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KEY WORD: TUNNELLING / EPB/ GROUND LOSS / FEM / SETTLEMENT
WIRAT  PITAKSAITHONG: EFFECT OF TUNNELLING ON SOIL DISPLACEMENTS
AROUND NEARBY CONSTRUCTION FACILITIES. THESIS ADVISER : ASSIST. PROF.
WANCHAI TEPARAKSA, D.Eng., 90 pp. ISBN 974-03-1205-5.

This research aims to study the settlement behavior and propose the method for
predicting the ground surface and subsurface settlements due to MRTA subway tunnelling
and Klong Prem Prachakorn water diversion tunnel in stiff clay layer. The appropriate
parameters for prediction of Bangkok subsoils settlement due to tunnelling are also proposed.
The prediction of the settlement induced by tunnel underpassing the existing main water
supply tunnels and bridge pile foundation (Klong Prame Prachakorn Project) was also
compared with field performance.

The analyses were divided into 2 methods as empirical and Finite Element Method
(FEM). The empirical method was based on theory of Peck (1969) and O’Reilly & New
(1982) to determine the surface settlement parameter of i and K. The analysis of subsurface
settlement was based on Mair (1993)’s theory. The FEM method was based on Elasto-Plastic
failure criteria to predict the ground settlement from tunnel construction underpassing the
existing main water supply tunnel and bridge pile foundation.

The result of ground surface settlement analysis found that i-value based on Peck
(1969) is in the order of 8-12 m., while the K-value based on O’Reilly& New (1982) is about
0.34-0.50. For the subsurface settlement, the method proposed by Mair (1993) was not
appropriate to Bangkok subsoil by given the lower values than measurements. This research
proposes a new correlation to estimate the maximum subsurface settlement which is depended
on the tunnel radius (rp), depth of the tunnel (Zo) and depth below ground surface to any
depth level (Z). The numerical method by means of FEM analysis found that appropriate
Eu/Su-values for predicting the ground surface settlement were equal to 240 and 480 for soft
clay and 1st stiff clay, respectively. These Eu/Su-values agree well with the results of Self-
Boring Pressuremeter test at the strain level of 0.1-1.0 %. The soil displacement, induced by
tunnel underpassing existing” main-water tunnel and-bridge pile foundation, analysed by
means of FEM agreed well with field measurement which was not induced any damage to the
main water tunnel and bridge pile foundation
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Field of study....... Givil Engineering Advisor's signature...........coooeeviiiiiiiiiiien
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(iiehmsyamziiszauanuanidentu) Tasainsniadegiinnnduiuiddes tazdmsy
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msyaziszauauanaeiuiy. msyamizg lueanszauanuanuingivazi ldinansnga

o a 9

Aa v s o dy
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2.1.1.3 Ground Loss fumsilszifiunammuvesmsneasisglusd

T
[ a

1 Ground loss Mg ldnnransasininlfmamsngadinmauuinuuumida
Ao "o 4 S o Ao o Aqu a s
nadouluszninnimsneasnglued  uennnaziudunlsididgnlslumsimsizinimga
o a v ' o I o A = vy 7y
AIUBIAUNAY A1 Ground loss GUTIUAIAVNUIVONDINUNINUBINIYADIZIAL MO 199 11IAA Y
2 o ' T = [ o A a ' v g
Falunuyamnizg Tued Inga a1 aziinini193amsngaaune1)sziliumia1 Ground loss Auiluy
1 { <3| 1 1 J 1
szozauaz 1Al Ground loss N lAiilumlumsaiuguaammvesauneas g Tued Tagm
d‘d 1 Y U o 09: o Y a U LY d!
Ground loss NNAMINITUEAIIHNTIVIIMIYAR 1LY Tueatuazi IdinaaImMIngadaun $ae199s
manndszansamlumsinuniedsmsn s lumsaugumsiinuvesiinme  aaearums
J J ' n’/‘ [ 1 o & <] [ 4 '
noaiegTued lugraivevszds immngauiutluszdosniimsUSurlgaazud ly ATRYIEEN
A 9 o £ J Y o 1 o @ J
Ground loss Hifnaatiosas  Taeali OReilly & New (1982) Tauuzihidmsumsyamizg Tued

Y 1
Tuduaumiionn Ground loss 38iA10g551 119 1-4 % taz Tduuzih152998 @90 91 Ground loss

a 1 d 1 1 {
wldlselugunimeesmsneasieg ldedanin 9 13lumsien 2.1

{ v o J 1 1 o U J
A15 190 2.1 ANVTUNUDTIEHINNAT Ground Loss ﬂUﬂmﬂTWﬂlﬂﬂﬂTiﬂﬂﬁ%’W\iQTN\?ﬂ

