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The subway construction in Bangkok is the Mass Rapid Transit (MRT) Mega project
which consists of the tunnelling and station construction. The research aims to study the effect of
Tunnel Boring Machine (TBM) boring to the movement of subway station. The soil displacement and
the effect to the existing building due to station excavation is also researched. The research
emphasized only the construction at Ratchada station which is one of eighteen stations of the MRT
Chaloem Ratchamonkala line. The station is about 20.40 m deep, 25 m wide and 228 m long.
Diaphragm wall is used as the retaining structure during the construction and used as the permanent

subway station.

The movement of diaphragm wall and soil surrounding the station was predicted by
means of Finite Element Method (FEM). The model was simulated as two-dimensional analytical
model with Mohr-Coulomb soil failure criteria. The results of FEM analysis show that the predicted
wall movement agrees with the measured wall movement at the stage of final construction sequence
of base slab. The settlement and tilting of the adjacent structures due to effect of excavation work is
very small and not cause any damage to the structures. The TBM boring through diaphragm wall
shows a little effect on the movement of diaphragm wall. However, the effect is more significant in

case of TBM bored to the normal reinforced concrete wall than the case of fibreglass reinforcement.
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hear Modulus
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= Coefficient of Earth Pressure at Rest
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Koooy = FulszAniusefuanmednhavesfumiloiasauiuiug
OCR = Overconsolidated Ratio

a, = Unconfined Compression Strength

Y. = Total Unit Weight

S, = Undrained Shear Strength

Sy = Undrained Shear Strength from Field Vane Shear Test

o, = Horizontal Total Overburden Pressure

G, = Vertical Total Overburden Pressure

G, = Horizontal Effective Overburden Pressure

G, = Vertical Effective Overburden Pressure

c, = migusalszaninagegaluean

T, = MATUUT IR UGIGAVBIALIUZINANIITA

u = Pore Water Pressure

1 - §5uuRi 18910 Bierrum

\% = Undrained Poisson’s Ratio

\4 = Drained Poisson’s Ratio

CD Test = Consolidated Drained Triaxial Test
CU Test = Consolidated Undrained Triaxial Test

UU Test = Unconsolidated Undrained Triaxial Test
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CORRECTION FACTOR. |l

2L L | —

_. - -
/2
e @ o

(T i I l | J 1 _!

- 11 < b
1] wid 111 Lokt LeLi) NN L.

PLASTICITY INDEX P 1%

¥

gﬂ‘ﬁ 2.7 sarlfuud W a9 Bjerrum (1972) NldiunnsmaaauuLl FV

2.1.2.3 NMAFLLINReNTR9AKANI T Empirical

19 o o A a czlla 172 1 ] adcg ¥ '
ARG LR UTRIARNRa Ll da NN A e NN 1®LLﬂ [1k)

a I

naaau SPT @9ld ldlanziunumtaouds Inelumumtaaudangamne duusniu Jeziiud

¥
o =R 1o

(2526) 1415 AudNAUSIzMdne S, AU N WAZNUINANNANAUTUU Y UITNINARDL

IS DA 4

289NN InNLd1ANANAUSITUI N U S, (S, = q, /2) HAAS

=De

S,=0.685N  (siy/a’) duiuawwilenalia CH ... (2.4)

S,=0.520N  (siy/a’) duiuawwilenalla CL .. (2.5)
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4anaN Stroud (1989) 191A141BAINNANNUTUBINIAIFULI

RauresAumtalugilaas Ny, Aauandluannisi 2.6
S,=0.50N,, (/) (Stroud, 1989) ... (2.6)

Tael Ny, =10+ 1.552z

158 z = 0 NILFUANNAN 15 LUATANNTLALRIAU

UANAINATNIINARDY SPT LAINITUIAINIAIETU WIIRAUUAIAL

wmtgngaungunny ausnun lalnaeAunnianifiaednig Normalized a89aumilaniuad

o

wiaustssdnsualuluaminnassnaif (o) Maualae Ladd et al (1977) fail
(C/O,)  =(CJO)(OCR™ — .. (2.7)
(C/O e =011+ 00037PI ... (2.8)

[Ha m = 1.2 AFUIATI A TEIB8UNWN (Eide & Holmberg, 1972)

2.2 YNAUNUUSARDUTBIAY

Tunnam Ay unILLaRevIesELlnanziAu aveuTan 1435 Empirical
aannIAgay SPT dslun1snaaay SPT azinaA1 N ilandiuuasulnaedamais

o o &

WiAnFian E N TuAN R NA UL UIBIAY AVINANRUTIRY N ALYNFTWuNIY

wselReunasAnlugndlnussilsz@nsug () lagniaualag Peck Hanson and Thornburn

(1973) senanalugily 2.8 Inalugiasnannsn N degldfunisiuuidaanaainuraeunss

UsyAnanalunnonsninsmsntig o, luswmhinvnnimegaaulng ldaunasn 2.9

N, =CyNeew (2.9)

cor N Yfield

amFuArdiuud C, aeldannisnaununanismaaay SPT A livuaausana

[ %

NIMIFIU O, = 1.0 Ausenienn Aauanslugii 2.9 dowdn N, Ae A N Adaldaanly

AUINTIVULLUTNINTTI (O, = 1.0 Ausiansenm)
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¥
nsldanuduiug N iu o, Bandusiaslddaamnuszdnsedaunnmaziiunm
a a nﬂl dld 3 o dl o 4 o o
rasAuTinauniNnanlunsiazaunaredanssaziiufalsenauiin iAo uduiug

sende N i ¢ Relaawll

50 r
45
a0 -
8 35—
m B—
ALL RES!
SOILS
25 :'
s¢,sC-cL
a8 OR SM -SC
s} 1] 20 20 40 50 &0 70

CORRECTED SPT N VALUES

gﬂ‘l’?‘i 2.8  AMNANTIUEIz1919 N iU ¢ sasAuaveny (TPEC, 1985)

2.0 I 1 I i | | I
AFTER PECK,HANSON AND THORNBURN { 1973 )

Q= \.\
Q0.8 S~
PO
0.6 B
B e
""—\-._____‘_-‘—-_-_‘-__-
0,4

O o5 1.0 LS 20 2.5 3L 3% 40 45 50 5% 60

EFFECTIVE OVERBURDEN FPRESSURE ﬁvu?kg fcrnE

s 2.9 Fdlfuud C, dwduniswen N, uaz ¢
LY} cor
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2.3 AluAARARIAY (Soil Modulus)

Tnavinldudodtugdaesdumiesasuliniainmanudniuguuy Empirical fiu

1% o

ANAsTULsRauLUL IlsT U et asRwmilen (S),AdTiianNmag (Pl) LAy OCR 38

ATNNTOUN ﬂ'”ﬂ:ﬁd@lﬁzw@\iaumﬁﬂ’ﬂﬁﬂ’mmmWMJLI Self Boring Pressuremeter

o o & 1

Duncan and Buchigani (1976) l&liaaudusiugsendineaiugdauuuluiszunein

o I v o

2199AWIME9 (Undrained Young's Modulus, E,) fuan1asfuLss@aunuyldszunein,

v
o o

AFTHA1MMAY AT OCR Auandlugl#l 2.10 Taadnfudadnivdufumilacden

)

o {

HANATHAYNIMANBETEUI19 30 - 50 % UAT OCR Bgszidng 1.0 — 2.0 aziAN

=D

NIILNN
, ! = o o P = - = Aa 1 o A

184 E, / S, 8¢721919 300 014 600 mmu‘lufﬁumumumme;qmw NUANFATIAITN LAY

ANN31 30 % AL NAIURS E,/'S, 889¢%1914 600 14 1500 agi19lsAAINT9AUD E,/S,

FANANAE N ALANFAINTUNINLAZITIUANIR ARINNTL T 1LY N T

AmiuAnlNgARIRIAUANNIAINNIINAAAY Self Boring Pressuremeter T9tlnfiAn

TupAarasaumienlfnnaINnIsulaerna89ANNANRLS 321919 Shear Modulus (G) LAN

AnassunsaRauLUU N s natin IntanAaaNniIN 2.10
E =2G = ——m 0 e (2.10)

v !
Amduauwtananinliszunaty U = 0.5 azli E = 3G InefiATugdazesnnly

[

anIwszuaul (Drained Young's Modulus, E) AudnTngaaaesauluaninluiszunein

(Undrained Young' Modulus) NANNENAUSAILEAENNIT 2,11

E=(1+V)YE,/(1+V) “ .. (2.11)

o o

F3eus (2545) l8nn1sAN I AR mwuﬁizmwﬁﬁu@]ﬁmLmuimzmﬁ{iﬂ
W99AMMLER (Undrained Young's Modulus, E,) fuf Sndafuusaidenildszunerines
Aulnilen (S,) TnedBn19aLAszinal (Back Analysis) R UNANNTARIUR AN 9E W
iraaslnazunsuneadildainnirinaislunisieairaresannisa Wi ldmuiunng
aLm’]:ﬂrﬁ?}")ﬂiWVLuﬁLﬂaﬁmuﬁ(Finite Element Method) Imﬁl‘ﬁlﬁ'ﬁ Young's Modulus ﬂjmﬁuﬁl
wanzaNT ldannnisiinssindudmintunumiieaseuuasiumilaaudangammne Sa0

1lsz3704 (500-600)S,, ka (1000-1150)S, ANNAIAL
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1600 n T
1400 -5-- i 1 i._
1200 G rs /N R
\ |
1000 9, o .
Fut, 800 72 227N
600 f '

ao0 20xlp s

200 |

I |-
I 15 2 3 4 5 678910
Qverconsalidation ratio

a @ o 5 ! o 1 901 o I 0 o o A 1
gﬂ‘i/l 210 ﬂQWN@NWNﬁ?ZﬂQ’NIN@@@LL‘]_I‘]JVLN?Z‘]_I’]EIH']ﬂUﬂ’m’]@Q?‘ULLNL"&@HLL‘LIUVLNTJ‘LI’]E

WU LA A sTANNMaLLaE OCR (Duncan and Buchigani, 1976)

2.4 s2UUAEURINTLIUIR

a dl v o [ I 1% ya A o | dl v o o
Nuyanuie ldduiuaanneaielaaui A tlunardesiasiunisianane
a %’/ ' A:ll o a o ' 1% as dl ¥ o [ o o
YesAuialusEnd1anianfsARniazInenINIsieas Inedantsnldduiutlasiuniews
narsresAuluuaRuLLeaniily 2 tszinn ha susaautlssinyi sz uununariu
a dl o o o d” a v ¥ . o a
AU T99a1AENITUTUANTEALLRINUBENNINAIWIN (Side Slope) Tuanizinanuynmily

anug WA uanilunazfeslnunanudng (Clearance) Auunismnauneadeaninuas

¥ |dQ‘ a a o o [ o o d” a ¥ v ] !
[ﬂ‘ﬂﬂi&l&l’&\?ﬂG’W.I'J’]\‘liu‘]_lﬁ‘mm@’]ﬂﬁ“l_lll“ﬁsluﬂ'ﬁ‘ﬂﬁ‘i_l@ﬂ?i@UVI’]WHL‘ﬂﬂ\?W\u"ﬂ’NLLﬁl‘ﬂz‘HQﬂ@ﬂﬂ’]

TdaneTunsnease wazeuaaRul sz ldssuununeiuAumNzdmMFuNsIAAURAN
ddy dl ' b4 o o o v a dla o o
wnuaziinunlunisneaiieanda Inssruudtunsdusninilesldlunistdesiunisieanans

a A 1 o é’
VANAUNDE 2 FEULPNU

2.4.1 STUUMUNINURAUULLERAUE Y (Flexible Wall)

a

I~ o o dl ¥ o o dld =X a o o
Lﬂuﬁ‘ﬁﬁllllﬂ’]LLW\‘]ﬂ%ﬂUVﬂﬁ@’Wﬁ‘J‘U\‘ﬁu‘Qm%Nﬂ’ﬂN@ﬂiMmu 10-12 WRT (V118

v
o Aa a A a

2539) Tngiszuunwnanufuaiaiazdaainiuanniduna L Sununisiaaausiresm

'
o

WadunnwaszuuiAgaduntanldiuniniiasainaanlunisnagdiani, nags1adns,
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dszndananluniseaie, gfumunianudunasuisainisniindunnldlsan dmdy

srvununeniuARLuL TiuA seuuAuduiaman (Sheet Pile Bracing System)

2.4.2 STULRMUNIAUAULLLIWES (Rigid Wall)

sruuMumsiuAuIULLdIsaEAaaNIage 1A Diaphragm Wall, Secant
Pile Wall, Contiguous Bored Pile Wall (CBP Wall) @& Burlin Wall TATTUUN LN B AU

X o o a A = gy p o
ASENERP LVN']5@’]V?U\‘]']u5ﬂqﬁWLW]@ﬂﬂqﬂ?QNﬂ\Nqu‘V]m‘ﬂ\iﬂq?ﬂquV’]‘Nﬂ?mqmﬂq?Lﬂ@@umqmﬂﬂ

Auliid 1Bunudasnga wiasivainnsadiunlaswhiidulassainelfounos (Permanent

Structure) i1 NsneaianIHsn i liAw uaznisieaiansaenlinuLFunLansIe)

2.5 N15ILASIZNNUILLTIAURUNIIAIUEN (Lateral Earth Pressure)

Tun193ATiNganUNTUANU LA RAUNN Iz iU TATea s 19 a e IF AL (Retaining

a

Structure) AuAAN F 1 LNNTAN U MU EILIFUAUNINAIUENY 3 LWUIAR AD

2.5.1 N15ILATITANUIELLFIA WAUNIIATUT LU LA DA
(Lateral Earth Pressure at Rest)

]
ol

2 Y o 1% o dl o a dld 1
dunnslnszinldivssunreddasaieiasiuninnfeuinresauniAinay
wivuseaeslngeainggann 1 Diaphragm Wall, Secant Pile Wall, Ingilanymgauinlinia

dl d' 1% 6 ¥ ° o a a o 1a
nngraauneaslATeasen kussuunuNenuaAY tna3a Lﬂ?ﬁ?.ﬁﬁ@?JLLNW@’]?m’]N@ﬂﬂ\‘i

. = o . a A Y
Mu')ﬁLLN.ﬂ’]EIu@ﬂVIﬂﬁ‘ﬁ,"I/]’]ﬂ'ﬂmu"ﬁ\‘lﬂziﬁ

C=KOL (2.12)
G, =C' +u . (2.13)
ol EabONTYI 1 aVIO ToNL). (2.14)
G, =Ko, +u . (2.15)

e K, = Coefficient of Earth Pressure at Rest

A % a £ v Aa % 3 a
178 AU AN UTAUAUATUTNTBIAL
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AvFunismAmdngsansznIntef1ud e lF IndiAeeiuan 1nazams
sesngnAuIAINAITIuNazfasldAn K, aashulimunzan InainfiAn K, 1e9maui 4
TFu1anANANAUSuLL Empirical A LA @012 luuAa NN LAz AN EIs1a99Iuna g5

dl I a Y o dgj
TINITUIAT K m@mummmmﬂﬂ@ﬂmimmu

2.5.1.1 A1 K, §1usumAuLiinneny (Cohesionless Soil)

Tnenlnfiudndn K, luAudanenuauagiuaninzanuuiuiazdn
AUN178AWUULAURY ANNFUNIENRRAIAINNLLBL1UNA (Medium Dense) ¥3a L1y

(Dense) UazilA1 OCR Wil 1.0 T9An K, a1adsziduldann

= sin(I)’ Jaky (1944) ... (2.16)

2.5.1.2 A1 K, #115URAULAUEL (Cohesive Soil)

Brooker and Ireland (1965) taua l9rn K, 2asaumiantuagiueid

Pl uaz OCR Asuanslugily 2.11 Iae#iAn K, 289 Normally Consolidated Clay (NC-Clay)

azdannduiusiual ¢ Awansluainisi 2.17

Kooy =0.95-sind® L (2.17)

Wa ¢ dusyusuniunss@eulugilaasnidaaussilsz@nsnanas NC Clay

3

IS 1 !

