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ABSTRACT: The single floating stone column behavior in very soft soils with a low undrained shear strength of
Cu < 20 kN/m2 was studied in the finite-element method to investigate the influence of stone column's area ratio
on the normalized pressure-settlement curves of circular footings of different diameters. The studied cases consist
of stone columns of 1.0 m in diameter Ds and lengths Ls of (4 m, 6 m, and 7.5 m). The diameter of footings Df is
(1.0m,1.2m, 1.4 m, 1.6 m, 2.0 m, 2.5 m, and 3.5 m) which covers the area ratios with a range of 100 to 8.16 %.
A total of 28 runs were carried out using the Ansys program to simulate the case for improved and unimproved
soil. In the axisymmetric numerical model, the connection between the stone column and the adjacent contact clay
soil was modeled as bonded type. The results of the analysis showed that there is a clear relationship between the
bearing ratio (gq/cu improved) / (g/cu unimproved) and the normalized settlement (S/Df) of the composite structure
and the area ratio Ar% of the stone columns. The deformation ratio (Streated/Suntreated) and the footing diameter
are related using a straightforward equation. In comparison to footings with a low area ratio, the footing displays
a lower value of settling when subjected to the same pressure. By decreasing the diameter of the footing, the
normalized settlement decreases for the same normalized g/cu values. The bearing ratio depends on the stone
column length ratio Ls/Ds and settlement ratio. It is from 2.2 at a 100% area ratio and 1.23 at a 16% area ratio.

Keywords: Stone column, Area ratio, Finite elements, Bearing ratio, Lateral deformation.

1. INTRODUCTION that after the critical length (a four-stone column's
diameter) is exceeded, bulging failure is the most
Soft soils are found in the world in many places, common type of stone column failure.
these types of soils are characterized by their low One of the most common techniques for
shear strength, which is typically less than 25 KN/m2, improving soft soils for the foundation of
with a high compressibility that leads to many embankments or structures is stone columns, also
foundation problems. A variety of approaches have known as granular piles or aggregate piers. Ground
been used to improve the mechanical properties of improvement by a stone column was believed to be a
these soils. The stone column is often one of the low- cost-effective method, as stated in [3-5]. Stone
cost techniques in comparison to other techniques column involves improving weak soils by installing
used to enhance the load-bearing capacity and reduce vertical boreholes in the ground, filled upwards with
the final settlement and the settlement duration, aggregates, and compacted by a vibrator. Stone
especially for large areas and under embankments columns have been widely applied when dealing with
Hughes and Withers [1]. soft soil to enhance its bearing capacity, decrease
Embankments and natural slopes are successfully settlements, improve the stability of slopes [6, 7],
improved in performance by using the stone column'’s reduce the liquefaction under cyclic loads [8], and
technique which enhances the shear strength and accelerate consolidation times [9]. There are two
reduces the settlement and time required for types of stone columns; end-bearing and floating
settlement to be accomplished. In addition, the low stone columns. The end-bearing stone column is a
cost of this technique is superior due to the low cost term indicated when the toe of the stone column was
of execution and environmental benefit making this placed on the hard stratum. While for The floating
technique among other types of soil improvement. stone columns, also known as partially penetrated
Stone columns are ordinarily used for the stone columns, are assumed to partially penetrate the
improvement of soft soils. For the different structures' soft soil as the hard strata are far underneath the
support, the stone columns have been increasingly surface [10-12].
used recently. Stone columns are used to reduce The ratio of the stone column area to the total area
settlement and increase the carrying capacity of soft is a concept known as the area ratio (Ar %) for the
soils at a cost that is both economical and unit cell idea, however, it will be the area of the stone
environmentally beneficial Hughes et al. [2]. column divided by the footing area for a single stone
Hughes and Withers [1] and Hughes et al. [2], column.
recently investigated the stone column bulging failure, The spacing between stone columns is a
using a model and field measurement. They found significant factor in determining the group's bearing
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capability. Rao and Madhira [13] noticed that by
increasing the stone column spacing above a certain
value, there was a reduction in its bearing capacity.

