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1-Introduction

Using available materials such as cement, lime, slag, and
other additives to improve and increase the bearing
capacity of soft soils is considered a traditional method of
soil stabilization. In contrast, adding metallic and non-
metallic elements or replacing part of the soil with
aggregates  represents newer methods of  soil
reinforcement.

In soil improvement using the stone column method,
a portion of the weak soil is excavated through pits or holes
of a specific diameter and spacing. Coarse-grained
materials are then poured into these pits and compacted,
forming columns that transfer structural loads to more
resistant soil layers.

Previous research involving 3D numerical analysis of
stone column behavior in layered soil with geosynthetic
materials indicates that bearing capacity increases by
166% in unreinforced cases. When stone columns are
reinforced with geosynthetics, the bearing capacity can
increase up to eight times, depending on the aggregates'
friction angle, stiffness, and the geosynthetic's shape.

A study on geotextile performance—comparing
horizontal placement with confinement inside stone
columns—demonstrated that bearing capacity rises with
increased geotextile stiffness. Additionally, horizontal
reinforcement placement is more effective than
confinement within stone columns in reducing settlement.

Most research on stone columns has focused on
improving design methods, their role in accelerating
consolidation settlement, analyzing failure mechanisms,
and enhancing vertical bearing capacity. However, the
lateral confinement of stone columns by geosynthetics
under shear loads—particularly in sandy soils under higher

overburden stresses at greater depths—has received less
attention, highlighting the need for further investigation.

To address this gap, this research examines the shear
behavior of geotextile-reinforced stone columns, focusing
on their weakness due to insufficient confinement. Using
a large-scale direct shear test device under high
overburden stresses—an innovative aspect of this study—
the shear strength of both single and grouped stone column
samples (reinforced and unreinforced) in a sand bed is
evaluated.

2 —Experimental program and material specifications
To prepare the direct shear test specimens, SP-type sand
was used for the sand bed, while GP-type granular
materials were used to construct the stone columns.
Geotextile materials were employed to reinforce the stone
columns; their full specifications are presented in Table 1.

A large-scale direct shear device with a shear box
measuring 30 x 30 x 14 c¢cm was used for the tests, in
accordance with ASTM D-3080. The device consists of the
following components: the main body, the shear box, the
sample saturation box, the vertical and horizontal loading
systems, and the measurement system.

The tests were conducted under vertical stresses of
100, 200, and 300 kPa at a shearing speed of 1 mm/min in
a strain-controlled manner.
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Tablel. Specifications of sand bed and stone column

materials
Parameters Values
Type of materials Sand Stone column
USCS SP GP
G;s 2.67 2.72
D1o (Mmm) 0.21 1.9
Cu 271 2.26
C. 0.85 142
D, 50% 65.7 %
74 (KN/m?) 14.5 15.84
Yama (KNIME) 16.36 16.65
Yaminy (KN/M?) 13.03 14.49
c (kPa) 3.4 2.3
20 34.2 483

Figure 1. Images of prepared samples with different stone
column arrangements

In this study, considering the dimensions of the shear test
box, stone columns modeled in the sand bed were
examined in single and group triangular and square
arrangements with diameters of 7 and 9 cm. To prepare the
samples, before the sand was poured, for the construction
of stone columns, metal pipes were placed in a specific
location in the shearing box and then sand was slowly
poured from a certain height around the metal pipe. After
preparing the sand bed, the stone column materials were
poured into the pipe in layers of 5, 5 and 4 cm and each
layer was compacted using a rod weighing 1.5 kg and with
a drop height of 10 cm and then the metal pipe was slowly
removed from the sand bed and the sample was placed in

the testing position. Figure 1 shows images of prepared
samples with different geometric arrangements.

After preparing the samples, to determine the shear
strength parameters through large-scale direct shear
testing, the samples were subjected to overhead stresses of
100, 200, and 300 kPa and horizontal loading at a speed of
1 mm/min under shear force, and the results were studied
for different parameters. The effect of the parameters on
the results is presented in detail in the results section.

