INTERNATIONAL SOCIETY FOR
SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

SIMSG [} ISSMGE

s

This paper was downloaded from the Online Library of
the International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE). The library is
available here:

https://www.issmge.org/publications/online-library

This is an open-access database that archives thousands
of papers published under the Auspices of the ISSMGE and
maintained by the Innovation and Development
Committee of ISSMGE.

The paper was published in the proceedings of the 9
Australia New Zealand Conference on Geomechanics
and was edited by Geoffrey Farquhar, Philip Kelsey,
John Marsh and Debbie Fellows. The conference was
held in Auckland, New Zealand, 8 - 11 February 2004.



https://www.issmge.org/publications/online-library

Deformations in Diaphragm Walled Deep Excavations in
Bangkok Sub-soils

N. Phienwej
PhD
Associate Professor, School of Civil Engineering, Asian Institute of Technology, Thailand.

C. Photayanuvat
Director, Mass Rapid TransitAuthority, Bangkok, Thailand.

K. Sanmugarasa
PhD
Lecturer, School of Engineering, Griffith University, Australia.

Y. N.Oh
MEng
PhD Candidate, School of Engineering, Griffith University, Australia
A. 8. Balasubramaniam

PhD, FIEAust, FACSE
Professor, School of Engineering, Griffith University, Australia.

Summary: The construction control of deep excavations in Bangkok subsoils is purely based on the measured
lateral movements adjutant to the support system used in the excavation methods. This paper relates to the back
analysis of the deformations of deep excavations supported by diaphragm walls in Bangkok subsoils. Fourteen
case studies involving deep excavations are presented here. Two types of back analysis are performed. In the
first type, the relationship between the ratio of the maximum lateral wall movement to the depth of excavation
against the basal heave factor of safety as proposed by Mana & Clough (1981) and the subsequent work of
Clough e o (1989) was investigated. In the second type of analysis, computer softwares based on the finite
element and finite difference methods were used with simple stress strain models for the prediction of the
behaviour of one deep excavation. In all cases, back calculated soil parameters were evaluated for the use of
each type of computer software for the design and construction control of diaphragm walled braced excavations
in Bangkok subsoils.

INTRODUCTION

Deep excavations are made in Bangkok mainly for two purposes. The oldest and the first one are for basements
of buildings. With numerous tall buildings cropping up in the eighties, deep excavations also increased in
number and at the same time become deeper and deeper. In the first case for basements of buildings, the
excavation reached 10 to 18 m and is always in the upper clay layer. Starting with steel sheet-piled walls,
subsequently diaphragm walls and contiguousbored piled walls are also used. The deep excavationsused for the
basements of buildings were thoroughly analysed by the researchers at the Asian Institute of technology and in
particular by the first author. The second purpose is for the central island type MRT stations totalling some 18in
number. In the case of the MRT stations concrete diaphragm walls of 1lm with the tips around 35 to 40 m depth
were used. The MRT station excavations are still under detailed analysis for research purposes and will be
reported at a subsequent time. Except for few cases of mishaps, the use of concrete diaphragm walls for deep
excavations in Banglkok has been relatively problem-free and very successful. The impervious nature of the
Bangkok soft clay and stiff clay eliminates potential problems related to ground water inflow. Thanks to the
piezometric draw down due to deep well pumping which further minimized the uplift and the boiling of the sand
layer. The only major collapse of the deep excavation with diaphragm wall occurred in the inlet shaft of a
wastewater treatment plant attributed to problems with strutting. Fourteen diaphragm walled excavations were
studied and their details are given in Table 1.

OBSERVED CHARACTERISTICS OF WALL MOVEMENTS

For the diaphragm walls listed in Table 1,the maximum lateral wall movement with excavation depth is shown
in Figure 1. The pattern and the shape of wall movement developing with increasing excavation depth are
examined. The relationships between the ratios of the maximum lateral movement to the depth of excavation
(S hmax / H ), and the factor of safety against basal heave failure (Mana and Clough, 1981), and the subsequent

work of Clough er af (1989) which incorporates the system stitfness, were examined for their applicability to
braced concrete diaphragm walls as used in Bangkok subsoils. Figure 1 shows the trend of the maximum lateral
wall movement developing at various stages of excavation depth for all the projects. Generally, the magnitude of
maximum lateral movement of the wall does not show a significantincrease with increasing excavation depth. In
terms of the normalized maximum lateral wall movement with excavation depth, an envelope can be drawn for
prediction purposes in future work (as shown in Figure 2). These data indicated that &), of diaphragm walls
can be controlied within 0.2 to 0.6 percent of excavation depth provided that the first stage movement in the

cantilever mode is properly minimized. Wall movements in one case (Saxhorn Complex) were extra-ordinarily
high because the cantilever mode excavation was made up to 3.5 m deep and there was a change in bracing



design to entertain a request for a deeper final excavation depth. Embedment of the diaphragm wall was rather
short in this case.
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movements with excavation depth