Fattah and Majeed [14] used the finite elements
method to simulate the encasing of stone columns by
geogrid material to increase its performance in
different conditions. They used CRISPR-2D for the
analysis of the composite system. The elastic
completely plastic model was used by the Mohr-
Coulomb failure criterion. The parametric study was
to investigate the effect of encasing and the length of
stone columns. It was found that the length-to-
diameter ratio Ls/Ds of (7-8) for the standard
technique produces the maximum performance when
the shear strength ranges between (20-40) kPa, but
when the shear strength decreases to 10 kPa, the
Ls/Ds ratio was (10-11) while the best performance
for encased techniques was when the length to
diameter ratio Ls/Ds between (7-8). The bearing ratio
for the encased floating columns improves as the area
ratio increases, especially when the ratio reaches
(0.25). In comparison to typical stone columns, the
geogrid lowers the lateral movement.

Nasab and Asakereh [15] presented the results of
a series of finite element calculations on square

footing resting on both improved and unimproved soil.

One of the existing experimental reports was used to
validate the generated model. The parametric studies
were then carried out to identify the effective
geometrical and mechanical parameters, as well as
their influence on footing bearing capacity. The use
of stone columns boosted the footing bearing capacity
significantly, according to the findings. The bearing
capacity ratio (BCR) increases as the stone column
friction angle increases and the cohesion and friction
angle of the soft soil decrease.

Fattah et al. [16] studied the behavior of
embankment models that were supported by ordinary
and encased stone columns (ESCs). Different spacing
distances were used in the model tests., length to
diameter ratios (Ls/Ds), as well as different heights of
the embankment. A total number of 39 model tests
were carried out on soil having 10 kPa of undrained
shear strength. They revealed that for embankment
models the encasement of stone columns ESCs
provides the most efficient way for bearing
improvement regardless of the stone columns being
floated or rested on a rigid stratum. The bearing ratio
for the encased technique in comparison to untreated
soil was 1.4, 1.57, and 1.83 in comparison with
ordinary type which gives the ratio of 1.29, 1.39, and
1.63 respectively for embankment heights of (200,
250, 300 mm) with (L=d = 5 and 8), and spacing (s
=2.5d). The settlement for these cases was reduced by
approximately 0.63, 0.6, and 0.45 times that of
untreated and 0.71, 0.67, and 0.62, respectively.

Garakani et al. [17] used the concept of suction-
dependent effective stress for the determination of the
bearing capacity of shallow footing lying on
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unsaturated soils, two approaches were used, the first
is a new analytical solution. They extended Vesic's
solution for saturated soils and they proposed a
modification factor for tunning the cohesion-
dependent component in the bearing capacity
equation.

Experimental research on the impact of
construction methods on the functionality of stone
columns was done by Nazariafshar et al. [18]. Stone
column models with diameters of (6 and 8 cm), which
are a floating type, are both uncased and covered with
geotextile and were built using displacement and
replacement methods. It was demonstrated that stone
columns built using the displacement method have a
bearing capacity that is 20-30% greater than stone
columns constructed by the replacement method, and
the impacts of the construction method on the bearing
capacity are more apparent in stone columns with
larger area replacement ratios. By adjusting the stress
concentration ratio (n) and load improvement ratio
(LIR), the performance of stone columns was also
examined. It was demonstrated that the area
replacement ratio and length-to-depth ratio have an
impact on both LIR and n. When the settlement ratio
reaches 5% or greater, LIR and n begin to approach a
constant value. To assess the stiffness and bearing
capacity of stone columns, a design curve is
ultimately produced.

