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(Principal of Effective Stress)

Oh = 01+
Qh
o 1
2.1
(Tile) ah
( )
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(
)
<Jh
(Distribution)
ah
) a

ah (ahA

Active
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AN\

Ohc -K ot'z+U

2.2 2.2

Flexible brace cul

Rigid wall
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L
Anchorage
!
Shear Strain
a,
0
2.
Active
3.

DM 7-2 (1982)

Active Passive

Active

Strut
Rotation
Arching ( 22 )
a hA Rankinc
Rankine 1
Over Prestressed
((Cf'no)
Stiffness Rigidity (
(CJ.0)
Translation
Rankinc
Till
2.1
i hA cf
/
QhA al

2.2

Brace Cut

Active

Active

Arching

1

Passive
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20 Tilt (OH)

Active  Passive (DM 7-2 . 1982)

(OH)
Active Passive
0.0005 0.002
0.002 0.006
o 0.01 0.02
0.02 0.04
0 = Sheet Pile
H = Sheet Pile
A LIVA/20 D SNe T s (2.2)
tTh = CIV # 20— (2.3)
aVv
a = YtxZ (24)
Surcharge  <JV q Surchargc
X
Y xZ (2.5)
Suchargc
Surcharge Elastic (2.3 2.4)
ACT,
ahA + Aah
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SECTION A-A
PRESSURES FROM POINT LOAD Qp
(BOUSSINESQ EQUATION
MOOIFIED BY EXPERIMENT)
2.3 ACTh Line Load Concentrated Load

Elasticity (DM 7-2 , 1982)
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2.4 AOh Uniform Load (DM 7-2 ,1982)
2.1.2 Rankine
Rankine Mohr
Coulomb Rankine Active Passive Planar
Surface
Active (3,9
(a.) Passive  <Jh CTv
(Horizontal)
Adhesive Mohr
Coulomb Planar Failure Plane
45 + ()2 (Major Principle

Stress Plane)



Mohr

(Mohr-Coulomb Envelope) Active (<Jh4)  Passive
(O hp) O <= ¢ =
)
a Az LsnQ ey _ocll-SnQ (2.7)
1+sin () V. 1+sin()
AP 1+sin () av + 2c J/ Han() s (2.8)
1-sin (> V. 1-sin ()
t t
GhA a1
A - K( - )- 2C Ka (2.9)
a b - Kp(v-) + 20 VK . (2.10)
Ka = (L-sin(( / +sin () Coefficient of
Active Earth Pressure
K1 = (L1+sin()/(-sin() Coefficient of

Passive Earth Pressure

213 ((710)

a ho

Q. = 01 + (2.11)



® ho = Koa v
ClV. = a
Ko If
af Rigid Wall
Surcharge

Normally Consolidated Clay
OCR

Brooker & Ireland (1965)

f
2.5

Ko ()
/
K1 = 0.95-sin ()
Y
Schmidlh (1966)
(Unloading)
(oc) = OCRm
Ko (ne)
m Pl
Ladd (1977) m

(2.12)

.............................................. (2.13)

Qv

Slurry Wall 10 Diaphragm Wall

Surcharge

K 1=0.55 £ 0.10 Ko

K1, 0CR Pl

Normally Consolidated Clay

............................................. (2.14)

.............................................. (2.15)

Schmidlh PI 2.6
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2.6

Diagram

Ko

1977

2.14

Moh

)

Strut

ress atrest, No

Coetlicient of eaIA 5t

Wang (1968) Ko Normally Consolidated Clay
0.6040.02
ic /j'
%3 —_/ ) \\ TOCR = 32
- \
20 £ — I\\\
> . i <
i s .
[ e e e e e
10 2 { - /"'"’: B
o
0s j_"__i,_,:—-'/w 2
ol | " :

Plastaty index, PL

OCR Pl (Brookcr and Ireland , 1965)

1 FOf DrooOr 0 Ireland
(1965). m for OCTIi'iO

? T T?

