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1- Introduction

Over the past few decades, construction on loose and
problematic soils has posed significant challenges for
geotechnical engineers. Among the methods to improve
these soils, stone columns are notable, involving the
replacement of weak soil portions with granular columns.
This research investigates the enhancement of loose clay
beds of classes CL and CH using sand columns.
Unreinforced soil samples and those improved with a
group of seven stone columns (30 mm diameter, arranged
in a triangular pattern) were tested using a large-scale
direct shear apparatus. Equivalent shear strength
parameters were determined, and bearing capacity values
were calculated. The shear tests employed the Fast
method.

The effects of variables such as the type of surrounding
soil, the number of layers in stone column construction,
and the orientation of the limited stone columns (apex/base
in triangular arrangement) on shear strength parameters
and bearing capacity were evaluated. Results indicated that
improving clay soils with stone columns significantly
increased the bearing capacity of loose soils. The
experimental findings showed that the execution method
of stone columns greatly influences their load-bearing
capacity. Moreover, improving CL clay soil with stone
columns enhanced the bearing capacity more effectively
than CH clay soil, indicating higher efficiency of this
method in stiffer clay soils.

2- Materials and Methods

The clay subsoil consisted of two types as shown in Figure
1 of soft clay (USCS CL and CH) and a sandy soil for
columns. The soil was prepared at optimum moisture and
compacted in a 304x304x151 mm shear box. Table 1 lists
the properties of the materials. Seven sand columns (30
mm diameter each) were installed in a triangular pattern in
the clay matrix. Column construction varied from 1 to 3
lift layers to control uniformity of compaction.

3- Results and Discussion

Soft, problematic clays pose significant challenges for
construction due to low strength and high compressibility.
One effective improvement method is the employ stone
columns, which replace weak clay with compacted
granular columns. Stone columns increase lateral
confinement, bearing capacity, and accelerate
consolidation of saturated clays. This study examines how
groups of stone columns affect the undrained bearing
capacity of soft clay beds (USCS CL and CH). Large-scale
direct shear tests were conducted on unreinforced clay
samples and samples improved with triangular groups of
seven stone columns. The tests evaluated equivalent shear
strength parameters and bearing capacity.
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Figure 1: Particle Size Distribution Graph of soils in the
study
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Table 1: Properties of materials

Classification® | wopt Vdmax Gs w PI | PL | LL |Materials
gr/cm3
CH 19.42 1.571 | 2.78 | 16449 | 27 | 24 | 51 | Clay#1
CL 15.56 1.632 | 272 | 1251 | 12| 19 | 31 | Clay#2
SM 11.62 1.81 2.66 | 954 | - | NPL | - Sand

* according to Unified soil classification system
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Figure 2: Variation of a) Internal Friction and b) Equivalent
cohesion of reinforced and unrein forced bed using stone
column

The large scale direct shear tests showed that stone
columns significantly increased peak shear strength of the
clay. Regardless of normal stress or humber of column
layers, all improved samples achieved higher peak shear
stress than the corresponding untreated clay as shown in
Figure 2 and 3. Increasing the number of column lifts
produced higher shear strength due to better lateral
confinement. Orientation also had a notable effect: loading
from the triangular apex produced higher shear strength
than loading from the base.

Equivalent undrained shear parameters (cohesion c'
and friction angle @) were computed from the shear tests
as shown in Figure 2. Both parameters increased in the
column-improved samples relative to the native clay,
especially in CL soil. The bearing capacity calculated
using these parameters showed improvements of up to
571% in CL soil and 245% in CH soil (Figure 3).
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Figure 3: Variation of calculated bearing capacity based on
internal friction and cohesion derived from direct shear
tests

4- Conclusions

Group arrangements of stone columns can dramatically
enhance the undrained strength and bearing capacity of
soft clays. The improvement was much greater for CL clay
than CH clay due to its higher stiffness and confining
effect. Uniform construction with multiple layers resulted
in better compaction and higher strength. These results
confirm the effectiveness of properly-installed stone
column groups for soft clay improvement.
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Laboratory Investigation of the Equivalent Bearing Capacity of Clay Bed Improved with Stone
Columns

Karim Bahari Amineh Seyyed Mohammad Ali Sadreddini  Mohammad Hadi Alizadeh Elizei

Abstract Over the past few decades, construction on loose and problematic soils has posed significant challenges for
geotechnical engineers. Among the methods to improve these soils, stone columns are notable, involving the replacement
of weak soil portions with granular columns. This research investigates the enhancement of loose clay beds of classes CL
and CH using sand columns. Unreinforced soil samples and those improved with a group of seven stone columns (30 mm
diameter, arranged in a triangular pattern) were tested using a large-scale direct shear apparatus. Equivalent shear
strength parameters were determined, and bearing capacity values were calculated. The shear tests employed the Fast
method. The effects of variables such as the type of surrounding soil, the number of layers in stone column construction,
and the orientation of the limited stone columns (apex/base in triangular arrangement) on shear strength parameters and
bearing capacity were evaluated. Results indicated that improving clay soils with stone columns significantly increased
the bearing capacity of loose soils. The experimental findings showed that the execution method of stone columns greatly
influences their load-bearing capacity. Moreover, improving CL clay soil with stone columns enhanced the bearing
capacity more effectively than CH clay soil, indicating higher efficiency of this method in stiffer clay soils.

Key words Clayey bed, Sand column, Large-scale direct shear Test, Shear strength parameters, Bearing capacity.
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Classification* | optw Vmax GS w Pl PL LL | Materials
gr/cm3
CH 19.42 1.571 278 | 1649 | 27 24 51 Clay#1
CL 15.56 1.632 272 | 1251 | 12 19 31 Clay#2
SM 11.62 1.81 266 | 954 | — | NPL | — Sand

=according to Unified soil classification system
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Title Surrounding Loading Stone column
Soil type Position Preparation Layer

CL-1L-Tip 1

CL-2L-Tip Tip 2

CL-3L-Tip 3
CL

CL-1L-Base 1

CL-2L- Base Base 2

CL-3L- Base 3

CH-1L-Tip 1

CH -2L-Tip Tip 2

CH -3L-Tip 3
CH

CH -1L-Base 1

CH -2L- Base Base 2

CH -3L- Base 3

*SM Soil Column with 70 mm diameter and Triangle arrangement,
**Surrounding soil has been prepared with optimum moisture content
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Wopt

(k%ua) (CP) (kICD:a) kP | (Pa) | (NIO) oy | e
384 22 31 1133 1632 | 1556 cL

602 26 34 131 1632 | 1556 | CL-1L-Tip
882 29 38 148.1 1632 | 1556 | CL-2L-Tip
2576 37 48 1905 1632 | 1556 | CL-3L-Tip
523 25 32 126.2 1632 | 1556 | CL-1L-Base
679 27 35 135.2 1632 | 1556 | CL-2L- Base
1501 34 40 173 50 [ 1632 | 1556 | CLA3L-Base
400 19 46 1151 | 00 | 1571 | 19.42 CH

544 22 49 1285 1571 | 1942 | CH-1L-Tip
759 25 53 145.2 1571 | 1942 | CH-2L-Tip
1381 30 61 1785 1571 | 1942 | CH -3L-Tip
490 21 48 1265 1571 | 1942 | CH-iL-Base
661 24 50 139.1 1571 | 1942 | CH-2L- Base
1071 28 57 164.1 1571 | 1942 | CH-3L- Base
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