T9dANRE7E1I19 20° D9 30°
Kooy = 0-19.+ 0.233l0g Pl Alpan (1967)  ............ (2.18)
Koo =0.241+ 0.31100g PI" © Lee & Jin (1979) .00, ... (2.19)

Kong = 0.44 + 0.0042PI Massarsch (1974) ......... (2.20)
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3.0 —
/L—K
2.5 T

|
2 L | _
|I

1012 | L —T7 —
& |
|

0.5 — =

g1l#1 2.1 o wmdusiuvas K 3 fluilaiduaas Pl uay OCR (Brooker & Ireland, 1965)

41115un1911A1 K, 289 Over Consolidated Clay, Ky, At Schmidt (1966) 14
LAUBAINANTUTIENIIN K, 988 NC Clay 11U K, 994 OC Clay ot luglannisiudn OCR

YRIAUAIL

Kodl 7KalCR et @ (2.21)

\Ham = 0.32 019 0.40 Lila Pl {AYINAL 80% 04 20% Ladd et al Aauanslugily 2.12

Pl
m = 0.54exp(-—— Alpan (1967
p( 281) pan ( )

c.a

For (Brooker 8 welaond
(1965), m for OCR{1O

0.6
e ]
N v?
m u.+——'°jb~“F\go‘;'__d_‘_
0.2 !
i K.[OC)/7K,(NC) = OCR!" i
o 1|

O 20 40 60 ile] a0 123
PLASTICITY INDEX, PI (%)

1
< =

gﬂ‘ﬁ 212 Auilse@ns m aaudluderiduaes K, waz OCR fiuAn Pl (Ladd et al, 1977)
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2.5.2 N15ILASIZHNUIELTIAUAUNINAIUTNN AL UANNISURY Rankine

UE UG R O LERT MR N ML RV Rl (R b I PR EV T LE It E L TR
Rankine Waznn1I7tRIBINIAAUAINUANNTLRS Mohr-Coulomb %qﬁ@muﬁgmdﬁi:mu
89n1531TRTe s AR A AT ULLY Planar surface w”éﬂm%q%uﬁu%ﬁmmmqslu
AN®4T Horizontal IayerImmﬁﬁﬁmmm@ﬁummmLﬁm%uié’ 2 g1luny Ae anIwnig

NTFWUL Active kA 4NT1NNI19911RLLL Passive

2.5.2.1 Rankine’s Active Earth Pressure

Tuanizininsyafuazluann liiian1sipaaurasNaanunag
UFuA Ut umiuAvdua g I aunsiuRwiansraausa Inainisiaaey
Foaaaniune Aupududnsazindausiaanainuoanuilunain HifiansanasnesAn

a2 ax

el WUIUAUYLEA A HIEIL IULUIANH AN AN ALNTLRINIARUTA ANNTITRT

1 v 1
ANINN13LTAN NATwln1991TALLL Rankine Active State TAIANHIILARINITLARALED

panuwsiuAuAziluw Tilting Aauanslugilin 2.13 a

NNIRAITNUI AU LSIFUAUNINATUT Tz AUANNAN Z TaalaiRanstuna
22IAMUILUTUAL AN UTLTI R BN UABLA T AENN NS RA NN G 7299
Mohr-Coulomb (T, = ¢ + G tan() Tneldasnanans Mohr NaMIANMUL LI IAUAUAILARS

o

Tug1ln 2.13b lAAsi

G,, = O, tan’(45 - g) — 2C tan(45 - g) .......... (2.22)
1HaNa1700 Cohesionless soil INAN C = 0 azls
O =0 tan ¢
=0, tan"(45 - 2) .......... (2.23)
Oha ¢
Ki = =tan‘@5- =) .. (2.24)
Ov 2
Oha .
1A8IAMIN471 1381n71 Coefficient of Rankine’s Active Earth Pressure, Ka

Ov



<«— Direction of wall movement

o\
2 0

—]

—— Rotalion of wall aboul this point.

a) ANHUZNITLAADVFAINTLNIALAULUENIN Active 389 Rankine

Shear Stress

T-c% Gtand))
A

»fﬁ’// / A
~A K

\IU

P
2
13

Normal Stress
o,

b) Rankine’s Active Pressure

gﬂﬁ 2.13 Rankine’s Active Earth Pressure State
ANTILANINZANNNG 2.22
O, =0,k =2CVK

AN UTUAILIIAWAY (Pressure Diagram) B mmqa:rfj Rankine a 191 §u
Cohesionless Soil 1130n9181LazN99A LAASTUILN 2.14(a)

A11150lunstl Cohesive soil azifin Tension crack IUWAUTINIZALANAN Z, AL

20
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G,=0 G, =-2CJKa ... (2.26)
N3LFUANAN Z=H
G, =7H G,. =YHK,-2CKa .......... (2.27)

1%

\Haifia Tension crack (O, = 0) azingzey Z, 1A

0 =YHKa —-2C+/Ka
2C
I =Sy LA ., (2.28)
vV Ka

AN UTURILTIAWAL (Pressure Diagram) quwﬁ Rankine 41115U Cohesive

Soil Wraawmtaauanalugtln 2.14(b)

'S =loy K
- M

| . [

. |

[ f |
e I

| 3 J— |

rol i3 L
| I T _""‘i |= yek, = 2oy K ——+

a) Cohesionless soil b) Cohesive soil

519 2.14. © usssuRUNIN R8T Rankine’s Active State

2.5.2.2 Rankine’s Passive Earth Pressure

N179UALRINIAAURINTUANNE Passive LARAINNTIAARUAALEN
pasiwnaiuAnlunENiINIsaR Y Selnan lifian1 s NaIveeniaa s luluIue
‘dl 1 1 QI a dl A dl a [ % . . v
e Amaguss Uk A AN ATl e Nan s TuanHuzaaanmaday Triaxial a1
NARRINNIIANT LY Axial stress Tuatuz? Confining Pressure As? Tnadneuzan

SLUNUNNIITR IUAN1Y Passive adnsnuanslifagi 2.15a
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NNINANTUIUIAT AU LA URUN AN zsUANan Z TaeliAnwa

a '

PDIUTUREANTBNHITDINUNIAUAW BFRANTUIENNIAAUaE IUANINANETTHT VR AN

wiagussluiuaueu (G,) AaxlAWNL K,G',, + u, kazidaliaNIsAaa U 18R 1Nty

a oA

AudnuNaafuaniansItTANe luan 1w Passive M lHaMNIaMI AL AUAENIY

Audne (o) Wingendegdsananaes Mohr Asuanslugili 2.15b

G, =0, tan(45 + g) + 2C tan(45 + %) .......... (2.29)

WHaNansuNItiALNIIEsansm (Cohesionless soil) AN C = 0 azls

G, =0, tan’(45 + %) .......... (2.30)
Ohp A ¢
Kp = HIGTAABNES LS T (2.31)
\ 2
o 1 th = 1
IneIAMI471 4 L172IN21 Coefficient of Rankine’s Passive Earth Pressure, Kp
\
ANTIL
o, =0, Ko +2C4Kp (2.32)

A miunsalfumilanyise Cohesive soils A¥@N130IAY O, IiAuanalugi 2.160

v a

NILFURRU Z =0
G,20 G, =2CyKo (2.33)

ArvuAmINNAN Z = H

G, =YH G, =YHKp+2CAKe | | L. (2.34)



IMreotion of w.'LLl nHAeIenl

| Ax |- a5 ir anh
A - S .
! =
wl - A
y . -'Iz -
. i < |
S - =
=,
f _,--“"J!
* i - — Favtation of wall abont this point.

a) ANHUTNIILAABLFIRINMNaTUAL AN Passive 184 Rankine

Shear Siness
A ’C:C+Gtan¢)

At
=

4= — e g 2t Blress
Cl dske, i T, (3,
. |

b) Rankine’s Passive Pressure

gﬂ‘ﬁ 2.15 Rankine’s Passive Earth Pressure State

T
L

. P,
JTERITN

a) Cohesionless soil b) Cohesive soil

" W W]
K

51N 216 usaRUAUNINAIUE92849 Rankine’s Passive State
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253 ﬂﬁ%"AJLﬂ%‘WZﬁ%‘Ij'JEILL%\‘i ﬁuﬁu‘[mﬂ"lﬂmumsmﬂuw ATRINUIELTIAY

auﬂi’mg(Apparent Pressure Envelop or Pressure Diagram)

NIMANMULELINAURUNINA LT TR TR TFNA NN LNy aLNeY

o ! ' dl a d? %)’ o a dJ = 2 | Qdd‘ M Y o
umumﬂLLN‘V]mmmﬂumﬂummmumiumm SNW“’Q’]?M’]LL@QWLﬂuQﬁW@WNW?ﬂimiﬁﬂU

LaN1h (Empirical Method) TunisuszendldiNennAniaawsediununiadudnaiueaugye

o o

AuAfulaartuegiudneuzaesan nduRnluLTnunRanI TnaluuAnsne Al

2.5.3.1 laazunsuaasnuiausanunulne Terzaghi and Peck (1967)

1 1 [ Aaldy 1 2
ﬂ’)i‘ﬁ’]ﬂ’]‘lﬂu’]ﬂLLixﬁﬂuﬂutﬂﬁlfJﬁu@Zﬁ@quiﬂLL‘i_I\‘l'ﬂ’ﬂﬂLLﬁ]Lflu 3 gﬂ b

ANANBUTIasTUALAIMAAN IUILT 2.17 9L Bunnuaenina usaAuRUN AW AT

£ ¥
ada = o 1

Pe3duRumBtnaauLazudlaungang (Soft to Medium Clays) 41335 HazauegiuA1 m
Tneludumungamne duazianiumisnzannazldlnezinauandnsal Soft to Medium Clays
Watn lszunamnlBan e swdaaissfufun1einudne lnaandaudnnisaes Terzaghi

and Peck (1967)

2.5.3.2 laazunsNaaanuags nunulag Tschebotarioff (1973)

N9 2 UL NI ATU UL LIIFURUN A1 UT 19N L a Ualag

Tschebotarioff (1973) arunsnutisaan il 3 guluniy mudnsUz st uALIINDIANETUN

! i ¥
Tdasuanalugili 2.18 Tnaaznudmissussiuauilssninaindsilas A ndenndilnas

unsnLauelng Terzaghi and Peck (1967) wluaginamnn

2.5.3.3 lpazunsuuasniaansanunulng Sower (1979)

A3U TN U U L IBURLNIIART 97 Fan Sower (1979) B9

1 v
=

AMN90ULN A AN inYeRusneT Aeudndlugth 2.19 A uFuAmisausei ldiuar Al

1
o

L2 = :j/ 4? 1 ! d‘d ' dl o a a aa
mnu@mwmimuumuﬂg 1IANUR9 Py nuATasuLdaIA AN B THRARIAUNNAN TN

Tnaludunaan Py azlA1auaguuaaussnuaui ldanuiaausenununisfudelu

a

al 1

annag Active (P) narludunumilandn Py azauatfuniosusasiunun1eautigly

an1azanmel (Later Earth Pressure at Rest, P,) ¥3aA1109utae s uAunIes1udnfiag

a

luaniag Active (P',)



Sands

struts
™
> .
e |
—

K, = tan? (45-4/2)

Soft to Medium
Clays

K, = 1-miaSuiyH)
ma1.0
m=0.4 for yH/S0 - G or d

25

Stiff-Fiszured
Clays

e D2 H
_I_

7 ///é astm

/S

l, o2me
0.4 H

5% 217 pezunsnzeumaviesusaiumulsIng g Terzaghi and Peck (1967)

Temporary suppord in stiff clay

Permanent suppor in medium clay

sUuLULsasuRUIng Tschebotarioff (1973)
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Sower (1979) Pressure

Type of soil Py

Loose sand, loose gravel

Dense sand, dense gravel 1.3P’,

Soft clay 1.5 P, orP,
Stiff clay 14 P, orP,
Unsaturated clay 1.3 P, orP,

51l#12.19  gulununssduAulag Sower (1979)

2.6 L@DETNWA UL UYRAU (Stability of Excavation)

Tuiun13yeaulne e A8 UUA T UEURANAINNIINAT LI AURALN A 1UE 19D

o ] %/ o ¥ o ¥ a =2 a ¥
NIENIFABICUUANEULAY ENANFABNNATTEUIENNAUBILANLTAINUDINUNQN (Heave Effect)

3

a 1 2

Tnaannzlunugaaumtatdauas lunisiaisanazanys linuneddudseangud

wAnssuilu Surcharge NNFeUALAUMGH IAEHIUIINIEANNINNTIUIIFIULRIAUUAY

o

Audnanguiazatnnsn adnun lunguldinani liinanswanasaeswugafuy d1usu

o

o dla a a % = d”
NANNITNNAINTUNADLTATNTDIAUNUNGHNAIU

2.6.1 nAsuLAnasANLaINunaNlag Teng (1980)

v
a o

MANNI9283 Teng WAN9041 AN A MF L UYARUNRTuAMM T a e uagiH1
ANTINNIYAARILAASTUgLN 2.20 Avaetintinaulugturiadnany abed aznseinaiian
\lu Surcharge AaduAWUTleI881 TIG1ANLDILINTENINANVINALUTANINNIIAIAIN