Shreya and Peter [19] represented the loose to
dense condition of the granular material of the stone
column in their study using soft clay with a stiffness
of 15 MPa and varied the stiffness of the stone column
(Egp) in the range of 75 to 190 MPa with a relative
stiffness (Egp/Es) varying between 5 and 13. They
also varied the size of the stone column as represented
by the area ratio (Ar), which ranged from 0.07 to 0.
The investigation demonstrated that regardless of the
area ratio and total stress (qgtotal), Qgp/Qs change
concerning Egp/Es is logarithmic. For gtotal 15 t/m2
for all area ratios, this Qgp/Qs fluctuation with
Egp/Es is relatively minor, but for larger gtotal values,
considerable variance is seen for smaller Ar, which
reduces with the rise in Ar.

As a method for enhancing strength in loose soils,
Gharavi et al. [20] examined the load-carrying
capacity response of gravel-shredded tire stone
column groups. Large-scale oedometer studies on
groups of gravel and gravel-shredded tire mixtures
with varying tire composition, arrays, and spacings
were used in the experimental study. The findings
showed that adding more tires can have a negative
impact on the load-settlement behavior of the stone
column groups in combinations comprising 20% of
the shredded tire. Additionally, adding an ideal tire to
the stone column components increases the bed soil's
stiffness (Young's modulus). This behavior is closely
tied to the area ratio and friction angle caused by
various configurations of the stone column groups.

The purpose of this study is to determine the
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impact of the area ratio Ar on the bearing and
settlement characteristics of the composite structure
of floated stone column to ensure choosing the
appropriate footing diameter that gives the optimal
performance for the soil, stone column, and footing
system and suggest correlations between many
parameters to predict the settlement and the bearing
capacity through finite element analysis. It is known
that increasing the area ratio of stone columns results
in more improvement in the soil behavior, but details
of this improvement depend on several parameters
that will be investigated in this study.

2. ANSYS PROGRAM VERIFICATION

The ANSYS 18 Workbench output results were
validated by comparing them to the findings of an
experimental load-settlement test performed by
Fattah et al. [21] using a finite element model of a
single-floated axisymmetric stone column. A single
floating stone column with dimensions of 50 mm in
diameter by 400 mm in length was used as the
experimental model. It was put in the center of an
800-mm-high clay bed inside a steel tank that
measured 1100 mm by 1000 mm by 800 mm in size.
A sturdy steel plate with a 50 mm diameter was used
to gradually apply the load. The characteristics of soft
clay materials and stone columns are displayed in
Table 1.

Fig. 1 illustrates the finite element results as well
as the validation of the experimental work by Fattah
et al. The quality of the model used in this work is
demonstrated by the good agreement between
ANSYS 18 finite element results and the experiment's
results performed by Fattah et al. [21].

Table 1 List the physical characteristics of the soft
clay and stone materials used in Fattah et al.'s
experiments [21].

Material Clay  Stone column
Modulus of elasticity (kN/m2) 6000 45000
Poisson’s ratio 0.45 0.3
Cohesion (kN/m2) 12 0
Angle of internal friction (Deg.) 0 38
g/cu
0 1 2 3 4 5 6 7 8 9 10
o 4 I I L L L L L
b Finite element
0.05 =@ xperimental
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%)
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Fig.1 Comparison of results obtained by Fattah et al.
[11] experimental work and ANSYS 18 Workbench.
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3. PROBLEM DESCRIPTION

The case study consists of a circular footing laying
on both clay and stone columns. The analysis of the
case was performed by utilizing software called
Workbench 18.0 ANSYS. The case study comprises
a circular single concrete footing of 500 mm
thickness and with many diameters which are (0.8,
0.9,1.0,1.2,1.4,1.6, 2.0, 2.5, and 3.0) m. The footing
is supported by a single floating stone column with
different diameters (0.8, 1.0 m) and different lengths
(4, 6, 7.5). The used lengths are equal to or more than
the critical length which is equal to (4Ds) as
recommended by Hughes and Withers [1] to ensure a
bulging failure type that occurs in the stone column.
The length-to-diameter ratio was selected based on
previous studies such as Fattah et al. (2013) and
Fahmi et al. (2019) [22-23]. The distance of the
boundary of the surrounding clay was 4.0 m in radius
from the Y-axis of the symmetry line, and a depth of
12 m, as illustrated in Fig. 2, which demonstrated the
half structure case to use the analysis of 2D axi-
symmetry to minimize time and data amount required
if using 3D analysis to solve the problem. The
properties of the soft clay were 20 kN/m2 undrained
shear strength and 0.49 Poisson’s ratio with an
assumed modulus of elasticity to be equal to 500
times the shear strength of the soft clay based on
empirical correlations as suggested by Bowles [24].
The physical characteristics of the clay used in the
study and the backfill material utilized in stone
columns are listed in Table 2.