m
K,(0C I/K,(NC ) : OCR

Ludink
40 T Go

o 2 00 100 120
plasticity inoex.pi (1)

.m Ko OCR Pl (Ladd et al

Brace Cut
Rankinc Pressure
Strut Strut
Empirical
Strut



Apparent Pressure Diagram
21

Apparent Pressure Diagram

Pressure Diagram Terzaghi & Peck (1967) 2.8 Pressure Diagram

Tschchotarioff (1973) 2.9 Pressure Diagram Sower
(1979) 2.10
Struts B | ///%
R —T_— L _fl__’/pA
¢ K\ .
_
Ry — > Ly Py
d -—J_ - 052
N /. .
/AP os‘-u //
L3 %%//
Ro —7" by st /;
' ik w1
strut load Rv, Rn,Rc Ru Apparentearth pressures
Pa=V " .cc
21 ) (Earth Pressure Diagram)
smz_s—* . 3‘ ] / :::r- ,p// / ; oln
i % ™ 2 e

-
—~

075H
'

7/ it =
' ‘
%‘—05'(‘7“‘—"; -—40-( TH—— gi;:w y

Kf»  5(45My2)

2.8

XA- 1-™@ 7))

m=04f0r7/ >6ora

Terzaghi and Peek (1967)



Sand Permanent support in medium day Temporary support in stiff day

o
~
I
LY

o
- N
I‘I‘
LY )
(.
||
|

|

2.9
7/ AN
4\;\\
b |
e YN o
: 3 k
. e . l \0“"
e i
210 Sower (1979)
2.2
221

1960 Tcr/aghi
(Effective Stress)

(Total Stress)
(Porc Pressure)

14



2.2.2 1

1954 Bishop Skcmplon
() '
(Maximum Shear Strength)

L= (1 3)2

2.2.3

1972 Bjerrum
(Field Vane Shear Test)

( )

L
Local Yielding
Stress Peak Strength

Peak Strength Residual Strength

(Effective Stress)
(Total Stress)

(Undrained Test)

2.17)

Bjerrum

(Correction Factor, )

)

(Factor of safety, F.S.)

Progress Failure

Anisotropy

Stress

Local Yielding

Sensitive Clay

Anis



Plasticity Index (P1)

Trak et al (1979)
USALS

(Normally Consolidated Clay)

Strain  Rate

Friction

Bjerrum

Empirical

Bjerrum (1972)

b o= = AN NN\ 2-1)
» Field = n1 1
) = 1
= Bjerrum (Bjerrum's Correction
Factor)

211

Mcsri (1975)

(Overconsolidated Clay)  OCR

/
'JI'V) = 022a yp T (319)7

2.19 Oedometer

1fl



1.4 1
v S, (FIELD) = 1 x S, (VANE)
- SYMBOL REFERENCE
- v §
i - _Q_g‘ Bjeruwo (1972)
A A Milligan (1972)
o Ladd & Foott (1974)
=4 - v Flaatec & Picber (1974)
o Q I.aRochele ct al_(1974)
8 Lo # Laycred and Varved Clays
= b—lA—q
£k I
o) Bjerrum’s (1972) Recommended Curve
8 .
0.6
\{L\
04 1
0 20 40 60 20 100 13a

PLASTICITY INDEX P.I. %

211
(Bjerrum, 1972)

2.2.4

Taparaksa (1999)
(Deep Well Pumping) 2.12

Pore W ater Pressure ( 1) Eﬁ:ectlwgﬁrmr(kn Prwe( b

0 10 20 30 40 50 60 0 20 40 60 80 100
R=c7). 1 i 'y i L e K.A. Pt A L
14T Hydrostatic Line \.\:
A £y e 1 v Drawdown Line
= 2

iidl

Drimdonea Line ™ Rt £ L0

2.12
(Teparaksa, 1999)



2.2.5

(2526)

Sower etal (1961)

Classification
(First tiff Clay)

2.3

(Degree of Fixity)

CH CL

0.685 N

0.520 N

14-25

18

Terzaghi  Peck (1948),
(CH)