The relationship between &,,,,. / H and the factor of safety against basal heave failure of the data presented in
Figure 3 does not seem to follow the trend of the relationship as proposed by Mana and Clough (1981). which
was actually developed based upon data from excavations with steel sheet piles or soldier piled walls (flexible
type). In terms of the relationship between &, /H , the system stiffness (EI .l 4) and the factor of safety

against basal heave faifure (as proposed by Clough ef af, 1989), the Bangkok case studies (as presented in Figure
4) do not support the validity of its applicability to the diaphragm walls, either as the data points are quite
scattered and do not show any trend. It should be noticed that the vertical spacing of the struts used in the
diaphragm walled excavations in Bangkok were rather high (Table 1). in some case as high as §-9 m.

Table I Details of diaphragm wall excavations

No. Project Strut elevations (m) Preload Max. un-supported Excavation
height (m) depth (m)

1 Rajawej Hospital -1.73,6.8 No 7.57 -14.4

2 China Tower -1.0 No 4.5 -5.5

3 Lumpini Park -1.5 Yes 6.5 -8.0

4 President Tower -1.5;6.5 Yes 9.6 -16

5 Pratunam Complex -1.5 Yes 7 -8.5

6 Central Ramalll -2.5 Yes 6.6 -2.1

i Sathorn Complex -2.455,159.0;11.8 Yes 4.0 -15.8

8 IFCT Tower -1.5;6.8 Yes 6.9 -13.7

9 Green Tower -2.057.0 No 3.0 «10

10 Windsor Hotel +1.0,-2.0;9.5 No 6.0 -15.5

il ITC Building -2.8;8.3;13.3 No 5,2 -18.5

12 Oriflame Building -1.554.057.5;10.5 Yes 5.4 -14.0

13 TP! Building -1.5;4.3;7.0;9.8 Yes 5.4 -15.2

14 BUI Building -0.5-53.256.1 Yes 4.9 -11.0

NUMERICAL PREDICTION OF WALL MOVEMENTS

Complete information and measurements were available from a diaphragm wall braced excavation project
(IFCT). The excavation was for the construction of 2-level basement of the 36-storey IFCT building. The
excavation was rectangular in shape with an approximate dimension of 40m x 120m and the excavation depth
varied from 8.9m to 13.7m {Figures 5a and 5b). The site was located in New Petchburi Road and was surrounded
by multi-storey buildings on the eastern boundary, a single storey boundary on the western boundary, a main
canal on the southern boundary and the road on the northern boundary. The excavation was made almost to the
full area. The subsoil profile shown in Figure 6 consisted of 18m thick soft to medium stiff clay, underlie by a
stiff clay layer. The diaphragm wall was 800mm thick with the tip extending to 20.6m depth. Two levels of pre-
load struts (elevation ~1.3m and -6.8m) were adopted (see Figure 5b). The ground settlements near the walls
were monitored with settlement points., The excavation and the installation of struts were closely monitored and
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Figure 3 Relationship between &, ... / # and factor of safety against basal
heave failure

Observed Ground Movement: Figure 7 summarises the actual lateral movements as measured with the
inclinometers of the walls at various stages of excavation. In the frst stage of excavation down to 2m depth,
when the wall behaved in a cantilever mode, &), of 12to [6mm occurred at the top of the wall. Toe fixity of

the wall was observed below a depth of 17-18m. below which the wall was embedded in the stiff clay layer. In
the subsequent stages of excavation the wall movement followed the braced excavation mode in which the
maximum lateral movement near the base of the excavation as the upper part of the walls were restrained by
struts installed in the early stages. In the embedded section of the wall, toe fixity no longer existed as the wall
rotated about its bottom tip. The measured lateral movements showed significant variations from location to
location and the magnitude of &), ranged from 20 mm to 54 mm, when the excavation reached 10.6m. The

causes of the variation were attributed to be partly due to the effect of the existing deep piled foundation of the
multi-storey buildings next to the excavation area as well as due to the effect of the large diameter bored piles
within the excavation area. The existence of the main canal at a close proximity (7m away) along the south
boundary did not show any obvious adverse effect on the movements of the wall in the area.

