
encased stone columns. Ayadat and Hanna
(2005) have reported the benefits of encasing
stone column installed in collapsible soils. Black
et al (2007) examined the performance of smallscale stone columns that were enhanced by
ECSMGE-2019 – Proceedings
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considered as circles with a diameter (de) equal
to 1.05S.

The influence zone of stone column is assumed to be
circular which represents a unit cell

A unit cell is fixed at the bottom, no radial
deformation is allowed

Figure 2: Unit Cell Concept

The clay layer in this study was saturated; the
ground water level was taken to be just beneath
ground surface to generate a hydrostatic pore
water pressure profile in the domain. The soft
ground is 10 m thick normally consolidated clay
lying on a rigid and impermeable stratum (lower
boundary). In the following sub-section a
detailed discussion is presented.

2.1 Geometry and boundary conditions
Figure 3 represents the problem geometry and
boundary conditions. The boundaries of the
model are taken sufficiently far away to avoid
direct influence of the boundary conditions.
Standard fixation boundaries are used to avoid
spurious reflections.

2.2 Materails and parameters
Stone columns and the surrounding soil were
modeled using Mohr- Coulomb model as elastic
perfectly
plastic
material.
Geosynthetic
encasement was modeled as geogrid element
which behaves as an isotropic linearly elastic
material with no failure limit. Table 1
summarizes the physical and mechanical
properties of the material used in finite element
modeling.
A uniform pressure of 100 kPa was applied on
the top of the stone column cross section area
only; to be able to directly assess the influence of
lateral confinement provided by using
geosynthetic encasement, as shown in Figure 3.
Ground water level was considered is located at
the ground surface.
Figure 3. Geometry and boundary conditions of
Unit cell stone column (Axisymmetric)
IGS
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Table 1: Material Package used in the current numerical analysis
Parmeters
Soft clay
Model
Mohr-Coulomb

Matarial
Stone column
Mohr-Coulomb

Geosynthetic
Elastoplastic

Type

Un-drained

Drained

-------

Young’s modulus, E (KN/m2)

2000

30000

-------

0.35

0.3

-------

16

20

-------

Unsaturated unit weight, γunsat (kN/m )

12

19

-------

Permiability, k (m/day)

0.001

1

-------

Cohesion, C kPa

15

1

-------

Internal friction angle, φ (degree)

0

42

-------

Axial stifness, J (kN/m)

-------

-------

Variable

Maximum axial tenstion, Np ((kN/m)

-------

-------

Variable

Poission‘s ratio, ʋ
Saturated unit weight, γsat (kN/m )
3
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compared against the experimental model results
which was performed by Narasimha (1992). In
his work, Narasimha (1992) used a tank model of
height equal to 350m and diameter of 650m. Soft
clay soil was used as soil media and a single stone
column of 25mm diameter and 225mm height
was installed at the middle of the tank. Loading
was applied through a rigid plate with a diameter
of 50 mm on the top of stone column. The
material properties selected for the analysis were
based on the material that Narasimha (1992) used
in his experiment as given in Table 2. Loadsettlement curves are shown in Figure 4, and it is
obvious that there is an acceptable agremment
beween the used finite element model and
Narasimha (1992) experminal results.

The following notations used in the analysis:
de = influence diameter of unit cell; dc = diameter
of stone column.; N = diameter ratio (de/dc); H =
dhickness of clay soil layer; L = length of stone
solumn embedded into the soil; x = Encasement
depth of geosynthetic encasement; and R =
Encasement ratio – used to define partially
encased stone column (x/L).

2.3 Calculation process phase
The finite element program (PLAXIS) provides
calculation of the numerical modeling consisted
of four phases:
− Initial geostatic equilibrium;
− Installation of the stone column or
encased stone column;
− Construction of embankment and apply
loading on stone column; and
− Consolidation phase calculation.

3 VALIDATION
MODEL

OF

Table 1. Properties of materials used by Narasimha
(1992)
Material
E
υ
C
φ
(KPa)
(KPa) (degree)

Clay
Stone
column

NUMERICAL

4000
45000

0.45
0.3

20
0

0
38

In order to validate the proposed FE model
presented in this paper, the FE model results was
ECSMGE-2019 – Proceedings
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behavior. It is clear that by increasing of diameter
ratio and/or using encasement for a stone column,
a noticeable reduction in lateral bulging has
occurred at the top level of the stone column.
However, at deeper depths of stone column
lateral deformations are slightly small.

