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ABSTRACT

Nowadays, Underground construction and tunneling have been influencing to develop an
utility systems and infrastructural such as flood tunnel. mass rapid transit system due to the
limitation of surface area. The MRT Project was constructed by the Earth Pressure Balance Shield
(EPB) that suitable for a tunneling in a soft soil condition. The soft soil tunneling could be more
effect on the tunnel and adjacent structures than hard soil tunneling. The analysis and evaluation
of soil movement are indispensable. The research was analyzed by 3D Finite Element Method
(3D FEM) which significant factor of the analysis is ground loss. The objective of research
evaluated for the appropriate method and ground loss of 3D finite clement method in MRT
Project. The result, surface settlement and Jateral deformation were compared with the MRTA
Blue Line Project monitoring data and Metropolitan Waterworks Authority Project (MWA). The

appropriate ground loss is 2.0 percent for MRTA project and 2.0-2.5 percent for MWA

project.
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S3i1dnsaanaumdaradna uade ( £) ANIMINIUDIN YA

o =i a0

mdmaAnm Tug3aiyhnisaanauudi5una1 Modulus of support core ( £;) Taow13 15905

AlFaanoufo (a) Aaaunin 2.4

(2.4)
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2.3 7% Disk Calculation method
. % o aa = d aa
Schikora and Ostermeier (1988)'[ﬁ'u1mumﬁu°lum‘i'Jzﬂﬂzﬂﬁiymsmu 3uA
I sl ac 2 2 g o o - ar
Tumsya91zg lueAFaiiNUZ MUINIINTD sofiening method Fadumarinaue lAilunisoniy
1 L3 gr 1 i 1 ] = o g) 5 o
11ms~gamzqTnaﬂuuﬁamiumuﬂazmm{luunuq (Disks) IaovmihAauuAIRINnULNY
o y ' o o'
10499 1U3A LogAILMINYERL s eny aeandeanyszozme Tum YAz TuaR Ty
' @ - a [ E o ' =)
udazseudaglil 2.13 dmiumsyamiziiaiuooag i (Crown tunnel) HAUMINOIAY 0 AD
(] U - o ' 1 & o
dumihdnveaduiiins g uuvnoay 1 AeduvesglAmimIyams uaz
] = U .:i ° = Y s = =1 -7 o &
Loy 2 Aodruiiimsasumstlestumemainnsduniomisg LA Shoterete
' = = 4 ) I
peuvoEy 1 Huez luianuedans 3(Weakened) iiosnnmsymanzidiuveng luanazdl
' a ! . f o ¥ e '
m'saﬂmmmmsmugﬂmamuTmmmmumauamwa"lﬂawmmmmuwuﬂmmau 0
- o o : g % a0 L A
LasuLILaY 2 MR 59n11(Schikora and Ostermeier, 1988) NUAUHINDIAY | WUAD
[ %,‘ ) = H ' o o
asieMeinYesaneen (¥ = 0) AUSHUGIUIDAVDIY 1IN LAZDANDUABIYINT
[ 3 1 = a o' T gt 1 2 | as
vosduvealaolda a lagimadmsizi udumsyanizg uandaunaauumiouny
a sl I o &
My NAILEDAYeIg A Feamanau (a) ansar Idanms IanazminiuIua

o - : ' 2 @ 3 @ L4
iAasneniwavesmidosiiazusaiioannnuasiimun - (Body  foree) Tumisg Tuan

Shotcrete
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TNeescsssasesesen.

v
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3 ant ' . '
'
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v
: Vi : :
' sed ! v "
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i - 1 g i .
- -
T I - r‘ } H
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v 1A : :
i
i i
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v
S

g s ——————
A

)
== m e e ———

Un2.13 % Disk calculation method (Schikora and Ostermeier, 1988)
3

2.4. 35 Hypothetical Modulus of Elasticity (HME) Soft Lining method
e o ' 3
Powell et al. (1997) Wl¥iAT12v lulnsamMsnsnaa3N Heathrow Express
Tunnel oooniuLILAIUYDY Terminal 4 (g Karakus and Fowell (2003) Tumsdaouie
= ot v ¥ o - 3 o 1 =Y (3

a1 lu Ins an13n13nonIIe. Heathrow Trial Tunnel ' IavlMinausnimisiiaosaanou
A 3/ ' o A & 3 ¥ e s o
(5) wieldaanoumadviuainiiayulunaidug (Shor-term  stiffness) yoariag Tuan

- é’: e - r{dy - U e 9t ¥
Shoterete? N3 UT 2.14 HAAINUFIUYBIITMI AT IZHY lAuA1 HME Ammua liaamiinves

) o o 4 - 5 @ 1 2’, = 5 o o

nmqimﬂmmnmiwmsmmmsLﬁugﬂﬂmwuﬂu“lmw'mﬂmﬂaun"ﬁﬂﬂﬂwuaqimﬂ

< w L4 W yd - = o =1 v oeg " a
sunseiamisglusdansafousaldauin lunsal 1 wisiiaes 5 Whuanldaaneumoan
= @ e 5 g @ P PO, g: '
aan lugaaiifaluszoznadus (Short-term elasticity modulus) wpaW1iag 11 AImivuey
¥ d
SuanuanynselumssunsdldvesFuay - VAL TIUIUTUADUNTYAINIZIUATUINTOY
o = ¢ o a 4

4999 T19A 1INUNANY Karakus and Fowell(2003)11371A83 5 ¥83AU London clay NUNI

@ o 3 P s s ' = e ' o
Elﬂﬁ’lﬂ'lﬂ'ﬂ“lﬁ”) (Overconsolidation) ¥A13EUIN 0.02 043 0.1 1uﬂ5m'ﬂ II A1 HME ¥83WUI
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o oA % k¥ ' ' o S ) 4
g TusmziluAriigranardun (Short-term) Tavlimayiznana 3 347 GPasaiulunsdl 111 e
" o a yd &4 9 A& da 1 a a @
misg lnaraunsaiuusdlduiudaranfomdarain lugddluszozend (Long-term
ty modurus) A1AANBY (&, Reduction factor)@ 15 0H1 IdINMIMuIUdoUNaY

elastici

: i 1 - 3‘. ' = 3 1 o
(Back analysis) ¥43% smasznalundaznsiiuamanundaseziueganuiEilunsya

o 2 '
1wz lusAtazduaunInaaing

NN NN R o o e S

ﬁ/
|

A

R m e, oy IUNS HEC et S e R SR TR

) .

L7 [N
—— - ——— — 4 - - —
3 :
" v

Cosi Case 1 Case 11

HME = 0.Esion 10 Esport term ELc:mg term

= A a ac . 2 =
g‘ﬂﬂ 2.14 ¥ugUNYEHVRS Hypothetical modulus of elasticity soft lining

(HME)(Karakus and Fowell, 2003)

2.5 5 The Gap method
3 o ot o 3 - &l'
Rowe et al. (1983) 181111e11835 Gap method Tumins 1niadsunvesyuaun
o & o e o ¥ o gf o s Ca s Mﬂ’ Vo
mmsuﬂm:ﬂﬂﬂmm!uﬂqummwmﬂwuﬂumuuﬂnfumwmqimﬂ ICURLATECERTRE
o ey o - o & A ar
Y5u1)33TA0 Lee and Rowe (1991) winan ldfadnasmsiines Gap Fanerveanuium

I . o o =t
msgaydouIaautiannmyazg INIRAITNMIN 2.5 1ag 2.6
GAP=U +(2A-9) (2.5)

U=U,,+® (2.6)
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0 = ) ' 1 d
GAP  fpamnsilmedianuavearesinalug e (Gap)

@ fin MMsgaydoNIAAY

i (] 1 d =2 | "
(2A-0) Ao ﬂmnmﬂmm}awaaan‘luﬁﬂnaﬂ (Physical gap) 11003 Y9393

¥
NPUDNIZTHINHANZNUTUAY

24 1 9/ o
A A9 ANUAUVBITIUMBVDIN AN

A 1 a a9y A Y 3: @ o
S a0 dmyssaifiaesyanizeon luiweldRaaenieg lu
i, o ﬂmmmgmmﬁ"mmﬁmmﬂmsmﬁauﬁ'lﬂ%wﬁﬂugﬂmm 3 1iR

: v =) o i 1 o 3; — v 3’.- =
Fan 51w 0503199119 1ug 119A (Gap parameter) vuasinnueou i lusuau

Ffianuuananatu Taomawgesuanideglii 2.1

Snitialpoari GROTRIEL coooet A= Geometric loss of ground over shield

f\_t—

| l-u

| g3

| SE
Bsl—sU%y d °3

| 28

| 42

|

L ]

31/ 2.15 AN317ALI Y43 Gap method (Lee and rowe, 1991)

2.6 3% Volume Loss Control method

¥ 1 1
311 21HeMUN LB Convergence-Confinement method aapsumns
=t = o Al L=y x
qmﬂmamaﬂu (Volume loss) ﬁﬂ AITNIHUAATINITNDULLT (Unloading) ﬂﬂﬂclu“limZﬂﬁﬁﬂﬂﬂ
@ 4 e A
wmqimﬂ (Potts and Zdravkovic, 2001; Addenbrooke and Potts, 2001) UIINNINUUUIDVIVA

ar d A @ = P E i
yoaniagTuea {F) | AoUIAUNNANINNITYAIIIZALBDN Fauaa 1A9INIAZI I IAY
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o :; 5 o %‘J Iq A o Ll
Spumsitive s slumsaosiuaoumsyanz {-AF} feusaiilivinamnuuanay
= s o o a 2 1 2’, o
Tufiemens ahusunuve uavearisg lusAmuu Tuunas TLADUYBIMIYAINT HAITIN
a 5 o o o a ] 1ot s a 1 o~ A ¥
msanaaiagTuen {—AF} fanaiimaoagivenwau0dg IATUNANINTIUINADOYN

P X H - & -
miﬁmnwmmuia(nincrementﬂﬂﬂwmum'smammgﬂﬂ 2.16

b
ﬁ;W Force imposed Force imposed on tunnel
by sail to be excavated boundary due to excavation

¥,= volume of settlement trough
¥, = excavated tunnel volume
V= final tunnel volume

e —

7 =
Noot?

51041 2.16 (a) 35 Volume loss control method, (b) 391883 TUABUNTYAIIZYDITUA U

HUVUBALTI (Solid element) (after Potts and Zdravkovic, 2001).

QA [} :rJ a =y ¢
2.3 ﬂmﬂuuﬂmmsmumaawumﬂumnmﬂ::ﬁ

Q

¥
ar

FUAY 3 Syt miunis sz g hiludsauwua TaoFuuuga
Susuauouinnumin 1.5 WasTuSAINDAIIMI- | wasilusuns e Thames (Terrace
gravel) Tataruauna 2 i 1dnsamssinon diine sy 5111011190018 (Drained analysis)
Tﬂﬂﬂmauﬁ'ﬁmm%’u%uﬁ’a 2 nEedFRIsIIn 26,1 Tﬂusﬂlmummwmm 2 Fudud

ﬂmanum'ﬂmmu Drucker—Prager Plasticity Model uaww u ﬁﬂﬂwﬂmﬁuﬂu London clay

Q

3
=) 4 A

asﬂ%mﬁmwwu‘uu"lwuau“lﬂumiszmauﬂﬂﬂ%uﬂuu SinaANALLY Small Strain model

a1 o .
gy luTsunsuitlflunsling1z¥ (CRISP)
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Parameter, symbols and unit Made ground Terrace gravel
Unit weight 7, kN/m’ 18 20

Young's modulus £'. MPa 20 20

Poisson’s ratio, v’ 0.2 0.2

Cohesion, ¢’ 0 0

Friction angle, ¢’ 30° 352

' @y o a b a &
a31af1 2.6.1 AaENTAvVE I UAUNIMAZIUNIIN Thames lums3msizvinuugenliitings

3211841 (Long, 2001)

¢ & a o
Jardine et al. (1984) 181 lesansanmanaseniuiealjiansvse

e = o ¥V o oaa 1t 9o = - .e v A A
sEmsSmseiiutealfuans lugtupylmin ldma@nueyoauiman eI
Aaundunmasviainiiaumauo Jardine et al. (1986) I@ponanuwnoanumaan

s - =1 b :a‘ 1 - 4 d H
wanyy liE aduiTnnsaTIATeA (R1n310.01% YBIANUIATEAMLILAINY) Fuilun

o @ 3 & e ' 1 et ot Y '

uam‘umanu:nmmﬂuwuﬁitﬁ'mmﬂmmuminaaﬁﬂﬁﬁwqu (Secant Young’s modulus, £,

o ' o é 1 - g ' - i
) m;maamsﬂummmmm‘%wmmsmgmuﬂaumimﬂiﬂamﬁmﬁm’dmﬁnaﬁmuﬁ'w

o o o [ =
Handuaonisnuaauman 2.7

EH g:’l .
E‘: =d+ Bcos a{logm E] (2:7)

t:i =t v ' @ A o =
aums i 2.7 aansodoulvegluguealugamaou (Shear modulus) uag Tugama

511035 (Bulk modulus) A3AUNIIN 2.8110% 2.9 a1y

G :{
3—= A+ Bcos a[logw f‘—] (2.8)
p' 9
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K g1
—=R+Scos{y [logw —”—] (2.9)
p' r

Tau €, £, , 18z £, Ao ANUALAR LAY ANIAS UL DULAZATIATUALTS
[ 1 = 1 9 =
BSums mudwy 4, B, C, S, T, a, A, Auagy fian1nen Tﬂﬂgﬂﬂwmzﬁuimaams
& @ 1 = o 1A
PuuaaadaError! Reference source not found. ﬂqmmﬁmazmmmsUﬂmuuu"lmﬂmﬁ’u