A11190T1N195019AUN Y (Bearing Capacity) axiHan1 LT MAIUA19289011370

¥
o a

INANIRINANILTLBIAINNTEATLAIAUTUNGN (Heaving) Al
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g = DL_._. B width of

but ngf !c? cafferdam q

ed Q7078
e e © BT ERERNI
p P

— ;
H : r"'lal
51 / 7

ri+q #4&*}

CHHHH ~~~~~ R s L

Sof 0, [
S ——)
l N ea—

= %Qu

Shff or gronular scfl

917 2.20 - &nwouznn9iia Heave Effect 194 Teng (1980)

u

\HaNaasnaIngUn 2.20 daviuhumiaazlfdiuaasiu abcd avipRasn
QI dl 1 A dl ¥ dl o a ISP !
A TuLUIAY IneTIAIUIRB UTFNUNIUNITLAADUFAIAINNTDIAUAINLUY cd Az ALY

Aus  seuanslugl Free body diagram lugili 2.20 uazaunisi 2.35
S 559 tH-25)

=5 - %) ............ (2.35)

) a,; = Unconfined Compressive Strength above Excavation Level

=295

ul

ANUSUANLIIFIUN VAN LU Ce AZNAYINAY ¢ 138 Cohesion 184951
witaauzaniasFuusaeuLuyldszunen (Undrained Shear Strength, S )aauganslugu

N9 2.36

Tned g,, = Unconfined Compressive Strength beneath Excavation Level
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TunsuanesnInLiveAn Factor Safety Tianaunisasnasdaaslaiuus

20UqA b AMNANNIIN 2.37 A3

Resisting Moment

F.S. = -
Acting Moment
SBl+CBl£Bl+ 2BlE
F.S. = g ARy
yH+Qq) BlE
2
Fg = 2S + 0.5q v2zB1 + qu2B1
- (H+q) Be
g T U e (2.37)

(yH+q) B

Tar Y =Total Unit weight of soil, t/m’
H = Depth of excavation, m.
g = Surcharge around the excavation, t/m”
L = Length of sheet pile below the bottom excavation
D, = Depth of soft clay beneath Excavation
B, =L Lﬁﬂ L > D,
=D, Lﬁlﬂ L <D,

26.2 msmmﬁmmwmmﬁuuquiﬂﬂ Terzaghi's Theory (1943)

NsdDEIN IR ungNaInTTleAUuANN131949 Bearing Capacity
ANUNIAATB9gIUIINGAY teluwiuyanRindauesaNan lunsgaiuAINngenIg
A (H/B) Haandn 1.0 az@N1s0u1AN Factor of Safety against Basal Heave ldanngunig

gl
7238
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Fg = —— %
e (yHBL —SuH+q)
5.7SuB1
F.S. (2.38)

:m ............

Q, = SNB, =57Sp8,

u

e Q, = Ultimate Bearing Capacity
S, = Undrained Shear Strength below Excavation Level

N. = Bearing Capacity Factor = 5.7 for clay

WBNAINIAT Factor of Safety against Basal Heave a1usnun ldananan
19991U7A NI Aawanslugili 2.21 Tagainisauiieen iy 2 nedife nedinddu
umtgaNHANNULININENaENAs A IAAN1IR A BAuAndlugLR 2.21a uaznadih

o

R
Fuhumlea8ouNFat URTUA LI IALN A NI T89A UL 8 UNITALA NG A 1D

v 1
nsgaaudeiuAnLdaingl D Asuanalugli 2.21b

S— [ TN F FETANAY
b \ D
| i !
i Ir"_ = \ - >
H I H
| ' |
sl ? . Sut
f v ! i 4507
A T : 3
-t Q7A ¥ 0
Su2 |
= TIIT T T ///J’ff/‘f//////l//f'/-’/ TTIT I
FRO\E 1 a1 Fg/ = SuNe .
| A Sul N Sul
He =578 HO -5
a) TUAWUHENEaUNTANALINIA b) FuUAWUTEEDUN N NTUALLTII95Y

gﬂ‘ﬁ 2.21 N13UNA1 Factor of Safety against Basal Heave Tnedgaeq Terzaghi



30

2.6.3 MswanasnIweasnungnlag Bjerrum and Eide (1956)

a a dld | o dl dl
NMINANTULADE TN NN UL AN HTUI AR U AT uAN B LA wmAE

o o ai dl A ¥ A o o aial =® 1 k%
0T, AMALNNUNT LAazINaN 1Ted1MILNUTANENANNANTBINITYANINATIAINAGNY
T1n199m (H>B) W78 Narrow Excavation azaunsnldnisinszsimalesninaesiugy
e Bjerrum and Eide (1956) @elunnsdinsnziazfiansauniinisyaaiiouiugiuainiions
8] TITAUAMNANWINAUAYTINANT2IN9YA (H) KAZHINIATIZHANEUNIIITB4F 11N

IR Factor of Safety against Basal Heave HAnsauansluannisi 2.39

Fom C . o (2.39)

“yH+q

e N, = Bearing Capacity Factor
¢ = Undrained Shear Strength of Clay (m°)
Y = Unit Weight of Soil above the Bottom of Excavation (t/m”)
H = Depth of Excavation (m)

q = Uniform Surcharge Load around Excavation (t/m2)

Tnadn N, anunsamaldaingiin 2.22 uazannisi 2.39 ldldsunaeusudanniu

MARIUITHd NN UAUTLAUaE sa 17

q

T,

~Circular or square il |
| 1

S S, W 5 M S—

_Infiritely long + =0|

|2l '__’__d

|
— - 0 I 2

|
) a
—I g;m
=
BB W D~ @ D
A
|
\

|
3 4 5 &
H
]

N 0.84 + 0.16(B/L)) N

c(rectang) = ( c(Square)

L = Length of Excavation

gﬂﬁ 2.22 Bearing Capacity Factor, N_ (after Bjerrum and Eide)
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2.7 msamsznanuynaulaedstnlusiaadinus

(Finite Element Method for Excavation Analysis)

s s a s dll 1 a '8 v a = QI £
nsld35 W lusllaadwuminadon luns3ias ety miniedud Aanssuanis Busu
srausigaat] A.A. 1950 TnednwuzaesumeidanssuLgintiauinis W ludieafiuusd
wgaelunsudloyldun nsdmesiiilyunaesnudian, nemaaiesyuunIuneniumy,

NNIALATILANEUBTNIINTAAAUAITBI AU UTLINUT AR 18

[ %

383 eileens W ludieadwndidunislszanngtuuuaesiiymiudag iy
MNAUATAIAANTATE9IARNEY Tnarinnasaiaedannuinn 1dlunnsdmensiisag

= o =

AR UALREe] (Mesh) %ﬂuu&imm@amuﬁﬂ@m Negd1aAeaiuarinisdanAaiufqs

a

1
a A 1

qa# (38191 Nodal Point W3anviedlAondineatiiesiuisszuuuazainsauantdtnasyuy

annsnaglugtluuiiuas Matrix A9l
(B =/ KUy (2.40)

e F = Vector of Applied Nodal Force
K = Stiff Matrix

U = Unknown Nodal Displacements or Temperatures

ausulunnsadetiaziingg W lusesawuslaslglilsnnsy PLAXIS @aiflulilsunsui
A11190 143NN LN AR UAAZIAN TN INTBINBNNITNEAF 1N T AN TN TR

a o

Taeasnaavidaanafililsunsy PLAXIS Ssatl

2.7.1 dinraInsmMuuaansuziln i lun1s3tAg1z34 (Type of Problem)

Tunns3peilnsgllsunsy PLAXIS @1:170Ras04n M ineafuan oz
teynn Agtlunnlgiius aiia fn

'
o v

2.7.1.1 Plane Strain Problem tunn33tasizdaasiloymndanerusaaaninfn

(Cross Section) @l NLANBLAZHAINENININ (2 UF) WanTNanaARaITLANTWIBIULNE
d e = 4y o - J d e =

usanag lunAnensmeaInfiuszuuaesdvinldlunisfiatsan Inandnisipaausaluiie

NanssaINiuszuIuresogignitua R A winfu g

2.7.1.2 Axisymmetric Problem tunn33tasnzsinmunziuansuzaasiloynind

pNANNIAstnedFARIuIaad e wasidugluuuresilonn 2 85 W n1s3ased
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dmiugusnidugiinan Tneszuutestiyuuuiazlidinuuwniluiiaue (X-Axis)
agludnezaesanislasundaslugiaesynuas A luiuaunus (v-Axis) aziflunis

wazuwlasluiuounuaesiannnansan (Axial Direction)

2.7.1.3 3D Axisymmetry Problem tiugtlunuinldlunisdinsziaesiiogunnld s

v '
[ o A o

1% 1 dj dl = 9/?/ a
funelageasrena ﬂme@MﬂJqﬁlﬁ‘LLﬂzllNﬁNN’]ﬁlﬁ‘ GNﬂ’]‘J“L'LI@ﬂuuﬂ@ﬂ@ﬁ@qwqﬁ‘ﬂﬁdiﬂwx‘} 3 NA

NN

2.7.2 aNHMULURILAAALNURA (Element Type)

lunnsdimangsiilm inaanAads W lumaafinudiaonuaniusfasanand

[ %

anhet lwreuanresdamnfinanisiansuisaaieadmusisne I lunianassdanaes

q

toymnnadanssutlgneadlusunsd PLAXIS H3utinaaseadmusidmiudansiae fai

2.7.21 1aRALNUARINSLAY (Soil Element) Hgtluutiaasiandinusiily

TaseanuindaNia uauaes Nodal Point luusiazieadinusils 6 9m uaz 15 90 Asuanalu

31I7 2.23

nodes
G-nede friangle 15-node triangle 15-node wedge

51# 2.23 Anwnuza@e Nodal Point @m3LLaaALNUA183AY

2.7.2.2 \aaRNUARIMSUTASIAS19 (Beam Element) #3111 0 LMUA

o

PRAnwzaleduuiui1e) Ingaraunungesseadmuidnvivlnssairadudnmnien

[

aX A4 o : El X a - & o a v
NH[ﬂmusﬁQN ATLNINU deq (deq = IZE) uﬂﬂ@qﬂuiuL@@@LNumﬂu\‘]’] @WM?UIQT\T@TW\T

=

A1N1900AUU Nodal Point 16 3 90 uaz 5 qa dauanslugln 2.24
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x ® b u x ®
e nodes x  stress point
a) Beam Element a11491 3 Nodal Points b) Beam Element 411491 5 Nodal Points

519 2.24  Anwniraes Nodal Point 289ieaaumuid niulnseaiig

2.7.3 FUAARILLUANRBINANTTNRINSUAR (Modeling of Soil Behavior)

TnatnAdnmenizaeshuazingAnssniduiuy Non linear stress strain uaz
ANNTniuANIIALAIITLNe AN ldvan sy AL TeariinadesuIunn s TmesRld
z%w'EFUﬂﬁiﬁmmwqﬁm@mmﬁuimﬂfﬁﬁmuwwmﬁmm%mﬁu%umummﬁugﬁaumﬁuﬂw
Nanroun dnsulunnsataseiilag T lilsunsn PLAXIS @18N70uLNAN LS I8ULLANADY

16f14 5 wuulaNaa9natl

2.7.3.1 Linear Elastic Model tfuuu141a097181A8ng 129 Hooke 115
WOANITNULIL Isotropic Linear Elasticity Iagidanns1dimasinineqdesdl 2 48in Ae Young's
Modulus #a2 Poisson’s Ratio A 3unisanaedlnguuusnassriniidnaz iy lasaas1eni

aue lunyiflulaseaivat lumu

2.7.3.2 Mohr Coulomb Model %i38138n@nae1931 Elastic Perfectly Plastic
Model ifluutusnassifisnlilunsaragenginssnvesaulnelAnimiinesuaanui Ly
AULLLUAN1a84TRARA 1AM 5 98A A1 Young's Modulus, Poisson’s Ratio, Cohesion,

Friction angle #@a¥ Dilatancy angle

2.7.3.3 Hardening Soil Model LﬂuLLuuﬁmmﬁ'ﬁmmLLMﬂﬁiqqiﬂ@ﬁﬂgﬂLLuu
294 Mohr Coulomb 1Ag 7199118 A1840 197 175 (Yield Surface) ‘meuﬁmmﬁ%iﬂgﬂ
Srvual aadilu Principal Stress Space uiasfinnsiaeuutasnuAnes Plastic Strain
ez ld NOEJ0 Plasticity N13LATIZWHINNEA Elasticity Theory wazazianildlunag

A188Y WOANIINURIAUNNAINLANGAULE 1w Soft Soil iU Stiff Soil

2.7.3.4 Soft Soil Model ¥78i38n@nag1931 Cam Clay Model Ingi@a1u13n
a1l lun199aengAnsTNTaIAUAININARERU (W NC Clay kAT Peat T9LULANADIH

1 ¥
winnzan as19nnlun1ldiunisenaeanageuidunisdnfaAFLsna89A (Primary
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Compression) &115UAIN1917Me5N 1 luuuuanaeeil A8 Young’s Modulus, Poisson’s
Ratio, Cohesion, Friction angle, Dilatancy angle, Modified Compression Index (A) L& ¥

Modified Swelling Index (K)

2.7.3.5 Soft Soil Creep Model L UULLANABINWR UABAN Soft Soil

1
a

Model uaztinandiuauisenisaaenginssaludneuenauiunal (Time Dependent

Behavior)

2.7.4 ansuzAaIN1gIATIZRL M (Type of Analysis)

Tunnsimegiitoyuniaaldllsunaa PLAXIS dmnsnldREnsSAszlEa
AEN19ATIEFLULVUAEL9398 (Total Stress Analysis) ka¥n133LATIEFLULMURELTaLlse
anana (Effective Stress Analysis) %ﬂumﬁmmmumau%'ﬁﬂm:‘ri@fa"fwLfa%@mﬂlmm
TdunuRalan 431 sfuuuusagusesan Tnellsunss PLAXIS navualdiaiungn

A 730 a o a 9/%’/ 1 1 a a
L@’ﬂﬂi‘ﬁﬂ’]‘wqﬁ"ﬂlLm@ﬁ“‘ll’ﬂﬂﬂuiﬂ%ﬂiugﬂLLUUMM’JEJLLN?QNLL@%‘MHQHLLNﬂ?X@‘WﬁN@

2.7.4.1 N153LATIZML UL UIELTI5 NI A T AWIFIRLADS LU LIAUILILSS

1lsz@naHa(Undrained Analysis with Effective Stress Parameters)

AN9AAINER UL LA S AN N8 ALLAZ LI UL WAL N8 NAN N F WA
@:@g’mmﬁuﬁlumﬂummmﬁmmﬁﬁﬁmﬁmmzﬁImﬂumﬁmmzﬁunuﬁ%ﬁﬂmuﬂ;qmﬂ
AN AN R AL ATl eeaInnI T AR LR AuMTEas AL AN
W9 RmaFluglnioenaesan fatunsmANNsRme S iae useilszAnanaas 1