Method of Analysis: For comparison with the 12
pre-excavation predictions made by the two

beams on elasto-plastic analysis using PAROI2
and WALLAP codes, additional predictions
were made using the well known PLAXIS and
CRISP programs. However the predictions with
the latter two were made after the completion
of the excavation. The PARO12 treat the soil as
spring elements, whose stiffness (k) were
estimated from the undrained shear strength of
the clay using a relationshipE, = 135§, (Table
2). In the case of WALLAP, for softclay E, =
250 S, was adopted. Both analysis considered
elasto-plastic sporing to model the soil

Normalised Lateral Wall Movement (%)

behaviour. The limiting pressure is either the 0.0 ' . !
active pressure or passive pressure with the 100 1000 15000
adopted factor of safety. In the CRISP90 and System Stiffness

PLAXIS programs the soils are modelled as Figure 4 Variation of &, / A with the system stiffness
continuum media. The yielding was assumed to (EI Iy, I 4) and the factor of safety against basal heave

be according to the Mohr-Coulomb criterion. :
Undrained analysis was considered in this analysis. Interface slip elements between soil elements and beam
elements of the walls were included in both analyses. The soil moduli of elasticity (E,) initially adopted in both
CRISP and PLAXIS were equivalent values corresponding to the spring stiffness values used in PARO12 and
WALLAP analyses (Table 2).

Predictions by the analysis: Figure 8 shows the predictions of the lateral wall movement at three excavation
stages given by the four analyses in comparison with the actual observations. It can be seen that the CRISP90
and PLAXIS analyses based on a continuum approach make over-predictionespecially in the early stages of the
excavation, while the PAROI2 and WALLAP based on beam- spring analysis yielded good predictions. Further



it was also noticed that both
PARO12 and WALLAP analyses
showed fixity of the walls well in
line with the actual observations.
The maximum wall movement
was also over-predicted by the
CRISP90 and PLAXIS analyses
while the PAROIZ  and
WALLAP made reasonably well
predictions. In order for both
CRISP90 and PLAXIS programs
to give reasonable predictions,
back analysis of the modulus
values of the soils were made and
tabulated in Table 3. The
CRISP90a adopted E, = 350 §,
for soft clay while CRISPS0L
and PLAXIS adopted E, = 500
S. For the stiffclay E, = 1200 5,

% Y [R0Y %

IECT. Tower Projest Lasesd
=== {.3m Thich M3l
L] Inchinueter (s
4 Senlerzem Pamnt {msp,
Scate 1500
Mitubishi $how Ream 1
[ msp-17
i \ =% )\ 5 1. T
/; ......../1_3 \.._./ \____/ :!___7].:_,}
e PoT £
3 ="
k\ i A A i LA
v -3 & nip-In LT sl

Exastmg IFCT Tongr |
¢ !

Figure 5a Layout of excavation, struts and instrumentation (IFCT project)

needed to be adopted. The predictions using these modified modulus values are shown in Figure 9. The results of
the back-analysis indicated the necessity to use increased modulus values of soils in excavation works, This
finding was similar to those reported by Heluin (1991) and others.
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Table 2 Input parameters adopted in numerical analysis

(a) Soil properties for PAROI2

Soil layers Depth (m)  Eu(kN/m®)  Su(kN/m® ¢,  w(kN/m?) Ko
Weathered clay 0-1 135S8u 33.0 0 15.56 0.50
Weathered clay 1-2 1355u 27.5 0 15.5 0.50

Int. soft clay 2-4 135Su 20.3 0 5.5 0.87

Soft clay 4-15 1358y 15+11.3z 0 15.6 0.87

Med. Clay 15-18 135Su 56+8.3z 0 20.0 0.50

Stiff clay 18-24 1358u 105.0 0 20.0 0.50

Very stiff clay 24-30 135Su 135.0 0 20.0 0.50

1* sand 30-36 65,000 0.0 30 20.0 0.75
(b) Soil properties for WALLAP

Soil layers Depth (m)  Eu(kN/m®  Su(kN/m3) o, w(kN/m®) Ko
Weathered clay 0-1 208Su 28.8 0 17.2 0.60
Weathered clay 1-2 208S8u 26.5 0 17.2 0.60

int. soft clay 2-4 1618u 15.5 0 15.1 0.88

Soft clay 4-15 2508u 16.5 0 15.7 0.88

Med. Clay 156-18 286Su 113.0 O 17.1 0.60

Siiff clay 18-24 300S8u 180.0 0 19.2 0.60

Very stiff clay 24.30 300Su 200.0 0 20.0 0.60
1* sand 30-36 65,000 0.0 30 20.0 0.75
(c) Properties of wall and struts