= 3 Y = a o o = o2 @ e & v = o 9
ﬁ'liﬂ‘iﬂl.ﬂﬂ‘lluulﬂﬂﬁﬂiuHaﬁ‘ﬂﬁ‘lﬁm&ﬂ’lﬂ'ﬁ')Lﬂﬁ1$ﬂﬂﬁﬂ'ﬂi]ﬁMWNﬁSZﬂ?WQﬂHﬂUTﬂSQﬁ‘i"lﬂ

Observed
/ maximum

ElE]

peak deviator
(end of stiffness data)
0 1 |

e - "

Projected Projected
minimuim function

51/ 2.17 Curve fitting yoadoyaan3vliuaupInuniua (Jardine et al, 1986)

Y a < 4 d 1) Gala s ¥ 3
Gunn (1993) Ulﬂ'E]‘ﬁ11']UﬂﬂlL‘]J‘U"ilTﬁ@ﬁﬂﬂ"ﬂ\ﬂﬂﬂi‘ﬁwuﬁ’lu‘ﬂﬂuﬂﬂ?ﬂ Jardine et al. (1984)

@/ = o

c; 1 1a ] g a = ar c;
131l Srdaadnludaduny hiven s ginohuediudou 1dasaunsi 2.10

g=ac" (2.10)



29

A
1204 2000 4+
3
2
%80 - 2
o e
; < 1000
g 40
B
a
0 t + —P 0 + + —
00! ot 1.0 10 0.001 001 0.1 1
Axial strain, % Axial strain, %

3 2.18 i’iayaﬁ1aaﬂmaﬁama:mm;ﬂ%ﬂﬂﬁwaﬁu London clay (Jardine et al., 1984)

- g A \ a 3
Taofi gfo aamuAuilosuu (Deviator stress) FRp AR IMTBUYY a uay n AD

' a 4 - 4 i_o o or gi. o = ’ a
Amrsimesveday :niu AR 1A NNTUWU YDA Secant a@vhudias Tangential Al

wa'lddaaumsi 2.11 uag 2.12

secE =ag™’ (2.11)

tan E, = nag" (2.12)

' ?,’ " = o
UL AIULAY (Triaxial test) Muannz ldveuldsguioumm iAo Yo

NI
=Y a’ ¥ 1 o - 1 t:i = g.r = =i
AU altlae nﬂulﬂli'l%'lﬂﬂ'} Secant Iuﬂﬁﬁﬁﬂﬂﬁquﬂﬂ'ﬂulﬂiUﬂ‘UE}\WN 2 ﬂﬂﬂﬂﬁijﬂTi‘n 213
o 2.14
n—1
E, =ag (2.13)
E. =us" (2.14)

1 C; 1 W Y d‘
unue E,, uaz E,, uaunsn s.i1m auas naw ladaaun1IN 2.15 1Az 2.16
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= log(Eu, / Eu,) : 2.15)
log(e, / €,)
a=E,&™" (2.16)

o a a = g = Aa
uas oo Tay Guin (1993) 165 ufuAInTINYes Trescafibuven1Hiims
asnvemmaaniieatanuduisaiidadiiaiidannimsuiow C, AoArmang N

Tynuyusianalaom ¢ uaga Suvenlarunlasauanyanasaunisi 2.1 740 2.18

c=cy+ mAys—)) (2.17)

a=ag+m,(y,—Y) (2.18)

Tau y, Ao 5zAUAIWANT Untrained Cohesion BIRY ¢, UAz @, ABATA 191INMS

AsIvIA m, Ay m, mgasidaimsnldvunlasnizozanudnues ¢ uaz a

" = o o 5 = i = ot
ATNIT A D3 VDUV T1ADIFUAY London clay faneanuReamn 19 lums

= o ¢ & o : o e -
55124 1A CRISP 10591 4 uaalddagin 2.9 uazgil nansguaulinvesnu London

clay



Parameter, symbols and unit

London Clay

Unit weight, 7, kN/m’
Poisson’s ratio, v

a, kN/m?

n

Undrained shear strength, C,. kN/m

m,. kN/m*/m

2

Bulk modulus of water. K,,*, MN/m?
Strain below which stiflness is constant, &,

n,

20

0.2

2500

0.6

See Fig- >
8

2200
1.OE -5
8

2 Long (2001).

31

14 2.19 nananuauAveAu London clay fannehiseulvisyuiui (Jardine et al,,

1 ndruned shear strength. AN/m?
200 306 400

" L

i 1(X)
"

500

0 4

) o

Depth, m

1984)

Depih below gmound fevel (znim

b

Earth pressurcat rest, Ko
Je2 | &) 14 1.5

i

10 4

3 4

1

s 4

—— Earth-pressure atsest (Powell et al, 1997

61)

51 2.20 (a) Mwsuilendian oz higewlviszneivesiu London clay

(b) A3 aHURIVUAUNaNIzUnAYDIAYU London clay (Jardine et al.,

41 4
S0) o
== Mass Strength (Long. 2001
=—0=Sirepth used in CRISP
)
a
1984)

= P=Y d daa J
2.4 3Emsinszilag I lundamua

° = e w ' P4 1 o
nuusassh i zRianyae 17530189933 Ua U (Element mesh) A3
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¥

a 2 g9 a ke = 1a 9 ' ° ¥
3N 2193 IAEHLUTZNUANUIAS IR TIFATULVY 8 TAAD HUUIIABINTIN 90 LIAT
2 o A a =
21 50 was Taodnyaizg Tuarn 191umMsiins1zviigduuuun1asems Heathrow Express
" A ° o ¥ et
Trial Tunnel Type-2(M.Karakus, >00idou lvweuwavesuyuasuiuuuy liveulviins
4 { A 3 ' T - > g — 5 1ot
inaauRRE T Fhenazyn dudmmatlununy(Pinned) FudgUmmaounuy il
MIOAAIAAIBUN 8 "qm‘iﬂ (Non-Consolidating eight noded linear strain quadrilateral, LSQ)U@&
4 a (7= @ e g ' % . . .
‘uumugﬂﬂ 1K Aouuyy liinsoeRIna LN 6 1990 (Non-consolidating six noded linear
4 ¥
strain triangle, LST) 1% 11@2una19v03%uaU FUA MUV 3 yaneldiiluuuudiang
o - o =) s :? [ = P
YoatioatAn Y (Rock bolt) Tashawuaedrimduaaniunisingzi 21y Ao wuvi |
o wd 4 bk 2 WA A Yhanw
1S9 Shoterete [ FFUAIUADILD LD LSQ naryuEINLyUABEinanIAN 1A tazuuy
é o # r 1 1 o
7 2 nupTiand Shoterete 1FHUAIMUUBATY 3 JAADATTUHUIVOT ShotereteA1UUBNININY

2l .
250 Hadmns wazanlug Tusd 150 Hadums TaoliTunaunIIYamIza

: " a o o ¥ "
5% Taol¥mdarain lugdaiszoz13a1d (Short-term modulus of elasticity) 1NN 5 GPa
hlnwﬁmﬂ:ﬁlﬁﬂnl’%umﬁuvﬁ’wﬁ Convergence-Confinement method 77 Disk Calculation
method 3% Hypothetical Modulus of Elasticity (HME) Soft Lining method 1Azt Stiffness

Reduction method
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Ui 22175 sMBve U100 a¥ uALTIF UM IATIZA (M.Karakus, 2007)

2 o. ) 5 1 :‘a 1 =
FUADUMTYAINIZY THIATNINUA 12 sumouTasluuAaziuaouzmimsIns1ed
J L] g; 1 é -4 “ o 3 a q’ 1
Sludugeuyianua 5o @94 (50 Increment) FuRBINBNLY IHINARNUTUAD HASTUTIY
o o ot = ! ] o o = ' a v &
voauuyUTianImsesnumsianatovesauz 1AM UATIZRINGIT AL ANTUY
. < = = o 1 N | a o £ '
(Single increment) Fims3ins1en lasmaniadavdaomnmnu lerwvitlimussluauves
o 2‘, = 5 3 " 9 ar 2 j di et o 2’;
uuvmaawuﬂuuumﬂﬂam'lufrﬂﬂﬂamnu (Divergence) Ve lEasnMItaI i uAuNs
' ' ¥ T P ! o 1Y Y Ay W o >
'Qﬂmsamaa1meaumwﬂmxummmuﬁmmnmsﬂlﬂmmmm‘smuﬂuuuumaﬂwu
a ¥ o a a1 9 Y . [ by o a
wmnuuﬂwmﬂgm%1:‘nqTmﬂmuuumumwuﬁﬂmumu'ummsﬂaanummmmwm

s & ¢ VAR
AudsTuADUMI YA Iz AAIAIFIN

1* cycle excavation

4™ cycle excavation 5™ cycle excavation 6" cycle excavation

1t 2.22 Fumeumsyanzglued ililumsInsITA(M.Karakus, 2007)
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2.4.1 HAMSIASIZH

o o

4 ° 1 v da a o'
nansInswminzinauemmangadanAaau lunynwesglusnlao
st = Lo Y 2 = ' P '
mslTEnsinsgidsnnanuudaeznouiousenams [9sudmuuua I 3 9Aae

o t=§J L L] 4 a ar d 5 = -
Susudmupvdaoiion lunuusiaoamisgTusd ShotcreteIHaNI AT IEHIIAL

1
=]

a " |
1) M3 I3 lAuTD Convergence-Confinement method iﬂﬂg‘ﬂﬁ NUDUUA
s o ¥ o w A e ' o sy ¥ o
yoag TusdihmsyamziuiiiamsinaouiivegadelinuveuYesg IueAn Idimsya
- ST R o x A ' A B T,
191213 8NN AU A ULV VVBTIBDN (Solid element) INDHIAIVBILITINNAVUNIAADU
3.’.- 1 g i 1 Y g 1 5 -]
vintulFaaanen (4) 040 luFudunuuaoiion uaz 0.30 luruaunUuaIu 9I0UUN
' = ¥ o | ' @ 7= - Y 4 ' 4
awsanaanouudanaylildlugadovesnig lnsnaulunamiassuiemninisinaou
o = o = -a o Y ¢ 2 dq yax
flumsims eIz uaNmAIen 2 53 Tunisyamigiidiuduveiq luanuunlyis
- ) Vo - o o oA @ ' P ' ' = "
Ao Taslanus innigvimyaneiveusiyg Tusd ludufiyanda iy 1duseinz i 60%
Xy " it 2h o o Ry o
TuFua Ao DAL 70% THFUANUUUMUYO IBIYAIDIZY LNATILLUA T I01D
2 do ol A

: ' ' P % o ¥ = &
nmiunsiramsmasunveigade luduiezyag luarud ninmlne Ay Fanans

a o A o
AATIEHIWDH INITUAY
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Offset from tunnel centreline. m
0 =20 40

40 20
0 1 J

Settlement, mm

—a— Measurements
—+— Continium elements
=—0— Beam elements

Convergence-conlinement
method

L]
n

: 1 ar = 0
U 223 MmsngadahiuuIu13910M5 35 1EHIALTE Convergence-Confinement method

(M.Karakus, 2007)

" v Ay v = o 2 1 1 &4 4 - = o Ve
i A 19 INNT ARSI AVDIFUTIUUUABIIDALDIL JULINBUAUAIN IR
Vv "oA 3 - " T s Qs v o v
& vinauunuhianessduniiuananean lduammaniadgigadinunIng ua
¥
dmsusudmuuuumudavazvaadunsiidnvus Indifesiunanisasivialumnuuan
o e I v ok W 4 va:, 1 g = a
msngadagegaiannanamuseagl I msdenldudanuunulun s iz

y : " .
Tau3RinnnumzauInnMI IFsua I UABIH0Y

o L v a 4 et ¢ i
2) M3 AATIZH 13T Stiffness reduction method MIINNTIZHAIBTT 19

1 o 03:’ 1 " 4 ﬁv L} y:
aaneu (o) Wi o.50 Tusudiunuudeiiisauag 0.875 TuFud UM UTINANS

a LY e
ANTIENNAIUN
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Offset from tunnel centreline, m

40 30 20 10 0 -10 =20 =30 —40
L i 1 1 0 1 1 1 ]

=

g

£

=

3

1951

—— Mcasurcment Kq

—4+— Continium clements
—D— Beam elements

Stiffness reduction method

; s <
U 224 MimangamlunnvInMINNTIEHlagIE Stiffess Reduction

method(M.Karakus, 2007)

= a Ay Y ¥ = @ i o 3 ' -

ninglit - wamsinnzidi ldianulndifestumnia ldnnauwn uasziins

P o Y & % - i 2 J A [ " A 1

Wewuwanios  Finraanaui 1 uaaumoau@IUIIUMUINANFUA IV UABILDIUAN
" o AW Y 5 - Y v A 1 90t = 4 = = t
amsngadan Idiuiianfesnddaiwen Idhmadnu g v U INUMINIUNANULTIND

ar g - o a9 i o ) :; "o =

aniwiieaanauanuansaduuse 1dvesduiosaz 90mnIINganIN IAtiuoIIIzIMNUAM

X L Mg A ar Qw 1
Faldninauy Faennsnazy 1dnFslawnsaldmsaameumiusuduuuumunog

A" U ' ~ et
Fudrunuuaoiioalda
- o oy 1 P == = a’g = - |
3) M3AA512H AT Disk Calculation method 3515 3AT 12 HILUANUANIWAUID
Stiffness reduction method LUALAILLANAEAMI aaNBUANNAINTOT DT IdvesAuTums

¥

& ¥ 1 g o = o & " & 4 s
yazaa lenisaanauaniminesan (7, = 0)duryudaesgtuuulunaaziuaou