Case V, (%)
Good practice in firm ground 0.5
Good practice in medium ground 1.5
Fair practice in Soft ground 2.5
Poor practice in Soft clay 4.0 or more...
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212 MIMAAZIUMINIAMNANINANIZADAIY

P o =

NMANEINIINgAFNT8IALNIEALANANFS e AR BN A ud 19N Tda 11N

'
o

w1zanlunnsiagnsuAINIImIaca Anraieglinaeinimgasaniiaaulitua s fasanz g

'
o =3

\WeRARY  Extensometers atwtias 3 ngnluuuautndanseanisdngn  Uszneudu

o A A A IR, a o o A Iy = o g
Extensometers tULATAINANHIIATLNG Nﬂqim@qﬂiuﬂq?mmm\?LL@zm?qqquﬂﬂuﬂﬂ\‘i@;\? @\‘1‘1/]’11‘1/1

o

fayaninluaunidealnsdoulugiifudeyanlfainnisyaianze e ludumumilen

al

l\/lair(1993)1ﬁmmqwﬂ’mﬂamﬂmi°qmLmz@q‘ﬂmﬁ"lufﬂ”\mqw Wudﬁﬁizﬁummﬁﬂlmﬂﬁ

o

RoAuANHOIENINIAAINIARIUAIUI N AR AR LNNINIARANRIAY  INENUATTEZIA LAY

n319289n1903A( Width of Settlement Trough ) A¥HANAAAIATNAIINANLA LU UZLARIATIAT

o a o

o a; a 49( A 5" N ISP I s:lla a;
mmimmmmmmumumm@uﬂﬂmwmgimm%ummnnmnwmagmmmmmummel‘ugﬂw 24

Ground surface (SR TR BN ]
| 4
1

] T
]
A s //_"x
| Point of inflexion

=7

S max,z

o

717 2.4 NINIAFRINRIAULAZNNINIARLNIZALANANFNG]AINNI9YALA2g THA(Mair, 1993)

3 1 H H £
wanani Mair(1993)lAanadnAIN mgARaNNINNgATIITALANANGNTH (S

max,z>

aunsav lfannaunii 2.7

0.313V,D?

K(Z,-2) (2.7)

Smax,z =

Y

\{a vV, ABAY Ground Loss NAATWNRIAY, D AsduNuAuinanaedalues, Z Aessas
AInHaAuieszAuAuanlATfifeInIMIAINmIRse  wazAn K idluannisi 2.7 dldlsidu

'
v aa

) P — o a A, oA X = o P
ATPNNIUNBUNLNITNTARNINNIAULAASNATNNNLUATNAITNAN ﬂﬂLL@ﬂﬂiugﬂ‘W 2.5
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[ ]

9171 2.5 uaneAn K Anlasuilasnanpoudnd miunasyaianzg e ludumuimilen(Mair, 1993)

ko

ANMFUNNIANEINNINIAFANILAUANANEI]  1HB9aINN197 AL Ee Tue A luduay

val v o Y

namne Nrnunndldledinasingn fuatieaieasas i liddeyanimaadadenldinaswanay

al 9

U lmsaagaung ANTTEAYIEN19ANAAZILNINIAMLYRY  (Mair,1993)d1HAd Nt TeNawas

v ¥ a Ay = ¢ A= vy > o S a =
winzaniuduRungemwensell nsfneaftiasiAsusndeyanimnsaresiufungamned
Falfanniasenisnaafvelusdduiiaasailsuilszains  warlasanisnaa¥iesn Wi ldmuans

LRANTTHNIAN m@sﬂmnvl,mLﬂummﬂ@mammmimmnma‘mmm Extensometers LUAUBLUININAIN

1
o a

ol < T B o = X = ;X o
@qill\?ﬁ‘ﬂillmL@qgsﬁ\‘iﬂqﬂqTV]Q:mm'JV]@ﬁuﬂ@llmqf]Lﬂuﬂ’]ﬁ‘mﬁ\ﬂmqmmqﬂwqﬁsﬁﬂﬁ‘qﬂﬁxL@ﬂqu@ququﬁim

