21

2
(Side Slope)
(Clearance)
2
2.1.1 (Flexible Wall)
10-12 ( ,2539)
(Sheet Pile Bracing System)
2.1.2 (Rigid Wall

Diaphragm Wall, Secant Pile
Wall, Contiguous Bored Pile Wall (CBP Wall) Burlin Wall

(Permanent
Structure)



2.2 (Lateral Earth Pressure)

(Retaining structure) 3

221 (Lateral Earth Pressure at Rest)

Diaphragm Wall, Secant Pile Wall

tfho =KOCTW (22)
t =CTH+u (22)
o =tfwtu (23)
all =KIG\0+ (24)

KO = Coefficient of Earth Pressure at Rest

«0 KO
Empirical
KO

2211 KO (Cohesionless Soil)

KO
(Medium Dense) (Dense)
OCR 1.0 Kg

Kg = 1-sin(J)’ Jaky (1944) (2.5)



2212 KO (Cohesive Salil)
Brooker and Ireland (1965) «0 Pl OCR
2.1 «0  Normally Consolidated Clay (NC-Clay)
V) 26
~oney —0.95 —Sln(J) ...... (26)
NC Clay
200 °

cono =019 +0.233logPI  Alpan (1967) .. (2.7)
KON =0.24 +0.311log P Lee &Jin (1979) ...... ..... (2.8)

ooy = 0.44 +0.0042P| Massarsch (1974).......... (2.9)

3.0
2.5 Z] \\\
OCR = 32
r/ N
A 16 \k\l
E \\‘ S~~~
Ko 1-5/ 8 \\r\_
_—-—"’1'—/—] 4 -\\
10 2 — Z
//1
0.5 CemhAuhser
A
0
0 10 20 30 0 50 50 70 80
Pl, %
21 A Pl OCR (Brooker & Ireland, 1965)

Ko Over Consolidated Clay, KQ@)  Schmidt (1966)
« NCClay « oc Clay OCR

A0(00 - Kgfnc)OCR (2.10)



=032 040 P 80% 20%  Laddeta (1977)

22
e Alpan (1967)
0.0
05 (1965). For Biogker 6 Ireland
w T "

0.2
. K,(OCIIK.(NC e OCR™

0 20 40 60 80 100 120
PLASTICITY INCEX, PI (%

2.2 Kg  OCR Pl (Ladd et al, 1977)
2.2.2 Rankine
Rankine
Mohr-Coulomb
Planar surface
Horizontal layer 2
Active Passive

2.2.2.1 Rankine's Active Earth Pressure

Rankine Active state
Tilting 232



Mohr-Coulomb (Tf = ¢ + a,fan(J)) Mohr
2.3h

Direction of wall movement

K3 \ /, ,//\ /\’\ /,
4 \// \ L
) /'\/ £
'\ \
z v N /
%% i

Rotation of wall aboul this point.

a) Active  Rankine

Shear Stress
T =c + Otan()

4 o
=
o =5
<3 .. Normal Stress

o e

b) Rankine’s Active Pressure

2.3 Rankine's Active Earth Pressure State
Gra = GvianZ45- Y )- 2Ctan(45- ™) (211;
Cohesionless soll c=0

Gh = d/tan4s - - (2.12)



K =~ =tan(45-1-) (2.13)
o Coefficient of Rankine's Active Earth Pressure, Ka

211

Gl=avk-2cvic .. (2.14)

(Pressure Diagram) Rankine
Cohesionless Soll 24(a)
Cohesive soil Tension crack yAo
Z=0
Gv=0 Gha (2.15)
Z=H
GV=YH Gha =YHKa-2CViG ... (2.16)
Tension crack (Gh=0) ZC

0 = YHKa-2C VkT
(2.17)

(Pressure Diagram) Rankine Cohesive
So 24(h)



T p By
t ke lnhs + 9 T
e
H o, !
| Pa z
j f
-~ H
3
L 4 &
be— K.yt —~ — 2K, ~ 20/ K, —
a) Cohesionless soil ) Cohesive soil
24 Rankine's Active state
2.2.2.2 Rankine’s Passive Earth Pressure
Passive
Triaxial
Axial stress Confining Pressure
Passive 2.5a
Z
(Gh KQW+ 0
Passive
(G Mohr 2.5
Glp=Cvtan45 + *) +2Ctan(d5+ 2} ... (2' §)

(Cohesionless soil) C=0

afp=avtan2ss+ ) L (2.19)

Kp =5, =5+, (2.20)



Ghp
Qv

ahp =GvKp +2CV k"

Cohesive soils

av=yH

Dircction of \\'all movement
| Ax I.