& o s or =
MIYAIZLNY FINAM3 AT 1SN 1AAIZ1H
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Offset from tunnel centreline. m
40 30 20 10 0 = =20 =30 —40
I L 1 J
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(M.Karakus, 2007)
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Offset from tunnel centreline, m
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—x— Mecasurcment
—o— Stiffness reduction method
—4— Disk calculation method
—+— HME soft lining method

—e— Convergence-confinement method

Shotcrete was modelled
using beam clements
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o —FR— U. 1U befors the shield face

. —#— C_ at the shield face

o —®— D. 0.50 behide the shield face
=8 E_ at the shieid tail

=—gr—F_ 2D behide the shieid face

==8==G. 3D behide the shield face
I G oo 4D behide the shield face

5 b=

Depth (m)

CL =188Bm |
2.35 m from the inclinometer

Avg. Face Pressure = 100 kPa
Avg. Grouting Pressure = 2.5 bar 1
£ s fo WYy

Py T N

2 0 2 4 6
Lateral Deformation (mm)
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7 | —B— Inward ground movement over the tunnel crown T T
-8~ Outward ground movement at the tunnel springline
- F Zone 3
B¢ H '
- G
£ C
c = ]
s °t
g B Zone 2 F
é 4__ E -
&k D
- ”
r S,
-— : /"--‘
'9 2'_ /’ 5
E - c = Grouting Effect
g Zone 1 /
e r o
e A s
£ B
) el L I | L |
-2 -1 1] 1 2 3 4 5

Distance from the shield face (D, diameter)
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3 v b . . .
2. HANTENLAINNIBARAU YUV IUA IOV UL (Tail void grouting)
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aTusddennuduigadanganssudananaaslilu 10 3320 SninaninanuaLYes

L= = d’ ' 1 4 o -
msmmﬂuuwawam:::mumamsmﬁaumwuﬁma‘ﬁwaaﬂmﬂmzuzmﬂnuﬂsxmm 6



82

wasnndmisihnssaaaify wiedwalugumis D Sedumis F uaasl3ly 31
3.3.19 mﬁmﬂzﬁmmmﬁnﬁuﬁi:ﬂ'inmmﬁ"uwams%mfujuuawmﬂmsmﬁauﬁ'ﬁma
Sushavesauosnnng luduaasldly asei 330 TaoldnSouiiouseninedasidou
mmmmﬁuummiﬁﬂﬁwﬁ,uﬁim:usmﬂ‘uauqimﬁﬁﬁwadﬂmsLﬂﬁﬂuﬁaﬂanumﬁuwuﬁ

A a = 4" " oas " o ar
wmmmmsmaaumaﬂﬂumﬂuﬂzmuagnmxuzn13mn‘uauqiuQﬂuazmmﬂwmmiﬁﬂ

ugu.]u

 a - 4
\‘ FUAUQIHANDOMUDIIN

I

.
, nudatminy

d' s oA o o : d' L) ¥ A b ¥ =
3Un 3.2.20 SnEwaoinmadanamihfuiid ManszNUABMIIAABUAINIINIUIINVE AN

a YV & Jdaa é
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@ ldninanuduwutvesnnuduuazannasoaluds W ludsdwudiglnssudiu
' H 1 r =% C\y L Mo A
(Geometric shape of clement) ¥awwiiauAzsRsAeMITATIEA Ao Fuduluiifife,

g U ci 1 - o 3 1 ye‘f U .:i
warFudauglamumaon 1wy msdmsziadulusdasssnudldudmanmaoee



83

o g 1 &' U " s a &Y daa d Y a d
amﬂznﬂ'lmwn'nwmuau Elu‘)ﬁﬂﬁ3!ﬂi1$ﬂﬂ')ﬂ1ﬂ1ﬂﬂﬂﬁlﬂ‘ﬂﬂ 'JJ‘UNﬂEmlluﬂ'ﬁ'Jlﬂi'I:iH

d‘ o’ oA W ﬂ’
msindoudIaza Ay Tastelasil
o “ a £ + dagy g e a ¢
A) YmsRenyia  UATYLIAYEIFUAIUN IFUNU IATIATIINADINITAATIEHA N
Y A A o
IAUNIONMIINADUAD
' a a o S 1
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a o Cd
aaruauNI N5
"o T - df 3 . e P
) ledeulvvouwa (Boundary condition) tazi3ou 1uiiieaAu (Initial condition) N
NIIUAT
2) AIUHIANUANIAZAIIATUAINMIINADUATIANZYAAD (Node)
= o 7 o a ¢%/ daa ot - ad
m3Sinsed Iassadramessaone lusuglueiiy deuld I luasdnualumsinsizim
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3.4.1 manoanhnsngei
Tugmguinfamimadminnssusis Tao s uiludaasinisan
o A o 1 A s T S 4 4 2
Fanua 2 Fouly 1un doulvanuauga (Equilibium condition) ouludumaindeudd
- g . . o o { " < - - ..
(Compatibility condmon)ﬂamﬁuwuﬁw'mm'imﬁ'uua:mmmsﬂﬂ (Constitutive condition)
; b 2 S
uaziiou lvvoviva (Boundary condition) Baks wasBuanAe 11lil
4 ey LT ' o at A
1.1 Nau”lwmmﬂu@a (Equilibrium condition) wiieaniy 2 Aol AD auga
mousn (Overallequilibrium) uax’duﬂ,ﬁmuiu (Internal equilibrium) ﬁ’nﬂamﬂuﬂﬂﬁﬂmi
s 1 = @ aa J
augavesamouen  uaz luwud drweugamolunafesiuanudunsluiina iy

(Internal stress) a‘ﬁmuiﬂﬂ“l%’ﬁnmss%mqﬁuﬁ 3 aun3 (Timoshenko and Goodier, 1951)

uaraa 13y qums 3.4.1 Daaunis 3.4.2
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#s Ox Oy CaflunaudusINTufia x y 1oz z Ay uazAuAuRBY Txy Txz

Tyz dwiumiahwin (7)) nssshlufienis zlasimuamesmnouandmivaimidu
o N A o < 5 &

$A(Compressivestress) HAAIOIMMBAUEMTUAIMMAUAY (Tensile  stress) Taona Ty 1u

el AN S g
Wnmvoas sidavuhuilefagesnaaslugilvesn nunudweas 13l 3i 3.4
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5141 3.4.1 #311)52nOUVBIAINAM (Stress components) 3 Hif
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12 deulymsdiun nmasudmioideowlunouunadiiad  (Compatibility
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ﬁumiﬁaayﬁ’uﬂﬁ'ﬁummmm‘%uwﬁm%”vi”ﬁqﬁﬁﬂﬂmﬂ“%um:ﬁ'n% (Small

strain) uaad 131y aums 3.4.4 uazaums 3.4.5
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Py - o = A& 5 = o ]
Tunsfidugnasadiufaadndudu (Lincar elastic) nmins (D] wwouoylugilues
TUNIE 3.4.8

Tauhl  E Ao Tugdaannudanguvesiy (kN/m2)
n 71 831871 TN (Poisson’s ratio) YIAY
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gl =0‘ % = :
Pt Tkl e dy 0Oz Ve or 0z 3.4.9

2. AUUINTIDUUUULNU (Axi-symmetry) a"ﬂyiuzﬂt\ujmﬁﬁmmﬁnmmiau

HUAAUITY IUTINUAIINAN (Circular footing) meldminszyvewsanainaue (Uniform
o o = o a ‘.

Load) w?ﬁ)uidﬂizmuuugwﬁmmwmamwu HAZMINAADUNTIDAMBUNU (Triaxial test)
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Taof u nay v Asmsmaeuinsamadoglluiansa1unuIsail (Radial direction)
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¥
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w lifinswdeulas dfuaufiiuSagdmeanFaduniidunniian sdasidaun
oauvy'hiszuneh vy, Bauniy 0.5 s lsna TunssnnameisiFiauaniu 114

1 Uy, = 0.5 s linsAnnuiadedanaadednay1d
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[ * ¥
suiilounvin TugdavoansnBounlaniuas diarbisina daniulumal fiifudaiion

fnuamogluyieszning 0.49< Uy, <0.5 (uzah 1819 vy, =0.499 dmsumsinannlng)

- d =
3.4.4 MINATZHLVUA AN sz ansHa
o o = d E e o ¥ "
ST UNII TN ITHUVUAINIAUS Y (Total stress analysis) 1urI999na1231
= a a @ ! a
a2 lifims s annisiaeunlasnudiniilu Tws adu (Change in pore fluid pressure, AU
M ¥ ¥ =
) uapansaideanisnauamsdsuutdasnnuamilunsdu wenvnuu lavilnaud
@ ar o ' ar = ar =
aun1s AN FURY S s En e mAu A uA A savesdwintoy lusduuuanudy
aoa 1 a 2’. = o = [
Uszansna (Effective constitutive law, [D°]) ¥INNIT AU 1umnmﬂzmmumm'lu'sz‘uw
- 4 o ' ] P - d °
1 ranusasuaaanslaeunlasnnuauiiilu Tns sau (Auf ) 14 Avzauisamiuim

msilasuntlannudutlszantwa (Ao 1aaslu aums 3.4.11 uasauns 3.4.12

{Ac’} ={Ac}—{Au} 3.4.11

{Auj}r ={Au! Auf Auf LA O} L is

4 a ' o [ o & ' s aa
denersmswruanuduiuirzn i nusuiuaNuasvan o ugluoy

Jseanina (D] sraisasuramslasulasanuason (A€ J 1800 aums 3.4.13

{Ac’} =[D'|As} 3.4.13

3.4.5 Jymanudniussereauivlassaing
ﬂngmmﬁmﬂssmi'iﬁmﬂﬁﬂﬁﬂmumﬁlﬁLﬁﬂjﬂfﬂﬂﬁﬂﬂ3111ﬁ'uﬁuﬁixwin
aunyTns a3 1a(Soil-structure interaction) 151 § TuaALLVE (Tunnels) nMsmsuAINITUAY
(Propped wall) f111W 371 BTA (Anchored wall) Aduaaslu gﬂﬁ 3.4.5 a38010%u 1unIs
N5 g Tued n1s 61nee§uﬁ3unﬁqqimﬁua:§ufhuﬁia;‘%uszwiwwﬁaqimﬁﬁuﬁu

1 & A = 1 as o o 1 - ] o
TaosouiludnmilsnmdidufimnvesTymanuduiuiseniedudulaseade dudu
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TR YRS VRS

/ \
Props
\

Tunnels Propped wall Anchored wall
dl :; ﬂ; o ar o ar d 1 a a + 7
i 3.4.5 dymiineadeaiunnmdniugssnirduiulassai

3.4.6 VIR UTHA IMVRalAsIai Il
o .:? ¥ 3/ ye.\’ U 0 .:'q e
lunmssiansrudiulnseadnlaons1¥s¥uaIuaiiind (Continuum element)

o =1 1 = = o =t = ' ° 3 a ¥ a
annsor dlumangui ualudalfidesinady arvh lmsinateranataluns
L] =) ar g ) 1 g ) L] z L) ¥ H
AuanE iR eenn sasdmIaYe 13 udu Bz au SaadmInailynin
o iy ' 3 o 5
Sn5199 1 1ddeanss waziBeavesveuwanssavgulumhdavea1asaiia (Yield zone)
- - e | el el o - 1A ° ] ' ' ' = -
wieswazboamnavulunihdanu dhassmamosamneziiild1dause wu Amdonse
AgIqAYEINITLIAUAR (Bending stress)  ATIMIAILIADY (Shearing stress) wioanuAuly

«; = J v 4 ° 3 a 5
HUAINY (Axial stress) Mnavu A w1 lunsesnuyuniidavesIasaadaniv
ar 1 ] J (] o a o s 57 oy
Sapthasy A5 1980 dIuAM (Beam element) 1un13§1009 MAUAY (Retaining wall) 130
yc?‘ ' o o - o 9
A5 1 9B AU F UL UL ALAUT1aRIaUPER (Anchor) WIUAY
i o o ae ' - - o =
a9 ls ey FilFudauuiaria Nawsaldlun1si1aeINganI sy

¥ 1 ] G}y L
SuduInssadieldosrammzan 1w lunsdinis1¥Fudiun1ulfa (Curved mindlin beam

o q" ¥ a L3 % J ) J =
element) $1093% 1 & 21 #1799 Tuad (Tunnel lining) w3015 1¥¥UAIUNUAI (Membrane

3 ’.,' s o ar o <
element)V1009IAWUNINA (Propped wall)ﬁ%iummiwmﬂmma (Geofabric)

3.4.7 WU IR0IE VI U IUABITON

= ¥ w

= o 4 ar o o ' = ar
Tudgyrin1aiaanssusstmatinNine1veINUANUTUNUTITZHINAUNDY

o 3

Tn39er313 (Soilstructure interaction) M3AABUAITIINTTzNIAUNY Inseadiszdosagly
- aaad - o " = o “ 9 - : [l 1 -
Souluneuunaaiiaamilousu ualuuiensaisuiunezdeunusudiuaeroy (Interface
U c:? 1 o @ J U = 3 4 ; a’.‘ i ]
model) 5$M319ruaIu Tnssad s usuaay elsz Tesivinmslasudiumalszinn
3 a ) gl bl 1§ a § v 2l N3
vpelassadraazan wu M3 lFsudiuasiioluau (Continuum element) ua lFFudIUATY

L ¥ 1 g 1 H " o Gy’ =
g Tnsead e (Beam element) A2INABIIBI5E1I 2 Fuaunarguyuiuiu 0199zl
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' o - d T T S 1A o w & 4
anuganinlumsinans SaduiluszAoaiiniud uaeidou Ysz Tomidid wydnlizmine
. I ¥ 1

