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2.2 Rankine’s Passive Earth Pressure

¢ ¢

A 2
> = + L)+ + £
— ! G, = O,tan (45 3 ) + 2C tan(45 5 )
2 2
ye nuzI
[ Modify Rankine
‘/-_ 4
o, —4c v
natlAUNINEYFaNsan (Cohesionless soil) NAAN C = 0 azld
Trirgetion of \\'ay movenent
| Ax | s iz “isdi
J ‘ M S . - t - th :than2(45+g)
/ N T O d
i 1 Ve @ mg, Trniery)
| y . Ohp
x__Ll¢ Rotation of wall about this point. Kp I@ﬂ@miqdqu G_ L7EIN2
v

Coefficient of Rankine’s Passive Earth Pressure

G,, =Gk *+2CVK,

Na = = . .
NILAULILEINTE Cohesive soils

S

Ao, AURRAW Z = 0

Q

\

=0; ©, =2CVk

NzuAmINNAN Z = H

G:

\

tak

G,, = YHK» +2CVKs

)

i"iprH—"{

b) Cohesive soils

a) Cohesionless soils




3 nsaATzindltuseausulagldlnazuns
VDULYAUDINUILUSTIAUAULITING (Apparent

Pressure Envelop or Pressure Diagram)

Sands Saft to Medium St Fissured
Clays Clays

7 | v/

e 110 i

K, = 1misSuH)

K, = tan? (45-42)

4 for S > 6 or &

Pressure Diagram for Clay

q = Surcharge

S

Yh-2s,

Lateral Earth - .
13U FUANMN
Pressure
1. Pressure Diagram mnﬁqm Sheet Plie (Flexible)
2. Modify Rankine nn Retaining Structure (Semi Rigid)
3. Hydrostatic Yioy Diaphragm Wall (Rigid)

FEM Analysis

Use At Rest Lateral Earth Pressure
Vary Soil Stiffness According to

Shear Strain of System ( Soil Movement )

FEM Analysis

O Total Stress Analysis (Undrained Condition)
Q Mohr-Coulomb Model

Q Plane Strain (2-D)

Stiffness G

Typical strain Ranges:

| < f+—] Retaing Walls

-- |4_.{ Foundations
S
T T T T T T >
0.0001 .00 0.01 01 1 10
Bender
——

Shea i :
Resonant Coulomn Sl %

L ]
5 ocal

a
Special Triaxial

Conventional
—" s

Soil Stiffness depend on Strain Level




500 600
400 500
400
U:) 300 S
@ 9 300 N
200 N e NN
™ 200 S
100 | \ ~_|
L 100 ==
0 ; 0
0.01 0.1 1 0.01 01 1
Shear Strain (%) Shear Strain (%)
Pressuremeter Test for Bangkok Soft Clay Pressuremeter Test for 1st Stff Clay
Y [
N1TRANLLUUTEUULATAULANNA
(Design of Sheet Pile Bracing System)
Eu/Su E'N . -
System o o, & = . .
Seft Clay SUffClay | Sand (kNfm) FUUAULANNA(Sheet Pile Bracing System)
Sheet Pile 150 500 - Usznaululeneg
Tunnel 240 480 2000N 1)Sheet Pile
Earth Retaini
minta— 250 500 1000N 2)Wale
Structure
3)Strut
Diaphragm Wall 500 1000 2000N .
4)King Post
5)Platform

Cormer i

reinforcement | &

fitting wnd platel

) | Jock
| reinforcenent fitting

| ack

Inner M- steel

Corner piece Comar remtorcament fittag

Pile bearing frame

srUUANSUIINAA(Sheet Pile Brace Cut System)

TagszuL ﬁ‘hél'um%"a%iﬁ"':'lﬂuﬂﬁzmﬁ'lwﬂﬁaﬂ

a

ARENY 2 szuuN TR T2UUNN9ITaN(Welding)

F9az9inN15Aa Strut WaE Wale AQ8RBN15LTAN




. s .
AnszUUULN Ad seuUIAIzgTuilan (Bolt and Nut) Tan1s

AaUa9 Strut waz Wale a£ld Bolt and Nut LATNUNUUAN

Ussnuag e | [T ) T yip—

WOANTTUNNSINE-SLLSITRITEULASULTNRR

Transverse Strut & Platform

r Longitudinal Strut

H |

H

<«<— Sheet Pile <«——Kingpost

P & 4
S o & o

521159 Platform ALAEUTUN

r Platform
(I

TR I T

Waler lﬁ Longitudinal Strut

HI |

i
/—>‘
Transverse Strut

H

A

b N

L

<«— Sheet Pile <—Kingpost

szuuwan Platform aanainAgu

N19ATITNLLALRANLLSEUL Sheet Pile

1. 38IWlunaLaLu (Finite Element Method, FEM)