13

Coefficient of Rankine's Passive Earth Pressure, Kp

............... (2.21)

amp 2.60

p 2CyiKp (2.22)

GIp = YHKp+ 2C Y/Kp v (2:23)

4 Pl T AR Y
,'/' £ TN
13 Le) \
./}L‘\ 4 "\‘\"
G

VA N LA >< > o
L (]1—;0;\ ‘.A;,':.\--
4 —  Rolation of wall aboul this point.
Passive  Rankine
Shear Stress
A T =c + Otand)

) Rankine’s Passive Pressure

2.5 Rankine's Passive Earth Pressure state
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]
'y 3

g ;
TV %‘i :
L AN i \
}‘—prH_’{ F 20/ K |o——— K, —
a) Cohesionless soil ) Cohesive soil
2.6 Rankine's Passive State

2.2.3

(Apparent Pressure Envelop or Pressure Diagram)

(Empirical Method)

2231 Terzaghi and Peck (1967)

3

21 0
(Soft to Medium Clays)
Soft to Medium Clays

Terzaghi and Peck
(1967)
2.2.3.2 Tschebotarioff (1973)
Tschebotarioff

(1973) 3
2.8
Terzaghi and Peck (1967)



uts

. — = = T

—

L — 065Kt H -+

Ka a tan: (45- |2)

2.1

C.1H

0.7H fessssnsan

02H fe—

"

2.8

2.2.33

PD

PD
Pressure at Rest, P))

15

Soft to Medium Stiff-Fis
Clays Cla y

S
...ﬁ? 2I5H >
.%ﬂﬁ— -1

= = )
—~//////// T —».W-g
7)) | v |
ja: 10Kv|+ ) i
rtﬁégp ;z(j:l;;yuHi 6or4
Terzaghi and Peck (1967)
Temporary support in stiff clay Permanent support in medium clay
D.Z
Tschebotarioff (1973)
Sower (1979)

Sower (1979)

2.9
PD
Active (P'A
(Later Earth
Active (P'A
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Sower (1979) Pressure Diagram
> 0.6 P ‘-4
06 = I/ ”
T
" 0.2H Type of soil
B - =
A C_ % Loose sand, loose gravel 1.4PT
I D Dense sand, dense gravel 1.3P3
|
5 : Soft clay 15 P'Aor p0
k Stiff clay 14 P'Aor p0
_iL i Unsaturated clay 1.3 P’Aor PO
5
2.9 Sower (1979)
2.3 (Stability of Excavation)

(Heave Effect)

Surcharge

231 Teng (1980)

Teng
2.10 abed
Surcharge
(Bearing Capacity)
(Heaving)
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_ B, =0 B8 =widthof |
but not to cofferdam q
,exceed Q7078
T ? I : a
d '] A
@ P | ;
H8
H / 4 1 1
s ,
Pq -— ‘7_v..l
Clid bbb bd)mmmman é poresriid AD

D s o
sol 0, I::J
SO4 -~
R . N —

= c=4q,

i reeeeeTany e

Stiff or gronular soil

2.10 Heave Effect  Teng (1980)
2.10 abed
cd
Free body diagram 2.10 2.24
=lquH-yM
=Sd(H-3iL) (2.24)

gul= Unconfined Compressive strength above Excavation Level
=2 1

ce C  Cohesion
(Undrained Shear strength, 2.25

C=Su=L (2.25)

g = Unconfined Compressive strength beneath Excavation Level

Factor Safety
2.26

g Resisting Moment
" Acting Moment



18

Pg _ 3 +cByBi+quB

OH+q)B.y
P _ 25+050u2/Bi +quB
(yH+0) Bi
_ 28 + SU2TBI + 25u2Bi
Fo = =gitgs 1“4

y = Total Unit weight of soil, t/m3

H = Depth of excavation,

q = Surcharge around the excavation, t/m2

L = Length of sheet pile below the bottom excavation

D1 = Depth of soft clay beneath Excavation

B=L L>D
=D, L<D
2.3.2 Terzaghi's Theory (1943)
Bearing Capacity
(H/B)
10 Factor of Safety against Basal Fleave 2.21
= oLy
5.7SuBl
(YHBI - SuuH+q) (2'27)

