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Picture of the affected site 
Before Collapse on 20 April 2004
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Picture of the affected site 
After Collapse on 20 April 2004
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Picture of the collapse 
Around 3:30 p.m. on 20 April 2004
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Picture of the collapse 
Around 3:30 p.m. on 20 April 2004
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Construction of Jet Grout Slab 
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Photo taken at S338 Level 9 between 10 
to 10:30 a.m. on 20/4/04 
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Photo taken at S335 Level 9 South 
between 10 to 10:30 a.m. on 20/4/04 
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Possible Scenarios on Events 
following Waler Failure at Level 

9 of Strut S335
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1. Waler at Level 9 failed 
– sway mode

2. Load transferred to 
Strut 8

3. Further wall rotation

4. Reduced loads in 
Struts 6 and 7

Strut 335 – Level 9
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Strut Forces & Wall Rotation at S335 Level 9
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Wall Deflection at I104
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What are the causes of failure?
1. Basal heave instability
2. Uplift instability
3. Removal of JGP slab
4. Inadequacy of JGP
5. Shifting of JGP slabs
6. Wall kick-in – insufficient wall penetration
7. Wall failure – formation of plastic hinges
8. Curvature of tunnel alignment
9. Presence of the utility gaps 
10. Short Waler & Eccentric Strut Loading
11. Settlement of diaphragm wall
12. Strut failure
13. Waler/stiffener failure
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3-D Numerical Modeling 
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Esplanade – Theatre on the Bay

Singapore
24Sectional View of one of the domes
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Basement Slab of Car Park
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Buttress Wall
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Soil Profile along Section A-A

Depth of bottom of Lower Marine Clay
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Instrumentation Plan
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Effect of   
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Effect of Jet Grout Slab
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Section B-B’



Notes by WONG Kai Sin 29 October 2007

Case Studies 12

45

I-14D

Computed
Wall

Deflections

46

I-14D

Wall 
Deflections 

at End of 
Excavation

47

Comparison of Computed & Measured Trench Slab Displacements
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Comparison of Measurements from In-Soil & In-Wall Inclinometers
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Effect of Soil 
Movements on 
Piles at CI-116
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Effect of Soil 
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Piles at CI-11A

51

Effect of Soil 
Movements on 
Piles at G3-50
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Prediction 
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1. Don’t be over-confident about your analysis!

2. Use appropriate soil parameters & apply
correct method of analysis.

3. Seek a second opinion.

4. Be prepared to face surprises.

5. Implement Observational Method diligently. 

Conclusions & Recommendations
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6.  When in doubt, engage a qualified
geotechnical consultant to get a 
second opinion!

Last but not the least ….

7. A Healthy Contract $um and a 
Reasonable Construction Period
will help to improve the safety of 
any deep excavations.
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Thank You


