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Major Factors Affecting Soil and Wall Movements
in Deep Excavations
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* Undrained shear strength, c,
» Depth of excavation, H
» Width of excavation, B

* Depth to hard stratum, T

* Depth of penetration, D
» Wall stiffness, El
* Vertical strut spacing

 Construction workmanship
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Effect of Clay
Thickness on
Wall Deflection
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Questionable Wall Deflection Profiles
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Observed Max. Wall Deflections in Stiff Clays, Residual Soils & Sands

(Clough & O’Rourke, 1990)
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o Oslo

Maximum Wall
Deflections against
Basal Heave
(Poh & Wong, 1996)
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Design Curves to Estimate Wall Deflections
(Clough & O’'Rourke, 1990)
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Estimation of Maximum Wall Deflection
(Wong & Broms, 1989)
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This method postulates that the behaviour of the soil
within zone “C” governs the lateral wall movement.
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Estimation of
Maximum Wall
Deflection
(Wong & Broms, 1989) ”
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Since there is no volume change,
Area X1 + Area X2 = Area Y1
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r Evaluation of Soil Modulus Eg J

(G 63)

Based on the hyperbolic model by Duncan & Chang
(1970), the secant modulus can be determined as
follows:

@
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{ Evaluation of Stress Level S, J
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Comparison of Results with Field Records
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L Comparison of Results with Field Records

{Wong, Broms & Goh, 1880)
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Causes of Ground Settlement

1.Undrained shear distortion
2.Lowering of ground water table
3.Under-drainage

4.Seepage through wall without
lowering of ground water table

5.Leakage through base slab
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Lowering of Ground Water Table

Well point

Well point

Causes:

» Pumping
» Wall leakage

Marine
Clay

Old
Alluvigm

Lowering of ground water table will increase the effective
stress in soft clay and result in consolidation settlement. s
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Effect of Lowering of Groundwater Table

FROM A SPACIOUS BUNGALOW TO A WRECK IN 22 YEARS
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Ground settlement

due to piping and loss =
of fines. ;

Pot holes can develop
at the ground surface.

“Artesian Aquifer \.

Flow Along Wall Interfdce

Flow From Perched Water Flow Beneath Wall
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Two Causes of Ground Settlement due to Under-Drainage

Sand

1. Under-drainage due to
negative excess pore
pressure in OA sand layer

2. Under-drainage due
to water flow into

39

Hypothetical Model

Excavation Sequence:
1. Excavate 2 m for 15 days.

2. Install strut & excavate 3 m for 15
days in each layer

3. Construct base slab for 4 months
4. Consolidate for 5 years

5. Change diaphragm wall
permeability

Impermeable

6. Consolidate for 45 years
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Excess Pore
Pressure Contours
at end of Excavation

Under-Drainage
due to Negative
Excessive Pore
Pressure in OA

Ground Settlement
Profiles at end of
Excavation
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Excess Pore
Pressure Contours
at end of 5 years

Under-Drainage
due to Negative
Excessive Pore
Pressure in OA

Ground Settlement
Profiles at end of
5years
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Ground Settlement
Profiles at end of
Excavation
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Total Pore Pressure
Contours at end of
4 months

Under-Drainage
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Water Flow into
Sand Layer

Ground Settlement
Profiles at end of
4 months
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Settlement due to Steady
State Seepage through
Wall and Base Slab

Permeability of Concre
(Gomes et al., 2003)
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Case Study: Bugis MRT Station

Cu Profile
(Vane Shear Test)
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Case Study: Bugis MRT Station
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Conclusions on Ground Settlement

Most ground settlement comes from immediate
settlement due to undrained shear distortion.

Effect of under-drainage on ground settlement
due to negative excess pore pressure in Old
Alluvium is not significant.

Effect of under-drainage due to water flow into
sand layer is significant.

Effect of wall leakage on ground settlement is
also significant.

It is important to arrest all observable leakages
in the wall and base slab as soon as possible.

56
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Ground Settlement beyond Excavation Area
(Peck, 1969)

Typical Ground Settlement Profile
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Excavations in Stiff Soil Conditions in Old Alluvium
(Li & Wong, 2001)

——
Overlying
soils (w0

h soft clay)

"L

Old

W& | Allawium

1. h<0.7H
2. No soft clay is present.

3. Overlying soils include fill, fluvial sand and fluvial clay.
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Maximum Wall Deflections in Stiff Soil Condition
(Li & Wong, 2001)

8 H,max (mm)

Maximum Ground Settlement in Stiff Soil Condition

(Li & Wong, 2001)
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Percent of Excavation Height
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Maximum Strut Forces in Stiff Soil Condition
(Li & Wong, 2001)
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Excavations in Medium Soil Conditions in Old Alluvium
(Li & Wong, 2001)

f LY
! Orverlying
| soills (with
h soft clay)
" Ji
T
1. h<0.7H

2. Soft clay is present.

3. Overlying soils include fill, fluvial sand
and clay, organic clay and peaty clay.
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Maximum Wall Deflections in Medium Soil Condition
(Li & Wong, 2001)

8 H,max (MmM)
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Maximum Ground Settlement in Medium Soil Condition
(Li & Wong, 2001)
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Maximum Strut Forces in Medium Soil Condition
(Li & Wong, 2001)

Wall & Soil Movements

Percent of Excavation Height

Apparent Earth Pressure
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Excavations in Soft Soil Conditions in Old Alluvium
(Li & Wong, 2001)

—

[
Mixed
Soils
B {mainly
| b soft Clay)
41- |
;E
Hard
oM Strabam
Alhuvium

1. h>H
2. Soft clay is present and T<0.7B.

3. Overlying soils include fill, fluvial sand and
clay, peaty clay and marine clay.
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Maximum Wall Deflections in Soft Soil Condition
(Li & Wong, 2001)

& H,max (mm)

160 I

140 | ‘* + Diaphragm Wall|

120 | 12 SheetpileWall | (G H)=0.6% |
100 ]
80 - . |
60 | . ‘
+ (amH)=0.15% |

40 t
.

20

|
0 , o
0 5 10 15 20 25

Depth of Excavation, H (m)

74

Maximum Ground Settlement in Soft Soil Condition
(Li & Wong, 2001)
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Maximum Strut Forces in Soft Soil Condition
(Li & Wong, 2001)
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Apparent Earth Pressure
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