3- Test results

Based on the results of the stress-strain diagrams in the
case of a single unreinforced stone column, with increasing
the Ar amount (ratio of the stone column surface to the
sand bed), a slight improvement in the shear strength and
internal friction angle occurs compared to the bed soil
without columns, which is due to the replacement of some
of the bed soil with higher quality and more resistant soil.

The test results of stone columns reinforced with
geotextile in the Figures 2 and 3 show that the maximum
strength of single reinforced stone columns has increased
shear strength compared to the case of bed sand. Also, the
initial stiffness of the stone column group has increased
compared to the bed sand, and the shear strength has also
increased significantly. The reason for the increased
resistance in single and group stone columns is the
replacement of bed soil with stone column materials and
the presence of geotextile containment. These enclosing,
by mobilizing tensile stresses and preventing rupture
during large displacements, have increased the shear
resistance due to apparent adhesion in stone column
specimens.

According to the trend of the curves, it is observed that
the behavior of reinforced stone columns, unlike bed sand
and unreinforced stone columns, has changed and they
show strain hardening behavior and with increasing
horizontal displacement, an increase in residual strength is
observed in the tested samples.

Considering the increase in shear strength caused by
stone columns located in the sand bed and the confinement
of stone columns by geosynthetics, the main reasons for
the improvement can be interpreted as follows; (1) the
increase in shear strength can be caused by the creation of
apparent adhesion between materials due to confinement
effects, (2) the strain of geosynthetics during shear
displacement can cause further confinement and create
additional shear strength, (3) the lateral confinement effect
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caused by the presence of adjacent stone columns in the
soil between the group of stone columns can cause a
greater increase in strength compared to individual
columns.
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Figure 2. Shear stress variations in confined single stone
columns
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Figure 3. Shear stress variations for a group of confined
stone columns

4- Conclusion

A summary of the most important results of the behavior

of stone columns reinforced by geotextiles located in

sandy soil is presented as follows:

e The behavior of specimens improved by single and
group unreinforced stone columns is similar to that of a
sand bed without stone columns, due to the lack of
sufficient confining pressure from the loose soil of the
bed.

e Using an unreinforced stone column in a loose sand bed
with a surface area ratio of up to about 17% of the sand
surface area has resulted in an increase of about 12% in
the angle of internal friction of the sand for a single
column and an increase of 26% for a group of columns,
with no increase in adhesion.

e Unlike unreinforced samples, in all cases of the bed
improved with reinforced stone columns, strain

hardening behavior was observed after the samples
reached maximum shear strength.

e The use of single reinforced stone columns has resulted

in a 3 to 4 degree increase in the internal friction angle
and 9.4 to 14 kPa in the adhesion of the sand bed, which
indicates a significant increase in the adhesion rate of
about 3 times.
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Investigation of Shear Behavior of Stone Columns in Sandy Bed
Adel Shakibi Nezhad Sajjad Gholipour Masoud Makarchian

Abstract There are various methods to improve loose soils. One of the improvement methods is the use of stone
columns. This method decrease settlement, increase the resistance to liquefaction, improve load bearing capacity,
vertical drainage and increase the speed of consolidation. In this paper, the effect of geotextile enclosures on the lateral
bearing capacity of loose soil reinforced by stone columns are investigated. In order to study the behavior of stone
columns, large-Scale Direct shear apparatus was used. The stone columns modeled in this apparatus have been tested
in unreinforced and reinforced with geotextile materials under different normal stresses and in single and group mode
with different diameters. The results show an increase in the value of the shear parameters of loose sand by reinforcing
stone columns, so that the use of unreinforced stone column in the loose sand bed up to 17% of the sand surface
increases the internal friction angle of the sand by 12% and 70% in the maximum shear strength, and the simultaneous
use of the stone column and geotextile have led to a slight improvement of about 3% of the internal friction angle, and
up to about 60% adhesion and 2.2 times the shear resistance depending on different parameters.

Key words Stone Column, Soil Improvement, Geotextile, Large-Scale Direct Shear.
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