ANNNITULAIANNIIT R LA DT LLILINUL LI PIN 9T

gL 2(1 +v) E,
3

e E = Effective Young's Modulus

E, = Undrained Young's Modulus

V = Drained Poisson’ Ratio
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2.7.4.2 MSIATITRBLUNULLTITAINTIAL TSI ADS LU LINUIILSS

g9:(Undrained Analysis with Total Stress Parameters)

nM9aATELLLNIaAULAzIsIAULN luAvargnivansanganile

1 = o [ o dl a o dg/ v A aal a 'S
dquipsanulingaIAunannIsannaredL Talun1saqutazldiaenisnisamasinuy
MmN Tae I WA S LULNUIEI LITINN I AN ANIZANAULAINANTNAZA LT

Tdag luilaqiiumnli daruazaanlunismennisieeintinlidmesd

2.7.5 WUUANAR9IUR9 Mohr-Coulomb

nsAATzilageNAeLLLSNaed Elastic Perfectly Plasticity T9tsenau@ae
v e e — , — . . 4
AMNANWUSUBIAN Strain AU A Strain Rate 189492uUNL1 Elastic LAy Plastic AYANN19N

24218 Tudoureenisulaaunlasiesnialy Elastic azanAungaes Hooke 41113un1s

1%

wasuwlaauilafisauludou Plastic azgnninualag Yield function () Asil
f Er—ssin(l)—ccos(I)SO

e r = radius of Mohr’s stress circle

s = Center of Mohr’s stress circle

e=¢+¢ egt=g*+e” (2.42)

a8l €, € = Strain and Strain Rate
€°, €" = Strain and Strain Rate of Elastic

€”, € = Strain and- Strain Rate of Plastic

e
>

=k

51# 2.25  Yield function #1151 Mohr-Coulomb Model
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Amiunsain £ < 0 axiansnsilu Elastic point Asuandlugii 2.26n

f=0 aziarsuilu Plastic point fauandlugiln 2.26%

[a 0 L]

n) A1 Elastic point 4113unsed f < 0 1) £ Plastic point #1mFUNIL f = 0

5191 2.26  AnUTLEY Yield function A&113LINSTH Elastic point WAz Plastic point

—

51l#12.27 Elastic and Plastic Stress Point

2.8 WHANTTNNISLARDUAIURIAU LU UL A

2.8.1. NMSLARBUAINNATUT LRI NIAURA UL RRIAINNULR

N17ANAAZUUTHIUNITARRUAIN AT UT19TRIN N T UA LA NN NS
An®1284 Mana and Clough (1981) %\11&-’1’34Wqﬂmﬁfma‘fmimﬂmmﬁmiummmLLuu‘lﬂgﬁﬁﬁ

fuduiufumiiaodaunaliunaneanuau 11 s 861 Plasticity Index agjilszanns 10-

1% g |

60% waziaaulafa (Sensitivity) aglutag 2-8 Tnauanvatlugdarnuduiugszndng

o

Factor of Safety Against Basal Heave (A1 F.S. a1n38989 Terzaghi, 1943) fU8RI149U

OHmax | o

2BIAINITARBUAIN AU 19494 ATBINUNITURUEBAIAIINANTBINIYA ( ) A4
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1 (%

wanslugiln 2.28 anaauduiusn ldduazlganen F.S. idA161n41 1.4-1.5 axliAn

8”:‘“ WnTnetiang (wansliiiiudiAulingAnssnetluaninaain) wanieial F.S.

N1NN31 1.5 azliAn 5”:;“ AAARud1aAaN Uzl 0.5% (wanalshdiudnAusaldna
Local Yield) anndayan ldtiuazimiulddnimnunszdnnszaarendrannnduiiunaiioan
AN ANLANANNANIBNTEEZINAINITAAFIAEY, ARWLLATDINTWAIALAY, T8IZ1a

v
YDIAEIU, mﬁqLmLﬁﬂum@ﬁmmmmmmmmuﬂm

o a7 i — i T 7
o™ o = Lirruls f
1/7' o Oile
] - B F.Y Fixed E weatt 4 © San Franciico
f_ T EL ad Q A Ehlcﬂqﬂ
e Yy L7 Howline PtoMNY,
- 2 | 3) o Oslo -
— o Yo
E od i Free End Woll * Hoston
= % b a Sgn Francisca
2)s i |
=2 Ty
a a A a2y Chicoge Excovations (fixed wail) )
= bl
= 2 5 \. % Berm-and-raker
:I:J = | o E\‘_\ construclion with -
= g e T — AN sheet mie and
. E R 1 - saldier pile wolls
.,'E" w &E o o = L Ex::uuﬁur‘:‘: wilth  —
= : .,_q_:!_ o © © concrele diaphrogm
R 7 i wills
8] = 1 I i | 1 ]
2 3 4

Factor of Safefy Agoinst Basal Heagve

‘3‘1J‘V| 2.28  AIINANWUGTIZNINN Factor of Safety-against Basal Heave Ll

Nondimensionalize Maximum Lateral Wall Movement (Mana and

Clough, 1981)

ANNM3ANEIUD9 Wong and Broms (1989) T4 laaueisn1syseunamiaAn

v
o

nispaeusanasindseen iR udiniunutauduinmiacaen Inadany g

o

=
ANU

v
R oA

- AU TNTUR W EENBLA NI TALIA 194 ATDINIYATNT ALY (T) azfiag

- o . 4 4 Y
HANAUIABNIIATININT0IAINNT N9 (B/2)
- AUNSTUAUFRIN AN LITlLULL Flexible Wall

- n3RanTnaL MuANN199LATIZILLL Undrained Condition Tasinnuualsldainng

wasnwlasaesFuiasifaaulusndnaionisyaau asawanninualildinisnaeu
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uilasaasiBuasiunIaInfeasnisldanduiusssud An1amgada N A (Wi a) azdl

¥ 1
A A )

ANTINTLAINNIYUT BB AUN NN IINALAIIBINITARBUAIN A U8R (WU

panansugiin 2.29

a oa 1

1 ¥ ! %
- BN aeasufaesuisaesfuaIuegiun1siRresRun et luLE Ny

dl o ai dl a =K 1 1 dl a g dl [ =2 ' g
nc m\ummﬂugﬂw 2.29 IﬂﬁlLN@W@’]?M’]GQﬂqﬂlﬂﬂﬁuQﬂLLﬁ\‘W]Lﬂﬂﬂlumiﬁﬁmﬂ'ﬂﬂﬂﬂm’]\?“] LbAA

3

AnanaFunn171AaauFn 1AL AN189MUNELINALBUAINILAZ N HAFRBNITLARALFA R

AUNENIAN TR NTLALANANTDINITYATITLAUA WAATRNUYANINNGT B/2

a oa a & A X ' | o 1 yH + q A | 1
- N9 019 IUNEN ¢ azTues TUAIYRIER T4 N Tnedt g iluAtze9
UuiNCc

mifmmeﬂu@ﬂﬁluﬁnmmumﬁ;m, N. = Bearing Capacity Factor (Bjerrum and Eide,
1956)

TnedEnasaiesviazdszunnidangAnssnaesnueg lunud c azgnialiinis

dl o ¥ k24 :j/ % | va QIIQ a d? o dl

PRDUAININAIIEN9Y 2 A1 i N AU LLg AR YA AN TYLTUATUA A TWLIT

2.30 WAz lfdInasanasud X, uaz X, HAviniunun Y ssuansluaunisf 2.43
25, (B2) =8,(828) (2.43)
5, =5 -(28.8./B) (2.44)

WanfFauieuad 28,8, / B AUAI189 8, 1Az 8, ANl AHa N INAIUANNI

ANLA le9n
5,=8, . (2.45)

f B {
YRS PR ‘

Ef— " | T
' ¢ ]
: i z
S S | T
Fasi=oa

519 229 nsAReWFRTRAUlLLTNMIELINA
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=l

LU A

=
=

i -’];-
|
|
y.

gﬂﬁ 2.30 |dealized Undrained Deformation of Influence Block

N) NSUIAINITLARDURAINIIAIULNGLALAE Tangent Modulus

ANANNANNUEIZUIN9ALRRL YRS Tangent soil stiffness TUABARTBS
N19LARAURINIIANUT9UAINILNIAUA WA e TUNUN c AZNLI1 A4 Vertical strain

incremental (Ag,) neuinfisiAvsmn B/2 axilAnfauansluaunisd 2.46
Agl =Sy BR) b (2.46)
o Ag, azflAu@uiUsTLAY Tangent modulus (E,) Faugasluguniad 2.47
Ae, =(AG,/E) =(AHY/E) e (2.47)
e Ac, = ﬂ'f]mmmmmmumﬂwaqmﬁmmﬂmim
ANENNNST 2.45, 2.46 ua 2.47 azldan
AS, = (AHy/E)BR2) (2.48)

Duncan et al (1980) lflauamaiud Ui usse1i19An Tangent modulus (E) LA

Initial tangent modulus (E) Asuansluannisi 2.49
E =(1-SRE, . (2.49)
Tne S, = The average stress level of soil within block ¢

R, = The failure ratio T9NANYINAL 0.7 &1915U Undisturbed soft soil
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&117uAn E, anunsonildannaauduwusees Duncan and Buchignani
d e e d = . o o
(1976) T lugldnsndou (E/S,) Inaiilaiansunnisuidn E, a1ngili 2.31 azwudn A
E, #lfan E, azlidrunnndn E, 1ldann E usainuanisatasziilae FEM azldd1aAnasg
dl o ¥ 1 tdl ¥ 1 L2 dl OI 1 a ] 1 Adl
indausan1esudtsi idannisunlaesn £ azliarfiaininaauiiluaiedauainisinney

o % ¥ dl % 1 1 ai v o J dl o dl a g a
ﬁ]"JV]'Nﬂ’]u‘ﬂ’NVIi@@’]ﬂﬂ’]ﬁ‘MWI@ﬂﬂq ES’inﬁﬂq‘ﬂﬁlﬂ@Lﬂﬁl\im_lﬁ’mqﬂﬂ@'ﬂum’)%Lﬂmﬂlu'ﬂﬁ\‘l

"W oo~ —T
|€; s

(0_“ G-a} / ;z; 4{.:!

f

£
/

/’ (6-63) (0-03)

i
/

€,

gﬂ‘l‘?‘i 2.31  N13unA1 Secant and Tangent moduli

) ANFUIANITLARBUANIIAIULNNLALAE Secant Modulus

3% Secant Modulus azyAINITARANAINANS LT tasRansuna lugil
dl o [ [ a o o { dl o -dl 14
29IN19LAAUAIIN (5,) InsaTABANNISRERRRALNIEMNANL BN NS Rausa IFan

7% Tangent Modulus Aduanalugunsi 2.50

(8,/B) =(ylEQ®B2) 0 (2.50)
Tnefl Secant Modulus (E.) a1snsawilgann
dlcEd AN YL 1 Vi I16NC)... (2.51)

1 v
ANTUIAINTLARRLUFINIIA1LE N ML LA A duRaUNITNags9a 1N T 1o

TnemseaInannief 2.50 uazaINNan13aLAsIzilagds FEM asuanslugilin 2.32 azldansn

dl o %
N1ARAUAIGIAR (O,,,,,) w1 lian
_ 035HB
8Hmax - TE ............ (252)
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519 2.32  mauleumauERInnIsAReNAIM AT NNINNIgAAINGE FEM fiu

13U UNITLARBUAIMINANUL199 IAanaF Secant Modulus

o

2.8.2 MINIARMNHIAUN

L%

IMUNINURULLRIAINNUYA

nsvnTNINNINgAGITasAURAINIuNeUARlANIaIN Peck (1969) G914

111N13990U99N A3 ANNINIARTRIAWI NN WIAFNY] Aatansligllf 2.33 wudranndayad
Y Y A o 1y v o 4 =’ o ANy aa = !

IunduiinisnszatafaAautineunAivaAlsumnmasan ldaandsiaailudqtag

v 1
Usznnquwingu uazuleusnanaiaaasauluiFonmninuge

o o 1

2.8.3 AMNANNUETEUINNITLARDUAINIATUANNARIATLNINUAUA LN

NTARINHIAU

ANHANAUTTDINTARD UMM ATUGIGATDIN NI UANTLLEFN NS

% % o &

NIAAIN HOAUGIQATBILTDUAIUNANUYA LHAINAINENAUEUBS Mana and Clough

00D

1 v v 1
(1981) 4 dusududnwmilensauialunareinedAasuat NA1WILS Intermediate WAy

U
1

Final Stage 284n19naai9dlALsyanns 0.5 D9 1.0 Aauanslugilii 2.34
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Settlement
Excavation Depth

0 1 2 3 4

3 1

Distance from Excavation d
Excavation Depth H

o

51l 2.33 m?m;mmﬁﬁqﬁuﬁ?:mu’wmnﬁwLLw\iﬁuﬁuﬁmj 284 Peck (1969)

® San Francisco
@ Oslo
A Chicago

A ST I 7 N R

(\)I ‘man

.
H 4

l")f Trman
{™a)

rr

'
o o

5191 2.34  ANANRUSIEUINNITARBUAIMNANUGIGATDIN WS TWARTUTHNUNNS

'
v aa a a %

NIAFINNIAUGIGATBILTIIAUNANIUYA Mana and Clough (1981)
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2.9 M5UsENUANNIREIARNITIREWIEARIDIAITILAAAINUAARN

(Assessing the risk of building damage due to deep excavation)

2.9.1 AMNIREWIEURIBIAITNLNAINUYARN

Burland et al (2001) 1A uz13135n191U 92 LA NIALNABNITLREUNEUD
dl a =® 2 1 al dl a

anA1sniinaIneauyaan tnelfutivaanu@anigaasannisifiaainaiuge aaniiu 3
dezinnlugys) Aetlszinny 1 Annuidamiaiantias (Aesthetics), Uszinnil 2 panudanng
Aan171991% (Serviceability), Usstnni 3 Aanui@avinesalane sn1n (Stability) Ineeiautia
tinsiaaniiluan 6 TNAANNLALNNE BENAINIZAUURIAINNIAIUNFILE THA 0 AUDY THA
5 panuansldlupnsed 2.1 Tagdialludapdi@annasiiad 0, 1 uaz 2 azdnat luilsziny
pNLAEMNELANTRE (Aesthetics) THAT 3 uaz 4 Anat lutlszinnpani@aviesianisld

U (Serviceability) uazaiiny 5 azapag luilszinnarni@amasaadasniw (Stability)

2.9.2 S¥AUUBIAINIRES (Level of risk)

a a

o I o = =
TTAUUBIAAITN LA LI ﬁfamﬂmﬂuiﬂimm:mmmmmewmwm:‘wm 2.1

P

=

‘ﬂLN‘ﬂﬂ\lﬂ’]ﬁ‘ﬂﬁﬂLﬂ’]ﬂf)’]NLaﬁlﬁ’Wﬁlﬁ‘ﬂ’]@

B1AN9ALYNNANITUNINHARHIRLNABNFRENEIF

¥

i

a é’ 1 a dl = d‘ 1 dqj % o [ % a
AzinaTuat ualaN 0 09 2 ANNAIPI9N 2.1 wAvEAesldAusednsedelunisiasain
11892 NN19ULNTHATDIANNEEINEAINANTNT 2.1 HuazluatiiuaneIndelunig
danuan wazaylddauiuainisialld uAdusuatAsiee by TUsUAn1U 1Faa1Asn 1F

1%

FaniHonuaniindig araaz livnzaniaz i NTATe9ANN LAV NNANT NN 2.1

A157199 2.1 mﬁ‘LLﬂwﬁmmmL'&'ﬂmmmmm@tﬁmmmmmﬁﬂ (Burland et al, 2001)
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Category
of

damage

Normal
degree of

severity

Description of typical damage

0

Negligible

Hairline cracks less than about 0.1 mm

Very Slightly

Fine which are easily treated during normal decoration.
Damage generally restricted to internal wall finishes. Close inspection
may reveal some cracks in external brickwork or masonry. Typical

crack widths up to 1 mm.

