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Panel discussion: Interplay between physical and numerical models 

for soil-structural interaction problems

Débat de spécialistes: Interaction entre modèles physiques et modèles numériques pour résoudre 

les problèmes d’interaction sol-structure

C. F. Leung -  Centre for Soft Ground Engineering, Department of Civil Engineering, National University of Singapore, Singapore

A BSTRA C T: This d iscussion provides an insight on the ro le o f  interplay betw een physical and numerical models for soil-structural interaction 

problems. The relevant po ints are illustrated  using the results o f  studies on deep excavatio n m so ft clay  and gravity caisson on sand.

1 IN TRO DUCTIO N

Tw o  studies are used  to  illustrate the ro le o f  interplay betw een 

physical and numerical models fo r so il-structural interaction 

problems. The first study concerns so il movement due to  deep 

excavatio n in so ft clay  w hich is a so il unloading problem. The 

second concerns d isplacement o f  gravity caisson on sand w hich is 

a so il load ing problem.

2 D EEP EXC A V A TIO N  IN  SO FT C LA Y

Deep basement construction o ften takes place in heavily populated 

cities and so il movement is a majo r concern fo r deep excavation 

carried  out in so ft clay . Fo r the present state o f  the art, there are 

generally large d iscrepancies betw een the measured and predicted  

so il movements behind the retaining w all o f  a deep excavation. A  

series o f  centrifuge model tests has been carried  out at the National 

University o f  Singapore to  evaluate the so il movements o f  deep 

excavatio n carried  out in thick deposit o f  so ft marine clay 

overlying stif f  clay . The experimental setup and instrumentation 

to  monitor the so il movement and pore pressure are show n in Fig.

1. In co njunctio n w ith the model study, finite element analysis 

(FEM ) is carried  out using the CRItical State finite element 

Program (C RISP) to  back-analyse the test data using the modified  

Cam -Clay  model. The parameters used in the FEM  are obtained  

from triaxial compression and oedometer conso lidation tests on 

the marine clay and stif f  clay  specimens prepared under identical 

stress conditions. Details o f  the test results and back analyses are 

given in W ei (1997).

Though the pore pressure can be predicted  reasonably  w ell by 

FEM , there are d iscrepancies betw een the measured and predicted 

ground surface settlements as show n in Fig . 2. In general, the 

FEM  under-predicts the settlement clo ser to the retaining wall and 

gro ssly  over-pred icts the settlement further away from the wall. 

To  evaluate the d iscrepancies, further FEM  analyses w ere carried 

out by varying the boundary conditions at the retaining wall and at 

the end w all o f  the model container. A  comparison betw een the 

measured  ground surface settlements and FEM  predicted results 

under d ifferent simulation cond itions is show n in Fig . 3. By  

introducing appropriate interface slip  elements at the retaining 

w all, the predicted ground settlements clo se to the w all agree well 

w ith the measured  settlement. By  introducing d ifferent ro ller 

cond itions (either fixed  o r free end) at the end w all o f  the model 

container, the surface settlement due to  container boundary effect 

can be investigated . For the ground surface settlements further 

aw ay from the w all, the FEM  results still over-pred ict the 

settlements even taking the container boundary effects into  

account. It is believed  that the small strain effect is a majo r facto r

fo r the d iscrepancies. This is in line w ith the presentation made 

earlier by Pro fessor R  N Tay lo r o f  City University on his study on 

so il movements, see fo r examp le Stallebrass and Taylo r (1997).
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Fig. 1 Centrifuge model setup fo r deep excavation study

0.0 •

0.2 •

E
£

c  0.4 •
«
E
a
*3

8
T3 0.6 —
c

o

O

0.8 -

1.0 - 1

Solid lines: FEM predictions 

Symbols: Centrifuge model test data 

All dimensions in model scale

Fig . 2 Comparison o f  FEM  and model ground settlements

Distance from  wall (cm)

10 20 30 40

2213



Distance from wall (cm)
0 10 20 30 40

0  Centrifuge test data

Fig . 3 Effects o f  interface at w all and container boundary 

cond itions o n surface settlement pro file

3 G RA V ITY  CA ISSO N  ON SA N D

Gravity  caisson is a rigid  retaining structure w hich is used as a 

w harf front structure fo r Singapo re’ s New  Container Terminal. 

Due to  operation criteria o f  the quay crane on the caisson under 

serv ice load ing cond ition, stringent lim its o f  vertical and 

horizontal caisson movements and tilting have been set by the 

mechanical engineers. A  series o f  centrifuge model tests has been 

carried out at the National University o f  Singapore to examine the 

movements o f  gravity caisson supported on sand. A  sketch o f  the 

experimental setup and instrument are show n in Fig . 4. The 

vertical movements o f  the caisson under three stages o f  load ings: 

( 1) caisson sunk-in during installation (2) p lacement o f  backfill 

behind  caisson and (3) under service load are investigated . In 

p ractice, the most critical case is stage (3) in w hich the caisson 

movements should lie w ithin the lim its set fo r the port operation. 

Details o f  the test results are presented  in Leung et al. (1997).

In co njunctio n w ith the model study, a FEM  is also  carried  out 

using the CRISP computer program to  back analyse the model test 

results. The parameters used in the FEM  are obtained  from 

oedometer conso lid atio n and shear box tests on the same sand. 

Details o f  the back analyses are given in Kho o  (1994). The 

predicted caisson movements obtained  using the M ohr-Coulomb 

soil model as compared  to  the measured  values are show n in Fig.

5. It is evident that the vertical caisson movements can be 

pred icted  fairly accurately  w hile there are large d iscrepancies 

betw een measured  and predicted  horizontal caisson movements 

and tilts. It is believed  that this is attributed to the inability  to 

model co rrectly  the stress-strain response o f  the concrete/ sand 

interface at the caisson base due to lack o f  experimental data.

4 CON CLUDIN G REM A RKS

Tw o  studies have been used  to  illustrate the ro le o f  interplay 

betw een physical and numerical models fo r the study o f  so il- 

structural interaction problems. By  examining  the d iscrepancies 

betw een the measured  values from the physical models and 

predicted values from the numerical models, a much better 

understanding on the problems understudy can be gained.
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Fig . 4 Centrifuge model setup fo r gravity caisson
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Fig. 5 Comparison o f  FEM  and model test data

Lim itatio ns o f  numerical models invo lving the small strain 

phenomenon and the interface stress-strain response are 

highlighted . A  thorough investigation o f  such lim itations would 

enable further interplay betw een physical and numerical models to 

achieve fine-tuning o f  the numerical models resulting in a better 

d isplacement pred ictions o f  a so il-structural interaction problem.
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