Q Q

a1 luNgNaa

2.2 Ground Loss MUAWMARANISVNIIARITBIAUNBIANNNISLALANZDINIA

' '
a a o A

NNINIAFRITBNAUNLIIMININAF99 T  1ARTULHEIAINNIgTYIALNIAAUYTET

i [ ] (%

=

~ o A a K \ Ao o = a A A 9
FaniuIn Ground Loss MNATRIUIZUINNNINGATIN . BIN1IQULALNIAAUTAZNINYTENAY

q @

D

14 v
TUALA NN IZANT BT T LR WY, N1Asg IR (Workmanship Quality) , usasu

a o

suntindialaay (Face Pressure) , n19tl3uilssanunandu (Soil Improvement) luiisiaasmvianig
1n , N98ANILRIeL 7 91N9A (Grouting) U@
AmiuanwsialdfiinldiAn Ground Loss vsanisgayidannanuneazuiiveantd 4

dousnariu Aauandlugiln 2.6 naape

1) Negryidanaaaunfuuiinialany (Ground Loss into Face)

2) NIgaiRsNIARULEIIMTeEILAIY (Ground Loss Over Shield)
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= o 4§ ] ¥ 4
3) MsgaydonInAuiiednIngesinesoug 1ued (Ground Loss due to Tail Void
Encroachment)
4y arsqauioniaauiisennifiansn/founlasgilirevesgTues (Ground Loss due

to Deformation of Tunnel)

Ground loss Ground loss
Over a shield Upon the erection of

!

the lining

Ground loss E>

at the face

4 o 4 h
31/%1 2.6 115AY Ground Loss Aavuiiosninmsyag Twed Iasms 199012 (Lee, K M. et al,1992)

221 mgaieafuiidunmihiaiete (Ground Loss into Face)

Aafiesnnan luadidnmiiventandi g Tusd  Ground Loss fie
Fadufufvasiculinsyanzglud tasfiunseniiszaiuquasmednvesiudin
iiesnfugivAsuaamiviiiy plastc diui itefamnsad@oein Serew conveyor 18
4130 Ground Loss vinaunghannsaudlvlfaadesas’d Tasmsaumufinamsnedn
yosauItieofiqa Fotiidlasnstfuanudesmsrudieduldduiudfuussduiumi
Fane uazlumsfiviseaussiuiunie stess fusnadnmiiansinilgunienn
finsAouuasues in situ stress AduianzduiiurannnsyaeEuiidumiiune
p0n uAdweRzllszama ldvinaunsi 2.8 Fuffuaumsiiaue131as Lee, KM. et al.,
(1992)

P, = (KyOy +Py)=P, 2.8)
iio P, = Total stress IR UUTIIM AN
Ko = Effective coefficient of earth pressure at rest

Vertical effective stress

Q
<
|

Py, = Pore pressure at tunnel spring line

i
l

HSITUNAUNTIIFUD1E (Face Pressure)
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222 MSYATENIBAUYSIIANIONID1Y (Ground Loss Over Shield)

td LA 3
f1 Ground Loss thifaninmstsiuiaunizyaldmaeun lddrendhmudumse

7
%

feonuuull Tasluvaziiya Hauvzldindeuiidisesnlnnuuudunie(alignmenth
B 9/ A o @ o o @ o @ Ve L1 ¥ é’ ] 1 Y o o
fmuald Weiwuneaduduundy fezhildifedesiedussnhedumiiunedy
o 4 a a £ ) )
dusvesiunedudumalfifeamsge@outadiuiiu (Loss due to Overcutting and Yawing
. . dy = o o Y e =t = o Jdd k4
or Pitching) uennnligungdnsznmsimldifansgudsuradusiaiinfellywimiedu
I3 ¥
watialumsmuguiiee Wewnlumaljifdudauguiungezaiuguldiuezya
o d g oy A a o e A4 d a4 o
wizduusiudntsudionSsufsusuung lusafisenuuy eheendnfsniunzuas
& :’ L3 L & Q‘ J ‘ o £
flsenniminussiues  Taopdiiudy (Bxcess pitch) vasmsyainzsyihliing
. = i o o 5 &
Overcutting Y04AUAUT AR UYWAYV 304A (Tunnel Crown)
o o = a P < v el
aulumsgedentafusiafiladimmanininmsdosuusznhunng Tuedh
as St = g [
aonuuy 13 (Design Grade) Ai1129 TuaANYAIR12959 (Actual Grade) Tiues usntie lsfia

1] b4 1
Taoa lludansga@edsaungiilisesiosfigaludan 3 dwausn 510 2.7 uaas

$ = é’ s A b - . o
Ground Loss Titnntiumilog [39A1ifo 9910013 Overcutting (18 Pitching U911y

p_ 1

S v “ J k4
317 2.7 4@ Ground Loss  fitiamiieg lusnliina1nn1s Overcutting 1122 Pitching

223 MIgauanINanuiie1910789319381g 1A (Ground Loss due to Tail Void
Encroachment)

= a & a4 s & | ' ? 7o =
msgaudoyiatl wlifTnsnnnieisuiuyiadus Taevesinssuglusdiy fa