Roller
ux=0

Hinge
L ux=uy=0

Fig.2 Problem schematic diagram.
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Table 2 The used clay and stone column properties.

Material

Specification

Clay Stone column
Unit weight, (kN/m3) 19 21
Young’s modulus, (kN/m2) 1x104 1x105
Poisson’s Ratio 0.499 0.35
Cohesion, (kN/m2) 20 0
Internal friction angle, (Degree) 0 45
Dilatancy angle, (Degree) 0 15
Residual cohesion, (KN/m2) 20 0
Residual friction angle, (Degree) 0 30

3.1 Program Data

The structure is constructed by using the ANSYS
claim and then exported to the program to apply the
material properties for each of the stone, clay, and
concrete. After that, the contact element is specified
for all contact materials. In this analysis, an
axisymmetric (PLANE183) element was used, with
(Ux and Uy) degree of freedom. The element was
restricted by the bottom and right boundaries, the size
of the element was fixed to a length of 100 mm, to
divide the problem into uniform elements and to
improve output accuracy. A surface-to-surface
contact element (CONTA172) and (TARGE169) are
used to mimic the interaction between the
surrounding clay, stone columns, and footing. This
type of element was selected as bonded since the
stone will pierce the clay layer. The finite element
mesh for the composite structure is shown in Fig.3.

The number of points between these limitations
was selected so that each element would have a length
of 10 mm in order to compare the induced stresses
and deformations for different footing diameters for
points located in the same location. For example, for
a footing with a radius of, a construction geometry
path was inserted between two points starting from
the symmetry line of the bottom of the footing and the
edge of the footing. The total points number is 59,

resulting in 60 sublines with a length of 10 mm apiece.

The boundaries of the composite (foundation, stone
columns, and clay) were represented by horizontal
displacements equal to zero (Ux = 0) and and in the
y- direction, free displacements except for the bottom
of the composite (the last layer of clay), zero
horizontal and vertical displacement were considered
(Ux=Uy=0).

For all load instances, a single ramping step of stress
equal to 1.0 kN/m2 was applied equilly and gradually
in the Y-direction to the top surface of the footing
until the load achieved the desired total load or
obtained a high deformation value. During the
solution phase, the auto time stepping was disabled to
force the software to follow this approach without
automatically adjusting the load, for example, the
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sub-steps for a total stress of 600 kN/m2 will be 600
steps. This process will help in a better comparison
between the different loading cases in terms of
pressure.

review ) Repar Freview,

Fig.3 Finite elements mesh illustrate the composite
of stone columns and concrete footing and the clay
soil, Df =2 mand Ds = 1.0 m.

4. RESULTS AND DISCUSSION

The solving process starts after the insertion of all
the needed data, where the loads increase gradually in
steps until reaching a specified stress or deformation
and then the results are presented by the load
settlement at specified points, for the comparison
between the studied cases.

The results are presented in dimensionless form,
where the applied vertical stresses are divided by the
undrained shear strength of the soft clay (g/cu) and
the corresponding settlements are divided by the
footing’s diameter (S/Df). In addition, the
dimensionless ratio of stresses of the treated soil to
that of the untreated soil is defined and denoted by
bearing ratio = ((qg/cu) treated soil)/((g/cu) untreated
soil) and again the dimensionless ratio of settlement
of the treated and untreated soil will be denoted by the
term deformation ratio =[((S/Df) treated soil)/((S/Df)
untreated soil )]. These definitions will be very useful
for comparison between the results of the different
types of footing.