HoRnEINGANTINIBIAIUABIFENI (FU TIUADIFDOUTTHINAWNINUAUNYAY D192

$1009IWQANIIHUVVAY (Smooth) 11N T8l Ranking earth pressure wiouuuiusudsanIy

(Friction) 144038 Coulomb carth pressure Taulimsiiouyuus udioanuszninadumenuay

o @ ' wd v A ' - q a P

(Interface friction angle) #79819M3 [F¥UTIMABIFOUUULA1Y ANUFHTUNIAINTTUE IV
maiingauaas1lu 317 3.4.6 ausoagyladsi

Vo g ¥ e A s VoA R Lo
a) Lisuiludsunysudiuao¥eulunsdiasinsneiFous T INFUAIU
o & ' a ad ' >4 1 = g £ ' 1 4

Tnseatratududiuau Taoisudiulnssaduasudaudeadusudmnuusdoiios

L} 1 Qy 1 lg L} =Y 1

(Continuum element) ¥Rty LazyadesskIndudu lassadunzIudILAUIADIOY

Tudumiadeanudanans13lu g 3.4.6 )
yg 1 Al d‘ o J 1 1 A. o
¥) 113 151 dunpudedieslunissiassiudiudeey laviiua
° o o d ' =4 2 ' ' y a
LuUaen @ sn Nk ulazaNuIAsAveIFuduAeTon IR U M
1¥91mues 1 19 ms 1Fuvudiesauei-gaeui Taofmuayuus A@oanIu (Angle of adhesion

resistance) A1 ¥1ANTABITMLILLIROANN (Frictional interface) Adutaad 191y 3111 3.4.6 v)

Structure Seil Structure
OO o
m 1isins 193 udIunetiou ) e usoniteahiudauaoion
Spring

r. —")

J S
Soil Structure Soil
O -0 O ’e
¥ 3 i | ped o =4 [ '
a) 1¥af5 wiluvumuaoyoy 9 19sudrumemiluyuduaoyon

Ui 3.4.6 Mreehanslisiinsududeennuumiig

'
=

Qy 1 l’:\v L T 4 4 1 U i 1
a) M3 lFsuaumSailusududoiyen Tavesdauanizniaeyaaeoy

asatududaaaslily U9 3.4.6 A)
b4
o s l¥FudmnyuTassadeiies ety nisafaiuyiiacalae

A’ 1] r-Y H 14 f: L] d' v
frdauTnssadaemey i 105A7M U (Zero thickness interface element) I uFudUR 14T Y
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Anuinuge mazensammuanUTIa0 R uduRLE sz IR AU ) S uAves

Fudmdoroumnzautuanmms 19nunia1d uaz lisuniudegiialassadiedoods

ueras1dlu 31N 3.4.6 9

3.4.8 38m3 Iz
= d =] = b s o daa o
msimszAdynimassaimaiinlavldvndannisvesdsns I luasdmua
a3 e o o" ° T 3 o3 > ¢ U (= o 2 & av ' =1
Gu3imsamaed lasyimsusa Taseadeantluruduuansg IUIUMUL FIFUTIUANT
3 ' g U ] Q’J ] Ll " ﬂ:’ 4 < o ﬂ.ﬂ J 1
3011 FudIUGou(Element) tazsudILdDuMAITIFPUAANUAILIANITIN T JAAD (Node)

¥

aauanae13lu 31U 3.7
ar 5 o - o ey i aav ' ¥ a & [ '
HadInNuHu ﬂTﬂ15’Jlﬂ51$Hﬂﬂlﬁuﬂﬂ‘uﬂ&!kﬂﬁ&’ﬁ!uﬁ?uﬂﬂmlﬁ’?u’lﬁu’L‘(TLJU'E]U

]
=) =

4 ° = a g a o ) o o
mnmmmmsamﬂzmm%nﬂsa lﬂuﬂﬁ’J!ﬂi)a‘?ﬂiﬂ?QﬁgNﬂQHUﬂ ﬁﬁ'li‘ljﬂ'lﬁlﬂ’ﬂﬂuﬂﬁ?ﬂ
= v i ' a il A a A A A )

msmugﬂmaaumawumuuaﬂ TIzW%ﬁiuTﬂﬂJ‘NNﬁ‘mﬂﬂi]'lﬂﬂ'ﬁkﬂ‘ﬂﬂuﬂﬂiﬂﬂ'}ilﬁﬂgﬂﬂﬂdﬂﬂ

' 2 1 v A & e & aa vy J & 4

APVDITUA NGB LY FaanHuznsnAouATamIsounu lddolanFunisidegy
kY ¥

(Displacement function) LAZIINHAYD ULTINWUONTINNIRUANITA YD IFUTINUDY virld

1 FY) - Aa & ¥ ¥
AnnsammaNuAutazanuas samnavunolu Taseadalé

‘:"
Y
¥
- L] ]
FUAIILOY
1090
» X

717 3.4.7 mamialassadseeniduuarudng
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3.4.9 HUVDIABINGANT THUBIAY
a ' o ! @ o o
Tuns g eI InIzinemieg luef 1azMINIYeVIIAYDIUINITNAN)
= ° o ° = = v a o i B "
yoaau sududesimuazduunn1s1asangANTIVYOIAY 15U DAAANYUTY (Linear
E = = (B 3 = e = o " a sy =
elastic) D 1aan lui¥udu (Non-linear elastic) 10z ﬂmﬁﬂﬂ'lnnm?fuam auyALUUWaIaAN
- - . % 3 & gy =a o
(Non-linear material behavior, plasticity) iiudu Taasia ljudanisidenldriavesnuniiaes
P | ' e o = o o o [T 2
YoIAUTUBGA IR TraeIAveINIT AT ILH 1HBIINUVUTIN0INUANUTUFDUNINVY
I, ¥ ! - cd A X 3 a 4 o o 2 v
suiludealFnsdeusimisiiwes Ay vazlanar lumsimnzimuauinunuiunig
¥ * .
LuUSaeRaz YA sdeRazdeTia LazdunizAuten luniseonuuuiuanA 19Ny
' 3 o = = o " o
A5 OULINGUIUUTIAINANS TUYBIANBBNIIU 2 NqUNAN AD
HyU$IaeI8a1afn (Elastic models) Hazuuusaosdara lanaradn (Elasto-
7 ™ o Y a Sy ° a e W
plastic models) Tagtfunyudiassifion]Flunisinsizy ldun nyudiassgaraaniyadu
° o o . -
(Linear elastic model) 41191093403 - 20U (Mohr-Coulomb model) (1A% Hardening soil
model
LUV anAazu U T 1N NUANAIINY IFU NITHITVINGANT IUVDIAY
a = Z ' o = = = 5 1 1 a =
wpydaaamiu lumuisoetuionganssuassvesau lanamua iy Biausoesuienims
= - 4 A = '
(Gug1an3 (rrecovery)H3 oA UALLNAAGN (Plastic strain) MiAAYL LTI INTAANIS
* ¥ ¥
LALNIINLS 9NAS 3 (Unloadreload path) 1@ da1u nuusiaeevesdululaginimiunis
Ansamganssuauudatalanarafnuin u uuy1aeed MU ITAITUANIY (Frictional
- M A ' o d o &) aAa
material model) #3 0713 60 T11UUT1ABINOT-)ABN1] (Mohr-coulomb model) i uitionun
Tumal§a uarlesnmupiiassinandilideinaognnio msNosemganssuluud
a ' o n - < a0 ' a
ara Tanara@nod19auysalnuY (Elastic perfectly plastic) #3931 14 Tnaden1505 110
NOANTTUIIIVDIAUDGIN
ABUINOHH AL INNA (Critical state theory) 1AQNWaAIL1 1A Schofield 1az
° a o o ; =
Wroth (1968) uazuyuians IuansuauAag (Modified cam-clay model) FITWITNOTUIW
WYANIsUVEIALILUSAILUNA (Normally consolidated) uatuunosiidsiivoi iR Iny
n1sesuwdanganssuiihigndesvesduunudautiuninini (Overconsolidated) Ao
= = -:i = =) =) = Ag J a - W
WA sIvRIRuHaunsalinnuaivanaadaniaiun1euNuAINI N (Yield surface) 14

a A et s = 1 eg 4‘ ¥ 2 w o ar i & =
Tegiiudaldfinswaniuuannudalmidng yumemsineiaglssaenanad

Zrofu 2 tuanuaanan laouuInnuAanInie UINNUARA Bounding surface #2014

1 ¥
wyudianIneFuLUIAIUAAL 1&un Bounding surface model Taw Dafaliastta® Herrmann
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u9sz)unu§1aaaaw%qﬁ(Haﬁﬁg@inmdﬂ)Tnu}usmgmiu935)ua:uuuﬁ1naaNHT'Esiﬂu
Whittle (1993) 1aZUUINNUAATRADIAD 111 HANUAARUAIAGINGG 19 01 (Multiple yield
surface idea) ﬁmdmmvsi’maov"'lm?fuuumamﬁﬂﬁﬁﬂ wuUs1ansRuAInN o deu
(Multiple “nest” yield surfaces model) 1a8 Mroz et.al. (1982) uumﬁam'lmmmﬁnaﬁmﬂuﬁa
Tudvheunaunad (Kinematic hardening cam-clay model) Taw Likitlersuang 1182 Houlsby (2006)

1. HUU1ABIAAN (Elastic models) fmuagmz‘fm%’n’iﬁaﬁﬁwqﬁﬂssnuwﬁ

o

aadnde TanezdpsAuaninedisauysaliuy Mend91nnIsaauIs (Unload) Ao g

y g v &
vzdeuilulmunguoagn(Hooke’s law) i3 1wazidoadsil

n)BaraAMFUFUUUVVINIAUNAN AN (Linear isotropic elasticity) N

o k=Y -

o @ 1 o« o o = e 1 e
ﬂ')'lllﬁi.l'ﬂuﬁﬁzﬂ'J’Nﬂ')"lll!ﬁ'uﬂliﬂ'ﬂllkfﬁﬂﬂ ﬁ‘l?‘iiﬂ?ﬂﬂEla‘!ﬁﬂﬂl‘}ﬁlﬁullﬂu‘f’]ﬂ!ﬁllﬂ?l!m’lﬂu

a

yndrmeansaiion Taoldmlugdannudanguiazmonsidn inseuanalilu aums

34.14
—{l - v) v 1) 0 0 g
do,, v {1-v) v 0 0 0 de_ 3.4.14
da'w v v (1-wv) 0 0 0 ff&'w
d 13008 de
Pl 5D A4 0 L AN S RN P
df,v (14 0)(1=2v) 2 dy,,
dr,, roros. Vp Vaki :HOEEHERY) P N
2 s
dr,, 0 0 0 o 0 (1=2v) 7,
L '

- da a = o a4 '
Tuns s iFm s aimaiia oselinuigaanduiuisznien iy
Fun1unioalav]#a1Tugd @ 131a35 (Bulk modulus, K ) 1z TugamiB o (Shear
A o a ' "W o s —ar &
modulus,G ) 371 1URARAINANTAINT AUNIT 3415 UAZ AU 3.4.16 AWTIAY AIUY 98
s a o " 9 ar ot [ as -
Y@ nuduwuiszninanuRuduaaioe lugdveslugamdaSnasuas Tugdaiow

&9 Auns 3.4.17 vieoniioin Tasldmimlsanmduanuns sauuuaIuun A Aun1s

34.18

3(1-2v) 3.4.15

G =
21 +v) 3.4.16
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R OE L e
ds,, 3 3 3 de

ds K 2(‘ K 4(' K 26 0 0 0]f|de

w B it g w 3.4.17
dS__ 2 2 4 dC“
Vo Fyelge Seligedn Wasion oot
dt,, 3 3 3 dg,,
dt., 0 0 0 G 0 0||dg,
dt. 0 0 0 G 0]|dg,
0 0 i )

34.18
dp K 0 dsp

dg 0-3G ||de,

a a al

v)ydaraamFaduauy Timinunn AN (Linear anisotropic clasticity)

o/ ' ;) o =

4 a o - e 4 o & a -
dosnnauiludaaidauauiid liwhdunanenaniuiesninnisiniavesdu fe e

nansanagnenvzi IdgummiARuanAeifivage e islsznoude ign1ans

€

anaznou (Lunias) waziandenindunisanaznou (luuisu) Aarerian iy
ARG un31 Transverse isotropy awnsaiiv Iaeldm lugantanguiazAoasidiu
Tnaouaas 13l qunis 3.4.19 iﬂuﬁﬁfhTu@ﬁ'ﬁﬁwtjuuazé’mﬂﬁ'zuiwmmﬁlmwiNﬁ'u 5
e Epfio Arlugdadanguluuuife (Young's modulus in vertical direction) 4 £ 710 i1
Tnga"ﬁﬁﬂmjuiuumi 11 (Young’s modulus in horizontal direction) thﬁﬂ fiﬁn@a"mﬁau‘lu
$$UIUI 1V (Shear’s modulus in horizontal plane) VppA8A 1085 18 20 Inaaaluuuisiv
a‘ﬁ 049910A 271017 1 11111 251D (Poisson’s ratio for straining in the horizontal plane due to the
stress acting in the same plane) Vp,p A0 A18A3 10 34 Ina0 luny Jaaiinaninanuduly

WU 23571 (Poisson’s ratio for straining in the vertical plane due to the stress acting in the

horizontal plane)
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RORES. T 0 D0
B e o 3.4.19
de Y Aok 0 0 0 3 e
d'sw Ef. Eh Er Oy
Jde. | - TR e 0 0o 0 ﬁd":-‘ L
dy E, E E drn
d?’? 0 0 M 0 0 dr::
d}’ﬁj E_p, drv:
0 0 0 0 G, E
- 0 0 G,