Qu = INB, =57 61
Qu= Ultimate Bearing Capacity

u= Undrained Shear strength below Excavation Level
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Nc = Bearing Capacity Factor = 5.7 for clay

Factor of Safety against Basal Heave

211 2
211a
2.11b
777N K T ZZANN
0.78 D
H | =
s:n Sut
ozs Svfu2 ? ‘
g, = o S FS. = 2N
Hy - o) "0
2) )
211 Factor of Safety against Basal Heave Terzaghi
2.3.3 Bjerrum and Eide (1956)
(H>B) Narrow Excavation
Bjerrum and Eide (1956)
(H)
Factor of Safety against Basal Heave 2.28
S =N ¢ 22
FS =N e (2.28)

Nc= Bearing Capacity Factor
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¢ = Undrained Shear Strength of Clay (t/m2

y = Unit Weight of Soil ahove the Bottom of Excavation (fm2
H = Depth of Excavation (m)

q = Uniform Surcharge Load around Excavation (tm?2

Ne 2.12 2.28
g —
B, &%&H& : s
- ol o]
H Ne 6 \ Circulor or S'Quore 210
5 .
PO 4~——-Il"“""e'ly long | £=0
! 8 " 30 | 2 3 4 5 &
o
a
Neteciang = (0-84 + 0.16(B/L)) N

c(Square)

L = Length of Excavation

212 Bearing Capacity Factor, Nc (after Bjerrum and Eide)
24

(Finite Element Method for Excavation Analysis)

.. 1950

(Mesh)



WBF.  ttoviuyppvityy |
Kimmnm*L 0108 "‘
Nodal Point
, Matrix

= K} (2.29)
F = Vector of Applied Nodal Force
K = Stiff Matrix

= Unknown Nodal Displacements or Temperatures

PLAXIS
PLAXIS
241 (Type of Problem)
PLAXIS
3
24.1.1 Plane Strain Problem
(Cross Section) 2 )
24.1.2 Axisymmetric Problem
2
(X-Axis)
(Y-Axis)

(Axial Direction)

2413 3D Axisymmetry Problem
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24.2 (Element Type)

PLAXIS

2421 (Soil - Element)
Nodal Point 6 15
2.13

nodes

G-node triangle 15-nodo triangle 15-node wedge
2.13 Nodal Point

24.2.2 (Beam Element)

e o= *12:1-)
Nodal Point 3 5 2.14
nodes X stress point
a) Beam Element 3 Nodal Points ) Beam Element 5 Nodal Points
2.14 Nodal Point
243 (Modeling of Soil Behavior)

Non linear stress strain
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PLAXIS 5

24.3.1 Linear Elastic Model Hooke

Isotropic Linear Elasticity 2 Young's Modulus
Poisson's Ratio

2.4.3.2 Mohr Coulomb Model Elastic Perfectly Plastic Model

5 Young's Modulus, Poisson's Ratio, Cohesion, Friction angle
Dilatancy angle

24.3.3 Hardening Soil Model

Mohr Coulomb (Yield Surface)
Principal Stress Space Plastic Strain
Plasticity Elasticity Theory
Soft Soil  Stiff Soil
2.4.3.4 Soft Soil Model Cam Clay Model
NC Clay  Peat

(Primary Compression)

Young's Modulus, Poisson’s Ratio, Cohesion,

Friction angle, Dilatancy angle, Modified Compression Index ( ) Modified Swelling
Index (k)

2435 Soft Sail Creep Model Soft Soil Model
(Time Dependent Behavior)

244 (Type of Analysis)

PLAXIS
(Total Stress Analysis)



(Effective Stress Analysis)
PLAXIS

2441

(Undrained Analysis with Effective Stress Parameters)

E=22 ) I 0N e (2.30)

E = Effective Young's Modulus
Eu= Undrained Young's Modulus
V' = Drained Poisson' Ratio

2442

(Undrained Analysis with Total Stress Parameters)