Fig. 4 shows the results of pressure-settlement
curves for unimproved case and improved case with
a diameter 1 m and length 7.5 m of stone column,
which presents Ls/Ds of 7.5 at different area ratios
(Ar%), where (Ar % is the area of stone column
devited by the area of footing). For clarification, the
unimproved load-settlement curve consists of seven
curves that represent the different diameters of a
single footing resting on the surface of the composite
structure but when they are normalized by dividing
the pressure by cu and the settlement by Df, they all
are transformed into one coinciding curve. Similar
curves are obtained for stone columns of diameters
0.8 and 1 m having Ls/Ds of 4 and 6.
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Fig.4 Normalized curves for pressure-settlement
relationship for different area ratios Ar %, (Ls/ Ds =
7.5).

From Fig. 4, the area ratio Ar % shows a clear
effect on the normalized pressure-settlement
relationship of a footing resting on a single floating
stone column. Under the same pressure, the footing
exhibits a lower value of settlement in comparison
with footings having low area ratios. The normalized
settlement diminishes with lowering the diameter of
the footing under the same normalized g/cu values.
On the other hand, as the diameter of the footing
decreases, the normalized g/cu rises for the same
normalized s/Df values. This is due to the fact that,
for the same stresses applied to the footing, as the
diameter of the stone column (Ds) is quantified and
the diameter of the footing is increased, the
corresponding area ratio decreases. This causes
increased stress to be transmitted to the clay area and
increased deformation of the composite structure.

Fig. 5 shows the result of the total deformation in
mm, in the composite structures for the case when
Ls/Ds = 7.5 the stone diameter is 1 m and has a length
of 7.5 m when the applied pressure is 200 kN/m2 at
the top of 1.6 m circular footing which is
corresponding to 39% area ratio. The figure shows
that the deformation is concentrated around the stone
column area and decreases with depth until reaching
a zero amount on both the stone and clay layers. The
shape of the total deformation is similar to the bulging
shape expected for this type of foundation. A similar
behavior is shown in Fig. 6 which relates the vertical
deformation for the same loading conditions and
footing’s dimensions again, the bulging shape is
observed around the stone column.

Fig. 7 depicts the relationship between the
"bearing ratio" and the area ratio Ar percent for varied
Ls/Ds of (4, 6, and 7.5) and varying S/Df percentages
of 5% to 25%. All curves within the studied cases
show a similar linear trend that with the increase in
area ratio, the amount of bearing ratio also increases,
and for different length-to-diameter ratios, the
relationship is in correspondent. For a specified area
ratio, the gain in the bearing ratio is marginal when
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the S/Df exceeds 15% in all Ls/Ds values.

The bearing ratio for Ls/Ds =7.5 and S/Df =20%
ranges from (2.2 at 100% area ratio to 1.265 at 16%
area ratio), while the bearing ratio for Ls/Ds = 6 and
S/Df is 20% ranges from (2.2 at 100% area ratio to
1.268 at 16% area ratio) and finally the bearing ratio
for Ls/Ds = 4 and S/Df is 20% is ranging from (2.2 at
100% area ratio to 1.23 at 16% area ratio). All these
numbers are coinciding despite the fact that they have
different Ls/Ds values which indicate that the stone
column length did not affect the bearing ratio.

Fig.5 'Totglmdeformation for an applied pressure of
200 kN/m2 (max. Y-displacement = 31.469 mm).

i

Globa! Caordinate
Time: 200
/03720130853

2226 Max
s
20057
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B

Fig.6 Defo?rﬁation in the Y-axis of the footing-stone
column system under applied pressure of 200
kN/m2, (max. Y-displacement =31.469 mm).
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Fig.7 Area ratio Ar % vs. bearing ratio relationship.