'
o 1 a o (]

a) sanaanliiFadu (Non-linear elasticity) udnsuzar lugdavesiagezil

a

o

' ' o 13 L ' - = ' = ]
a1 lineda TasvuadiuvuiavesmaNuIAUnIanNuAT YA amlugdaernounylugy

a

aunseurahonaad 131y aunis 3.4.20 vazauni 3.4.21

Taen Et Ao ﬁ11n@ﬁﬁﬁnﬁﬁ (Tangent modulus)
Esec flo fiﬂu@ﬁ‘a%uﬂuﬁ (Secant modulus)
=y ' a v ¥ v U g ' W 1) =
nstism g dauuuatisiisluaunsdindesiuagivmissnlddg

v
@

sarfu o199 1daunis g aaun 135 (Dimensionless) Tava@infinamduingiFuaven

o '

Mdatuamanuautaas 13y aums 3.4.22

do 3.4.20
— =E/(o0,8)
de
3.4.21
g
— =E _(o,¢)
£
Taon k fin MR 1317 (Dimensionless parameters)
= " o

n An MAR3 131A (Dimensionless parameters)

13

Oy 79 AMAUB1EI (Reference stress) YndAndavzidon 141

ANUAUVIIOIN (T =100 kPa)
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dmfuauidvaulunjunna msnagauusesammunelasiwdunieaile
A8 A s Bender clement) Tunsiannudanduiiindouiiiiudoediedumiies
nyunwvaizeyluannzANUAUNTEAUA1 wumsfmuuma lugdmiounyudaaan
annsaagduansnagevuaas1ilu auns 3.4.23 nazudasaumsfegluziuoy1556a
uaad131y auns 3.4.24 Srauudnieasidiu InyesvesAunjunniin1nRIAe 0.3 Uaz

aupAduavonideyluszauidoddu s lugdmFalSnasezannsadnonIdnn aunis

3.4.25
: T 06

G = 1530p 3423
2 \06
= | E
2, r. 3.4.24
K 06
= =& 3.4.25
P, P, : 4.

a o at ° o o 3 5 ° =
WITNIADT AT VLU V039210 AN (Elastic soil parameters) HUVIIADI0AT

a a Vo = ) % ¥ a o a o
aRnFaFUIUUIALNNTNIL (Linear isotropic clastic model) #9403 W15 1MAD5IAYI 2 A2
i 2’, [~ a = @ vad
winfu o1l lugamEnfiuias (Bulk modulus) iaz Tugdmilou (Shear modulus) 30 11if

o n s L é 3
@onlFTundadangu (Young’s modulus) 110z 8A71891 INw@3 (Poisson’s ratio) FINVVIIABT
; ' = = o o & a = ar @ ' < ¥ Ed

S lawrsoesurowgAnssufidiAyvesfuinuarunsudsAusesmaariualdgndes
' 3 o a o = = =Y L]

M= @ #9171 Graham 1A Houlsby (1983) IddhmswaniuuuiassdaradmFaduuyyla
' = a o & : % % - o o
IMAUNANANNAINITUAY (Linear cross-anisotropic elastic model) ﬂsxnauﬁ’mmsmmaiﬁ

» '

Seas291nnu 3 69 unusiassiiawisoeiuienganssuaanman liminunanamig
. . z > Ve ' = =] ar ' a = I
(Anisotropic stiffness) 19 uadans liausnesuiwdanisnlsiuvesmaaviuavesdula

Rl o = = 1 a L % o E 1 4
uideu iy sianadarain lidadu (Non-linear elastic model) 9z gnaI 1 UIHD 11
a = ar v a a 9 Y a Y o M a ' a

AnsoeTenamsusaiuyesmaaravesdu 14 uadinlivednasuaon 1¥u N15OEUIY
2 InSIRANSIAABUAIN1T (Trrecovery) M3 BANMIATANAIAAN (Plastic strain) 1W¥IIN1IZ

Funsandy'11ndu1(Unload-reload path) 11 T gnisi Ididanislduuudinesdarala

WAAAN
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2. uyusransdara lawara@nat13910 (Simply Elasto-plastic models) 919
FotiafiRavuveuunnBmadn Taommizanuss oAt aAninatuiion I
IFUGINNANUAUATIN(Yield stress) Fuiuiuhlignmadenlduuusiaesdmalanaradn
éaunuﬁmmﬁ’qnﬁnﬁzﬂatjuunquﬁwmﬁﬁﬂ (Plasticity theory) Tﬂwqyﬁﬁaﬂ%ﬂeﬁ%mm
(Yield function, f) ilumsetuenganssuiaglunnznaradnie Jaguziinganssudaradn
mn‘lﬁ’ma:mmxﬁ’uﬁag'ma“lm‘ﬁuﬁFhﬂsm (Yield surface) fauana1 3y 314 3.4.8 uaziilo
Az uRuGaien luAsIn (Yield criteria) Tagazuaaanganssudad lawaradn Taoa
anuasoanaraanszauu lasldngmisiva unuﬁwamgﬂuﬂmﬁﬁﬁmu'lnﬁa HWUIIA0a

o o “a o ¥ ' @
Y931 03-)aou1l (Mohr-Coulomb model) N vuldiuediuminarsluilgiuiiswazidoa

a

]

ZDe

Hansunsn

~ = 1le,)=0

Wanvusng
Wwa1aan (g)

ij

14 3.48 nwHrapananmafnuA AT IANAITAN

o o d o aa ' a = =
HUUIDDIVDIUDT-FAdNY nJuvmuuamamn‘luummﬂssn'ﬁimmﬂuﬂ Tﬂﬂ
o 3/ a wa ] - =
1I‘Vlu'l‘i]'lﬂﬂﬁﬂﬂﬁﬂ‘lﬂuﬂEN?JQ‘UFWHS YU ﬂﬁ‘ﬂﬂﬁf’)ﬂuiﬂmﬂuiﬂﬂﬂiﬁ HIigNIINAToU
o H 2 o a ¢ s &
UIIDATIUUN ULV VIS UIBUT Hﬁﬂ'li‘l’lﬂﬁ’mJTlGﬂi)x‘l'lﬂil']‘Jlﬂ‘i'lzﬂiﬂﬂi‘i’!“ls‘mﬁnuﬂi HINTT

- 4 ) @ 3‘4 L
fowdoulvasiniionldamlsanuAuainin (Normal stress, 0 ) HazgANMIAUIRDY

(Shear stress, T )me‘lﬂu AUNIT 3.4.26

Ny 1 ' 34.26
r =c +0, tang
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A '

¢ Ao mnsgamenunioludainy (Cohesion intercept)

=i

Tag
@ : flo umaﬂﬂmu (Angle of frictional resistance)

o AB N1IZILA (Failure)

¥ " o " - -
Tuyeasimsissaanuduanuaivaludoulvanuadoaszuuies idna

) “ 4 o = o aa
(Plane strain) @11130W13 301 Tynes-gaouiluiinmvesdnlsanalia (70 uaaslilu

aunlg 3.4.27
' AR e ’ 3.4.27
fl = +.5ft.ma
Tavh a Ao c'cos@l

sin@ Ao tanQ’

YOUIAMIIUA

e s
HUVHBI-[AadlY ~

1 4 P an = S
gﬂﬁ 3.4.9 NWUHINI 'IﬂLLUU!JE)‘S-ﬂﬁEm‘Iﬁuﬁmllﬂ {Mohr-coulomb failure criterion)

o L4 . a4 v oW » ” 3
nuuhaesnei-gaoufiiguamiafivnnz auiuagiieanu (Frictional material)iioa91n
ansasiasanganssuyu@saniunisluveaiag1d wu nsvmiu wiedumiindni

(4 ' o Il:l “ Q‘J
amauiagnnadmimingini1fegiu (Overconsolidated clay) AiwgAnssuuu laasu
i 3 ° n’l’ i ar d' = = & 3/ 3 d'
(Dilation) tu$1a04i Idgnimu e ansaesuewganssn lamsudiodmans 13l 1l

3.4.10 Hmstmuammauiongaga (Peak shear strength) Tao 1Ay lawndu (@ ) uaasld

1u aums 3.4.28
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r = o, tan(g’ +y) 3.4.28

: L u'.« : o 5 4 = 5 [ 1 o o
Tawiimyu laadu (@ ) sznfaounlaslawszavanduasmniitiuig o ldmmas
@ - 1 o o ¥ - & g a ° o
Sunsufougagaiin linsAuns suANANAIRIN AN WUAIATINYDAUVIIA0INDI-]

o2 E 3 = o » N a = [ [ a W 9t
aoufiahudu IRl unssivemaesauiuni saumiisanmsadnnnninnadauansld
Tu g 3.4.10

9 o -4 a = Y dci 1 o & Y Y 9
ud iy uiaewei-gasuiivzideandi Massnezulsiuasinuanuny

a o - - 9/ a o > v 1 Y o a
ﬂiz‘ﬁ‘nﬁNﬁmﬁUﬂ‘iﬂﬂ’l"lmﬂuﬂizﬁ‘ﬂﬁﬂﬁ'ﬁ%ﬂm (Normal effective stress) LANUUYDIINANIIN

o dyd. s & aa o ¥ e w = L]
nyusassiingniaunnienlvas e mldmdasnsznldounlawyla
ERVIELNT, wm:iwﬁ"a;mm‘haaagﬂﬁ1ﬂuﬂﬁ1ﬁ1ﬁ’aﬂsm“lumﬁ’wmmaﬁhua:maﬁammmu

¥ "
iy Safimswann liguuuiiaemundeiiiod naznyuTIAING AN SHYDIAUTDIUL
3n9A (Critical state soil model)

3
- ea L ¥
vouran s anvuIAwewes-gaou)
4 %
199 KAl laadu

YDUIWANI NIV VT
iduupIuei-nasul

- O—nf

1 o ' 13 e
sUn 3.4.10 wavo s laiadudoRufIn INLLNDS -gaoul

3. LUUT10DINYANT TUYEIAU AL INYA (Critical state soil model) 1dDTUY
as 4 - i .
wdnnisdgfinamanianiuzinga (Critical state soil mechanics, CSSM) 1010 3
a & Y a ¥ oo = = ¥ '
LR uaade 1dunms danananisnaaeyluienlfidnsvesdaumtioaaiialni
(Reconstituted clay) Yignoulilde
a 2 o ar o
) 1fuaeuEInge (Critical state line, CSL) imdunaasdunusyosaniuz
_ LT o e @ é L)
Snnanien1nzitia Tasaunsouaaslunnuduiuivesmnuiy (') Fuduaniuzingn

2= HaUFUMIAY M 18291131 IN15NAaBIsanydn ANUAUNUTIZNIOATIT I
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" i ' a ' a = - . o a wa =
493 nazaaoniiftuvestanudulszininamavicausinganiegadun wily
Buasalaoinnudunidy A dweas1ilu g1h 3411
¥) 3 19maiiadaulsauidu 1353 (Nomalization) A9umsnidauliny
1 o o o g - -
Wudassinnudugagalusfanouiiniisadiniei (Pre-consolidation pressure) 11NN13
1 = a:; o ' o s g ) o s o ci ar
neaeUNIILEauAIstALTNEATI@IUMIBAAIAIBY (OCR) ININU HARNAUNTZALAIIY
4 s ’a‘ 1 - F = b YV a o ¥ '
Runeumssasineoi guUimaAuanmAy (Stess path) wxiimhm IndiRoanu oniuua
' o a IJ 1 ' @ o g 4
YUIALANANNY Taemaduanuduszinnangiudimanuduneunssadinoiin

‘3 19 o ar Y 4 Y ' FY 'A’ as a d
HINYU memmﬁm‘jmuﬂﬁﬂ’nmﬂu'ﬂmmamumummmmuiwnu A IR NUTUNUDIE

o ar =) = |
UAUTUNNDA
v=l+e
q1 r mmnuawx}m
CSL Tizuom
+
Yo nsnAacTel
NEINATILULL by
i r AR A VAL V]
Tiszumi M /1
nInATel
O IE LA TR TR
NCL
’ ’ "
Po p In P

a:i ¥ a ar a &
sun 3411 eraarduan e IngalinFuLE Yo MAY (Stress path) nazu

a o o o ot g .
ANUAUWUHNIIBRAIAI0UT (Consolidation plot)

f1) YOULYANT3 1A (State boundary surface, SBS) youlansIuAvesau luunu

auiiaflszneudlonimidullsEansnamae aruuduitiony HATEAS1AIUYFDINIHID
° 5 v ¥ l = ' 9y ar A -! = &’ =Y

Wassumiziinzgniadeua WHUAT 3 @IUAWAUAD WUAJ Roscoe WHHD Hvorslev 11Q%

J o o d‘
#URA2 Tension cut-off Aauana 13lu g1/ 3.4.12
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csL - (fumomsinga
K,CL = idusadimminn K,

ICL - 1 uBAA I N INUMARAM 1

37 3.4.12 YouIYAN 3R (State boundary surface, SBS)

nyuiaesvosduiian lase douuanmRadna duinldiuanuiion
g1 N ABIDY §1009UANARE (Cam-clay model) ¥agnWAIL11AY Roscoe ct.al.(1963) 1AN
wuusiassgnadatwie 1doB uiengAnssuvesAnimiluasaniung Aout Roscoe 110y
Burland (1968) 1&Wauniuvusiaosluanouauiaag (Modified cam-clay, MCC model) o
'Iﬂui'lnﬁﬁmimmﬁwmﬁgmﬁuhﬁ?ﬂunszmunmﬂ%nuuﬂmﬂ?ummu‘uwmﬁﬁﬂ
(Plastic volumetric strain) HAZNITUIU n"lstﬁamﬁuuuuuuuwa'mﬁﬂ (Plastic shear distortion)