Slight

Cracks easily filled. Re-decoration probably required. Recurrent
cracks can be masked by suitable linings. Cracks may be visible
externally and some repointing may be required to ensure weather-
tightness. Doors and windows may stick slightly. Typical crack widths

up to 5 mm.

Moderate

The cracks require some opening up and can be patched by mason.
Repointing of external brickwork and possibly a small amount of

brickwork to be replaced. Doors and windows sticking. Service pipes
may fracture. Weather-tightness often impaired. Typical crack widths

are 5 to 15 mm or several greater than 3 mm

Severe

Extensive repair work involving breaking-out and replacing sections of
walls, especially over doors and windows. Windows and door frames
distorted, floor sloping noticeably. Walls leaning or bulging noticeably,
some loss bearing in beam. Service pipes disrupted. Typical crack

widths are 15 to 25 mm but also depends on the number of cracks

Very Severe

This requires a major repairjob involving partial or complete
rebuilding. Beams loss bearing, walls lean badly and require shoring.
Windows broken with distortion. Danger of instability. Typical crack

widths are greater than 25 mm but depends on the number of cracks
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3.1 uni
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¥ o o a d’j | ¥ SUB% 1 % va a o
dayadmiunmdstiiludeyanldunainiasanisneairesn i lFAuanaaana

u

1 1 % = va o dl a a g’/ -dl A o
19AARN L IEIuTRIN1TAaR 1940090 AN A AusTA1 F9ln IR ARLATaIHaT AN
3mmwﬂgﬁﬁm@m@quﬁmimmﬁﬁLLW\ﬂm@uLWimmﬁ, AULITIILIDLLY LAZRANT
QI v v = ?:/ o 1 v dl & 1 o dd’
mﬂqﬂmwm\‘]LﬂmmlummzmmiﬂﬂmwLL@mszI@qum@ﬁm:QmumLLW\mmwﬁq
1&wA  Inclinometer in diaphragm wall (IW), Inclinometer in ground (IG), Ground surface
settlement marker (GS), Combined inclinometer and magnetic extensometer (IE),
Casagrande piezometer (CP), Vibrating wire piezometer (VP), Building settlement

marker (BS), Jack out total pressure cell (JP) IngisnsiaziaeinaeInisa89n1ssausindeya

] a { =2 v v '
Lmeum%ﬂmqmﬂumm@miﬂ

3.2 dayavabluasaontsalidalanustan

' 14 = ya o ! % A o a ]
m:“ﬂ@mﬁ‘ﬂmmmﬂ%lﬁﬂmmuﬁ“ﬁm@zﬂ@mm‘m%mmmauuﬂmﬂL‘]:m ga9ilseunnd

AN. 24 + 000 D4 NN. 24 + 200 TpgdunaunisiadsNant i Wi lfausaa1azuisaaan

[ %

Wl 2 g1 A d9uanITuan (Main station) T9RUUIAANNNI9LTTNDL 25.0 LNAT AN

v
a o

#1119 205.8 LUAIT mm'ﬁﬂ(qmm) 22.15 LUR g meﬁqum%m%mmmﬁmmzq‘ﬂmﬁ

= &

(Launch shaft section) W48 TUIAAITINNING 22.2 LNAT AIINEN2 25.0 LNAT AYINAN

Uszanns 22.15 1wms Aauanalugily 3.1

3.3 ANHMULIDITURULALTANANIFTLANERITIARU

v %
annaeatuauLInan i i lFauiaanariszfuaaatin i (Water Table)

ALNANNNANLIZHIUL 0.83 LUAT ANNENAU TIPSR AN IAITUAUAIL

a

v
v a o

1) A (Crust) Hanwazlufuuienunse J3m11uinnna HANuWIFuLs

v o a a =X dl o ==K
PLALRIANAUNNNTIZALAMNANLTZNIU 2.5 LUAT
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v

2) Fupumnilenaauial1unang (Soft to medium clay) iluAumtaa@mdu agin
SLAUANNNANLTZNNDL 2.5 D9 15.0 LHAT AINTEAURIAW

2
o

3) dupwuteandanauwdannn (Stiff to very stiff clay) iuARWRaa@m1LuninAa
1 v 1
wardiBununaananagidntas JA1 N Aoz 21 afsdenn agiscAuANEn

1l9rannd 15.0 D4 24.0 LUAT AINTZAURIAL

4) Fun38LUL (Dense sand) unasauinfaudieazidaaduinialiunt Jan

N W@agsznnn 42 A3asievs IWLNIZALAIINAN 24.0 e 31.8 1NAT

v
v a =

5) duRuuiaqudanan (Very stiff clay) uawviiantlunig Ndmigeututinnna

a

1 v ! 1
{AY N ednLszunn 34 ATSsaR TaNUTNTTALAINAN 31.8 e 33.0 A9

6) Tunseuiniianiiusnn (Dense to very dense sand) Wunae@duimnatumn 7

= ' o = 2 = > P =
N AUNAABULNAZLAANIN FINAT N 12a81TeN104 69 ﬂ?\‘][ﬂ@w“m Imﬂ@%mﬁ‘ﬁ@l'ﬂﬂgqﬂ@ﬂ

33.0 T4 45.5 139

andayaniatzdsaanazdayaainniImaaaL eI AMANTARIG 1w Auae
UnnIasAu, ANLTN a9t luRY, ArsunidanssRaunuuldsrunesinluny deldlu

nisaenuuLuaznaaiwanisn Wialdmuseen 1aagl13lugy 3.2

25.0m

11 .00 m
T Launch
Main Station Shaft
Section
-t e -
205.8 m 22.2m

519 3.1 unudsresaniisn i lERWsTAN



Subsoil Condition

Project : MRTA

Location : RATCHADAPHISEK ROAD

Station : Ratchada (BH-15)

Water content (%) Unit weight (kN/m) SPT (blow/ft) Shear strength (kN/mT)
o Ground Elev. 100.830 m. 0 20 40 60' _ 'so' ”1'00' 1'20 0 10 20 30 20 40 60 80 100 O 210 40 60 80
Concrete block (Fill) 1.50 -ttt Pttt e
o Silty clay 2.50 *~
i [ . =
i ] ]
i Soft to medium clay
10 4 (CH) o ¢
L N ) 4
. 15.00 - A ° A
i * A * : A
20 4 Stiff to very stiff clay P
(CH) &
24.00 e ¢ ¢ ¢
L 9
L Dense sand ®
(SM)
30 +
31.80 °
Very stiff clay (CH) 33.00 @—A ® °
L o K
| P A Su from UU-Test
a0 4 Dense to very dense sand ® PL 14 —&—Sy(Undist) FV-Test
(SM) C K3 B
r A Ll 04
L < —@—Su(Remold) FV-Test
45.45 <
r End of boring
50

100

i

Y
3.2 uaasanyuzFuauuazmguantavesauluusnuaniiiso i ldausye
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3.4 dayainganulasedsedausng o aasdantsalnwausann

[ %

= A o o ~ va o | = ) X
?qﬂ@:ﬂfﬂﬁl@LﬂﬂrJﬂUIﬁ?\‘i@?qﬂﬁJ@\imﬂqu?ﬂiﬂ/\lﬁqlmﬂu?‘ﬂﬂq N?"]ﬂ@:ﬁlfﬂﬁl@m’]ﬂj N

1) Diaphragm wall {uniunsmraunsagsnimannaireuie Miuulaesaniil
s AN 1FAU TneiANTUN 1.0 WAT ANNENY 35.0 AT, (ANAasUTinminlseds fo =

300 ksc)

2) Roof slab iluncuiuaaunsagdnmany l9iulnsandanaasanisn Wi 16
1 v
Au TneiANIL 0.9 WA @fﬁi:ﬁummﬁﬂ 3.10 WA ANNHAAL, (NMALFuUMiinUssae

fo' = 300 ksc)

3) Retail slab {WNBABWNTAAENUANTIRAINMLN 0.7 HAT BENIEALAINEAN

8.50 M3, (NNa9sumiinilszas f' = 300 ksc)

o

4) Concourse slab HIUNUABUNIAETHIMANTNNAIINUW 0.7 INAT ENTeAL

ANNNAN 13.70 AT, (ANRasUUNMINUszae f' = 300 ksc)

5) Base slab fluitaaunsaldsNmanNasszAURNgAT29801390 AN 1FRY |

a q

o

! v
AYTNMLN 1.75 AT BETITEAUANNEN 20.40 A3, (MNaeFurwiniszat fo' = 300 ksc)

sUdnaaslaseaireannfuanslugiin 3.3

0.00 ‘ EL 101.00 m ISD
X § 1 \}
e 09my Roof!SIab g 9r-90mISh
=
—8.50v 07 m* RetailSiab 'EL 92.50 m ISD
i
13:70 + ‘
=13.7
v 0.7 my Concourse Slab EL 87.30 m ISD
I
//’N\\\* ‘ //’N\\\
-18.075 A B A EL 82.925 m ISD
*72047'**\/ — &= 7%7%*777'—{Tunnel
N Ov \ ‘ /| BasdSlab 1\ ‘ ) vEL 80.60.mISD
\‘T‘/ $i75m \‘7‘/
‘ 7.825 ‘ 7.825
1.00m 1.00 m
—> — | |—> —
d | ¢
SB Tunnel q; NB Tunnel
_35_00’;7 Station | 'EL 66.00 m ISD
< 23.00m >

519 3.3 gUdnaeslasadantanlnilERuan

a
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3.5 Tayarunaunisnagsegandsatiilnlanusann

Tunsnaadreannilsn i ldRusaa1azutsaanitiu 2 404 Aa nisnasdieludou

aDHNAN  (Main Station) waznisniea¥sludaunldfinsainanzglasd (Launch Shaft

! v 1
Section) @vazutivdunaunIInaaiernge Asuandlugii 3.4 uaz 3.5

TURDUNITNDA519URIRIWADILNAN (Main Station)

A
TuRaui 1

(39

URAUN 2

=2

(3%

URAUN 3

=2

(39

URAUTN 4

=2

o dl 1 v o @ a 6
- pngneuuniialdlunnnagaianuneniusulaazunsiia ag
- AR&519 Guide wall
- NARF NN UAL AN IHIBAS
T X 3
- pan@dNmANINe 11T 208959 A319 289 LE N A1 7E AT

(Temporary traffic deck and king post)

v
a o 1

- AARUHUALATIAFTIAIN7

¥ 1
- INIFTAANAUDITLALAINANTBIAEUTIAT1 (Temporary prop)
- ARFNANE LTI ATNY

1 v
- fNnsYARUANTNIEAUAINAN T I lunisnieaiedu Roof slab

- Na#5199u Roof slab
-FaANfuFaATINReN
o a =X o =® dl 1 % ?/ .
- INNIYARUAUDNIZAUAINANT LT TN sripa3 19y Retail slab
- 11N139149995U (Support) 2eduEuNIATIasiamsaliansag i Roof

slab ANUUFAALETNIUAN 16 Roof slab aan

- Neg519%4 Retail slab

° = =< o = A Y o
= ‘V]']ﬂ’]?‘ﬂqﬂﬂu@uﬂ\ﬁ\zﬁﬂuﬁQqN@ﬂVﬂﬂuﬂq?ﬂ’ﬂ@?qﬁmu Concourse slab

- Ne451991 Concourse slab

o a = o = ! v o
- ‘Vl’]m?qmmu@umﬁ‘mumm@ﬂﬂﬂum?ﬂﬂmwmu Base slab
- nag519tu Base slab

- fngnaas1adng lusngnnil

! 1 %
- Lﬁa@uéjqﬂLL“H@?W@?{T/’N’W']Q’I’JQH LL@Z“V]’]ﬂ’]?ﬁu’&ﬂ’]‘Wﬁuﬂuu@’]Ma{‘Uﬂ’]?

7197
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TURaUNI9NaA5T1999AURARINIIALATHNA (Launch Shaft Section)

'
=

AUABUN 1

o dl J % o v a s
- mneuaia i luntsneaeanuneiusulnezunsunead

- AR NN AR A LN INID AR AN LU NS

- In9geRuanivszAuldlunisneainedu Roof slab

- Aag@519tu Roof slab $2mA12

o a =K o =2 dl ! 1% Z// .
- mmiﬂ;mmmuma‘mumm@ﬂﬂﬂummﬂmwmu Retail slab

- Nagd519tu Retail slab

o a =3 o = dl 1 % :J/
- NNIYARUAUDNITALAINANT 1N 378431991 Concourse slab

b7
- NA4319%4 Concourse slab

o a = o = "y o
- ‘V]']ﬂ']ﬁ“llq@ﬂu@luﬂ\???&ﬂuﬂ')qmﬂﬂmlﬂur]’]?ﬂ@@?q\?mu Base slab

- 11NN AT NIATNAN WIS Base slab

- Ansiaanzg lnAiiie ldlunisneaieg lnedsa Wi lERUNA N

Tpazun N0 aa NN AN UAAATLE

v ] v !
- eai19Tu Base slab T9pUMLI28391 Base slab aragganinssiuge

a o gvy = y DA e o
°].|'ﬂ\1ﬂ']§‘°1|qﬁﬂu‘ﬂqiﬁm@\iNﬂ"]ﬁ‘L‘Vlﬂﬂuﬂﬁ‘mﬁlum'ﬂ\iqqﬂ'ﬂﬂﬂmqﬂ'Z‘]’]\ﬂl'ﬂ\ﬁ]u Base

slab lfi3eiL5as)
- Nag@519tu Roof slab 1199

- $MNN97aTU Roof slab ©9A319 Wiau

1
a

v

kTl

PRARITTULT 29NN T TNURIUN

v

- DNAUNANULIULEITU Roof slab WiaNaLiuLlaaan naesioaas



Assumed Ground Level = 101 m ISD
v

J J

33

o
URNBLN 1

=2

Assumed Ground Level = 101 m ISD
K

91.8 mISD
A

v
o

TURAUN 4

Assumed Ground Level =101 m ISD
v

Assumed Ground Level = 101 m ISD
v

Assumed Ground Level = 101 m ISD
A

98.9 m ISDY_|

(33

UAAUN 2

=2

JAssumed Ground Level = 101 m ISD

Retail

86.6 m ISD
v

(343

URAUN 5

=2

97.0m ISD_Y_|

33

URAUN 3

=2

Assumed Ground Level = 101 m ISD
v

Concourse

78.85m ISO

v
o

=
AURNBLUN 6

Assumed Ground Level = 101 m ISD
v

Base
9 =
IURARLN 7

L " Gompattedbackil - .

