Characteristics of Ground Movements in Deep Excavations with Concrete
Diaphragm Walls in Bangkok Soils and their Prediction
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ABSTRACT: Measurement data of 12 braced excavations in Bangkok using concrete diaphragm walls were evaluated and
generalized. Typically, excavations for building basements in Bangkok are made down to soft or stiff clay layer at depths
between 8 m and 20 m. Maximum lateral wall movements of the excavations under study were in range of 0.3 to 1.0 % of
excavation depth. The higher value occurred in shallow excavation depths. The pattern of the increase in the maximum lateral
wall movement with excavation depth was not similar to that occurring in excavations with flexible steel sheet piles.
Because tips of the walls are extended into the stiff clay layer underlying the soft clay, the concrete wall offers an adequate
flexural stiffness to limit ground movements when the excavation base is within the soft clay layer. The factor of safety
against basal heave defined by Terzaghi (1943) considering undrained shear strength of clay is not a relevant index to the
level of induced ground movement as in the case of the flexible sheet pile walls. A study was also made to compare the
predictions of ground movements given by four numerical codes commonly used in Bangkok with measurement data from
one comprehensively instrumented excavation. The predictions by two beam on elasto-plastic spring codes gave reasonable
results when using spring stiffness values of the clays equivalent to the large strain modulus-undrained shear strength ratio
(EJ/S, of 150 to 250). However, such values did not yield a close prediction by two 2-D continuum FEM codes with linear
elasto-plastic soil model. The back-calculated E,/S, ratios are 500 for soft clay and 1200 for the underlying stiff clay. The

effect of foundation piles on the wall movement and earth pressures on the wall are also investigated.

INTRODUCTION

Use of internally braced concrete diaphragm wall has
increased significantly for deep excavations in Bangkok
areas. It provides a more effective measure for limiting
ground movement than steel sheet pile wall, which was
predominantly used’in the past for reason of cost and
availability. As there are increasing cases of disputes on
property damages and work delays from close proximity
excavations and increasing popularity to make basement
excavation up to the site boundary, concrete diaphragm
wall has emerged as a common means for deep excavations
in Bangkok urban areas. Therefore, understanding the
behavior and effectiveness of the braced diaphragm walls in
controlling ground movement in Bangkok soil conditions is
beneficial for future design and improvement. There were a
number of studies on the subject in recent years, e.g.
Sutabutr (1992), Phienwej et al. (1993), Teparaksa et al.
(1997), Tasnanipan et al. (1998), Tanseng (1997) etc.,
However, most of them were directed to performance and
prediction in individual cases. Generalization of the
behavior of the braced wall used in Bangkok soils were first
attempted by Phienwej et al. (1995) who also made
comparison with the steel sheet pile counterpart.
Akewanlop (1996) studied the generalized characteristics of
ground movements associated with deep excavation using
steel sheet pile walls. A similar study was made by
Teparaksa (1994). As measurement data from a large
number of excavation projects using concrete diaphragm
walls are available, a more detailed evaluation could be
made. Such a study was made by the authors (Gan, 1997).
The results of the study are presented in this paper. Two
aspects of the behavior and performance of the concrete
diaphragm walls are presented, namely, the characteristics
of wall movement as revealed by measurement data, and
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the applicability of the commonly referenced numerical
analysis codes in the prediction of the wall and ground
movements and load on wall and bracings.

SUBSOIL CONDITIONS AND DIAPHRAGM WALL
PRACTICE

Bangkok is situated at the southern part of the flat and
low lying Chao Phraya plain where the ground is blanketed
with soft marine clay. The subsoil stratigraphy is relatively
uniform throughout the Bangkok Metropolitan area. It
consists of a thick very soft to soft, dark to greenish grey
silty clay layer extending to a depth of around 12 to 15 m.
The clay has water content of 70 to 120% and undrained
shear strength of 10 to 18 kPa. At the ground surface there
exists a 1 to 1.5 m thick layer of weathered crust and
sometimes a thin sand or lateritic fill layer. At the bottom
part of the soft clay layer, the clay transforms into medium
stiff clay of a couple meters in thickness, below which there
exists the first Bangkok stiff clay layer. The soil is stiff to
very stiff silty to sandy clay of brownish to yellowish
colour. Water content is 20 to 30% and SPT N-value of 10
to 25. The thickness of the stiff clay varies from place to
place but it may range from few meters to 10 m. Underlying
the stiff clay layer is a thick dense sand layer, which
normally starts at a depth of 20 to 25 m. The piezometeric
head in the sand layer has been significantly reduced by the
effect of deep well pumping and, at present, the head is at
21 to 24 m below the ground surface in the inner areas of
Bangkok. This situation helps minimize the occurence of
sand boiling and uplifting of excavation base. At the ground
surface there exists a perched water table from surface
runoff. It fluctuates between 0.5 and 1.0 m below the
ground surface. Because the soft clay and stiff clay layers
are impervious, ground water is generally not a problem in
deep excavations in Bangkok. Except for the recent
excavation of the mass rapid transit station boxes, the
depths of most basement excavations do not reach the sand
layer.

