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 X

2) discontinuous stress lGZ
T

1) continuous change of stress

for undrained ;, 5. \ 1'\}_
==y (4.48) Txz —

conditions 5 o
do, 07, _ I OYs
ox " Oz =0 (449) «—
for drained Jc'. 07,  Ou 0X
e o % (450
conditions 0z  ox oz (450)
oo, N or', __ou

ox oz o (4.51)
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Discontinuous stress state

2) discontinuous stress B o liscontinuity
( TS 1) AR n:-
for undrained conditions —~ B "z,
o, =0 th
na nb (452) A ‘\O-tb
Toa =T = " Tia = Ty oA Tta Ty -
o, and o, need not be equal " 40" T, Ot
for equilibrium. AR Ona
; it i B
for drained conditions (. ;) LA (6 T)

' ' ' '

O-nazo-nb 2.na:z.nb Gl\

(4.53) L

u, and u, at both sides

. .. P
of discontinuity are A /PB
equal.
Fig.4.22 State of stress across a discontinuity
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Directions of major principal stress across a discontinuity

\ p Major principal plane
ﬁ Rotation of major principal stress:

. . -
discontinuity EAREHHDEEGR)
p— 56=6,-6,
‘ Mean principal stress
known / Max. shear stress
_o,+0, ;0170
2 2
Known principal stress
vector of A (s,, t,, B3,0,)
+
Rotation of ¢,(66=0,-0,)
.
Stress of B
(Sps ty)
Fig.4.23
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Change of stress across a
discontinuity for
undrained loading

Failure criteria
T=t=c¢,
&

Size of Mohr circle

os =2¢,sinof (4.55)

Increment of mean normal Pt 250 /
stress associated with rotation __-°\8, G
of principal stress: 30
Sll
Fig.4.24
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Change of stress across a
discontinuity for p
. . b,
drained loading
Failure criteria
—p? 9 i
1~0" tand o\
t=s’sin¢’
A6, B’
4.55) » BT e \./ng I,’
/O } 200 3
Mobilized friction ) A6,
angle on discontinuity Q T
O Fig.4.25
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Cont.

(el "y

sin P = AfD (1),sin p'= A, (2)
a s a
P=90"-060 (3)
From (1),(2)
sin p'=—%sin P =sin ¢'sin P

'
Y a

=cos dfsin ¢' (4.60)

o 'E =sin(P+ p") .
s’ Fig.4.26

0 'F =sin(P—p')
s

b
. s',  sin(P+p') cos(60 — p')/\ p’ can be eliminated
Since O’E’=0’F’ — = = (4.64) using (4.60)

s', B sin(P—p") B cos(98 + p'")

00 => not increment but ratio
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Stress Fan

Transient zone between two stress conditions (A&B)

Number of discontinuity j
e
=
00
Rotation of o,
S— from A to B
Rotation of o,
through one Fig.4.27
discontinuity
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State of stress across a fan of

discontinuities for undrained loading 0,
A=>C=>D=>E=>B
Increment of s (8s) in one S regions
discontinuity:
Rl 5 Mohr circles %
os =2c¢, sin ol
E
Increment of s (8s) in n b
discontinuities:
A C D B
& = n(2c, sin 50)
20,
[0,
=n32c, sin| —— _ \
n= 50" ’\ 20,
(4.67) 25{’
Fig2.24 Fig.4.28
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Stress fan for undrained loading
infinite discontinuities
n—oo, 00—>0
0 =45.0, =45°
ds
—=2c,
do
As=s,—s5,=2¢c0,
As=2c A0 (4.69)
Ex) A0=Z=
2
Fan => As=nc,
\/
1 discont. => As=2c¢, Fig.4.29
(4.55)
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State of stress across a fan of
discontinuities for drained loading

Stress change due to one discontinuity

sy _ cos(d8 —p'")

s', cos(08+p')
1

os' ) sin o6 sin p' 5 —

(4.64)

s' cos(89+p') (4.71) P

.

n—>o, 60 —>0 \/
.9
=45 +L
0, + \26,,

>

' 90%+p’-30=20
0, =45 +% p-00=20, Fig.4.30

2007/11/1 Stability Analysis in Geotech. Eng. 11
by J.Takemura

Stress fan for undrained loading
infinite discontinuities

sin p'=cos 00sing' (4.60)
=sin¢'

@ _, sind@sin p'

s' cos(00 + p') (4.71)

ds

——=2s'tang' (4.72)
0 st

S—"’ = exp[26?f tan¢']

=exp [2A6? tan¢'] (4.73) Fig.4.31

’ Increment of mean normal stress is given by the rotation of principal stress
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Change of stress across discontinuity

Change of stress state across a discontinuity is simply related to
the rotation 50 of the direction of the major principal stress.

for general case: Fig.4.23, 4.27
for undrained loading:
-single discontinuity (Fig.4.24) ds=12c,sino0 (4.76)

_stress fan (Figs.4.28& 29) ;’—2 —42,  (478)

for drained loading:
-single discontinuity (Fig.4.25) d'=+2s'

sin 6@sin p 477)
cos(00 + p'")

stress fan (Figs.4.30& 31) % — +2¢'tan ¢ (4.79)
4— B discontinuity (Fig.33)
— —— a discontinuity (Fig.32)
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where sin p'=cos o6 sin ¢'

a discontinuity & B discontinuity
(s; slip lines & s, slip line)
counterclockwise

~ o B
e

clockwise
B

positive

—
\

negative
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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.
Stress filed of d>7=0 material.

Figl and Fig.2 show the permissible stress field of ¢,=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.

Fig.1 E
Fig.2

2007/11/1 Stability Analysis in Geotech. Eng. 16
by J.Takemura




Example of lower bound calculation
Bearing capacity of foundation on clay (c )

50=45°

Zl PAMPC

g _[2+2v2),

oF c, d E
P
a
PD, P B

T
Cu

3
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Lower bound calculation
Bearing capacity of foundation on sand

450404 12
45;’—@ weightless: y=0,
surcharge: p

% 4 _ exp[ZAHtan ¢‘] (4.73)
s P,

=>q,=p, exp[ZAHtan ¢‘]
(- p, = ptan*(45° +4'/2) A0 =7 /2)
q,= ptan2(45” +¢'/ Z)CXp[ﬂ' tan §'] => same as g, given in (6.76)
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Example of upper bound and lower bound calculations
bearing capacity of loaded clay slope

AO=90-
\/ p186 => y=0

Ify #0,q,?, q,?

¢
R=H /(\2sini) [
ds _ +2¢ (4.78)
do "
=>q =p+(2+7r-2i)c, 7 : Kj% +
/ As |
Pole o’ la c lc
0
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Weightless material: y=0 Yy #0
P=pH/sini, Q,=q,H/sini
1 + 6E done by body force > 0
5\4/17 = 5‘Wq = ﬁ 5‘W,
H
AE = Q,6w, — Péw,, =—=——(q,, — p)ow
2sini

\EcuHé'w[ 1 j
- . . l+—7m—i
sini

AW =3 ¢, -L-6w+) 2c,RAO5w = 5

Ve H o \/ECMH(I”_I,)&V

sini sini \2
AE=AW => q,=c,2+r-2i)+p q, < q, for y=0
same as q,, Confirm yourself
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