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1

Basal Heave Stability

qo

qult

How do we check basal heave stability?

Which method should we use?
2

Which method should 
we use?

•Terzaghi
•Bjerrum & Eide
•Eide et al.
•Tschebotarioff
•Goh
•Chang
•Wong and Goh
•O'Rourke
•Su et al.
•Ukritchon et al.
•Plaxis

Does FOS≤1 mean 
failure?

3

Methods of Analysis

4

Terzaghi’s Method
(Terzaghi, 1943)
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5

Terzaghi’s
Method

5.7 cub B1
FS  =   ----------------------

γ H B1 - cuhH

T

If T ≥ 0.7B,  B1 = 0.7B

If T ≥ 0.7B,  B1 = T

Hard Stratum

6

Bjerrum and Eide’s method (1956) 

cu Nc
FS  =   --------------

γ H + q 

7 8

Eide et al.’s Method (1972)
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Goh’s Method 
(1994)

10

Goh’s Method 
(1994)

11

Goh’s Method 
(1994)

12
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Comparison of Methods – Case 1 – Sheetpile Wall

14

Comparison of Methods – Case 2 – Sheetpile Wall

15

Modification to Terzaghi’s Method

16

Comparison of Methods – Case 3 – Sheetpile Wall
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Effect of Depth to Hard Stratum (T)

When T ≥ 0.7B, failure surface can be developed freely. 

When T < 0.7B, the development of failure surface is restrained. It is 
no longer the plane of lowest resistance. Therefore, there will be an 
increase in factor of safety. The correction factor β accounts for the 
effect of depth to hard stratum, T.

19 20

Comparison of Methods – Case 4 – Sheetpile Wall

0.97
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21

Comparison of Methods – Case 5 – Diaphragm Wall

22

Comparison of Methods – Case 6 – Diaphragm Wall

23

Effect of Wall Penetration
(Zhang and Zhang, 1994)

24

Modified Terzaghi’s
Method for 

Diaphragm Wall

(Wong and Goh, 2001)

Method 1:

Method 2:
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25

Modified Terzaghi’s Method for Diaphragm Wall
(Wong and Goh, 2001)

26

Modified Terzaghi’s Method for Diaphragm Wall
(Wong and Goh, 2001)

27

Terzaghi (1943): Fs = 0.82

Modified Terzaghi: Fs = 1.13   (Method 1)

Fs = 1.06   (Method 2)

28

Narrow Excavation for all Wall Types

Modified Eide et al.’s Method
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29

Wide Excavation with Sheetpile Wall

30

Wide Excavation with Diaphragm Wall

cuh

cud

cub

αcud

31 32
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33

How important is the shape factor?

34

Basal Heave Failure in Taipei  (1998)

35

Basal Heave Failure in Taipei  (1998)

B-BA-AMethod

0.990.94Wong & Goh
0.61/0.690.58/0.69Bjerrum & Eide

0.660.67Terzaghi

Factor of Safety

B

B

36

What factor of safety should we use?
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37

How reliable is the computed F.S.?

38

39

What type of test should we conduct to determine cu?

cu

Depth

1. Most conservative:
"worst scenario"

2. Best Estimate:
"most probable scenario"

3. Most optimistic:
"most favourable scenario"

Which strength envelope should we use ?

40

Basal Heave of Wall with Full Penetration to Hard Stratum

Case 7 - Sheetpile Wall
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Basal Heave of Wall with Full Penetration to Hard Stratum

Case 8 - Diaphragm Wall

42

Basal Heave of Wall with Full Penetration to Hard Stratum

Case 9 - Sheetpile Wall

43

Excavation with Full Penetration of Wall into Hard Stratum

Basal heave stability 
is not an issue for 

this case. 

44

Basal Heave Stability with Jet Grout Slab

Block Failure



Notes by WONG Kai Sin 10/26/2007

Basal Heave Stability 12

45

Basal Heave Stability with Jet Grout Slab

Bending Failure

46

Basal Heave 
Stability with Jet 

Grout Slab

47

Basal Heave 
Stability with Jet 

Grout Slab

48

Basal Heave Stability with Jet Grout Slab
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49

Basal Heave Stability at Clarke Quay
(Shirlaw et al. 2000)

50

Qs on piles in field = ( π d h / s ) ca

Qs on piles in FEA = 2 h ca,FEA

ca,FEA = (π d ca) / (2 s)

0.39 ca4.0 d
0.45 ca3.5 d
0.52 ca3.0 d
0.63 ca2.5 d

ca,FEAPile 
Spacing

Evaluation of Adhesion on Piles with JGP in FEA

h

d

s

JGP

51

How can we determine ca
between JGP and pile?

h JGP

52

Roughen the surface Roughen the surface 

Completed Completed 
specimensspecimens

Mixing of clay & cementMixing of clay & cement

Specimen Specimen 
and and 
mouldsmoulds



Notes by WONG Kai Sin 10/26/2007

Basal Heave Stability 14

53

0

200

400

600

800

1000

1200

1400

1600

0 10 20 30 40

Water added (%)

C
om

pr
es

si
ve

 S
tr

en
gt

h 
(k

Pa
)

Compressive strength of specimen at different curing time
(Goh, 2005)
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54

y = 0.448x + 444.82

y = 0.3348x + 369.64

y = 0.6273x
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Adhesion between concrete with clay-cement mixture
(Goh, 2005)

55

Pile Load Test at 
KPE

(Shirlaw et al., 2005)

Max load
1750 Tonnes

65.5m

Fluvial Sand

Sandy
Made Ground

Marine Clay

Marine Clay

Jet Grout Slab

Old Alluvium

SPT Blows per
mm penetration

1m diameter

GL

10m

20m

30m

40m

50m

60m

46/300

55/300
100/220
100/260

100/280
100/220
100/220

25/300

44/300

Typical
<10/300

PreliminaryTest Pile TP2

Shear Transfer 
at maximum load

Pile head settlement
at maximum load

=23mm

Residual settlement =4mm

(7)

(83)

(754)

(197)

(52)

(126)

(72)

(106)

(15)

500 10000
Shear transfer (kN/m2)

Rod extensometers
(damaged on
installation)

Measured adhesion 
= 754 kPa

Adhesion at failure 
>>754 kPa

56

Bottom Heave in Sand
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57

Piping in Sand

Piping is a phenomenon of water rushing up through pipe-
shaped channels due to upward seepage under high 
gradient. It can lead to total collapse of the system. Sufficient 
penetration of sheetpile must be used to lengthen the 
seepage path and to reduce the hydraulic gradient.

58

Penetration Depth 
against Piping

(Teng, 1962)

Fs = 1.5