9 =
AUADUN 8

519 3.4 dumeunisneairsaniiisn i lFausEadausinan iudn (Main Station)



Assumed Ground Level = 101 m ISD

Assumed Ground Level = 101 m ISD

|

33

o
URNBLN 1

=2

Assumed Ground Level = 101 m ISD
v

Retail

86.6 m ISD
x

33

URAUN 4

=2

Assumed Ground Level = 101 m ISD
A

A
99.8 m ISD—

7

(33

UAAUN 2

=2

Assumed Ground Level = 101 m ISD

52

Assumed Ground Level = 101 m ISD
v

91.8 m ISD
v

33

URAUN 3

=2

Assumed Ground Level = 101 m ISD
v

Al
Concourse
78.45 m I1SD
A
o = ) =
AURNBUN 5 1URNDUN 6

Assumed Ground Level

Compacted Backfi[

=101 mISD

7
X
XX

TBM

v 1
o =

IURARLN 7

9 =
AUADUN 8

519 35  dumaunisneaieaniisn Wi lfRudaunldfnsamiomizelued (Launch Shaft

Section)
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3.6 TaYATILASLRLALATTUADUNITYALANZATHIA

%

nanea¥eglusdsn i liRuansanianaasdpsasgaanva TuaAuuuliu

6

wssAuRuannas (Earth Pressure Balance Shield, EPBS) TnaigluaAdaunsiaiusinaniil
ol FaantiuRAnniug iaAge19awnwis (North Bound and South Bound) Asgili
3.3 Tnantisvitiarinanainiofutlszains 18 wms fglueAdawadusAudnatsnie

uan 6.3 WA uaziAumun 30 uimeas Tnaduneuaesnisgaanzg I AR Wi

¥
v o A

antlsn i lFRuTaatiua N sz lasei

3.6.1 MsUALAIZalNIARNUINLAIEIIRLE I A uATaTasdalisa Wi

IaRusEnn

v

wasanBanIneaidoui ldd miuAnfwiorvglied  (Launch  Shaft
. @ [ ¥ ZF AN B - o =
Section)  @FaiFEUFREuARINTIIINNARATAANzg INANeAR T TueA U faanni
4 ¥ o 1 a O (2 o
aaninlngazfaminisiaiznzqeiumiinunlrazusinead  Teaniunsleezunsy
2904 lwdoui @ wiuaadvinan v lusftantupouninaiuman  Sundnidsudawn
TujifundfianzagiaiiulaasdasinnisainaeunsadauuanaaniiafnAN L&y

AINUUAMINTAENEQHNURITIAUNTAdIUN LIRS

v 1
a

TunsaninAsunEaLaznIs@IzglinAzgriuiunelaezunsuteadtiy &
dl £ o o A al/ =] o QOI va 9 o = o %I/ 1 o
fragrzdinsyiananisiadunaznis wansanvesun Eandnun ludaan . seduneuwnanig
anpnunslaezulsNaeaRaNFaNNNIIEABAKILK (Grouting) LFIUNNALBNNILNTNY

lzalusAazianznzgaaniil

3.6.2 NMsyAalAzglaAR Ui LWIan LS MM uAAlArassadsa lnv

UG 12

'
ca

o = ya = ' a ] =
‘V]'JL“’Q”IZ@QIN\WWL uLmzuw’mmmmmh\lﬁﬂmmumﬂmquum NIUADU

dszaagnunfunmyiazanfignians azsdnunfeandsalnia lianiaasuialsmedu

% o O

puduansnaniuan Tnadnieiiunelaezursunaadiznuiiomnzgluafaznzqunu

i i v
A

v
y3aiFuNdn Soft Eye tuluanuzininisneasalnazunsuiead nnnsinsananiassle

%4 &

wha (Fibre Reinforcement) unulnanid@snassuaia liioanzglusdnzqeuldls wen

1
o

djj % ¥ o = %/ . a 14 = dl [ =2
@ﬁﬂumimmmmmmgu (Grouting) ‘1_|mmmuu@nmmumﬂﬁmﬂumimsﬁmLmzmﬂm

Neanaaatn lFmAu
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3.7 TayaaniATasdainneiAIngsNgn

v v 1
TunnsneaFeanisn i liAuiaaiuliinisfinfaesesliadaniedmnssuygi

Tansrfinme lddunanginssnresiiundlnezunsunead, AutTnasauds uazlng

v
A o

v a % = dl a al dl 1 % o 1 -dl
a5 luUTNUINNIALN TeaNAaziNaANTT@auneLilasannisiaainlne A ulaATa Ha T
MN@iﬁLLﬁ@ﬂiﬁﬂuﬁ‘ﬂm 3.6(N LLﬁlIuﬂ’ﬁ‘ﬁmﬂ’]‘ﬂ@\i')ﬂﬁl’]u‘wuﬁuiﬁ L@'ﬂﬂﬂl'ﬂﬂ@@’]ﬂmi@\im’ﬂ’lﬂ

m\‘ijwmmmmmmmi’ﬂmﬂw 3.6(1 Iﬂﬂ&l?’m@ L‘ﬂﬁlﬁﬁﬂu

1) Inclinometer in diaphragm wall (IW) ld3aday @mimmummqmumwm

Aunslaazunsuiaas

2) Inclinometer in ground (IG) lddndiayanisiaaausaniesinudneaasin Ground

surface settliement marker (GS) l39ndayan19NIAFIU83HIAY

3) Combined Inclinometer and magnetic extensometer (IE) 13n1sviadnyanis

LARBUAINIIALENIT0RY UAZTaYAN1TNTAANITBIAUNAITNANGNST

4) Casagrande piezometer (CP) Wa< Vibrating wire piezometer (VP) I%d"m‘ﬁmﬂ@

NIEN YN
5) Building settlement marker (BS) ldindayaniimgnsiresaintsdnanes

6) Jack out total pressure cell (JP) L Indas @meumummmvmmmLL‘qumeaw

LNTNIBAR

1
=

IpeItazIRt ALALNATR9IaNAN TN IR NIATasHadAuFaz A luNNTAaz 5

a

©

Yo A

anilsn AN ldRuFAamsnagU1sasil
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INSTRUMENT SYMBOL | INSTRUMENT SYMBOL
BUILDING SETTLEMENT MARKER (BS) v INCLINOMETER IN GROUND (i6) ﬁ} N
E A BS—-006
GROUND: SETTLEMENT. MARKER ~ (GS INCLINOMETER IN (W)
v v TYPE 1 (SUBSURFACE) G & DIAPHRAGH WALL <+
_ GROUND SETTLEMENT MARKER ~ (gS COMBINED INCLINOMETER/ (IE)
BS-001 TYPE 2 (SUBSURFACE) ©9) 3 MAGNETIC EXTENSOMETER &
TGYRPOEU%D SETLENT ARG JGS) ® MAGNETIC EXTENSOMETER (EX) % 3 % 2
A A A B
D C . CASAGRANDE PIEZOMETER (CP)=| <= | VIBRATING WIRE PIEZOMETER 20
JACK OUT TOTAL PRESSURE CELL(JP) | e
& VIBRATING WIRE STRAIN GAUGE
IN D/W. (vs)
E-oo1 Mg HE5-0%
VP—001
GS-032 6S-031 6S-030 GS-029 6S-027 @ ®os—oze
JP-001
S—036 @ @ - s e e - @ VS-001
G EX-001 3K s -021
® 4$—CP7002 o e Op_Co_ IW—001_¢ 6
0g5 ~0p ;0 op 65-018 002 013
W-002 o L ~00s E%@ 2" mos-o1e
0O B0 My oy 8 AR
57 5 _Q? 25 ot exTooz O _
R 02® S _022 0 L 6S-020
PSSP \ _IW=003 - s = — = 6o G3TUGs JE=003 w004 s
® S 1 GS—007~ P00 W VS-003 o Al-004 42002 >
cwr 004 GS-009 IE-004
6S-037 (®65-038 ® GS—001 VP—002 %CP 0 GS*OWO%
_ IE=005 GS—-008
GS—039 GS—011[X]
G6S—002 G H A
A 6S-012Hw v v
G H 1G-002 1G-001
5 003 6S-013M
¢ H A BS—005 <5
8 A\ 4 é 14
5—-007 S-0
4 B 65-004+X] 1
4 N A
N A BS—004 \qg 1657015 C
c GS—005 [X 34
A
E D C
cs-006 X
al ° | A & o a ~ o d'sL ML ] o = 1 ‘W sL va o
:Ja"lJ‘VI 3.6(N) MU Lﬁﬁ‘@\‘iﬂ@QﬁVl'W\‘lqﬂQﬂ??NﬂﬁWW\TﬂNﬁV} 4 luN19naasNan LI NN L AT AN
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INSTRUMENT SYMBOL | INSTRUMENT SYMBOL
B5-001 BUILDING SETTLEMENT MARKER (BS) v INCLINOMETER IN' GROUND (16) Q}
Q GROUND SETTLEMENT MARKER  (GS) = INCLINOMETER IN (W) #
N a TYPE 1 (SUBSURFACE) DIAPHRAGM WALL
? COMBINED INCLINOMETER/ (IE)
C B JACK OUT TOTAL PRESSURE CELL (JP) . VACNETIC. EXTENSOMETE ~
CASAGRANDE PIEZOMETER (cP) ﬁ; VIBRATING WIRE PIEZOMETER  (VP) <>
45m
205.81m e 222m
[ Pt >
-
By \E—001
VP—001
11.33 mI <> D-Wall (North)

D-Wall (South) .\ ¢ D-Wall (West) —\

NB Tunnel P 002 = =Y N % IW—001 4}
IW=002 r 25m
4} CP-001 #’
SB Tunnel = -
IW—-003 | *
/ GS-001 Z JP-003
16 m
D-Wall (East) 14.50 m
GS-002 D A
27m \ 4 A 4
1G=001
= D A BS-005
GS=003 b
6s-004 [X
A
BS—004 B
6s-005 X
A
C B
cs-ooe X

5% 3.6(2) AumsATesiiadaniaainssulginldlunisneaieanttisa i liRuiaan(aniznisfinm luail)
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3.7.1 daganisiAaauAIn A uIsIasiunslaasusiaaaa

lunsneadreanniisaliinlfAuTia1 lAFARS Inclinometer in diaphragm wall
WadANNTIARDUAININA LT Tasn AR InezUNIHRaaA [9AWI 4 4R AB NMIRART
TudounldRnssinanzglaed (Launch Shaft Section) A11aw 2 ANUMALA (IW-001, IW-002)
wazn13AnFsludauan BNan (Main Station) A1U3U 2 AIUWULR(IW-003, IW-004) Tus1uade
Hlsinandayaain IW-003 Teaafelulul lnazunsisaad AU NINITILATIZINNg

dl o v ¥ o rdl a 49( { o ¥ =

iReusan Ui et lnezunsnaeadnifintuluszdnansiannsaieanntisn v
A lFAuraN Wesanndanm izl Plane Strain 1n7ga T94N191AABUAIMNAUE 1918

v v !
nundlaazunsunead lwusdazdunausasnisneainsiuuansldlugli 3.7

wananidsladandayaann IW-001 uaz IW-002 TIRAFIBYNNAUTA

wilauar1FUTA UARI RN NI HTIEHNANIENUAINNN9YAA T THI AN TR
nunslaezunsuieaguaninadnazinansgnusaniune lnezunsuaagilainiaan:
aluaAnuntvan® Inadayaninanonandlilugii 3.8 uaz 3.9 muansu Tnadisny

= véj
(AR N

AU LA UNIHID AR AN UAALNTLS

ui ALLag A nan3ss
7-Feb-99 South Bound Tunnel BUNINTAT AN AAUNTALATHINAN
14-Feb-99 South Bound Tunnel PAIANNNINNEN AHIIADUNTALAT NN AN LA

NEUENNINNTYALRLe T AN QRN UNTIAT U

=
A0
16-Feb-99 South Bound Tunnel" /' #asanaiansa T Mansny g nuntianiung
=
A0"T
9-Mar-99 North Bound Tunnel BUNINIFAT AT ARLNTALEHIAAN
18-Mar-99 North Bound Tunnel PAIANNNINNTAN AL ARUNTALAT NN AN LA

NeEUENINIYAA1Le THIAN TR UNTIALG
=
anil
19-Mar-99 North Bound Tunnel NAIRNTUAN A THIALRNTNEHUETIIA T

=
anu
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N laazunsuaeassuials

ud A Tued QRIEEEY
16-May-00 South Bound Tunnel  fiauialanzg ANz nzguIuAuweannil
18-May-00 South Bound Tunnel  "&311anzg leAlanznzqeuniiuneaniil
25-May-00 North Bound Tunnel  feuiaianzg aAanznzgriuitumeaniil
29-May-00 North Bound Tunnel  #&3#ala1za ANz unuweanntl

3.7.2 AYANISLARBUAIADIAVLFLIUTALLIN

3.7.2.1 TAYANISLARAUAININAIUAINURITURAY

lunasneaineanfsn il ldausan11dRAA#Y Inclinometer in

ground iadnansARaRAINIABT19eeT ULl 2 9n Aa 1G-001, 1G-002 Taa Ty
a o ZI/ da’ v A ¥ o 1 dl = 1 o

n3AnANTIAReNaNIZT03AT898 1M 1G-001 Tedszazieanitung  laazunsy

1084 14.50 A3 wardansuziiy Plane Strain danfigaunldlunnsids fuaaslugii

3.10

3.7.2.2 TayanIsNEAAIURIHIAY

lunsneaieannilsnliinld@usaa 1dAnms Ground surface
settlement marker Lﬁ'm"mm@mmﬁqmmﬁqﬁuﬁumﬂﬁmmm TnensAinmeiiientiuaniil
a0l IFRuiTanaedneninug Ifdenian s deyaiiag luuuaiiaaiu Inclinometer in
ground UMt 1G-001 T91lsynatidag GS-001, GS-002, GS-003, GS-004, GS-005 WA
GS-006 Feflaztzivainiinglaazusniand 2.82 30, 1115 1., 19.96 4., 29.54 41,
38.72 . UA 51.50 1. ANNANAL waziansuziilu Plane Strain mnﬁqmuﬂ%ﬁlumﬁﬁﬂ

sauans g 3.11
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TA59N15 : s INNINUUASRILLRANSTNIAR 769 : auUUSEAALEN

