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Strut Forces 1

1

♦ Redistribution of earth pressure due to arching

♦ Preloading

♦ Incremental excavation and strut installation

Lateral Earth Pressure in Braced Excavations

2

Development of 
Strut Forces 

during Excavation

3

Development of 
Strut Forces 

during Excavation

4

Apparent Pressure Diagram for Sand
(Peck, 1972)
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5

Apparent Pressure Diagram for Sand
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6

CIRIA’s Characteristic Pressure Diagram for Sand
(CIRIA, 1996)

7

Strut Forces in Clay

Stability Number, No = ( γ H + q ) / cu

8

Strut Forces in 
Stiff Clay (No<4)

(Peck, 1972)
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9

Strut Forces in Stiff to 
Very Stiff Clay 

(CIRIA, 1996)

10

Strut Forces in 
Soft Clay (No>4)

(Peck, 1972)

Why is m=0.4?

11

Strut Forces in Soft Clay (No>4)
(Terzaghi,Peck & Mesri, 1996)

12

Strut Forces in Soft Clay (No>4)
(Terzaghi,Peck & Mesri, 1996)

No = ( γ H + q ) / cub

cub = cu below 
excavation 
down to 0.7B
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13

CIRIA’s Characteristic 
Pressure Diagram for 

Soft Clay 
(CIRIA, 1996)

14

CIRIA’s Characteristic Pressure Diagram for Soft Clay 
(CIRIA, 1996)

Soft Clay
(Unstable base)

15

CIRIA’s Characteristic Pressure Diagram for Soft Clay 
(CIRIA, 1996)

Soft Clay
(stable)

Firm Clay
(stable)

16

CIRIA’s Characteristic Pressure Diagram for Soft Clay 
(CIRIA, 1996)

Soft Clay

(unstable 
base)
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17

e.g.   PB = ( b + c ) p    in kN/m run

Strut Forces by Tributary area method

p

a
PA Area A

Area B
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b

b

c
c
d
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18

Comparison of APD – Sheetpile Wall

19

Comparison of APD – Diaphragm Wall

Are FE results 
reliable?

20
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21 22

Marina South MRT Station

23

Marina South MRT Station

24

Comparison of Wall Deflections & Strut Forces at Cofferdam D
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25

Comparison of Wall Deflections & Strut Forces at Cofferdam J

26

Strut Forces on 
Diaphragm Wall in Sand

(Kastner & Lareal, 1974)

27

Effect of Wall Stiffness on Strut Forces
(Chang & Wong, 1996)

x10-7

28

Effect of Wall Stiffness 
on Strut Forces

(Chang & Wong, 1996)
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29

APD for Diaphragm Wall in Soft Clay
(Chang & Wong, 1996)

30

Effect of 
Temperature on 

Strut Forces

31

Degree of Restraint
(CIRIA, 1996)

B = Stiff Clay    C = Granular Soils     D = Mixed Soils 32

Degree of Restraint
(CIRIA, 1996)
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33

Temperature Effect 
on Strut Forces
(Batten et al., 1996)

34

Temperature Effect 
on Strut Forces
(Batten et al., 1996)

Tubular steel props

35

Temperature Effect 
on Top, Side & 
Bottom of Strut
(Batten et al., 1996)

36

Temperature 
Induced Bending 
Moment in Strut
(Batten et al., 1996)
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37

Preloading 
of Struts

38

Other Factors 
Affecting Strut 

Forces

39

1-Strut Failure

40

Case History from Manfred, Sweden
(Stille & Broms, 1976)
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41

3-D FEA of Single Strut Failure
(Goh & Wong, 2003)

42

3-D FEA of Single Strut Failure
(Goh & Wong, 2003)

43

3-D FEA of Single Strut Failure
(Goh & Wong, 2003)

44

Analysis of One-Strut Failure

Option 1:   Failure of all struts on one level

Option 2:   Failure of alternate struts on one level
Use reduced stiffness i.e. ½ EA
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45

Summary of Strut Forces
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Construct base

Remove S3

Remove S5

Remove S2

Construct conc. slab

How many analyses 
should we conduct 
for 1-strut failure?

46

Parametric Study of a Hypothetical Problem

47

Effect of Number of Strut Level – Diaphragm Wall (1m)

3 struts

4 struts

5 struts
48

Effect of Undrained 
Shear Strength

(Sheetpile Wall)

Sheetpile 
Wall

Diaphragm 
Wall
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49

Effect of 
Excavation 
Width (B)

Sheetpile Wall Diaphragm Wall
50

Effect of Clay 
Thickness (T)

Diaphragm Wall

Diaphragm 
Wall

Sheetpile 
Wall

T/B = 0.33

T/B = 1.0

T/B = 0.5


