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Assessment of Group of Stone Column under
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Abstract: The study of group of stone column is concerned
with evaluation and comparison of the behaviour of group of
encased stone column and ordinary stone column for static and
seismic load condition. Stone column system with specified
geometry is modelled and analysed in FEM software program
MIDAS GTS 3D. Analysisis categorised into four cases. Pseudo-
static method is used for seismic load calculation. The objective
of research is to analyse the performance of stone column by
considering the effect of various parameters such as diameter of
stone column, static and seismic load condition in cohesive clay
and silty clay. Effect of encasement is also observed for static
loading condition and seismic loading condition. Result shows
that encased stone column reduces the settlement and length of
stone column.

Keywords- Encased stone column, ordinary stone column,
static load and seismic load.

I. INTRODUCTION

Stone column is a suitable technique of ground
improvement for foundations on soft clay. Stone columnisa
method of soil reinforcement in which soft cohesive soil is
replaced by gravel or crushed rock in pre-bored vertical
holes to form columns within the soil. Stone column has two
basic functions that provide strength, reinforcement to the
soil and acts as vertical drains to allow subsoil rapid
consolidation under any given load. Stone columns are used
to accelerate the rate of consolidation by reducing the length
of the drainage path, to reduce the settlement of soft clays
and increase the load bearing capacity. It mitigates damage
due to the build-up pore pressure, by providing a drainage
path and increasing the strength, stiffness of ground and
potential for liquefaction. There are two types of stone
column installation techniques viz., non-displacement
method (rammed stone column) and displacement method
(vibro-replacement method). Stone columns are used for the
foundations of rall and road embankments, bridge
approaches and abutments, offshore bridge abutments,
airport runway and taxiways, storage tank (LNG, Crude Oil,
LPG etc.) and power plants.

Testing was conducted on stone column to determine
performance as liquefaction countermeasure in non-plastic
sility soil. Stone columns were effective remediation
technique for liquefaction induced settlement of non-plastic
silty soil [1].
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Behaviour of stone column was studied when subjected
to cyclic loads installed in marine clay. Settlement was
increased with increase in number of cycles [2].
Geosynthetic encased stone columns and ordinary stone
columns were installed in kaolinite clay bed to study and
behaviour was compared during and after seismic excitation.
Experimental setup was subject to large-scale shaking table
test to simulate seismic behaviour of columns [3].

[I. METHODOLOGY

Stone column system with specified geometry was
modelled and analysed in FEM software program MIDAS
GTS 3D. For the analysis, a 3D model of stone column
foundation with a soil block was modelled. The group of
stone column embedded in clay was subjected to static and
seismic loading condition. Pseudo-static method was used
for the calculation of seismic load. Stone columns were
designed for actual site condition for analysis purpose, in
which one oil tank was considered. Uniformly distributed
load was applied by oil tank; therefore analysis was
performed on a group of 4 x 4 stone columns as shown in
Fig.1l. Analysis was carried out by varying diameters of
stone column. Number of stone columns, spacing and length
of stone columns were varied for each diameter. The
material properties used for the study are givenin Tablel.
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Fig. 1: Typical stone column model with various

parameters.
Tablel. Material Properties selected for analysis of stone
column
Property Uit Soil Ci;z‘r’:n Geogrid
hizterizl Model Mohr Mohr Elastic
Elastic hodulus EP=z 3500 33000 SO0
Angle of
Tmremal degree 43
Frictton (&)
Cohesion (<) EP=z 30
IE*[‘o)isson'z Ratio _ 042 0.3 0.3
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I11. NUMERICAL ANALYSIS

Analysis was carried out to evaluate settlement of stone
column and results were compared for encased stone
column and ordinary stone column under static and seismic
loading condition. Analysis of group of stone column was
divided in four cases:

i. Analyses of stone column for static loading -
Analyses were carried out for stone column group subjected
to static loading only.

Column Under Sesmic Condition

ii. Analyses of stone column group for seismic loading -
Analyses were carried out for the stone column subjected to
seismic load by pseudo-static method.

iii. Analyses of encased stone column group for static
loading-

In this case analyses were carried on encased stone column
under static load.

iv. Analyses of encased stone column group for seismic

Tablell. Settlement and effect of encasement of stone column for static loading condition in cohesive clay

Dhameter of
stone
colummn ()

Settlement of ordinary
stone colmrmnmn for static
load condition i
cohesive clay ()

Settlerment of encased
stone colmn for static
load condition in
cohesive clay (rzm)

S E.F.in
static
loading (%)

L. F F.in static
loading (%)

0.6 18311 149 90 18.13 20
0.8 34201 202 29 14 53 17.14
1.0 46093 401 .68 1285 2625
1.2 T711.239 646 33 012 0.6

loading-

In this case analyses were carried on encased stone
column under seismic load condition.

Cohesive soil was used for analysis. Various diameters of
stone columns were used viz. 0.6 m, 0.8 m, 1.0 mand 1.2
m

IV. RESULTSAND DISCUSSION

Analysiswas carried out for 0.6 m, 0.8 m, 1.0mand 1.2 m
diameter of ordinary stone column and encased stone
column subjected to static and seismic loading. Settlement
obtained from the analysis of group of stone columns and
effect of encasement on settlement and length reduction
for cohesive clay are givenin thetable Il and table l11.