A07ud : aonisatninlaRusEAN LASRINAIA : IW-003

Cum. Lateral Movement of Diaphragm Wall (mm)

-10 0 10 20 30 40 50
O U T T T T Sllty C‘ay
2.50 m
5 Soft to medium
clay (CH)
10 ¥ =16 kKN/m’
1
1
13.70 m1
15 15.00m Concourse slaby
1
Stiff to very stiff 1
1
clay (CH) :
20 20.40 m
3
Y =19 kN/m
Base slab
24.00m

—*— Movement at completed | ]

25
oof slab stage Dense sand (SM
/ l t g S ( )

Depth Below Ground Surface (m)

3
—%— Movement at completed Y =21KkN/m
30 retail slab stage
31.80m
—*— Movement at completed (A)  33.00m

concourse slab stage

% Densetovery | M _____3500m_
—X— Movement at final
dense sand (SM)
excavated depth
!
40 —*— Movement at completed | Y =21 kN/m
base slab stage
(A) Very stiff clay
45 o
3
Y =20 kN/m
50

al b4 -dl o % 3 o v a e‘d‘ %
gﬂVI 3.7 ﬂﬂNﬂﬂﬂ’]?Lﬂﬂ‘ﬂuﬁ]’W}’Nﬂ’]uﬂ.l’Nﬂ.l’ﬂ\‘iﬂWLLW\?ﬂHﬂMi@‘ﬂiLLV\I?N']@@@VIl@@’]ﬂ

IW-003 luusiazdunaunisnagiraaniiisn Wi ldmusms
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 3.8(n)

Cum. Lateral Movement of Diaphragm Wall (mm)

20

15 10

P
a

NR9 ;D

UUSEANNLEN

LASRINRIA : IW-001

Silty clay
2.50m

Soft to medium

clay (CH)

Y =16 kKN/m’

15.00 m

Stiff to very stiff

clay (CH)

¥ =19 KkN/m’
24.00m

Dense sand
(SM)

¥ =21 kN/m’
31.80m

[ | —— After TBM Boring through
Station Wall (16-Feb-99)

[[| — Before TBM Boring Through
Station Wall (14-Feb-99)

[ | —— Before Breaking Concrete

Wall (7-Feb-99)

(A) 33.00m

Dense to very
dense sand
(SM)
3
Y =21 kN/m
(A) Very stiff
clay(CH)

Y =20 kKN/m’

Diaphragm Wall
Northern Side

\

4 dl o % 4 o v a u‘d‘ %
LRHANITLANDUATININATULINUBRIN LLWQﬂuﬂullﬁ‘ﬂﬁiLLV\I?N"J@@@VI%’W’W

IW-001 lwanuzglaed South bound AMAYAIZRIWAUNIANIT
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A07ud : aonisatninlaRusEAN
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Depth Below Ground Surface (m)

35
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45

50

20

Cum. Lateral Movement of Diaphragm Wall (mm)

15 10 5

P
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NAY 1 DUUSTANALEN

LASRINRIA : IW-001

Silty clay
2.50m

.
¥

—*— After TBM Boring through
Station Wall (19-Mar-99)

—— Before TBM Boring Through
Station Wall (18-Mar-99)

Soft to medium

clay (CH)

=16 kN/m’

15.00 m

Stiff to very stiff

clay (CH)

¥ =19 kN/m’
24.00m

Dense sand
(SM)

¥ =21 kNm”
31.80m

(A) 33.00m

—*— Before Breaking Concrete
Wall (9-Mar-99)

Dense to very
dense sand
(SM)
3
Y =21 kN/m
(A) Very stiff
clay(CH)

¥ =20 kN/m”

519 3.8(2)

Diaphragm Wall
Northern Side _\

6.3 m

122.15m
1ITemporary base slab

©

¥ dl o % 4 o v a rdl %
m@aﬂam?mmummqmumwmmLLW@ﬂumuim@:Lw\limma‘wimm

IW-001 Tuanuzglagd North bound AMANAIZHIUATUNIADIT
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Cum. Lateral Movement of Diaphragm Wall (mm)

P
a

NAY 1 DUUSTANALEN

LASRINRIA : IW-002

—— Before TBM (SB) Boring
Through Station Wall (16-
May-00)

—=— After TBM (SB) Boring

Through Station Wall (18-

May-00)

—— Before TBM (NB) Boring

Through Station Wall (25-| |

May-00)

—*— After TBM(NB) Boring
Through Station Wall (29-
May-00)

Tuaugg A duAnz NN A UWAnNT

Silty clay
2.50m

Soft to medium

clay (CH)

¥ =16 kN/m’

15.00 m | NB 28-May-00

Stiff to very stiff

clay (CH)

3
Y =19 kN/m SB 17-May-00

24.00 m

Dense sand
(SM)

¥ =21 kNm’
31.80m

(A) 33.00m

Dense to very
dense sand
(SM)
3
Y =21 kN/m
(A) Very stiff
clay(CH)

¥.= 20 kKN/m’

519 3.9 dayanisndausaniesuiaesiunsiuRulaazuvsuaeadnlaain IW-002

62

Diaphragm Wall
Southern Side

Temporary base slab,

I'G)-___
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NAY - DUUTTANALEN

LASRINRIA ; 1G-001

Silty clay
2.50m

Soft to medium

clay (CH)

¥ =16 kN/m’

15.00 m

—*— Movement at completed | |

roof slab stage

—®— Movement at completed

retail slab stage

—*— Movement at completed

concourse slab stage

—®— Movement at final

excavated depth

—— Movement at completed

base slab stage

Stiff to very stiff

clay (CH)
¥ =19 kN/m’
24.00m

Dense sand (SM)

¥ =21 kN/m”
31.80 m
(A)__33.00m

Dense to very

dense sand (SM)

¥ =21 kN/m’

(A) Very stiff clay
(CH)

¥ =20 kN/m’

13.70 m:

Concourse slaby
1
1
1
1
1

20.40 m

Base slab

¢

1 ! ! v
59 3.10  deyanipdeuioniedudereshiunldann 1G-001 luwsardunennis

AagFagnntsn WA lFRuSmAN
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Distance from diaphragm wall (m)

0 10 20 30 40 50 60
0 F
5 | —
N -\.—/—l
10 f /
15 - / ~ —*— Settlement at completed roof slab
- - — |
o - g/r// stage
g 20 | // —*— Settlement at completed retail slab |
S o5 E stage _
% B —¢— Settlement at completed concourse
E [ —
c% 30 B slab stage
35 F —®— Settlement at final excavated depth |__|
40 B —*— Settlement at completed base slab .
45 E stage —
& L [ [

519 3.11 dayaniangnsnzesiofunliain Ground surface settlement marker

TunsazdunaunisAagsaanitisn i 1FRws1e0

3.7.2.3 TayANISNIAAIUBITURY

lunnsnieaireanaiisailaldmusTn ldvan1sRiase Combined
inclinometer and magnetic extensometer Lﬁﬂiﬁﬂﬁ?Lﬁgﬂuﬁqwmﬁ’]u%qLL@::ﬂ'l'a‘V]'a:mﬁ')
vasfuAnl 4 frumda usluntg Lmﬁ:ﬁm%\iﬁ%’lﬁ@ﬂL@WW::%’@H@ma?mmﬁqm@q%uﬁuﬁ'
AL [E-001 mlﬁﬂumﬁ@”ﬂLﬁmmnﬁ%wmgmﬁqm Tnadszazvinganinunslaey
uwl312094 11.33 WAs Laziinnafinss Magnetic extensometer 10 32AUAIMNANAD 3.14
., 6.38U.,9374U.,124U.,15.51 4,18524.,20.74 4., 23.98 4., 27.03 4., 30.03 4.,

33.21 1., 36.21 1., 39.31 4. UAY 42.41 . PINAAL AUAASlugLN 3.12
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TA59N15 : T NNINUIUASRILLRANSTNIAR M9 : DUUSTANALEN

a07ud : aonisaltninlaRusEAN LASAINBIA : IE-001

Total Ground Settlement (mm)

-10 0 10 20 30

i Silty clay
i 2.50m

/ Soft to medium
clay (CH)

3
=16 kN/m
10 | v

15.00 m

15

IE-0Q1 Stiff to very stiff

[ o
N 1133 m

clay (CH)
Ratchada Station

3
: : Y =19 kN/m

20 |

24.00m

—*— Settlement at completed roof
slab stage

25
—=— Settlement at completed retail Dense sand (SM)
| slab stage 3
5 Y =21 kN/m
—*— Settlement at completed |
30 [

NN

Depth Below Ground Surface (m)

concourse slab stage 31.80m

(A)  33.00m
Dense to very

—*— Settlement at completed base

slab stage

35

dense sand (SM)
3
Y =21 kN/m
40 } (A) Very stiff clay
(CH)

3
i Y =20 kN/m

45

519 3.12  dayanimgadavesdunuinliain 1E-001 luwsiazduneunisneainaaniil

sn AN 1A RUSTAN
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3.7.3 TaYANITNIARIUDIAIAITLFLIUT AL

a1ngUn 3.6(1) azwinlddninisfiasa Building settlement marker
UnneA9sauanisn Wi ldAuiaNedAAINNIMIARIT8991A99EUINN NN AT

aivavaNnsnagldoyainetinuddanslunigan 3.1 99 3.5

A15197 3.1 ANNINARITEIBTIAT BS-001 seudneinnisnieaieaniiien AN sRuTTeN

21ANF  BS-001 A6 AAUNTALATULIAN
Hudl 798 PIINRT AR 8 du
sraziineaniunelnazunsuaaaa 45 BE
Cumulative Settlement (mm)
Construction stage

A B C D
Roof slab stage 0.5 0.6 0.8 0.8
Retail slab stage 1.3 164 1 1.2
Concourse slab stage 1.8 241 14 1.6
Base slab stage 27 2.4 2.3 2.6

M99 3.2 ANIINIARITBIDIAS BS-002 5219 WNNINNIsinadean s I liRusaa

21A15  BS-002 AR ADUNTALATHIUAN
Wun 160 ANNAT  ANNGY 10 fu
FEATUNANIILNILABZNTNIDAR 283 M9

Cumulative Settlement(mm)
Construction stage
A B C D
Roof slab stage 0.65 0.86 0.66 0.2
Retail slab stage 0.65 1.46 2.26 0.76
Concourse slab stage 0.65 1.46 2.26 0.76
Base slab stage 0.75 2.76 3.19 1.25
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M99 3.3 ANNINIARITBIB1AS BS-003 seidnninnisniaaiieanitisn i liAusan

21As  BS-003 win ABUNTALATUIVAN
ﬁuﬁ 535 ANTWNLNAT ﬂ']"l&lgﬂ 13 %u
srazvireniunslaazunsuians 27 R
Cumulative Settlement (mm)

Construction stage

A B C D
Roof slab stage 0.8 0.6 1 0.7
Retail slab stage 2.1 1 2.2 1.7
Concourse slab stage S ifo 3.8 2.5
Base slab stage 6.6 4 6.4 3.4

AN599 3.4 AINIINGARLLEI8IANT BS-004 sendwvinnsniaaiaanniisn i lsmuimen

27A15  BS-004 ) AAUNTALATUIVAN
Nl 283 mwmms  Anwgs 10 u
srazvineaniundlnazinsNaaaa 27 AT
Cumulative Settlement (mm)

Construction stage

A B C D
Roof slab stage 1.6 1.2 2.7 1.1
Retail slab stage 2j2 2.5 3.9 1.7
Concourse slab stage 2.9 3.6 5.1 3.3
Base slab stage 4.4 54 6.7 4.8

A19199 3.5 AMNNINARITBI91AS BS-005 s1dwninnisnaaiean tsn Wi liRuiaan

el BS-005

N 700

ANTINLNAT

SLHLUINRNNILNI LABZUNTNIDAR

ST ADUNTFLESHIUAN
AMNGS 23 du
16 L

Cumulative Settlement (mm)
Construction stage
A B C D
Roof slab stage 0.6 0.3 1.02 0.3
Retail slab stage 0.9 0.73 1.51 0.41
Concourse slab stage 1 0.9 1.68 0.41
Base slab stage 1.07 1.1 2.28 0.5
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3.7.4 TayausInuUI AR

lunnsnea¥reannilsoliinlERusman1AAnss Casagrande piezometer Lil®
SnAusaR AR 6 am uazARsa Vibrating wire piezometer tiedaAnusafuin FALI
2ap lnensinnsdifeafuaonisa il ldAusaavedineninuslfdenanzdaya
R7n CP-001, CP-002, CP-003, CP-004, VP-001 wax VP-002 11l lunnsdaamauanslugyl

1
=

7 3.13

3.7.5 TayausanuaunnsEinAanunIaganll

lunnsneadraganilsn Wil ldRus A AN sRmsslack out total pressure

dl [ 1 o a v [ a :l/ o Y a A a
cell iNadmAusasuanldnane szaulnaAnsaluniuwne lnezunsuteadsuimuilausnn
Aqunldmnseia1a02g A (Launch Shaft Section) IatiBAFIRIA 1WA unaA1w Y
(Excavation Side) waz#nuuenlufu (Ground Side) Aauanalugiit 3.14(n) lun1s3qaitls
Lﬁ’amﬂw\:ﬂ’]"ﬂuﬁmﬂ Jack out total pressure cell ¥aeLa2 JP-003 TnanaaiLn1sdnusamu
Auluaunuansldlugly 3.14(1) dAvdudeanaiuazdunaulunisneaiiinadasiunig

Amsznaaeg Jack out total pressure cell dunansldlinns19n 3.6

A159N 3.6 TFanaltaziunawluninaasien ldlunisinisinaaad JP-003

2
a

MI9LIN AUABUNNINANSIS
5 Jul 98 — 30 Jul 98 YrRnAUisTilA N AN I riea¥ ey Roof slab (-4.00 m)
2 Aug 98 — 15 Aug 98 fiaa¥edu Roof slab
23 Aug 98 — 2 Sep 98 °14mﬁu@uﬁwxﬁummﬁnﬁliﬂumiﬁm?ﬁa%u Retail slab (-9.20 m)
4 Sep98 — 22 Sep 98 faa¥n sy Retail slab

= = o = oy ¥
YARUAUINTEALAINANT I lun1snasiedu Concourse slab
29 Sep 98 — 15 Oct 98

(-14.40 m)
16 Oct 98 — 27 Oct 98 Aag5199u Concourse slab
4 Nov 98 — 2 Dec 98 YaRuaudNszAUANNANT Id lun19naadedis Base slab (-22.55 m)

3 Dec 98 — 5 Dec 98 naaig Temporary base slab
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TA59N15 : T NNINUIUASRILLRANSTNIAR M9 : DUUSTANALEN

aouf - aondisa v lanusgen \A3RITa%A : CP & VP

Pore Water Pressure (kN/mZ)