245 Mohr-Coulomb

Elastic Perfectly Plasticity
Strain Strain Rate Elastic Plastic

24

231
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Elastic Hooke
Plastic Yield function (f)

f=r-ssinQ-ccos)<0
r = radius of Mohr's stress circle

= Center of Mohr's stress circle

8= 6+ep 8= %6+8p (2.31)
, * =Strain and Strain Rate
6, *6 = Strain and strain Rate of Elastic

p *3=Strain and strain Rate of Plastic

>
>

2.15 Yield function Mohr-Coulomb Model

f<0 Elastic point 2.16
f=0 Plastic point 2.16
T T
A ﬂh
A/% w % S
) Elastic point f<0 ) Plastic point f=0

2.16 Yield function Elastic point  Plastic point
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<0

gﬂﬁ 2.17 Elastic and Plastic Stress Point

2.5 1 1
25.1

Mana and Clough (1981)

il Plasticity Index 10-60%
(Sensitivity) " 1" 2-8 Factor of
Safety Against Basal Heave ( Fs. Terzaghi, 1943)
(&)
2.18 FS. 14-15 AP
( ) F.S. 1.5

NP 0.5% ( Local Yield)



/o

8Hn-\am o

Max. Wall Movemen!

H

Excavalion Depth

I 1

Limits
Fixed End Woll{

Free End Wall {

1

o Oslo

c San Francisco

a Chicaqo

v Bowline Pt. N.Y.
o Oslo

¥ Boston

a San Francisco

Chicago Excavations (fixed wall) )

¥ Berm-aond-raker
K

canstruction with
sheet pile and

o o soldier pile walls
o % v & Ezxcavations with —
=~ e a v concrete diaphrogm
o0
walls
! 1 ! ! 1

2

3

Factor of Safety Against Basal Heave

2.18 Factor of Safety against Basal Heave
Nondimensionalize Maximum Lateral Wall Movement (Mana and
Clough, 1981)

Wong and Broms (1989
(M
(B12)
Flexible Wall
Undrained Condition
(3
(D
2.19

2.19
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c g

QN
, Nc = Bearing Capacity Factor (Bjerrum and Eide,

1956)
C
2
2.20 X X Y 2.32
25h(B2) =8v(B2Sh) (2.32)
0 =8v-(28hv/B) s (2.33)
28rbv/ B 8h BV
BHZAY D OURNRE. e (2 3 4)
Bl — R 0 T
BISN 2
™ ywhrsnd TR ST 34 Ty
2.19
Meee _ 2
i 11—
¥ ot fon j

2.20 Idealized Undrained Deformation of Influence Block



) Tangent Modulus

Tangent soil stiffness

29

C Vertical strain incremental
(Aev) BI2 2.35
Asv=(0v/(B2) (2.35)
A8V Tangent modulus (Y 2.36
Asv = (Aav/ EY) = (AHY/E) . (2.36)
Aav=
234,235 236
ASh=(AHy/E)BR) (2.37)
Duncan et a (1980) | Tangent modulus (Ef)
Initial tangent modulus (EJ 2.38
E =(C- RyE (2.38)

1=The average stress level of soil within block ¢

Rf = The failure ratio 0.7 Undisturbed soft soll
E Duncan and Buchignani (1976)
{EJS] 221 Eu
E Es FEM
E

Es



6 // d“:e
/ / e —r
JE; /
2
/
/(G- ) 190y
/|Eg
/
€,
2.21 Secant and Tangent modull
) Secant Modulus
Secant Modulus
o
Tangent Modulus 2.39
(8n/B) =(y/ ES(BI2) (2.39)
Secant Modulus (ES
Es=E(l-SIR) (2.40)
2.39 FEM 2.22
(G
?)Hmax = 0.3ESSYH7B (240)
M BI2
M BI2
. M, 241

30



25.2

2.22

2.23

Bumss
M

( °’.l

(FEA) 0O0C

0ce

00

00§

0.05

0e)

002

oot

%o

’ dv

Settlement
Excavation Depth

H

FEM

Secant Modulus

Peck (1969)

2.23

| e =
{///’///1;

11

Distance froszxcaval'joﬁ d
Excavaion Deph ~ H

Peck (1969)

3l
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2.5.3
Mana and Clough (1981)
Intermediate Final Stage
05 10 2.24
= San Fr:mcisc;
@ Oslo
A Chicago
S A . T T 1
Ot'ona p
JT ™
2.24

Mana and Clough (1981)
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