2. A28AE Limit State Analysis #3298 Equilibrium

AN lundiaaiun
1. WIIAUAUAUTNIAST

2. ANLINURITASTIRSS (Wall stiffness)lu
PHILTLE

Soil Stiffness %58 TuAAA AaIAU (Young
Modulus of Soils) NLANAIANY

1. L 183LAFIERTTUL AN LE NN A (Sheet Pile Wall) Tufiu
(HEIEAUNFINN (Soft Bangkok clay) FaTlussuuf Flexible
azldAn TupaauaIAuvinny Eu = 150 Su

2. inaasesruununanuaulnazunsnaasg
(Diaphragm Wall) TuRAuinileaaaunganne iduinainy
waseiuilaazunsuaaas dadluszuufiude (Rigid) az
ldAlupaguaIRuYINAY Eu = 500 Su




msAaszinuyanulagssuuiunaiuAudN AgazldszuuLsInY 1sIng (Apparent Earth

Anm (Sheet Pile Wall) ﬁq%ﬁ% Limit State Analysis Pressure Diagram) Lﬁ’ﬂ\‘]qqﬂﬁ“ﬁ']ﬂui\iﬂ']ﬂﬂdq
a aa ey aaa a 4 4
wsa3a Equilibrium ‘Q;N’Jﬁﬂ’]i'JLﬂiﬂyrﬂ’]iﬂNQﬂﬂ WSIAUAUAIUTNN Rankine Active Earth Pressure
LEULAEINUALAALLTUSTUUNUAULANAR
(Sheet Pile wall) MEluszuu Flexible wall wiaiTlu
szuvlpazunsaaaandussuuNudafan

o & o @ g a o a v
AauuailuazAatdanuseAuR Ui NNz AN

- uNNTIN wnanusssuRududng (1dnguf) Modify Rankine Model 7 3) n19aanLUUANNETIISheet Pile d11190 ﬁ'm';m"l,ﬁ’
- duiewman A AANUNNIZANTB LI AUAUAIN T UINBANULILANNENI LAY RINUANNIS 2 KANNISAD
(Sheet Pile) 211789 Sheet Pile - . v 5
- Wale : 1uAATaNTL Sheet Pile Livar s LT amEn (Sheet 1. qms’lz‘v]nflsﬂuqaﬂmﬂquiqwq Active Wag
Pile) Wiel¥iiheisaann Uniform load anifli Line load uazthegszuy Passive Earth Pressure

Ad (Stru) Tne@1@t Modify Rankine Active Earth Pressure (Model 3 31/ 4.3)

- Andi (Strut) FUusea1n Wale iflu Line load Tasicineussann Strut duuibslilg . R v - B

a A ~ ) Cod BAaTNINATEALIANEL (Strut Level) ’ﬂqﬂuquﬂ’]i']Lﬂ?’]zﬂﬂllﬂ']ﬁ‘iﬂ?_l
Strut Bndnunil e Strut Azl Kingpost {uqm Pin Point walulase
o e o § ' ag v o a o a C2 £ & s

Asau Strut TWiaewliun (Sliding) fu Kingpost Taeldaymyalhiden DIALNO B LIAUAUANARETATUT ZFX=0 LL@qumum@u@aﬂ ZMO

Strut Sy Ki t Fanaiiesannussiuiuenaylisn saduazas o4

S rnapes ) s flaz@1N1IMIAANNENT Sheet Pile Awinnzan 14

Aefsasuld Kingpost Weasuninlfssuuwariud Strut viveAneuay

21988l Kingpost o Tnaldydne wse Support fideuy

Kingpost fLimiiinuas Strut ity

N v
' /
2. AATINMIANNENTALASTIARAUNISIAA Heave
luanamuula Sheet Pile (Heaving Effect) "\ '1
o\ L
TRANSLATION ROTATION ROTATION FIXED

ABOUT BOTTOM ABOUT TOP




NSUUANLTNINUDINUNRN

H E: 8 Da B = width of .
but not to cofterdom
‘ume QFOTE —I
i a
I
H
pi+a —} k
clidibdhddlommmm- ==
" T
Soft 0,
soil l
3

Stitf or gronular sofl

FS. = Resisting Moment
o Acting Moment

SBi + cBi =By + qu2Bi B
2 2

F.S. =
Bi
(/H+q)B17
2S +0.5qu2zB1 + qu2B1
F.S. = : 4
(yH+q) B
2S + suw2zB1 + 2suw2B1
FS = (}’H+q) Bi
S =5 q, H-
72 Qu 4 qu1 =2 Su1
qul
S =8, (H'T)

nsaaniuyIr¥IALaNy Sheet Pile

N19AANLLLIWAUIATAY Sheet Pile naziinlalng
nNs¥1 moment TWAATUAU Sheet Pile au
Lﬁl’ﬂﬂﬁﬁﬂLtidﬂﬁxﬁ’ﬂl’ma‘lﬂﬂﬂwqﬂﬁ Modify
Apparent Earth Pressure

