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Toe Stability 1

1

Toe Kick-in Stability

MA = ?
A

2

Toe Kick-out Stability

Method 1:
Pp Lp

Fs =  ----------
Pa La

Method 2:
Pp Lp + Mall

Fs =  ------------------
Pa La

Method 3:
Pp Lp + Mult

Fs =  ------------------
Pa La

PaPp

LaLp

M

Method 4:
Ppf Lp >  Paf La

Pa & Pf are based on 
unfactored strength:

Ppf & Paf are based on factored strength:

Method 5:
Ppf Lp + Mall  >  Paf La

3

Toe Kick-out Stability

1. How do you determine the active and 
passive earth pressures?

2. Assuming Pa and Pp are known, which 
of the five methods would you use?

PaPp

LaLp

M

4

How to overcome the negative net pressure?

Option 1

Option 2

Add JGP slab

Penetrate into hard stratum

MA = ?

A

negative net pressure
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Toe Stability 2
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How to overcome negative net pressure?

Option 3

Use shorter wall

A

negative net pressure
6

7

A Deep Excavation 
in Oslo

(Aas, 1985)

30 kPa

1.13

8
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Toe Stability 3
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Excavation in Soft Clay with D=0 m

σAσP

FS = 1.29 (Terzaghi)

10

Effect of Penetration
Depth on 

Bending Moment

D=0, 8 & 17 m

11

Excavation in Soft Clay with Sheetpile wall & D = 0, 8 & 17 m

FS = 1.29 (Terzaghi)

12

Should theoretical earth pressures be used in the analysis?
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Toe Stability 4
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Soil Arching & Rowe’s Moment Reduction

14

15

Net
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Toe Stability 5
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B & D can affect PA & PP

Analysis based on earth pressure theories can lead to 
unrealistic results!
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Toe Stability 6
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Toe Kick-out Stability

Method 1:
Pp Lp

Fs =  ----------
Pa La

Method 2:
Pp Lp + Mall

Fs =  ------------------
Pa La

Method 3:
Pp Lp + Mult

Fs =  ------------------
Pa La

Pa & Pp are based on 
unfactored strength:

Method 4:
Ppf Lp >  Paf La

Ppf & Paf are based on factored strength:

Method 5:
Ppf Lp + Mall  >  Paf La

1. Pa should be obtained from FEA and not 
earth pressure theory .

2. Pp can be determined from earth pressure 
theory using unfactored strength.

3. Methods 4 & 5 not applicable because of (1).

4. Method 1 is conservative.

5. Method 2 is illogical.  Mall / Fs

6. Method 3 is a reasonable choice.

22

Proposed Method 
for Toe Kick-in 

Stability

Pp Lp + Mult
Fs =  ------------------

Pa La

Pa from FEA 

Pp from earth pressures theory      

PaPp

La
LpIf FS against basal heave 

is adequate, it is not 
necessary to check toe 
stability.

23

FR FP

Fs

U3

Toe Stability
(Philips et al., 1993)

Method Endorsed by CIRIA C580 (2003)

24

Comments in CIRIA C580 (2003)

Such a method will provide only an approximate 
solution that is dependent upon the simplifying 
assumptions made in the calculations. There is 
significant soil-structure interaction in a multi-
propped wall and therefore soil-structure 
interaction analysis should be carried.