............................. (2.20)
(CL)
............................... (2.21)
(1)

Unified  Soil
B
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2.13

2.13

(Lambc (1970), Clough cl al (1972), O Rourke et al

(1976)) v
2.13
Peek (1969)
Normalized
1
1, 2
2 4
2.4
Peek (1969) Settlement Envelopes
15
3 2 1 Envelopes Peek
(1969) ( 2.14) (Surface Settlement, ov)

! (Distance from Behind Wall, D)
2 25 [ =(2.0-25)H] (6v)



Dist. from Excavation
Max. Depth of Excavation

IF=~—E_— / —__——-——— g0 1 2 3 4
— 5 — 3 :
/ PO / 8Vmax ~ju
' oy
'\-‘c}\Blmcmml.‘;t Svax —é 8'!max"" 8Vmc)x 5 §
\ | ' Dl
(@]
\ =

s 7 7 7 77 777777

(After Peek, 1969)

2.13 (Peck, 1969)

20



D (Quality of Workmanship)
(Soil Profile)

Settlement Envelope Peck (1969)
( 2.14 )

L (Patterns)
(Soil Conditions)

2. : + (Maximum Surface Settlement, 8y y)
( )

: 0.7 0.8 =
(07 08)1

3 ' (D)

2 2.5 (H)
Mana Clough (1981) ! (Soft to

Medium Clay) ( 2.14 )

L (Patterns)

Factor of Safety Against Basal Heave, F.s. (Terzaghi's Method, 1943)

2, - (Qma. )
09 1.0 =09 L OHI
F.S.
3 ! (D) (6v) 1

35 (H)

(6v)
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L
O = Sellelment al distance D

{ ¥ mar = Maximum selleiment af

1 l adgacenl o the cul
0 a3 t0 LS 20 | 23 D = Dwstance from excavation face

H = Excavabion depth

—r—e— 23}

SCTTLEMENT

EHVELCPE n maman’ mamh

MABERS A(7 (A TO PRPOLICTS

SWMURILLO By COUDBIAC Jawoasx iy COrCOr
EaLH

(Peck, 1969)

Distance from £«covotion,D
Mo* Qepth d Excavotion . H

05 10 15 20 29 30 35
o T 1 1 1 I—___1
-
“—!—8 FS=10
SVMu

05

2.14

(Mana Clough, 1981)



2.5

ov  OH

(Cantilever Type) v 0,

Peck (1969) Clough & Davidson (1977)
: (Critical Height, Hc=2 /Y
Y )
bv 0 ! ov
OH ( )
ov. OH (Intermediate Stage)
ov 01 3 (1) First

Stage (2) Intermediate Stage (3) Final Stage ol Excavation
ov 01

(/OVmax)

(IOUmax)

(2535)

(6Mra ' Oumd A 1.94



213 ( 0.83 1.62

" Appolonia (1971) : ; Oymax | Oyma
05 20 067 133
Map.a Clous'll (1981} Oymax ! Oumax |
Intermediate Final Stage of Excavation

05 10

Finno, Nerby Perkins (1988)
Wmax/OUmax L5 G'VmaJH CA)’L]Jm'a)JH 2.1% 1.4%
2.6 !

2.6.1

2611

g o+ (OUma>97 OH]max

1 Stability Number (N)

Stability Number (N) Marginal Stability
Stability Number , N

YHISU Y H 1



! Stability Number (N) 1
2.2

2. Factor of Safety Against Basal Heave (F.S.)

: (Shear Stress)
Factorof Safety Against Basal Heave (F.s.)

2.2 Stability Number

N Characteristic Brhavior

2 Problems develop with unsupported excavations in brittle clays.

4 Problems develop with unsupported excavations in brittle clays.
Zero loads are predicted forsupport walls according to classical Rankinc or
Coulomb theory.

6 Significant loads and movements begin to develop for braced or tied back
excavations.

8 Large plastic zones likely in'soil around broad excavation ;basal heave may become

a significant problem if wall system not designed to prevent it.