LU FIaBINgANTTUVBIANTOIUYINGA (Critical state soil model) U5z Ay
anudidanas 185uanuiisuesaunlumsesuenganssuvesaumiieIsey laumniy
U194 mmmﬂ‘szmmfimmm’%um%aﬂ?mm;mquﬁnssné"uq voIauuLDoAUNG
(NC) a1z mssasametiuy whiunniamae dsotropic consolidation) 1At 19AB 1T
gndes nuuiiaesdinandinsdidedidanaiolszms 1wy NP3 HIUAA IS bAIf DU
apudhsnmmadeuninranismameuluoalfiams Tasmvazodiets dmivuanimda
uwiuNNANIN (Heavily Overconsolidated soil)

ﬁ'aﬁymswuuuﬁ"laaaé’aag’uuﬁuuagmﬁ’h VWINANHANIIUHVUDAIAAN
wintumeluveuanisiia uazdesidavesuuuiaes ludvhouaunad smlsznsfidinyy
Ao nisetuiowgAnssuauly an1zdadanioiuuy T unaficnIa (Anisotropic
consolidation condition) 7i1ign#BA maﬁ‘lumsw:gﬂhwmﬁuﬁammmmsmnﬁmm Hunu
AUINATOLUNINY Hydrostatic n3auny p 39l

NHANT SUALTAIBONUWINAUNANANN
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4. LUV 1aD3%i1A Hardening Soil (HS) AW du N5 v8uuiIneanganssy
a + - : ar ° o

vosaunanas 13 ugi 3.4.13 unvuwaradn Futlumsysurzanniiansvewei-gaout
{(Mohr-Coulomb model)TﬂUﬁﬁ?Llﬂiﬁtﬁﬂﬂifﬂd 1Aun :,‘lill.%ﬂﬂﬂ1u‘\mﬂau (friction angle, @ )
s EAINIE VDAL (cohesion,c) iazay lAla%Y (Dilatancy angle, @0 ) AU gAY
a 9 o A =y 1 = o o o (A = . iy
2udoamsdeumudunanilunsdivosusiasauei-gaoutl 14un i1 Triaxial loading
stiffness (£ 50 ) 1 Triaxial unloading stiffness( Eer) 1a A1 Oedometer loading stiffness (

Eoeq) fmanalilu jiii 3.4.14 uazjilii 3.4.15

-G,

311 3.4.13 anmFTUEYe MUV Ia0 YA Hardening Soil

Deviatoric stress |0 — Oﬁ’l

s
: Asymptote
(lﬂ ................................................................................................
q Failure line
N EREEE A N i\ NP o G

E
i E.ae
1 /1

Axial strain —& A

51t 3.4.14 pswlm@niusvesn nuAuiunInioaluMIMATEUNS BTN

(Triaxial test)
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_U;Jl

Errf

ocd

ref

gﬂﬁ 3.4.15 mme&’uﬁuimaaﬂ'am:ﬁuﬁ'ummm’%ua‘lummﬂaaum56’ﬂ€hmmh

ad = d a o, ¥ ar d
3.4.10 SEMINANsHusINNIZRIReMIIglNeA A
= td - a o o = AY ¥ = 'd
TumsSnsiznsanoluinigiaenisgTusdiu wanldnnmsins iz
" ! & ar 1 1 |
1BY A1 1IN UAAR(Bending moment) 113 31901 (Shear force) HAZAILTIATWUUILNU (Axial
° | ey & o o i - =
force) annsanitlg 2 38 18un S3iniadhumasmuanins gauiion 1@ (Ground loss) Tay
1¥n15A1muan Contraction cavity dussnaedldnisinuamsasidaumanlasunlag
¥ - o c: = X = - =) o 4 cf
anduluay (Stress relief) NINAUUTT 4117 waziBuaAsAo 111
o [ = = ot g o ° 4
1. FEmsfmuafIng gadouInau (Ground loss) ITilumsnmuanIns

= 1 4 o :‘4 = o d
quidounaau Taomimhmilewiy Jovinenlizaumssiniyaeizg lusaveslnsams

bh. &

nru lueaa Tandmisamainonisilnsemssa fhaomiuisusnaliveuivaninig
= et d a o : o
qayioaauegi 0.5-3.0 nlodisua TasluduasuvensAIw (Calculation step) A0
1Wlpusmsgaydonanaulugiluean Contraction cavity 18
At o 1 A 9 = & ey Agd
5 5Ensnuaninisldouudasn Ay luA (Stress relief) 35015 UL
:’, d‘ U 3 ar L i e o ' = = =) Jw o
SUADUNADUTIFUFOUNINIDNITNTHUAA NI PULITUNIAAY Taoludsnmistaoaniinms
a0 1 :’; - a ° 4 o = 1 a 3
AUBAN | Stress reliet‘naumnuu?)qwmi1:11m:nszmuazmsmﬁmmwewuﬁmmumﬂ
o i A “ s =& ¥V ar o
s damuAR Stress relief TA8138391n Mair et. al. (1993) Fadaandosiungugmsiuie
4 @ =) ﬂ' Al @ d‘ﬂ - 4 E=Y ﬁ!
AISIAADUAIUDIAU VDY Peck (1969) Iﬂtﬁﬂgﬂi’lﬂﬂ1iﬂjﬂﬁ’mﬂ'3ﬂuﬁmﬂ'ﬂu‘i)'lﬂﬂ‘l‘i‘qm'inz

) z .1“, a 1 g ar i
gTusfin aunsolszina IaolFaunsGaussian 14 simiuhimsassaeuiAIMIngaaam
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- 1= 's ' 4 o L) ' o
foauiiRavuoglunuaineuiy 18l uas L afrannudoms iy las wadadrafos
LR aimfuasdoundy (Back calculation) 1IMMINFaRaRAIAN Tdmmsgaydonia
a 4 ° o A ” ' ' ' dao 1
suiannsai 119 lumsavqumsdunaouvesiunzan il dausr lumuada Ans

' A = d o o v w - a g
FATULH AN Hagﬂ“ﬁ%ﬂﬂuﬂiﬁ ﬂu'ﬂﬂﬂNlujmﬁ1ﬁu1ﬂﬂﬂﬂu1’ﬁﬂlﬁsulﬂﬁﬂﬂﬂvhj
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4.1 AN
= e g ¢& A ¥
Tt eznatTuneuns Az Feisunanssiusudeyalasemssa i
= - ?," - d .‘.’ ar
1Rauarodiniy nazdeyalasanisglueddaindszauniuaziueen
= H = 4
(MWAN3EnaUAIodeYas1wazIdYA ITINTI nazdoyaiildlunsinszvisznondis 3
' o ¥ o o o - i
drunanldun anyuznalvoagTuen (Tunnel geometry)@ 1NN 195581 INY1 (Geological
e 3/ o oy . aq ¥ ar a o
condition) 1Az 4BYAN1IATUAUHIIZ (Shield operation factors) Alaudesvlumsinizy

—rt daa U @ ar
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4.2 Tasamsso i ldauenaminGu

ar \'J 3
4.2.1 an¥azi2 1Jve1g11an (Tunnel geometry)
s ¥ o+ o )
g TuadinynaduAURUINa13 6.3 A3 10T IIANA UMM

0.310A5 YAIZIAMUAN 22 AT ,18.5 1WAT LA 19 UAT INHIAU fimiaa A-23-AR-001 ,

B-6-AR-001 , CS-8B A1ua1AY

nsdl 1 nsdl 2

nsil 3

= o daa < aa Y s P a g
U a.2.1 npudaediluadamuanuy 3 Hdnazminaaimmsnosan

4.2.2 AMNNNEINING (Geological condition)

- a P ] o = o 5 =]
ammmassaiinoiny lurnnuan 3 wasusnituauouy vaseniuilu

»
o -

Fuvosdumilvaseu Taslinnudnegluyia 3 - 12 wAsnInAIAY dannvuAumiisIoou

¥
e -

o3 2 - ¥ o d Ao
:ﬂu‘nuﬂumumﬂmﬂmq mmnmﬂi:mm 3-4 1IR3 PNUUIUTUAN HEIUYI NUANY

¥ & i & K i -]
winweIvulszun 10 was dausuna i usudunsieil AaNunnvsasusiuas uas

' b - =t = 2 oa -
ﬁﬂn]tﬂu%uﬂ11WIHU')I.l‘lJ\33J1ﬂllﬁ$’lﬂlﬂu‘Vl'ﬂU‘n 2
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SURFACE SETTLEMENT AND SOIL PROFILE IN NORTH CONTRACT

o832 8o
cg!!&!n

NN MADE GROUND NN VERY STFF QLAY EURSEITED  HARD CLAY
IS BANGKOK SOFT CLAY ) MEOHM DENSE CLAYEY SAND NN DARK GREY CLAY
o 17 STWF QLAY [ DENSE SAND

- =i = -~ <
it 422 ammmassnive @l MR MM o veIR NN

SURFACE SETTLEMENT AND SOIL PROFILE IN SOUTH CONTRACT

o =
- M ’ Section D \q‘\ Section C .
0 - - y - L-d

B h
! ~ - 80

L I 1
Ll L} LJ L] ¥ L ]
10+050 11+000 12+000 13-000 14+000 15+000 18+000 17+000 18+000 19+000
NS MADE GROUND SESIESENEN VERY STFF CLAY ESEEEEEEEE HARD CLAY
BANGHOK SOFT CLAY ") MEDIUM DENSE CLAYEY SAND EEEEENSEEN DARK GREY CLAY

EEEESET 1 STFF QLAY ") DENSE SAND

v - <
Ui 423 anmmassdvesduhunnnumaneuldvoagiuen
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4.2.3 Y9ANINIVAMTNIZ (Shield operation factors)

1) ANuAUNH 912 (Face pressure) Mvua 13 I iminuauudaz anmau

Taslimnnuauniniaunizegn 150 nlahana

d o Al o Ll
2) AT IVULYANIE (Penetration rate) T ua 1T imAummuaazanin
= = o u:: o o " =1
au Taefinnnuis1vuzyanizegh 50 ndasAouIi
3) yufum3 oyuawye i1 (Pitching angle) Amua TilMmduauuaay

anmau Tasiiyudumsoyueyeainnizegi 0 aam

4) ANUAUVDINITTARAUN|Y (Grouting pressure) Tmua 13T vhiua A

- e ! o s g 1 i
azanmnau Tavdamnnuauvoaniseaiadnjueyn 3 s

o = ’,‘ - ° " @ "
5) o5 1IguAnI3AII U (Percent grout filling) TmualiTiviiuawuaay

“a = ¢ o o« - H et o o o
anmau Taelinulodizuamsidininjuegh 150 lefiaua

'_ L § T T T
Eao L -~3— SR Clay aver Sft Clay [
£ -5 Stff Clay
- —6— Suft Clay over Sand
‘s‘ --&— Sand
Sl S 3
= G,
S Y SR 4
g ™ ™ :8:\ Wi T PR VS
£ P OSEIAL,
3 L Fen T OUITRRBESNE,
E‘m TR "'-_‘ == 1
€ Bl s
&0} v
=

1 A 1 L
0 100 200 400
Face pressure (kg):)

U 4.2.4 ANUTTUEIEHIRANHAUHINANDIZHDZAINTAMIAIAUTITA
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é 1 : u
4.3 Tasamsglwanaaindszinamiunz ueen

4.3.1 dnpauzi11)v03119A (Tunnel geometry)
& v L I o -
Tasansinead g DRATUNVINATUATUFUINA I 3.75 1UAT YAIIEN

aansEuar 18.15 1WA LAY 18.33 AT 9INAIAY NMAA SP-T1-12A-12G Itag SP-T2-
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4.3.2 AMNNNBINING (Geological condition)

oo - ¥ =& w - a o :
an s muinuadwadanuanimn1assaianema Tl Tusu
a & ' 9 o = a ;.' f.v a o a o e & a
Aunganw Farnnsouoen 18 5 ¥iia 49l (1) YuAuaw (s WuAuddnyuiu
1 v aa o A a A W = = a a ' ' a
MBouI I nasisunidniedunisinglu Tanwannniausgluriundelszuiu 2.00
-~ = = ' '
AT (2) TuRumMilorseu (soft clay) Hdnuauziiludiman Wudumilsrgoutaunars oy
i 4 4 = o = > 5 bl ﬂ: '
Tugasnnuanmay sz 2.00-15.90 was Fuiseiiszauhldaugann Fadusuauili
= v oo Y o & a da V¥ " Vv a o H = o <
smassuhminmnziuduitiogios neliinadyninswesdd (3) Fuaum e (suff
= o 3 a9 =1 = Pl d =2 = ] " =2 -
clay) Tanpazilumhmatiuaznoudumiivndsdwdann sgluynnuanmasnlszann
15.90-19.70 A5 FuiluFuduiimuzauaemsyanizgluas msiziimsmyaaniosun 01

¥

HvuAum o9 uniie (sandy clay stiff) LAz FUAUMTIuI80U (soft clay) adufuyul
(4) FUN3 WY (dense sand) TanyaziiluaznounswaziBoasauBI LN INMINgA
Fafeuann eglusrennudnmaoszuiw 19.70-26.00 WA onilsuumivandaluniy
(sandy clay stiff) MusEn IR T LN TN T (St clay) FUIMIIINIL (dense sand)
(5) FuBUM IO (hard clay) Hanpasiiusuaznouaumiisuddadann aglusis

- 4 i 2
Ay Anm AT 26.00-35.30 As uaghinnuanmastls 2w 35.30 wasyu ) axdlu

FUNTWOAUUDUILUNIN

‘ pru
I} sofeclay
77 suffclay
Dense Sand
B Handcay

UM 433 ammFudnvealasamsgluanaaingszinamiunz iueen (MWA)
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4.3.3 Yoyam3nIUANITINIE (Shield operation factors)
Tassmsg Tusddah dszanamauaziueen 1almsiusindoyams
o ¥ ¥ [ a5
Az 13 3 Joyadal