Bending Moment
Struts

. ~
H
g = bH
max 10
—_— ~

AN

Assumed hinge
Fictitious Support

Design of Continuous Sheet Pile

n1gaanutuu Wale

Sheet Pile

T G N i ;E\ s N

\— Wale
Strut
L/3 L/3 L/3

Horizontal Force

122222122222222222222222)

T 171

L/3 /3 L/3

nsWarsananiIsidaguuL/asauuni
AiRLgIan i Wale

Ao =0.00001 1xEsxAt




WeAt  Ae gruugAnulasunaslumian °C
fAnlumsesnuuuiall =5°C

E. = Tupdaveanan (ksc)

S

Ao =0.000011x2.1x10° x5

aly = 116 ksc

nisaantuu Strut

y A
R,—x > "LA1
L B 3
R 2 4 >
BT A Lg
\ 4
L c A
\ 4
Re—% id L
L3 y
A
4
RD A id LI)
L, 2
) 4
REACTIONS
Ri,Rs R, Rp

...... =
R, YLl
L/2 Z
///f////
R ‘Pu b
B Z|
L/2 b
- rd
EA
C| P %
Rc < b
L/2 4
|
-~
-
P, -
Ry N
L2 4
Ll

APPARENT EARTH

PRESSURES

=R

P,
4 L,

Jete

n19Am Over Stress 144 Strut

azaad il Over Stress 30% N15AM Over Stress
M Strut 5 azl¥Am Over Stress tamnzlunsedn
Wi lsanda Bending Stress LLaZWAN5TUN
rawzlunnu Y Wit

n1gaantuu King Post

1. 4uNA Section NAUUA ABIRINITASLILFIN

tNma1n Platform

2. MAnNANWINlA MAFuUIUNUSsNN

Uaan Agua9 King ludiuanlanuan 395y
WminussYNaIn Platform 1ot

wudqﬁﬂuﬁ'ﬂuﬁsnnuu Platform
(Surcharge = q) AUSLUYARUAN LY
NFIUNNY ARETTULANEY Sheet Pile
A0 LEYINNU 2 AR/AT.A.

7

Strut L>
L
(@ pu
> -y
Loading on Kingpost
King Post

Platform




Qu =Qf + Qb

Qf =P(ZaSuAL)  (nedivusdaaniuiinlutumumilen)

Qf =P(ZKS OV

Qb = 9SuA
Qb= NgOVA
Qall = Qu/SF

tand)( AL)  (n3ctiumusadaaniuiialudunsie)
(n3ellanel Kingpost anlutumuwmilen)

(netidtlang Kingpost anludunsns)

Adhesion Factor, ¢y

o
©

)
@

S}
3

o
@

o
2

)
=

0 5 10 15 20

Undrain Shear Strength,Su (Um2)

AMNANN USRI O U RIS L LSRR UURIAY, Su

n1saantiul Lean Concrete

fy

fy

Lean Concrete)

Lean Concrete)

'
0.1f,

Allowable compressive
strength of Lean Concrete
(Ksc) ¥5an1a95uwLsean

daannauad Lean Concrete




The Tiwenty-First KKCNN Symposium on Civil Engineering
October 27-28, 2008, Singapore

SHEET PILE MOVEMENT INDUCED BY DEEP BASEMENT
EXCAVATION IN MRT PROTECTION ZONE, BANGKOK

Wanchai Teparaksa

Department of Civil Engineering

Chulalongkorn University Bangkok, Thailand

LEGEND

MRTA ISP (Underground Structures North)
MRTA ISP (Underground

N
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The MRT tunnel constructed by means of the segmental lining with OD of 6.35 m.
and consists of 6 segments per ring and bored in the very stiff silty clay layer of about -

17.75 m. depth below ground surface.




Project Description of Deep Excavation in The MRT

Protection Zone

Deformed mesh of FEM analysis
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Basement Construction Technique and Impact Assessment

— Damage Assessment by FEM
The results of FEM analysis can be summarized

as follows:

- The maximum ground surface settlement = 48 mm.

- The maximum lateral sheet pile wall movement at front
area with cement column wall = 51 mm.

- Maximum tunnel deformation = 5.8 mm.
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Conclusions

The basement construction of Zest Condominium for 10.0 m

depth was constructed in the “Protection zone area of MRT” and

may cause the damage to the existing Blue line MRT subway

tunnel in front of the project. The damage assessment to MRT’s

subway tunnel was carried out by means of FEM analysis. The

monitoring results of inclinometer for lateral sheet pile wall

movement was compared and agreed with the FEM prediction.
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