Terzaghi (1943) Factor of Safety Against Basal Heave
(Shallow and Wide Excavation) 2.15( )
Bjerrum Eide (1956) Factor of Safety Against
Basal Heave (Shallow and Wide Excavation)

215 ()



‘ Length 10 — a0
Savere 1BA 1} '
e
)
8 -
X &
z 6 "9 30io ta/0 008
—e—
4
[e) ! 2 3 4 S
H/B

fFoctor of Safety = jr; %&

BO@W’% Aé{%yskig&s Oeep Excovotions <H/S »t)-

B
' 10 o oy
Vly /7 17777 e
58%%“ = I{/I y-Sls '117/0(.]78 E%%)[ryd Jrr” y-'7 T

T >0.78 T <0.78

Bottme (N@Tsis (of Shallow Excavations (H/B<I)~

2.15 ' (Factor of Safely Against Basal Heave, F.s.)

Mana Clough (1981)

Soil to Medium Clay i Plasticity Index
( 10 - 60) (Sensitivity) 2 8
Factor ol Safety Against Basal Heave, F.s. ( Terzaglii, 1943)
(6, H)
F.S. 14- 15 0J M
( , Yield Condition)
F.S. 15 6, [H 0.5% (
Elastic) 2.16
(Scatter)

1 !

Goldberg, Jaworski (ocson (1976)

F.S. 0 OUTB%H 05 %
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213 -~
-1k Tt
22 AR ]
::( w >yryrr v
= o) | | 1 L 1 1 1

0% 1.0 L5 20 25 30 35
FACTORR OF SAFETY AGAINST BASAL HEAVE
2.16 " TR (v (Oymax/H+ %)  Factor of

Safety Against Basal Heave, F.s. (Mana Clough, 1981)

2.6.1.2 :
Medium clay Linear
Elastic
(Inversely Proportional Change) Marginal
Stability Linear Elastic (Yield
Condition)

Finite Element Analysis (FEA)

E = Elastic
Plastic Yielding

=
1

Modulus Multiplier



(2542) (Back Analysis)
Finite Element

Stiffness (Soft
Clay), (Medium Clay) (Stiff Clay)
Young's Modulus Shear Strength (EUSu)
100, 250 1,000
(2541)
PLAXIS
1 Eu
, Stress Level PLAXIS

EusOftChy= 150 11, EUModuaCly= 250 1 EUSHfClay= 1,000 u

(2542) (Back Analysis)

Stiffness Finite Element

Young’s
Modulus (Soft Clay) (Stiff Clay)
500 1 2,000 1

Clough, Hansen & Mana (1979) Mana & Clough (1981)
M 300 150 1200 M
(Ladd étal, 1977)

Clough, Hansen & Mana (1979)
Factor of Safety Against Basal Heave Sensitivity of Deflection
Marginal Stability

Soil Element Yield Condition Soil Element

Elastic Phase £1



Undrained Modulus, Eu Deflection

Final Deformation
Pre-Yield Condition

Mair (1993) Shear Stiffness Shear
Strain Strain Level 0.01%
0.10% Shear Modulus  Strain
(Conventional Laboratory Test) 1
2.6.2
2.6.2.1
Palmer Kenney (1971)
Clough, Hansen Mana (1979)
Factor of Safety
Against Bassal Heave
Factor of Safety Against Bassal Heave 2.17
Mana Clough (1981)
9-15 Finite Element Method
1 (EI) 4 5310,
8088, 22200 18300 - /
01 10,1 ( El/hdY=27)]
(El/hy) ( h

29



Factor of Safety Against Basal Heave ( El 1
1 Olrex 0.Lhvex
F.S. I ( 2.18)
3.0 1= T T s T r
2
E - -
|=x
‘Q. -~ PZ~- 38 Sheet plle Wall
; E 2C}H n
x|
gie 4 -
Olz
X|o
- 0.5m Slurry Wall
S5 (o), oo IR |
b
| % &
; v 5 e ==
1.Om Shrry Wall /( """
(20 E1)
) 1 1 1 1 1 1
0 o5 1.0 L3 20 5 30 s
FACTOR OF SAFETY AGAINST BASAL HEAVE
2.17
(Clough, Hansen Mana, 1979)
1~T"- 1 1-T~r
12
N/ m-TX |0
Nor ENhV = 27) - A _FSﬁ.5 -
08 3 A %