1) doyannuauminiune
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3) YoyayuAunieyuLYDIiINE

2 T . . — -

L . ——— MWA Tunnel
o 15[F 3
o b ]
& 1f —‘
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@ 05F / ]
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4.4 MamznlinelFluadmma 3 3a

4.4.1 TasamssaIihlddumedrmiau
1) M3afaupaed (Geometrical Models)
= =
Tasead1auuusine woavuAuRlunLY Solid Element Tnuiivuianiia so
was g1 60 was fnnudn 40 was misaeniu IdhmsuisuAunarmsnedumia
- g = %’ - ° o
gTusdmman me3sveaInsamsan i lddudvminiulavinosnumiieg A - 23-AR-
2 e d = & Vad -
001 . B — 26-AR-001 1oz CS-8B Fadaiihi 7l Mananateg Tuan 13nszaudn 22 wasen
- o d' - & )Jd' o =) o c;
fAnu AagUf 4,401 n3di2 19nanaag Tuad 1iNszAvan 18.5 WAsINAIAU AagUil 4.4.1.2
- y & T | a - o a o w &
uaznsdl 3 1@nenanarag Tued 1dAszavan 19 wasnnfiau asguil 4.4.1.3 mwdwiy a9

»
o

) " LY o
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Fill

U 4.4.0.3 uuuirReITHAMIASMINITIMNIITHIAN TN 3

2) MWIIHIMaIHUUSADa (Parameter)

5 ° o - -1 o - | = v
Hernisatnuusiasatoudoondnezyiinms laniwis mwinesvouaas

FURU AT INIIHIAD3 VIHITIR THad AIAT5 1R 4.4.1.1 HAZAIT1IN 4.4.1.2 MR

-~
MIT1IN 4.4.1.1

© soillayer
Material model MC HS HS HS MC
E (kPa) 6,000 - . » 80,000
Eqch (kPa) : 5,000 20,000 60,000
Egg (kPa) 5,000 20,000 60,000
E/ (kpa) 15,000 100,000 180,000
A, ar(kN/m?) 17 16 18 18 20
v(-) 0.32 0.33 0.33 0.33 0.3
2(° 22 2 2 2 36
¢ (kPa) 8 5 10 18 0
m (-) 1 1 i -
P,,; (kPa) 100 65 95 ;
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139N 4.4.1.2

s e L Pmsswn‘ustioof Uﬂit\_&eigh:fnf
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Tunnel ling
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3) Generate Mesh
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4 ) Generate 3D Mesh
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|| Slapein zcection SE f
! 1
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Rea plane 0.000 &
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& - 4 v o =
5) mammuaioulviionu (Initial condition)

" ' w g L Q'J = : '
fio msmﬂuﬂmmwlﬁ'mm:mlwmuuﬂuuuumnawawuﬂu A1

2 ' a a . ) a :
anuuveIruauszus A usEAnIna (Effective stress) ya U IR Az U
animualaoa k, AsgUit 4417

v it i b LA =05 1 e e e
« a8 B O

b

+

- L300 000 Bl X0 0K

00 co Weo WM 0060 A%
PYTTPRTRITET] LONRT PRTTN IPETELT)

PPUUTYTY PTTTL [YTVI PTRTI A TETVRAVRY IRTT1 1T TV AVONLRTUR] (RTRU/NIVUITIRULTTTY

JUN 4.4.0.7

6) Calculate

ApURIENINTG Caleuate 92ADIIINITA 1M UA Cluster pore pressure

distribution #331/14.4.1.8 MNTgRYFEUIARU(Ground loss) iazam MuAUMTIMTIH I

(Face pressure) 1aZAAIJyIToNIaAUGround loss) AIAIT19H 4.4.1.3
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MN4413  MMIgENNAAY  (Ground loss) HazAMIANNAUMINMINEINZ (Face

pressure)
Casel Case2 Case3
Ground Loss | Face Pressure | Ground Loss | Face Pressure | Ground Loss | Face Pressure
(%) (kPa) (%) (kPa) (%) (kPa)
1.00 30.00 0.75 150.00 0.75 150.00
1.50 30.00 1.00 150.00 1.50 150.00
2.00 30.00 0.75 200.00 0.75 200.00
2.00 60.00 1.00 200.00 1.00 200.00
1.50 200.00
75 200.00
2.00 200.00

L e APt B e o Sty

& il P 0um

id
{a
fu
o
T

T
¥t /
B E
-
.

.

5

.

P

¥

Gorerst | Baametans | Mgiers |

Caloulaion tppe 1 Prase , -
| ‘ e,
e R T
[Coa oo it ]| | Stmbam ohase: [87FG > X )
‘Commenis 1. Loginlo

TN e ’Mxhﬂ“odul\q:cm
: |
|

Porametaty

et | B | Boewe |

\deréficance, [Phacero | Samhom [ Cocuswn | Losdrgrpu [Foe [lem | woe |
Irsbal phace 0 0 NA N 0 ] 0
of Mutpier 1 0 2 Plaste Total mubpher 1 1 0
o Frorth 2 1 30 Plastic Shaged conshructon 2 5 0
o a8 2 2 30 Pt Staged construchon b 0 0
¥ Bc 4 3 0 Plastic Staged constucton n " 0
«' Lo 5 4 0 Pastc Siaged conbuchon ] 7 0
+ DE 3 5 0 Plastic Staged consiruciion " 2 0
JEF 7 3 20 Pustc Staged construchon a el 0
vFs 8 ¥ 0 Plastc Staged comtruction ] F ]
o GHea ] g8 0 Paste Staged conehuchon i F-] 0

31 4.4.1.7 uaAA3 phase MIYAID1=QlIA
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23 | Sice s | ka5 | Skees | Sice7 | Sice |
10000 9000 -80.00 -70.00 -£60.00 -50.00 ~40.00 -30.00 -20.00 -18.00 0.00 10.00 2000 30.00 4000

uluulunlunlunhn|luuhn|ln|||nnhullnnl:u;lunln||lunh|ul|lulnniuuhul[uulnnInulunluuiunlun|nn1an|]u

| Pore pressures in ol shoes.
Can only be changed in sice 1

| G Gormpheesic vl
" User defined prweatic level
" Irisspolate from adjacent clustad: of ines

User definad pore pressure distrbubon overwites global
distnbution

g W User defined pore presure distrbution
W Cluster is dry in this shice

3171 4.4.1.8 naAIMINHUA Cluster pore pressure distribution

7 UszanawamsTinsizrionldsunsu

Ms3nsiRanmsnaasniuezgauiaiiudadu A ddi 1 e
31??15’37%?05111]?1’1&! mornitoring plane (Y=0 m, Z=20 m) Y94 phase ?_YFW’IHU 10 G-Rear cﬁaﬁlu
fhﬂﬁw;ﬂﬁ'nﬁami‘qmm:Qimﬁm%%’u idens AR IR NUFUAUEIEN IR ININGA
AINUTTOZUUITI(WIAY X) ua:ﬁ'}fhmin;ﬂm’”ﬁﬁ!ﬁﬂ%uﬁwmaﬁmmﬂmumx%uiumM
@urtuionfsudoususai 1dnnms ¥ Tlsunsudfinnuniuduiissla

dui 2 ﬁwhmsn;ﬁﬁ'ﬁgqgﬂﬁﬁ')ﬁuu‘%nm momitoring plane (X=0 m
Y=0m .Z=20 m) ¥0aAazphase UUTLUATIHIARIANUFUNUTIZNINAIMINGAAIZITA

yoauAnTphase MUsEozmMIyAz TuIIANEINY Z)vpaAazphase
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¢ : r
4.4.2 Tnsamsglwnanhdszdnamiuaziueen
1) MIA3 VYA (Geometrical Models)
¥ 2, .
Tnssadranuiiaesvessudmiunuy Solid Element Tasfivuianiia 8o
WA g4 60 wWAs HAwAn 40 was MitmeniuldimsmissuAuuazns NI NN
' a o 1 2 @ s ¥ a
QTmﬂmuﬁmWﬂimememsEﬂmﬂﬁqmﬂs:ﬂnaumuﬂmuaan'iﬂﬂmammunumﬂ
4 o d = =& ;'cq‘ o =4

SP-T1-12A-12G 1Az SP-T2-19A-19G Fasaiilu n3di1 11ananarglusA 1inszAuan 18.1s

o

- e ar =; = Vv d‘” yd’ -
WAsSNINAIAY AN 4.4.21 naznIL2 Tdnansnarag Tuad 1NszAVAN 18.33 WATINHD

W
St

fu dagUi 4,422 mwddy FagTusdiiivinaduriiuguenan 3.75 was uazmiag Tuandl

IUHUT 0.15 LUAT

Fill i IO (L T BRI . AT . T . & f PN AR

i i 3T 0

i g

il Soft clay -

| ‘

P Dense sand B =

‘12

il Il
E Dense sand

il Il
|

F | T - W, . AT AR, A NSO SN

31 4.4.2.2 nuuiaea¥uAuuazmsnasi unnigTuanngel 2
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=Y d v
2) MWII ANV A0 3(Parameter)
A e I ° = 3/ [ o 04, a < '
lllD'Yl'm'l'iﬁiNl!'U'UTﬂﬁBQl?U'}J?BUIlﬁ’Jﬂ?:'WIﬂ'licl?fﬂ'mﬁ'lmﬂﬂiﬂlﬂiuﬂﬁﬁ

Fusu uazmmsBineTvoarmniag Tuan Aan1319R 4.4.2.1 HaTMINN 4.4.2.2 AW

AN 4.4.2.1

Soil laﬁr  Wea. crust Soft clay

Material model MC HS HS HS C
E (kPa) 6,000 - . - 80,000
ETY (kpa) 5,000 20,000 60,000
Ego (kPa) 5,000 20,000 60,000
E7f (kpa) : 15,000 100,000 180,000
Ay ar(kN/m?) 17 16 18 18 20
v (—) 0.32 0.33 0.33 0.33 0.3
o) 2 2 2 2 3%
C (kPa) 8 5 10 18 0
m{~) . 1 1 :
P,.; (kPa) ) 100 65 95 5

a
A1319N 4.4.2.2

Unit weight of

EA El Poission’s ratio concrete(w)

(kN/in) (KNm~2/mi1) = ofconcrete(Ve) (kN/m/m)

Tunnel linning Bored

pile 4.65E+06 8718.75 0.2 3.6
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3) Generate Mesh
. o a o o i °
dmIunsinssisuduedniiivzdeudenadiasiuiu Mesh 14
= - - £ - d o ) ' ® d‘ ]
nzan Samnideniinzadin Mesh luanwazideageq Mz i ldanuniudmgs uass
o o e H H o
1Za lunsfiauunn lunndusummdeniezaiizg Mesh luanuazidvaine
° ] ) 1 1 ° - d E ] w : o d
i 1gauiugiosudns 14 lumsmuaiiEwu dnius s uiudeaton Mesh
ANUAL munmq'luusm\mﬁwmqmsmmuuuummmmu

Gty G e W
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WMo tm v
SR . w4 A0 I

v - RS B P e

p
SRR -

I S50 T . S
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ST W S—

T

-p_ii

JUN 4.4.2.3 MNAAINT Mesh

4) Generate 3D Mesh
Tums ngies TaslF W luasammdiuu 3 5 azdinnuanveanhaa
-=: é & -:d o == o (] @
(UAUZ)UUNEIVDY 3 wunouiinomsmmuaszozmsyam: hunnanveg luaniluangda
JUN 4.4.2.4

R mwmoml

o
£
H

JUN 4.4.2.4
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5) msmmuaiionlvioafu (Initial condition)
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A ' o g 3 5 - X '
20 msmmuamanudunazaws s lunyusiasveruau Fam

5 = 4 “ - z l=.l A
ﬂ’l’llllf?l’u‘ll'i)x'l‘!ﬂlﬂui}zl"ﬂuﬂ'lﬂ’i'lulﬂuwi:ﬁﬂﬁﬂﬂ (Effective stress) N luuuIAIEzIuITI U

gnimualaem k, Aa3Ui 4.4.2.5

o Gocmmsy rgnd AL

S -He0e S000 M0 FR0 A0 S AN

TS TTTRLPYT S [FTTU AT ITTPN[AYPYITUTI (YT TUCATITACTUTY OvRTA OveTe |

S

000

6 ) Calculate
ADU NI 1NIT Calcuate 9£A04lin17A 1M U A Cluster pore pressure

distribution #931#4.4.2.7 A3 GUITOUIDAU(Ground loss) naramNuAUIMI Y

(Face pressure) lm:Fi‘lﬂ“l‘igffgl?wu’mau(Ground Joss) AI4A1TIN 4.4.2.3

AN 4.4.2.3

Casel Case2
Ground Loss | Face Pressure | Ground Loss | Face Pressure
(%) (kPa) (%) (kPa)
1.00 150.00 1.00 150.00
1.75 150.00 175 150.00
2.00 150.00 2.00 150.00
225 150.00