0 50 100 150 200
0
5
- * \P-001
10
i & \P-002
E [
g 19
- .
8 I CP}001
>
n B
©
o i
>
o 20
(©) |
2 4
ks
() B =
2 & CP-003
e i
Q 25 F
)
2 i
- & CP-004
30}
i = P
TN | o CP-002
40

gﬂﬁ 3.13 ﬁﬂaﬂ@LLiﬁﬁuﬁﬂﬁaumﬁmﬂ Casagrande piezometer Qg Vibrating wire

piezometer



v

0.00 m /@?%n%%g{face
Diaphragm Wall -2.50 m
-3.056 m
. Y
-5.75m
Jack out total pressure cell —-| v
Soft to medium clay
-8.36m
v
-10.95 m
=118e56mm
v
-15.00 m
-16.95 m
_.I LA N
;20_72 ™ Stiff to very stiff clay
Excavated Depth ¢ 22-2% M 2400 m
TR _.I ¥-24.60 m
-28.50 m Dense sand
v
— v -32.40 m Very stiff clay  -31.80 m
-33.00 m
= Very dense sand
v
-35.00 m

517 3.14(n)- Aunan13mnF Jack out total pressure cell
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600
= I —*— At 5.75 mdepth
§ 500 F —=— At 10.95 m depth
x~ B —*— At 16.95 m depth
~ | ——
o 400 [ ¥ ﬁt 24.60 m depth
5 i —*%— At 32.40 m denth)
? i
o 300 [ "“ri%ﬁm—mu(—x—x
o i
= i ""‘--E--i LZ:*H,—H-_H
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4.1 wan159tAs1zlaed 8 LWl UALaaRLNUA (Finite element method)
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LFARZIRALAZLANILLTNUNNINITAB59 TALAINIFINIADFIAIAURINITD W IAANAENg

nagausie A ldnanaldluumi 2

NN9AT N ITlARBUEN TR SRRl e s aa AL AT B s eLdn Iy
Ansraa¥aanniisn ANl dRus AN Tuas 1433 N2 e e lufea A mudlag 141 sunsy
PLAXIS 11410197 mm:ﬁﬁﬁlﬂumﬁm‘mxﬁ%ﬁwumﬁﬂwmmmﬂmmimﬂﬁmgﬁgmdq
Wuansoue 2 86 (Plane Strain) waze1AekULAa898in Mohr-Coulomb &195u 14 lun g

RVADININALS

AnFuN1sAsziresauas IMAEN133AIZA 2 WL AB N1TAATIZHAMTUAY
wilgas lnnsawmaeiilag 1R 5929919e1s999N (Total Stress Analysis) AN Tne s
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IAEAN299NIAITLLINRBUIRI AWM R Ea Ul NIAINAAI5ULT@aUANN Field
Vane Test NAN1sUFUUA (S, = U S, p,) MMFUATINAT LIRS ARRUIRANMHE AU e IAN
anANNANTLENLEUe TALN LW (2526) uazrAtugdaresduRuMTaIsauLATA LN

wisldunanneaNdniusaualaadseiug (2545)

A919% 4.1 pruantiRveshunldluniswazdidmiuaniiisn i lERusEaN

Depth below Y N ¢ \Y E Su E/Su E'/N,
Soil Type ! s )
Ground Surface (m) (kN/m”) | (blow/ft) [ () (-) (KN/m’) (kN/m°)
0.00 - 2.50 Crust 18.00 - - 0.49 31500 45 700 -
2.50-10.00 16.00 - 0 0.49 14600 29.2 500 -
Soft clay
10.00 - 15.00 16.00 - 0 0.49 14600-30000 | 29.2-60.0 500 -

(Su vary with depth)

15.00 - 24.00 Stiff clay 19.00 21 0 0.49 143850 143.85 1000 -
24.00-31.80 First sand __—2130 } _42 85 0.30 168000 - - 4000
31.80 - 33.00 Very stiff clay | 20.00 34 0 0.49 229840 176.8 1300
33.00-50.00 Second sar;_ 2—100 653 { 31 (E) 276000 - - 4000

A9199 4.2 AnsaiRvestudanlassainaasanatisn i s usman 14 lunnstmeet

fo E | A El EA
Structural Member 5 2 n )
MPa (KN/m”) (m/m) (m°/m) (KN-m“/m) (kN/m)
Diaphragm Wall 30 2.63x 10’ 8.33x 107 1 2.19x10° 2.63x 10
Roof Slab 30 263x10° 6.08 x 107 0.9 16x10° 237x10
Retail Slab 30 2.63 x10' 2.86 x 107 0.7 7.52x10° 1.84x 10
Concourse Slab 30 2.63x 10" 2.86x 10” 0.7 7.52x10° 1.84x 10
Base Slab 30 263x10 4.47 x 10" 1.75 117 x 107 4.60x 10

4.1.2 uan1sasiznanlsunsn PLAXIS iwfauiiisunudayalusuns

nstlszinunIsAfauinTeIn U lnazuNNtead LAz AULFTIITALADNT
16a1Asilaeds FEM Aauansansuizaa9s1taziaannisaininsilugii 4.1 Iaaluusias

Y C Ly v o X
?Jlé[?]'ﬂl&ﬂ’]ﬂ‘ﬂ’ﬂ@ﬁ"]x‘l@:ﬁiﬁ NARNL
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FonnAgaLlsziins 16.7 Hadung NanuuugaaedlnazunsunessuazaziAianatauy

a a

AuiNIzAUANANTszHDL 30 WWAT AMNITALIRNAY

ZI/ 1 % ?:/ . dl o/ 14 v dl a
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92N 1.6 HARLNAT
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dl a d%/ a ai 4N\ & dl o =3 a a
MnrAUAziANINNgAUszaI 16 HARLNAT NILAUAINANLTENIDL 6 - 9 AT AINHIAY

AUSUN17AAAUFIN LA te lnasunaas Azl ANUTeN0s 3.4 RAALNAT AR

Tugin 4.5

5) 4URAUNITADA5I9TY Base slab N19AADUAININAT UL

IS d‘ a Aa dl [ % = a a
u%mmmnmﬁmﬂi:mm 16 NAALNAT NIZAUAINNANLTZNN 6 - 10 LUAT AINHIAY

=)™

AnFunisiadausanusnlangaglaazinsinassariA1lssinny 3 DAAINAT AILAAS

Tugiln 4.6
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Cum.Lateral Movement of Diaphragm Wall (mm)

-10

0
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o000

—*— Movement at completed

roof slab stage

= FEM Prediction

L aag

Silty clay
2.50

Soft to medium
clay (CH)

¥ =16 kN/m’

15.00 m

Stiff to very stiff

clay (CH)

¥ = 19 KN/m’

24.00 m

Dense sand (SM)

v =21 kNm”

31.80m

(A 33.00 m|

Dense to very

dense sand (SM)

¥ =21 kN/m’

(A) Very stiff clay
(CH)

¥ =20 kN/m’
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Cum. Lateral Movement of Diaphragm Wall (mm)

-10 0 10 20 30 40 50
0 e —— :
Silty clay :
1
2.50m 310m1
Roof slab :
5 Soft to medium 1
1
clay (CH) 1
ey e, | I = — . b-- 8.50m!
10 Y = 16 kKN/m Retail slab :
1
1
1
13.70m1
15 15.00 m| Concourse slab 1
1
Stiff to very stiff :
= 1
E clay (CH) i
® 1
E 20 ’y:19kN/m3 20.40 m1
(,3;, Base slab 1
2 24.00 m '
5 ' ¢
o 25
(O] Dense sand (SM)
8 ;
T ¥ =21 kN/m
m
% 30 *+— Movement at completed
8 I retail slab stage 31.80m
(A) 33.00 m|
| = FEM Prediction | D £ -----3500m
dense sand (SM)
v = 21 kNim”
40
(A) Very stiff clay
e | (CH)
v = 20 kN/m”
50
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Depth Below Ground Surface (m)

Cum. Lateral Movement of Diaphragm Wall (mm)
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3
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1
1
1
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15 15.00 m Concourse slab 1
1
Stiff to very stiff :
1
clay (CH) 1
1
20 Y= 19kvm’ 20.40 m1
Base slab 1
24.00 m ¢
25
Dense sand (SM)
—— Movement at completed 3
¥ =21 kN/m
concourse slab stage
30 1’ =
31.80 m|
<
< = FEM Prediction @) 33.00 m
35 ; g = Densetovery | — E-----= 35.00.m
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40
<
<
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¥ =20 kN/m’
50

y 1 v
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Cum. Lateral Movement of Diaphragm Wall (mm)
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Silty clay
2.50 m

Soft to medium

clay (CH)

¥ =16 kN/m’

15.00 m|
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p

S g g A

A 0e aa 22 =

—*— Movement at final

excavated depth

== FEM Prediction

Stiff to very stiff
clay (CH)

=19 kN/m’

24.00m

Dense sand (SM)

Y =21 kN/m’

31.80m

(A) 33.00 m

Dense to very

dense sand (SM)

¥ =21 kN/m’

(A) Very stiff clay
(CH)

¥ =20 kN/m”

Retail slab

13.70 m1
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1
1
1
1
1
1
1

20.40 m
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<---
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—*— Movement at completed

base slab stage

FEM Prediction

Stiff to very stiff

clay (CH)

Y= 19kN/m’

24.00 m

Dense sand (SM)
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31.80 m
(A) 33.00m

Dense to very

dense sand (SM)
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(A) Very stiff clay
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¥ =20 kN/m”
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4.1.2.2 NANISILASITENITLARDUAININAT UL BIT AU WLS LU

3aUTL19 (1G-001)

1) FURAUNITABAE9TU Roof slab ANHULNITARDUFMN AT
wasvatlugili 4.7 InaAnsadausanInigadA1lseuin 8 Haamng NALMSLINgA

wavazAaer|anasNnauiAndugudzAuANANL szHI0 30 WAs

2) d14RaWN1INDA519F1 Retail slab HANHZNITLARDUAINIAL
dreftuanslugil 4.8 TnalAnnfigarlszann 9.5 HaANAT NAULMNLLGN UATAZADE"]

AAAINN NILAUAINNAN 45 LUAT AXHAINITAADUFAAN TN 214 0.45 RABLNAT

z’/ ' ¥ gu’/ A o dl o
3) duAauN1sniaa3 199U Concourse slab HANHIUENITARAUAD
nemudesuanslugili 4.9 Tnadiaunniigailszanns 9.8 HaaAmAs NAUKLILUGA uaY

ATABLTANAINT NITALIAYINGN 45 LT AzlAINTsIARaURIAuEszin 0.8 HaRwums

v I
o =

v 1
4) TUAUNNTYALNDNBAT19TY Base slab JANHULAITAADURD

1
=

ngsnudneisnanalugli 4.10 InaidAwnngailszanns 9.9 Hadas NATUUINLUGA
LATATARETAAAINT ATEALAINAN 45 11AT azdlAINITAdeuAaA il sz 1.4

NANLNGT

5) TunaUNITAe% 51991 Base slab NANHZN1TAADUAINIGAU
dreisuandlugiin 4.11 IngdlAmnigailszanns 10 Faamns NE1UINLLAR LATAZABE"]

ARAINT NITAUAIINAN 45 LHNAT A HAINITARAUFIFNUTNLTZNU 1.2 RAAINAT

1 dl o v ¥ a dl 1 o
ANNAINITLAAAUFINIIANUTINUBIAUNTLEI LTINS 14.50 LUATANNATUNG bpaz sy
NAARN LBAINNITILATIEFee T 9NN PLAXIS WFaifaunuaAniseaaudiandalagann

IG-001a AT IndiAeriBneuy ndusaunaInIsiaai W

4.1.2.3 HANNSILATIZRAINITNIARITDIRNIAULISHIUTALTN

v v
o

1) TURAUANTAAAFI9TU Roof slab AN UENITNIAFIUBINIAY

IS DU

wansatilugili 4.12 Tnaaniamgadannigadatlszunn 4 Faawns Naumiainganta

AZLNTNIDARLTZNIDS 5.6 LAT

v v
o

2) TRauN19N245199U Retail slab ANHMENI1TNIARIVBINIFAY
wansae gLl 4.13 TnarnamgasounigaiALlsrins 6.7 HafLues NAMUMLHNeAIN

ARz NINIDARLTZNIU 7.5 LUAT
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3
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1
I 1
- 13.70 m1
15 i 15.00 m Concourse slab 1
i 1
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= | 1
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[} - 1
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o 25 }
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g I 3
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2 i Y
g_ 30 |
8 i 31.80 m|
| —— Movement at completed G 33.00 mi
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Cum. Lateral Movement of Diaphragm Wall (mm)
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Cum. Lateral Movement of Diaphragm Wall (mm)
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3) TumauN1sNaa319d1 Concourse slab ANHUENIINIARIUBIHI
Aunansag gl 4.14 TnaAnimasianingaiA1lszain 6.5 HAALNAT NAWKLIUIS

AN lpazunINIeaRLlsTiN0s 9.4 LUAT

4) Fupaun19yaNeness19iu Base slab ANEUENNINARIUBIHT
Auuanvag ugln 4.15 InsAnimgasianingaiA1lsziin 6.6 HAALMAT NATWKLIUNS

AN lpaznINneaallsvinnd 9.4 LWAT

v v
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5) TuRauN13Naa319491 Base slab ANHUEN1INIAFIVIHIAY

a0

wansntflugii 4.16 TasAn1ImgasaNINdndATtlazun 6.9 HaAmAs NATUMEAN9AIN

Tpazunsuneaailszinnd 9.4 LUAT
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SHANN eaNNN13AAIZUsnalllsunsy PLAXIS iz uiuaAInismanusandalaann
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Distance from diaphragm wall (m)
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Cumulative settlement (mm)

0.2 0.65 076 065
D A D A
vV Vv v Vv

T Direction of max. tilting

N

C B C B
0.66 0.86 2.26 1.46
Order of tilting 1:32,090 Order of tilting 1:9,938
Completed roof slab stage Completed retail slab stage
0.75
0.65 1.25
0.78 A D A
v \ 4 v \ 4
C . 3 75(9: 2876
2.26 1.46 ’ ’
Order of tilting 1 : 9,938 Order of tiiting ~ 1:3,762
Completed concourse slab stage Completed base slab stage
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p Direction of max. tilting D‘
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B 1.0
C
1.0
. Co2
Cumulative settlement (mm)
Order of tilting 1:74,767 Order of tilting 1 :19,367
Completed roof slab stage Completed retail slab stage
2.5
D 3.4 5
Y <
5 1.9 B 4.0
pEX: 6.4
Order of tilting 1:11,220 Order of tiiting ~ 1:6,950
Completed concourse slab stage Completed base slab stage
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C B C
- 3.6 6.7 54
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v v
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