The bearing ratio for Ls/Ds = 7.5 and S/Df = 5%
ranges from (1.93 at 100% area ratio to 1.23 at 16%
area ratio) while the bearing ratio for Ls/Ds = 6 and
S/Df is 5% ranges from (1.93 at 100% area ratio to
1.24 at 16% area ratio) and finally the bearing ratio
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for Ls/Ds = 4 and S/Df is 5% is ranging from (1.93 at
100% area ratio to 1.22 at 16% area ratio). Again, the
effect of the length is marginal and with increasing
the area ratio, the difference in bearing pressure lines
of the 20% and 5% S/Df also increased. The variation
of bearing ratio with S/Df for different area ratios is
presented in Fig. 8. When the soil is enhanced by
shorter stone columns, the increase in the replacement
area ratio results in a major rise in the bearing
capacity. Simultaneously, as the replacement area
ratio increases, the settlement reduction of the loaded
area increases.

The findings of Sarmurat et al. [25] that indicated
the preventative impact of using stone columns are
consistent with the results. They demonstrated that
this beneficial effect was more pronounced when the
area ratio and relative density were raised. The
application of stone columns improves soil when
suitable designs are created in accordance with the
characteristics of the soil.

Ls/Ds=4,6&7.5

-
o

Bearing Ratio
=

- L/Dsed Ars25.0%

e o — — el
« =y

% S 4106

0 5 10 15 20 25 30 35 40

Fig.8 Variation of bearing ratio with the settlement
ratio S/Df for different cases.

Fig. 8 clarifies that the bearing ratio increases
rapidly with the increase of the normalized settlement
until reaching S/Df of 5 %, for an area ratio less than
39%, after which the slope of the curve decreases to
a steady value but for an area ratio higher than 40%,
the steady value is achieved after passing S/Df of 15%
and for area ratio of 100%, the steady value is reached
after passing S/Df of 20%. Fig. 9 shows the relation
between the deformation ratio and the normalized
pressure (g/cu) applied on the circular footing for
different area ratios. It is interesting that all the curves
show a similar trend in which the settlement
improvement decreases at low stresses up to a value
of (g/cu) = 2, after this stress, the curves reach a
flattened zone until reaching a stress of (g/cu) = 4.
Beyond this value, the deformation ratio increases
with the increase of stress till reaching a semi-
constant value approximately at (g/cu) =15.

The highest improvement was obtained for
footings of low area ratio, thus the increase in the area
ratio will result in a deformation ratio which is
observed for the footing of a larger area ratio in
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comparison to the highest improvement in settlement.
Fig. 10 presents the reformatting of the previous
data but for Ls/Ds = 7.5 case only, the vertical axis is
the inverse of the deformation ratio plotted against the
(g/cu). The resulting figure shows that the
improvement ratio is higher when (g/cu) exceeds 8 in
comparison with low values of stresses. A similar
behavior is observed for the other Ls/Ds ratios.

S treated / S untreated

6qgfcu 8 10 12 14

Fig.9 Deformation ratio vs. normalized pressure for
different area ratios.

The interaction between the stone column
material and the surrounding soil determines the load
transfer between the stone column and the
surrounding soil. When the surrounding soil is soft,
this interaction is quite weak. The surrounding soil
shear strength determines the skin friction along the
columns; as it grows with an increase in the weight
supported by the column. This may not be the case if
the shear strength is larger than 12 kPa, in which case
the interaction becomes apparent.

12
r
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Fig.10 Normalized pressure vs. normalized
settlement for Ls over Ds=7.5.

Figs. 11, 12, and 13 show the relation between the
deformation ratio divided by the footing’s diameter
for each case and the normalized stresses (g/cu) for
Ls/Ds of 7.5, 6, and 4, respectively. It is interesting
that all the curves show a similar behavior to Figure
8 but in a reverse manner; the curves are no longer
parallel but they are overlapped and intersect at nearly
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a certain point when (g/cu) = 9 and corresponding
St/Sun/Df of about 0.25. This is true for the majority

of

area ratios encountered in the engineering field.