Structure elements E(N/m3)  H(mYm) A (m?) El(kNm%m) W (KN/m?)
Diaphragm wall {0.8m thick) 2.00E+07 4.267E-02 0.8 8.53E+06 235
H pile (350*350*136 kg/m) 2.00E+08 1.739E-2 v=0.25
H pile (400*400*172 kg/m) 2.10E+08 2.187E-2 v=0.25

(d) Properties of interface element

Interface element  Cu (kKN/m?) Ou Ka(KN/M®)  Ko(KN/M®)  Kees(kN/mM®  Thick, t (m)
Slip element 12.5 12.5' 46447 1000 100 4.37E-3

Effect of Foundation Piles: The effect of foundation piles on the passive resistance to the wall movements for
typical Bangkok soils was studied by conducting a parametric study using CRISP90. Bored piles of 1.5 m
diameter were simulated. The bored pile was treated in the analysis using the equivalent stiffness method
proposed by Lee et af (1989). The effect of the foundation pile on the wall movement is presented in the

summary plot in Figure 10, which shows &, .. for various distances of the piles from the wall at various stages

of excavation. The analysis shows that the pile effect in reducing the wall movement is more pronounced in the
early stages of excavation. The effect diminishes as the pile is located more than 5 m away from the wall in the
final excavation stage.

Table 3 Back-analysis input soil parameters for FEM analysis

Soil layers Depth (m)  Eu(kNfm?) Su (kN/m?)

oy (kN/m®) Ko
Weathered clay 0-1 700Su 80.0 0 17.5 0.62
Weathered clay 1-2 7003u 80.0 0 18.0 0.62
int. soft clay 2-4 500Su 35.0 0 17.0 0.62
Soft clay 4-15 500Su 17.5+3.3z 0 16.0 0.67
Med. Clay 15-18 700Su 65.0+8.5z 0 17.5 0.65
Stiff clay 18-24 1200Su 110.0+1z 0 18.5 0.62
Very stiff clay 24-30 12008u 135.0 0 20.0 0.62
1% sand 30-36 65.000 1.0 300 20.0 0.75

Strut Loads and Earth Pressure on Walls: The monitored strut loads using hydraulicjacks at one section of
IFCT 9 close to Inclinometer 6 revealed that, the actual strut loads in both strut levels were very close to the
predictions given by PAROI2 analysis 1750kN and 4950kN as compared to 2400kN and 4800kN for the upper
and lower strut levels respectively. The back calculated rectangular earth pressures on the wall are shown in
Figure 11. Also, shown in the figure are the earth pressures given by CRISP90 and PAROI2 analyses and the



apparent earth pressure (AEP) envelope (7 —dc) (Peck, 1969). The back calculated pressures are close to
CRISP9Q values as well as those due to Peck method.
Ground Settlement: The ground settlement adjacent to the wall predicted by the FEM analysis is shown in

Figure 12a. The FEM analysis gave too wide a settlement zone as expected. The observed ground movements
within 1.5m from the wall were smaller than 0.5 percent of the excavation depth (Figure 12b)
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CONCLUSIONS

The main conclusions that can be drawn from this study are that the maximum lateral movement of braced
diaphragm walls in the Bangkok subseils are in the range of 0.2 to 0.6 percent, If the ground movement in the
cantilever mode of the excavation support is minimised then the overall lateral movement can be kept to a
minimum. No clear relationship can be found for the ratio of the maximum lateral movement to the depth of
excavation and the factor of safety against basal heave failure. In the computer softwares used, the beam elasto-
plastic spring analyses using an undrained modulus of 135-250 times the undrained strength of the clays yielded



good prediction of the observed performance. However, with the use of the FEM analysis and the continuum
approach the corresponding undrained modulus need to be in the range of 300- 1200 times the undrained
strength.
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