2.18

06 Al S R=I0 '
00" B 1 o-teeleotoo I-Fgr?) a0 bl

wall stiffness |E

{OynarlHi %)

Ellhdy (Mana Clough, 1981)
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Wong, Broms Goh (1990) !
(GUmax/H'%)I

2000/ /
2.6.2.2
(Palmer Kenny, 1971)
Mana Clough (1981) ()
19 41max/Osiman ( s/hy = 286)1
(S/hy) b, mex (219
T T T T 1 1 T T
12*——“\\
10 \\\
(Sllmu ‘.\\\\w\
S for Shy =286 °° 3 ?-":'o\\\‘h-—a
Waspanal T L
R 1 T ) 01} 000400 BUO0 1000
SR STFRESS ()
2.19 VARY (OymaxH 1%}

]
s/hy (Mana Clough, 1981)

2.6.2.3

Oynad (El)
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() 219 2.20 h h'

OHmax

h
Cantilever ~ Peek (1969) Clough & Davidson (1977)

2 1Y (1 Y

) 0 ]Iniax

2624

(2538)
(['reloading Strut)

*Appolonia (1971)

. i (Ouimax/H »%) 1%

Malta ~ Clough (1981) 0, |max/H
(%) ( 2.20)
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104 =

o

o
9

of
a Wwall Daflection I
(@] e

-~ N0

O ~
o 05} ™Y —
Q Pretood Diogram N
~ ~
P=o) 023n Satttemant )\\

" § 0.75H = ~ou

Q - — ~ —
g el

L—()a-pqn Pressure
O I l 1 l o o J 1
0 02 04 06 08

DESIGN PRESSURE/yH

2.20 (6,, [H%)
] (Mana Clough, 1981)

2.6.3

Sheet Pile Vibro Hammer

(

), - ( Excavation Step Size Berm Size)

Dewatering



2.63.1

Berm

Burland (1979)

2.7 Finite-Element

Finite Element

( (Displacment)

Stress-Strain Law

Matrix Algebra

Tuncn et al
(Elastic Bodies)

Noil-Homogeneous

34

Berm

Homogenous
(Numerical Method)

(Initial Insitu Stress)

(Non-Linear),

Failure Criteria ( )
Nodal Point |
(Stiffness)
(V) (£1) Nodal Points
Nodal Point
Compatibility Deformation between Element



Nodal Point ,

{F} =

0

[KI {0}

Matrix

(Vectorof Applied Nodal Forces)

Stiffness Matrix

Unknown Nodal Displacement Vector

Cam-Clay, Drucker-Prager Model, Mohr-Coulome Model

Mohr-Coulomb Model

1. Soil

2. Yield

Input  El

4,
PLAXIS

f

PLAXIS
( 1
PLAX1S
Non-Linear Elastic Parameter Input
( Mohr-Cou

2.24

Yield Function (0

— r-Ssind-ccos ()< 0

f
f

Radius of Mohr's Stress Circle

Centre of Mohr's Stress Circle

<0
=0

Stress-Strain

[ tm w

Elastic Point
Plastic Point
2.22 (c)

Compatilily

............................. (2.23)
Modified
1
£1 v
lomb (), C

Beam Element

Mohr-Coulomb Model

222 (a)
2.22(b)



l 2.21 Yield function Mohr-Coulomb Model

» —

Pl \

» O
a3
220(8)  Elastic Point, f< 0
T
A
C > G
03 a)

2.2 (b) Plastic Point, f= 0



A
f=10
<0
» G
2.22(c) Elastic-Plastic Stress Point
Parameter £1V, El Ko Stress-Strain Curve

Bilinear Elastic-Perfcctly Plastic
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