Settlement and length reduction were observed for static
loading condition and seismic loading condition due to
encasement of stone column. Fig. 2 and Fig. 3 shows
settlement reduction ratio (S.R.R.) and length reduction

Tablelll. Settlement and effect of encasement of stone column for seismic loading condition in cohesive clay

Settl F Settlerment of encased
Diameter of ettlement o _E.T_or_le stone cohprn for SE.F. . in LEF.in
column for seismic - - - . . .
stone colhomn 1 4 Jiti . seizimic load seisrmic seisrmic
(1) 2ad condrion m condition in cohesive loading (%&) loading (%4)
cohesive clay (mrm)
- clawy ()
0.6 284 88 228 60 1975 o83
0.2 543 .50 44055 1804 24 .54
1.0 205 89 61917 2316 1012
12 107003 05684 1057 1272

ratio (L.R.R.) for different diameter of stone column in
cohesive clay.
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Fig. 22 SR.R. for different diameter of stone column in
cohesive clay
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Table IV shows effect of seismic loading on settlement of
stone column in cohesive clay. Settlement was increased
due to seismic loading. Percentage increment was
determined for stone column without encasement and for
encased stone column.
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Fig. 3: L.R.R. for different diameter of stone column in

cohesive clay

Table V. Effect of seismic loading on settlement of
stone column in cohesive clay

Increment in Increment in
Diameter settlemnent of stone settlerment of stone
cohumn without cohimn with
m) encasement due to encasement due to
seisimic loading (%) seisinic loading (%)
0.6 5557 52.50
0.8 589 50.7
1.0 T4 .83 54.14
1.2 50.44 48 .40

TableV. Settlement and effect of encasement of stone column for static loading condition in silty clay

. Settlement of ordinary Settlement of encased . .
Diameter of SEFE. in LEF.in
stone colhumn for static stone colhumn for static
stone cohumnn static loading static loading
load condition in silty load condition in silty
{xm) o) o)
clay (mum) clay (mum)
0.6 121.48 9539 21.47 5.83
08 19316 138 .49 2830 24.54
1.0 268.5 19972 2561 10.12
12 34030 256.17 2472 12.72

Table VI. Settlement and effect of encasement of stone column for seismic loading condition in silty cla_y

Settlement of stone Settlerment of enca=zed
Diameter of SF.F. in LEE. in
colurmnn for seismmic load stone cohymn for
stone colurrirn selsrric SEelsTTiic
condition in silty clawy seisrmic load condibbon loading (96) loa ding (26)
oa rd -
) () in gilty clay (o) s =
0.6 151 .85 117.77 2244 9.83
0s 252.4 128.62 1204 24.54
1.0 320 .4 24531 23.16 10.12
1.2 443 .4 32218 1057 12.72
) 30
Table V and table VI shows settlement obtained from the .
analyses of group of stone columns and effect of
encasement on settlement reduction and length reduction = 20
for silty clay. It was observed that, length reduction in £ 15
static loading condition and seismic loading condition was s 0 Hstatic
same in case of silty clay. Fig 4 and 5 shows variation in B Seismic
settlement reduction ratio (S.R.R.) and length reduction 3
ratio (L.R.R.) for different diameter of stone column in 0
silty clay. 0.6 038 1 12
Diameter, m

Fig.4: SR.R. for different diameter of stone column in
silty clay

Retrieval Number: D7650049420/2020©BEIESP
DOI: 10.35940/ijeat.D7650.049420
Journal Website: ww.ijeat.org

Published By:

Blue Eyes Intelligence Engineering
797 & Sciences Publication

© Copyright: All rights reserved.

Exploring Innovation


https://www.openaccess.nl/en/open-publications

Assessment of Group of Stone Column Under Sesmic Condition

%

W static

L.R.R.,

10

I seismic
5
0

06 0.8

1 12

Dlameter, m

Fig.5:L.R.R. for different diameter of stone column in

silty clay

Table VII shows effect of seismic loading on settlement of
stone column in silty clay. Increment in settlement of
stone column without and with encasement due to seismic
loading was calculated.

Table VII. Effect of seismic loading on settlement of

stone column in silty clay

Increment in Increment in
Diameter settlement of stone settlement of stone
column withowut cohnmnn with
() encasement due to encasement due to
seismic loading (%) seismic loading (%)
0.6 25 2346
0.8 30.66 36.19
1.0 2268 2282
1.2 3029 25.76

CONCLUSIONS
A study was conducted using a FE analysis to

discuss the effect of static and seismic loading on the
ordinary stone column and encased stone column. From
this study following conclusions are drawn:

1.

2.

Settlement of group of stone column is less in silty
clay than cohesive soil.

For seismic load, in case of cohesive clay settlement
of stone column without encasement found out to be
74% and settlement of encased stone column is 54 %
i.e. encasement of stone column reduces the
settlement due to seismic load condition.

Settlement of group of stone column is reduced by
providing encased stone column. In cohesive clay,
settlement of group of stone column for static load
condition reduces upto 18 % and for seismic load
condition reduces upto 23 %.

Settlement of group of stone column in silty clay
reduces upto 28.30 % in case of static load condition
and upto 23.16 % in case of seismic load condition.
The length of stone column can be reduced by
providing encased stone column. In cohesive clay,
length of stone column reduces up to 26.25 % for
static load condition and for seismic load condition it
reduces up to 26.8 %.

In case of silty clay length of stone column reduces
upto 24.54 % for static as well as seismic load

condition.
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