-%00.00 5000  -S000

JTIPUTY FYTTT YT STRTU FPTTISVOTH

| ioerets ston [Praseno | Stahom | Caleutaon [ Losdng ot — [Fm [Law | wae
Irdal phase 1] (1] NAA MiA o 1] 0
o Murcher 1 0 30 Pt Total muliphers 1 i 0
o Frorté 2 1 10 Pastc. Staged consauchon 2 5 0
o ak 3 2 30 Pastc Zhagad conatnuchon € ] 0
« BL i 3 10 Plastic Shaged constraction " " 0
v co 5 4 0 Plaste S tagad conuructon "5 7 (]
o DE 5 5 0 Pastic Staged conwnichon ] 20 0
v EF 7 3 X0 Prastc Staged coneruction by 2 0
6 8 7 0 Pl Siaged conmucton K] ¥, 3 0
o GRex ] 8 0 Pt Staged consiruchon @ ] 0
bl
Uil 4.4.2:6 Tusad
Jun 4.4.2.6 HaAd phase N5YAIDIZY 1NN
- t+_+ 1 M > Update
3 | St | Shees | Skeet | shen7 | Swcad |
7009 60 63 -50 00 4300 -0 03 -2000 1900 L 1000 kg 4000

o et b bbbt oot v ot Gt etk sk le s laasdau

Chm;un_wm-!ﬂhﬂt- s
- Global pose pressure dutebubon

Poee presnaer o ol shoes

Can crly be changed o hce 1

& Gorersl hansic vl

7 User defined phreaic level

€ intmpolate hiom adiacent custers of ines

Local pore oreewuse distibubon s

Uner pro e

ooee peswre derbuton
- W User defred pose prevvure derbasion
' Ouster & dy o sice

T

UM 4.4.2.7 1@AIM3HIMUA Cluster pore pressure distribution
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7) HAMIIANIZA

msinsinamsnaneniiszgauiaiiuaesdu fio dawd 1 hAms
nmﬁaﬁﬁ’:ﬁuu‘%nm monitoring plane (Y=0 m, Z=20 m) ﬁumuqﬂﬁ’wummﬁmﬂ:ﬁ (i
#f G-Rear) %qrﬂufhmmjﬂﬁ'mﬁamiqamzqimfﬁﬁ%éu yidsunsmMuanInuauRUS
5ENINAINMINGARANVIZEZUUITIV(UAY X) wasihmmIngadai 1dasaeaouninlnsans
foathese MFhaeihidunRsudoususai 1dnems ¥ Tlsunsuiiinnmaiud
feala dand 2 WimmIngadigagaRiRIANYTIN monitoring plane (X=0 m Y=0 m ,Z=20
m) voaudazmhdaiyanz  idsunI AR ANRUETEHINAININIARIZIZATDS

uAnTphase MUszorMsyamz lundan Wwew 2) vesuanzmhaamMIyane
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o 5 L ’a’ = a1 :’
1 55w 2 Tasems ldun Tassmase i ldAumemingu uaz Tnsamsg Iueaaainlsah
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JUHIUAZTHBBN(MWA) 2 s uunnsfinms TinszHauns N mMag TusAa T IMNe3a
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iae CS-8B Tﬂﬂ?}ﬂll‘ﬂﬂﬂ'}ﬁﬂﬁﬂ'ﬁ'Jl.ﬂ'i13“1114811]3ﬂ')1\3ﬂ?8gﬂ5Sﬂﬂﬂ']'\ﬂﬁﬂ 22 IUATIINHI

q
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¥ & Vet QR a a o _ o e 2

> 'l&nananangTusd 1nszdAuan 1833 WATNNRIAY. AWGIAY M3ANEATHIINMT

a5z W lugsaumuy 3 73 6D FEM) lavldmladomsguydonindu (Volume

o

as Y & ¥ 1 = oy [ as
loss) HALAMUAUNTN 9 1% (Face pressure) Fauanaeiu luiidazns wany dulsenaniu

= a 3 e - a gy v A= & =
NTAATIEH !!ﬁ'rmﬂ'litlﬁﬂﬁmtjﬂﬂaﬂﬁ’nﬂ‘i1$ﬂﬂﬂﬂ1ﬂ15ﬂ§ﬂﬂ’]ﬂlﬂﬂﬂlui]iﬂuiﬂ'i&ﬂﬁ

o et - @ w Hda A ¥ o = o £y
sn W Lzl IAs 1N MINIARIgIgANRIND 19T uMIWEINIA NUYNADIVEY

=t 1 ar & o ar = d o daa 3 aa
15msmuazﬂwammmzﬂuﬁm'snms'Jms1zwiﬂmﬁ"lvl'luﬂaamummn 3A

=Y d
5.2. MINNINZH
5.2.1 Tasamssa ihldaumemiGy
1) nIfil Qimffaq'ﬁszﬁnmwﬁﬂ 22 WASIINAIAY (M11AA A-23-AR-001)
= g v Aa a T o ) o
nnHamInsiammzadafinau Tasldanfisomsgyoninaun (Volume loss, VL)
1.00, 1.50, 2.00 UAZAMTIAUAMINEANE (Face pressure, FP) 30, 60 kPa Taouvadly 4
5@ @auEoudal VL2.00-EP60, VL1.00-FP30, VL1.50-FP30 uay VL2.00-FP30 #alsng
Fomms gayiroaiaauniin 2.00 nazA s UM INNAY 30 kPa Timmsngaa?
P P 1 %) D e & P or - o U ar
fMndidsetuiseAunnmnmnniga fegdi 521 waggdii .22 uaAImnImIan

geganiauluudazmhdaveansyanz



Settlement (mm)

Settlement (m)
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T O Measured data
Gavssian curve (i =13 m)

Distance (m)

o

Ui 5.2.1 aswlnaaamangafifAuATHAN INAUNY

CASE 1
0.00 4 Ll
| e b
-0.01 4
0.02 4 Measured D;ia
C1-VL2.0-FP60
5 C1-VL1.5-FP30
e C1-VL2,0-FP30
i C1-VL1.0-FP30
-0.04 + " . )
I 1] ] |

. r . — -
40 -20 0 20 40
Distance (m)

W R

. = ¢ v a
1t 5.2.2 aswliaasmsneudfivusansinnzifummngadaiduiinonaum
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Settlement of construction step case 1

0.000
] | —o— V12.0-FPEO
e | —o—W120FP30
b ' | O V15FP
TR 2 | o VL1.0-FP30
~§ 0.015 - q A e, 5o
S ] 3 c\ TR
E -0.020 o,
g : 1_& i
S ‘\"“--.
B 0.025 - " s
1 e
-0.030 ﬂ\
-0.035 =R
= T 5 T + T g T - T v T . T 1
5 10 15 20 25 30 35 40 45

Advancement (m)

51 5.2.3 n31luanIM AR IGIgATIAIANYIIW mornitoring plane vBaIADzphase

o &9

= & =1 a a Y @
2) n3fil 2 219N4naNY TueA 1INIzAUAN 18.5 WATINHIAY (HUIAR B-26-

"
- ~

AR-001) 9InHANIT RS RMMINgaaInAIAui Tas1dmdedumsgaonianuiil (Volume

loss, VL) 0.75, 1-00, 1.50 1az A3 aAuTAN ¥ 1921912 (Face pressure, FP) 150, 200 kPa Tau

wyailu 7 psfiAnyIgeuAall VLO.75-FP150, VL1.00-EP150, VL0.75-FP200, VL1.00-FP200,

VL1.50-FP200 , VL175-FP200 iz VL2.00-FP200 #arl51ng i iiemimsgayiesinduniny
' - Y e oo ¥ o B Vo W U a ad

2.00 nazA NI UM IIEMIAY 200 kPa TdAIMsngadINIndRBInUMINsINUIN

aunnitga gl s.2.5 nazgUil 5.2.6 nanahmIngaRdgagaRinIAuS

20 T . R T - " T T 7ot O Measured data
Gaussian curve (i = 13 m)

0

Settlement (mm)
8 & 3

&
S

g

Ui 5.2.4 namliaaamangadfidAuniuina NN



Settlement (m)

CASE 2
0.00 -
-0.01 3 L
= Sl [ ' S e
-0.02 \ Zﬁé‘ F @ | ® Measured Data
™ '.J o
z: s l C2-VL0.75-FP150
RN g & C2-VL1.0-FP150
-0.03 4 e | = €2-VL0.75-FP200
S | & C2-VL1.0-FP200
. | X% C2VL15FP200
-0.04 - +  C2-VL1.75-FP200
¢ [ © C2-VL20-FP200
-0.05 T T T T T T "
40 -20 0 20 40

Distance (m)

Uit 5.2.2 psliaaamsnBowiisusansiinnshdumnsmiadaiituiinnnainy

Settlement of construction step case 2

0.000 ~
-0.005
1
-0.010
E 0015
"g 1
-3 -0.020 . b -
9 1| ~o VL0.75FP150 AT
£ 00254 | o VI075FP200 S T
0 | | —& VL1.0FP150 ~. Y e
00304 | —+VLreEpP200 X ata
: —0— VL1.5FP150 e g A
—%— VL1.5FP200 S
0.0354 | —— VL1.75FP200 B
: —o— VL2.0FP200 =51
-0.040 ¥ T i - ' T = \ T . e T . 1
5 10 15 20 25 30 35 40 45

Advancement (m)

11t 5.2.6 nnvnanIn sNAgIgANAIANLIIM mornitoring plane VO aFAAzphase
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3) nsd 3 1 nananansg Tuad 13fszavanio masvnAIAu(Mida CS-8B )

nramsInTzimmngadanaau Taeldanlasuns gaydouiadui (Volume loss, VL)

0.75. 1.00, 1.50 taz s afufmia191z (Face pressure, FP) 150, 200 kPa Taoijuihu 4

nsdiny dousail VL0.75-FP150, VL1.5-FP150, VL0.75-FP200 tiaz VL1.00-FP200 Hailsing

7

ilernsgaydoananuiiiy 075 uazaus siuininiaeziiy 200 kPa 1

o = = o A s @ a = "
manjamanlndifsaiuawisiinunnauniga dagii 5.2.8 Az 5.2.9 uanam

ﬂﬁﬂ?ﬂﬁ)ﬁdi}ﬂﬁﬁ’)ﬁiJU?l’lm mornitoring plane ‘Uﬂduﬂ'ﬂtphasc

-10

¥ 9
15 F secrionc

r Cs88B

Settlement (mm)

Depth=19m

.| g 3

-25

- Rama IX - Phetchaburi

O Measured data
—— Gaussian cune (i=12m

It N

‘Ao 0

Distance (m)

s1ii 5.2.7 anliaaamangasafidaAuRTHAnINT M

0.000 1
-0.002 4
-0.004 g
-0,006:
-0.008 3
-0.010 4
-0.012 —

Settlement (m)

-0.014
-0.016
-0.018

CASE 3

Measured Data |
CS—VLD.?S-FHSO;
C3-VL1.50-FP150;
ca-vm.?.'»FPztm!
_C3-VL1.00-FP200)

-0.020

Distance (m)

Uit 528 psmhaaimsnBouisusamsinnzifummngaaafivuiinnaum
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settiement of construction step case 3

0.000
0.002 - B fom e T
] | O~ VLO.75FP150
0.004 - | & VL0.75FP200
] - VL1.0FP150. |
-0.006 |2 VL1.0FP200 |
E 5008 *rl\\
T 1 G S
$ 0010 “‘X\@\
= 00124 N2 T
] 1 —
9D 00144 oy 0
-0.016 - TR
0.018 - g
-0020 L T ) Al T T L] LA T 1
5 159" 49" 20 25 30 0 W Mg 45
Advancement(m)

U7 5.2.9 n3mlaaimIngafigegaiA1@uY31I0 mornitoring plane voJuAazphase

5.2.2 Insamagluananinfszihasimuns Juesn(MwA)
& 1 o - oa @
1) 3 Nananatag ad Hsedudnis.1s wasnniaumihaa
SP-T1-12A-12G) ipHamsImszvimmangaaanaau laslsantesenis gyidouaaui
(Volume loss, VL) 1.00, 1.75, 2.00 a3 4@uAn 1912 (Face pressure, FP) 150 kPa 1ay
v o v o '
uadl 3 n3diAnuIgooRall VL1.00-FP150, VLI 75-EP150 1ag VL.2.00-FP150 Am/31ng7
li . =) o ' g ) o dl L L. A
iommsgaiFowaAuniiy 2.00 tazdussiuininiamzniY 150 kPa TiAmMinga
o o = . 1 e ood - o - ~ '
M IndiReafna1es dimunnaunanniige AU 5.2.11 uazgdii 5.2.12 udamnnga

AIgagANAIAUYS I8 momitoring plane YDINAATphase

20 {0 "\ Field nasmemen . —— Loganathan & Poulos (1998) [ |
= — R TR S s Pinto (1999)
E-10 | <osemeos Vienuijt & Booker (1996) — — Gonzalez & Sagaseta (2001) | |
£
£ 0 homcro—
g ERmn
Bl
3
820 +
) ATWA
5 4, | SectonSP-TI-12A-12G
w2 " Diameter 3.75m
Depth 18.15m -
40 1 1 1 I 1 1 ]
-40 -30 -20 -10 0 10 20 30 0
Distance (1)
jlhl 5.2.10 ﬂi'\ﬂllﬂﬂwlﬂﬁﬂ?ﬂﬂ?ﬂﬂ?ﬂuﬂ HNNDINATUIH
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: SP-T1-12A-12G
D=
1 SR X000, ,1-;(..1.:,.34:?.3}-?5?{9%'
-2 B INY A, 5 -__'-.r‘ ,j“‘ Y
1 L - g
-4 s ] o
1 E)\ 7.-! t
_6 = 3‘_: : ;“r\
— 4 o
£ A
= ] . —0— field measurement
E 10 { Mwa : e VA DA
35 12 1 section SP-T1-12A-12G VL=175%
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Settlement | Measurement
case Volume Loss | Face Pressure | (FEM) (MRTA Data) | %Error
(%) (kPa) (mm) (mm)
1 2.00 30.00 3451 41.10 16.03
2 2.00 200.00 36.66 43.90 16.49
3 0.75 200.00 13.00 8.00 38.45
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2 2.25 150.00 17.12 1820 5.93
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