Time (days)

0

100

200

300

400

0.00

Settlement (m)

-0.05

Figure 4. Comparison between the present FE
model against Narasmiha (1992)

OSC dc=1.4m
OSC dc=1.0m
ESC dc=1.4m

OSC dc=1.2m
OSC dc=0.8m
ESC dc=1.2m

-0.10
-0.15
-0.20

-0.25
-0.30

4 RESULTS AND DISCUSSION
4.1 Influence of
consoildation
displacement

Figure 5. Influence of change of diameter of stone
column on the consolidation time and settlement

diameter ratio on
time and
lateral

In order to investigate the effect of diameter of
stone column on consolidation behavior, the
diameter of the stone column was changed as
fellows (dc = 0.8 m, 1 m, 1.2 m, and 1.4 m).
Figure 5 illustrates the relationship between the
consolidation time and the corresponding
settlement beneath the embankment. It is
noticeable that the diameter of stone column has
a great effect on the settlement and consolidation
time of the clay soils. The total consolidation
settlement was decreased by increasing in the
diameter of stone column. Similarly, the presence
of geo-encasement for ESC type has a significant
effect on the consolidation behavior.
Two diameters for stone column were used
0.8m, and 1.2m. (i.e. N1 =de/dc1 = 7.5, N2 = de/dc2
= 5). The analysis was performed in case of no
encasement (OSC), and fully encasement (ESC)
with stiffness J1 = 2000 KN/m. Figure 6 shows
the effect of diameter ratio (N) and confinement
of stone columns on the lateral deformation
IGS

Figure 6. Horizontal Displacement versus column
depth for ordinary stone column (OSC), and fully
encased stone column (ESC)
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4.2 Influence of stiffness of the geosynthetic
encasement on lateral and vertical
displacements

OSC
0

Encasement Stiffnes (KN/m)
2000

4000

6000

8000

10000

-0.24

Geosynthetic encasement stiffness of various
stiffness J (kN/m) =1000, 2000, 5000, and 10000
were implemented in the FE numerical study.
Two different diameters of encased stone
columns were selected (0.8m and 1.2m) for the
purpose of comparison.
Figure 7 illustrates the lateral behavior of stone
columns at different encasement stiffness (J1=
2000 KN/m, J2= 5000 KN/m and J3= 10000
KN/m). It can be seen that the lateral
displacement of stone column decreases by
increasing the encasement stiffness. This is can
be attributed to that the encasement provides
confinement and prevents dispersion of stones
into the surrounding soil. Thus, the higher
geosynthetic stiffness is, the lower lateral
displacement is observed.
Moreover, vertical settlement decrease with
increasing the geogrid stiffness (J), when J equal
to 0 (i.e. OSC), 1000, 2000, 5000, 7000, and
10000 kN/m the vertical settlement were 394,
312, 287, 254, 250, 248 mm, respectively. This
indicates that with using appropriate encasement,
settlement can be reduced more than 60% rather
than without encasement, as shown in Figure 7.

-0.26
Settlement (m)

-0.28
-0.3
-0.32
-0.34
-0.36
-0.38
-0.4

Figure 7. Effect of change of encasement stiffness
of stone column on the consolidation time and
settlement

4.3 Influence of encasement length
For long stone columns, it may not be necessary
to provide encasement over the full height.
Hence, it was important to investigate the
influence of the encasement depth (x) from
ground surface related to the total length of the
stone columns (L). Encasement length ratio (R)
is defined as the ratio between the length of
geosynthetic encasement (x) to the total
embedded depth of stone column (L). The values
of encasement length ratios (R) were varied
between R1= 0.5 (for x=5m), and R2= 0.7 (for
x=7m).
Figure 8 depicts the effect of changing in
encasement length ratio (R) on the lateral bulging
of stone columns. Although the bulge was
initially generated at the upper part of the
ordinary stone column, however, it was found
that confining top part was not be sufficient to
eliminate the critical lateral deformation.
Partially encased stone column can be effective
to restrain the critical lateral deformation, when
using encasment length of value greated that 2/3
of full column length.

Figure 6. Horizontal Displacement versus column
depth in soft clay for fully encased stone column (ESC)
ECSMGE-2019 – Proceedings
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5 CONCLUSIONS
The foregoing numerical study has revealed the
following conclusions:
(1) The performance of encased stone
column of smaller diameters is superior
to that of larger diameter stone columns
for the same encasement because of
mobilization of higher confining stresses
in smaller diameter stone columns.
Moreover, as the stiffness of the
encasement increases, a significant
decrease in the lateral displacement is
noticed.
(2) The length of stone column is more
effective as it penetrate the whole soft
clay layer, it achieve the minimum
vertical settlement.
(3) Depth of encasement beneath ground
level plays an important role in reducing
vertical displacement and effective
confinement; to have a significant
impact.
(4) Although bulging of stone columns was
initially generated at the upper part of the
ordinary stone column, however, it was
found that confining that part only will
not be sufficient to eliminate the critical
lateral
deformation.
Furthermore,
partially encased stone column could be
effective to restrain the critical lateral
deformation when (2/3) of its length is
encased.

Figure 8. Horizontal displacement along column
depth for N1=7.5 and N2=5 in case of Partially ESC

Figure 9. Influence of variation of encasement
length of stone column for dc=1.2 and 0.8m
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