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2.9 Lower bound calculation
In the lower bound calculation, admissible stress field is needed to 

be found.

Admissible stress field:

1. Equilibrium of forces and stresses should be satisfied both in 
soil and boundary

2. Failure condition is not violated everywhere in soil.   
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Equilibrium conditions 
Two types of equilibrium:

1) continuous change of stress
2) discontinuous stress

1) continuous change of stress
for undrained 

conditions

for drained 
conditions
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sna

Discontinuous stress state 
2) discontinuous stress
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Fig.4.22 State of stress across a discontinuity
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Directions of major principal stress across a discontinuity
Major principal plane 

b

Rotation of major principal stress:
(最大主応力の回転量)
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Change of stress across a 
discontinuity for 

undrained loading
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dqd sin2 ucs =

Failure criteria 
t=t=cu

Size of Mohr circle

(4.55)

Increment of mean normal 
stress associated with rotation 
of principal stress: dq

Fig.4.24
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Change of stress across a 
discontinuity for 
drained loading
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Mobilized friction 
angle on discontinuity

Fig.4.25
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Cont. f’
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Stress Fan
Transient zone between two stress conditions (A&B) 

Number of discontinuity

Rotation of s1 
through one 
discontinuity

dq

Rotation of s1 
from A to B

Fig.4.27
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State of stress across a fan of 
discontinuities for undrained loading
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Stress fan for undrained loading
infinite discontinuities  
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State of stress across a fan of 
discontinuities for drained loading
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Stress fan for undrained loading
infinite discontinuities
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Change of stress across discontinuity
Change of stress state across a discontinuity is simply related to 

the rotation dq of the direction of the major principal stress.  

for general case: Fig.4.23, 4.27 
for undrained loading:

-single discontinuity (Fig.4.24) 

-stress fan (Figs.4.28& 29) 

for drained loading:
-single discontinuity (Fig.4.25) 

-stress fan (Figs.4.30& 31)
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(4.77)

(4.79)

± a discontinuity (Fig.32)
b discontinuity (Fig.33)
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a discontinuity & b discontinuity
(s1 slip lines    &     s2 slip line)

a

a b

bclockwise
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Example of upper bound and 
lower bound calculations

Chapter 5 for undrained stability of soil structures

Chapter 6 for drained stability of soil structures

Vertical cut, retaining wall, shallow foundation are 
solved using various admissible velocity fields (failure 
mechanisms ) and admissible stress fields.
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Home work 4 due date 8th of Nov.

Fig.1

A

Fig.1

A

Fig.2

60oA

B

C

D

E
F

Fig.2

60oA

B

C

D

E
F

Stress filed of fu=0 material.
Fig1 and Fig.2 show the permissible stress field of fu=0 material under footing load with 

embedment of D.

Draw the Mohr’s stress circles for each area like Figure 5.17 and 5.19 in the text book and 
confirm these are both permissible stress field.  
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Example of lower bound calculation 
Bearing capacity of foundation on clay (cu)
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Lower bound calculation 
Bearing capacity of foundation on sand

weightless: g=0,
surcharge: p
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Example of upper bound and lower bound calculations 
bearing capacity of loaded clay slope

p186 => g=0

If g ≠0, qu?, ql?
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qu < qu for g=0 
Confirm yourself


