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Chapter 6 Case Study (11)

FEM FOR AN ISOLATED FOOTING REINFORCED BY
A SMALL GROUP OF STONE COLUMNS
"CASE STUDY (I1)"

6.1 INTRODUCTION
The FE simulation of the case study presented in Chapter 5 proved

the significant enhancement of the enfolding soft soils of a group of stone
columns due to the installation process. The load-settlement performance
indicated by the combined FE analyses has been validated using a well-
documented case study. Three stone column configurations with three
load-settlement  performances were employed; however, all
configurations represent a vertically loaded single stone column. Thus,
application of the combined finite element analyses to a vertically loaded
stone column group is needed. PLAXIS 2D is employed to simulate the
installation process, and PLAXIS 3D is employed to simulate the loading

process considering the outputs from the 2D analysis.

6.2 OBJECTIVES
The main goal of this chapter is to simulate a well-documented

case study of a vertically loaded stone columns group, supporting an
isolated footing, using combined 2D and 3D analyses, as presented in
Chapter 5. A direct comparison between the load-settlement performance
revealed by the FE analyses and the load-settlement performance
indicated by the field investigations has been conducted to demonstrate
the efficiency of the combined simulation procedures in capturing the real

load-settlement behavior of the stone columns group.

6.3 TAMAN DESA "CASE STUDY (1D
In summer 2002, instrumented load tests were conducted to

determine the group bearing behaviors of stone columns. The region
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around Kuala Lumpur in Malaysia was chosen as the location of the
loading tests. The soft soils in this region were extensively employed for
the ground improvement using stone columns. This economically
emerging region in Southeast Asia has a considerable demand on efficient
infrastructures, which is the main reason that stone columns are employed
instead of deep foundations. Thus, extensive well-documented load tests
for stone columns groups are critical.

The case study discussed in this section involves a group of five
vibro stone columns that are tested in Taman Desa, which is a suburb of
Kuala Lumpur. The creation of a motorway interchange of the New
Highway Pentai, includes the construction of embankments.
Improvement of the encountered soft soils using stone columns was
required. For research purposes, a part of the site has been assigned for
long-term load tests to examine the real field performance of the treated
soil. A bottom-feed method has been utilized for the entire site, with the
exception of the testing area. To ensure comparability with the situation
in Europe, the stone columns in the load tests have been constructed
using a dry bottom-feed method.

The ground in the region around Kuala Lumpur is characterized by
soft fluvial sedimentary soils in the central mountains of the Malaysian
peninsula. These sedimentary deposits are geologically young—usually
younger than 10,000 years—with layer thicknesses of 30 m. Poulos
(2002) shows a map of the Southeast Asian region that indicates regions
with buildings characterized by these sediments, as shown in Figure (6-
1). As part of the sample field, extensive soil investigations were
performed. Generally, thirteen holes have been drilled in the construction
site of the Taman Desa Interchange; they are continuously sampled using
the standard penetration test. In addition, 23 cone penetration tests were

conducted on the ground of the loading test area. Figure (6-2) shows a
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Case Study (1)

plan view of the construction site that depicts the positions of digestions
and site equipment and the location of the field samples.
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Figure (6.1) Fluviatile sedimentary soils in Southeast Asia
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The first several meters below the ground surface are composed of
sandy fillings, followed by a soft clay layer to a depth of 12 m at the
location of the sample loading, and then a base layer of sandy silt. Figure
(6-3) presents the results of two boreholes in the direct vicinity of the

load-test field and the associated SPT numbers.
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Figure (6.3) Boreholes ZKR9A and ZKR10A with SPT results

In the soft clay, no standard penetration test can be performed.
Therefore, the results of the cone penetration tests are used to estimate the
soil mechanical properties. Figure (6-4) shows two CPT profiles at the
site of the loading test. The Robertson chart can be employed in the
classification of soft clay. Figure (6-5) presents the corresponding
diagram of the Robertson and Powell (1997) classification system, which
presents the value range for the penetration tests at the Taman Desa

Interchange. Accordingly, the soil can be regarded as normally
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consolidated silty clay. For further classification of the clayey soil,
undisturbed samples have been collected and examined in the laboratory.
All parameters of the silty clay at the testing site have been determined

and employed in the finite element analysis.

T1 Tip Resistance Qc Friction Ratio T3 Tip Resistance Qc Friction Ratio
[MPal [MPa]
o 2 4 6 8 0% 5% 10% o 2 4 6 8 0% 5% 10%
0 0 4 0 i — 0 15
L - L
2 2 1 2 2
4 4 e 4 PRlln==s
6 6 = 6 6 +H
_ 8 _ 8 e _ 8 _ 8 -
E E £ E B
< 10 £ 10 = £ 10 £ 10 &=
a a a o
@ @ @ @
a a a a T
12 12 12 12 E30
;—P?f 3 e =
| —F |
14 155 14 = 101 14 =
p g1
16 = 16 iE 16 % 16 =
‘i ; = r:;—
18 < 18 18 i N 18 =
— = E= 3
-1 4 =
20 20 = 20 = ==

20

Figure (6.4) Result of the cone penetration test T1 and T3 at Taman Desa
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The determination of the shear parameters was performed in
triaxial tests. In addition, hand vane tests were performed at a depth of 2.2
m. The undrained results indicated a triaxial unconsolidated undrained
shear strength of ¢y, triax uu = 20.0 kPa, which was consistent with the
results of the hand vane tests. An additional three CU triaxial tests and
nine CD triaxial tests with speeds of 0,001 mm/min have been performed,
and the detection of the volume change were performed to determine the
drained shear strength. Figure (6-6) summarizes the results. The rigidity
coefficients were determined by in situ measurements and odometer tests

on undisturbed samples in the laboratory.
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Figure (6.6) p'-g diagram of the triaxial tests

Prior to the installation of stone columns, pressuremeters (PM1 and
PM2), earth pressure sensors (EPP: E, EBi: S1/1 and EBI: S1/2) and a
pore-water-pressure transducer (EPP: PWD) were installed in the ground.
First, a cavity was produced by the pressing in and retrieval of a
cylindrical replacement body. Thereafter, the pressuremeters or the earth
and pore water pressure transducer were pressed from the bottom of the

cavity. These tools were arranged in a manner that enabled them to
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