The exact behavior is observed for (Ls/Ds) = 6 and 4,
for all area ratios higher than 25%, all the curves are
intersecting at the same point when (g/cu) is 9 and
((St/Sun)/Df) is 0.25.

The present results are consistent with those of

Fattah and Majeed [26] who found that the strength
of the column increases with the increase in the length
of the stone column. The effective length-to-diameter
ratio of the stone column is found to be L/d = (7-8)
for all area ratios and after L/d of 8, there is no effect

on

the (q treated/q untreated) value.
The outcomes are consistent with those of Naik

[27], who discovered that, for a given length of stone
column, the primary stress is greatest at the upper area
ratio and that it rises linearly as the length ratio rises.
Additionally, the maximum area-to-length ratio and
the maximum failure stress are related. The failure
zone rises to the upper side of the pond ash bed after
attaining the maximum failure stress.

Fattah et al. [28] concluded that the performance

of stone column embankments relies upon the ability
of the granular embankment material to arch over the
“gaps™ between the stone columns' spacing. This is
due to reduced stress concentration on columns by
soil arching and more punching of stone columns.
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Fig.11 Deformation ratio / Df vs. normalized

pressure for Ls over Ds =7.5.
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Fig.12 Deformation ratio / Df vs. normalized
pressure for Ls/Ds =6.
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Fig.13 Deformation ratio over Df vs. normalized
pressure for Ls/Ds =4.

There is an interesting correlation that relates the
applied pressure with the settlement of the improved
and unimproved soil in addition to the undrained
shear strength of the clay layer and finally the
diameter of the footing. This correlation is described
below:

( S treated
S untreated X Df

)=0.25 )

when (g/cu) =9
or can be written in the form:

( Streated \ _ D:f (2)

S untreated) -

when (g/cu) =9 and area ratio (Ar%) > 25%.

If the failure is assumed to occur at stress (g= 9*cu),
then the settlement of the treated composite structure
can be estimated by knowing the settlement of the
untreated soil for the same footing diameter or
choosing the appropriate diameter for the footing by
fixing the percent of settlement of treated to untreated
soil.

“However, close to the stone column, the strains
in soil may be large, particularly in soft clays, hence
other numerical methods may be more suitable for
this problem.” (Shafee and Khoshghalb, 2022)[29].

5. CONCLUSIONS

The present study includes a finite element
analysis of a floating stone column in soft clay soil.
So, the results obtained are limited to the condition
analyzed. The following conclusions could be
obtained:

1. There is a clear effect of the area ratio on the
normalized load-settlement curves of a footing
resting on a single floating stone column. Under the
same pressure, the footing exhibits a lower value of



International Journal of GEOMATE, May, 2024 Vol.26, Issue 117, pp.43-51

settlement in comparison with footings having a low
area ratio. Under the same stress level, the footing
with the larger area ratio exhibits minimal lateral
deformation.

2. The normalized settlement declines as the diameter
of the footing is reduced under the same normalized
g/cu values. There were decreases in settlement
improvement at low stresses up to a value of (g/cu) =
2. After this stress, the curves reach a flattened zone
until reaching a stress of (g/cu) = 4. Beyond this value,
the deformation ratio increases with the increase of
stress till reaching a semi-constant value
approximately at (g/cu) =15.

3. The bearing ratio depends on the stone column
length ratio Ls/Ds and settlement ratio. It is from 2.2
at a 100% area ratio and 1.23 at a 16% area ratio.

4. The deformation is concentrated around the stone
column area and decreases with depth until reaching
a zero amount on both the stone and clay layers. The
shape of the total deformation is similar to the bulging
shape expected for this type of foundation.

5. A correlation is derived which relates the
settlement of the improved and unimproved soil in
addition to the undrained shear strength of the clay
layer and finally the diameter of footing.
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