The diaphragm walls used in Bangkok commonly have
thickness of 800 to 1000 mm. The excavation depth mostly
ranges from 8 to 20 m. It is a common practice to extend
the tip of the wall a few meters into the stiff clay layer even
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though the final excavation depth is within the overlying
soft clay (similar to the practice with steel sheet piles). For
excavations down into the stiff clay layer, only a shallow
tip embedment below the excavation base is normally
made. Both internal bracing with steel H-beams (bottom-up
construction) and with concrete floor slab (top-down
construction) are employed. For the bottom-up
construction, bracings are normally preloaded at about 30 to
60% of the design load. Because there are no design codes
or regulations imposed by the municipality, vertical spacing
of bracings adopted for diaphragm wall excavations in
Bangkok is often large. Sometimes, it is as large as 9 m.
Instrumentation normally employed for construction control
comprises a few inclinometers installed within the walls
and ground settlement points at concerned locations. The
lateral wall movement is considered to be the same as the
ground movement behind the wall.  Strut loads are
monitored only in few cases. There have been no cases of
monitoring of pore water pressures in the clay behind the
wall as it is judged irrelevant for the construction control.

OBSERVED CHARACTERISTICS
MOVEMENTS

OF WALL

Lateral wall movement data recorded by inclinometers
from twelve deep excavations using concrete diaphragm
walls and two using contiguous bored pile walls, which
were also of the rigid wall type, were studied and
interpreted. The basic information on excavation sequences
.and bracing systems of these excavations is summarized in
Table 1. The pattern and shape of the maximum wall
movement developing with increasing excavation depths of
these excavations are summarized in Fig. 1. Generally, the
maximum lateral  movement of the walls did not show a
significant increase ‘in magnitude as the excavation
proceeded deeper. This implies that ground movements in
deep excavations in Bangkok subsoils using concrete
diaphragm walls is not so sensitive to the depth of
excavation for the typical range of the excavation depth. In
many cases, the lateral wall movements occurring in the
first stage of the excavation (under cantilever mode of wall)
were almost of the same magnitude as or slightly smaller
than those developing in the subsequent stages at deeper
depths. Thus, the magnitude of wall/ground movements can
be minimized with a careful design and construction of the
first stage of the excavation.

This observed characteristics of wall movement are quite
different from that observed in the deep excavations using
steel sheet piles, Fig. 2 (Phienwej et al., 1995). The latter
showed that the magnitude of maximum wall movement
significantly increased with excavation depths in the soft
clay layer. It clearly indicates that the flexural rigidity of
the concrete wall is much more effective in minimizing the
inward flow of soft clay than the flexible steel sheet piles.
In terms of the ratio of duma/H, the values in the excavation
stages of braced mode of wall (excluding the first cantilever
mode) falls in a range of 0.3 to 1.0% (Fig. 3), compared
with 0.5 to 2.5% of excavations with steel sheet piles
(Phienwej et al., 1995). Larger movement ratio occurred in
early stages of excavation (excavation depths smaller than
about 6 m), especially in the cases of excavation without
strut preloading (Case 2: China Tower) and top-down
excavation (Case 9: Green Tower, etc.). The largest
wall movements occuring in Sathorn Complex excavation

Table 1 Details on diaphragm wall excavations
included in the study
Case Project Strut elevation Strut Maximum Maximum
no. loadi d ;
i " | height (m) | depth (m)
1 Rajawej (-1.73m, - No 7.57 -14.40
Hospital* 6.83m)
2 | China Tower | (-1.0m)_ No 4.50 -5.50
3__| Lumpini Park | (-1.50m) Yes 6.50 -8.00
4 | President (-1.50, -6.50m) Yes 9.60 -985& -
Tower 16.10
S Pratunam (-1.50m) Yes 7.00 -8.50
Complex
6 Central Rama | (-2.50m) Yes 6.60 -9.10
i
7 Sathorn (-2.40m, - Yes 4.00 -15.80
Complex 5.10m, -9.00,
11.80m#) .
8 IFCT Tower | (-1.50m, - Yes 6.90 -13.70
6.80m)
9 Green (-2.0m, -7.0m) No 3.00 -10.00
Tower*
10 | Winsor (+1.0m, -2.0m, No 6.00 -15.50
Hotel* -9.5m)
11 | ITC (-2.8m, -8.3m, No 5.20 -18.50
Building* -13.3m)
12 | Oriflame (-1.5m, -4.0m, Yes 3.50 -14.00
Building -7.5m,
-10.5m) :
13 | TPI (-1.5m, -4.3m, Yes 5.40 -15.20
Building+ -7.0m,
-9.8m)
14 | BUI (-0.5m, -3.2m, Yes 4.90 -11.00
Building+ -6.1m)
* Top down construction
# With berm and concrete slab
+ Contiguous bored piles
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Fig. 1 Increase in &y, of diaphragm walls with
excavation depth
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Fig. 2 Increase in 3,,,, of sheet piles with different
excavation depths
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