{ o . 1 o [ 1 wl o 5
W19Imsii e (Shield) Tiduigudnalnanindurigquinanvesglued  duludie
o =1 @ @ o u’: a: 1 ar 31’
mnmsyarswds  vaghidalszney mﬂmﬁlmmummqimﬁ (Segments) auAIMITOALN

4 . k) P ° &4 8 o R :a
Yusouglued (Grouting) l¥szoznamillumsin alumwnmdnaniiausouq
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b4 R
glusssvagluanizanuss (Unloading) s ldifamsgaudoanadiuiu msgydouindunn

4 ) 1]
awngilszdiudiunafigavesmsgydonafuynlszian

t4 ]
o = oy

@ o & { a s
Headsdrfgiduaunguesnsgafoutndusiaiifonisinteg Tued
i 9

3 d'g’i’ = Yo 3 =L 9 o 9/

(Segment) I gwsounuifuiimihidaninuasinmsyaizidutsvsaiunz 14l
¥ - g Y & g 3 ¥ o

sndnumsAndwmiegluen  ifissninezdoediszozvie(Clearance) szMITIMTIAIUUBAYBS
Qy ¥ s & o o o g = 3 L% o o’.v,
Fudruwileg Tusafuveunisduluvesiunzfeldaunsofadimigludld (msfads
a” ¥ ar 4 o a 3 Y { a 1 o 2 o
Fuaumiigluea(Segments) szihndadinsluduneiusnadiuiovesdune Fuh
Y = a oA ar 7 o ¥ 1 o ar n’: &
wizAsslinnuewevzRansFudaumisg luanmuluriung ldedies 2 29) dulwdie
waunzadon i Aufegduuuiamzzimdenin il lusesiuSnaduiieda
@1eNFoniu Tail Voids MAATINANNHUIUDIMITINAIZAU LY (Thickness of Tailpiece,

o [ o Y o’ s & . . s
Ay sufuszezvinnndadiuluussiuenzoumisgTuea (Clearance for Erection of Lining)

¥ ] 3
o QF ar

fafuuLIAYBS Tail Voids Tudludanlsdahilinademangadimue naasisglii 2.8

(1)

Initial Position of Points on What Wiil A = Thickness of Tailpicce

Become the Crown after Excavation
& = Clearance for

e T T _"j ———————— —_— Erection of Lining
4-:-:-:-:‘:-:-:\.\ GAP ]
VAR RN * XS —— 0 A
£ Y i / ]
Fij : * y— Simulated Tunnel +
t : H <
a; ] ome | .|
{ ; : It
A\ Tail Void E v o
Lining ;/—1 ) —— \
2D Plane Strain Representation Tunnel Heading
of Tunnel Heading

317 2.8 U@L Ground Loss 11183910 Tail Voids (Lee, K.M. et al.,1992)

2.2.4 ngaesafuiissninfiamsnfnunlasgliieve sglued (Ground Loss
due to Deformation of Tunnel)
=4 o dy = o e Illl Y @ <& or

nmsqaforiatifannnishndglued AT uussduninnisuendanainusadu

o o o Y w o i as aor L) 3 & o b
YBIAY (Earth Pressure) 7819 § lueai 19imtieg lnsalamsusudmaininmsaans dailv

T o
Ausouq famsindoudl1d dunaldfamsgaufunadu sdlsfaumsgadosiiad w

9 A = a Yy
HaguIUBINgUny 3 mmqmmu
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A. Sramoon Uay Sugimoto(1999) lHliieANIARITIMNARINLLALEUNISIRNIYALRE

glasdnaniduy 4 doedoaiy IadnEUEN1IMIARILIAUAINULIEWNINI9YALA12g THSA LU

Y o

v 1 1 £
azdauuantlugli 2.9 daneazesunylAnall

i ¥ i
= ' a

2.3.1 Initial Settlement Aa AMIAFITIATURBUNTRIR TAzIARRWE WY Tnaazifiag

b

aa

1 1 v 14
Fumtinaesiaiang SeRmgasaEuusniatailudnwengafaanizaiin Heave AuiuAuanLs

IRITUALLAZLINAWNe TWF1anZ(Face Pressure)

1
' o a

2.3.2 Shield Passing Settlement A8 A MIARIMAATUILINENTIRIZANAUARDUTENY

9

=KX v £ o/

ANAUAUIIBIAUNTENTLAE (Shield Face) Tagnuinaaasialany (Shield Tail) TeAMgARIL

iNnanTAaF AU NIuNANIzd Wl IzIAaeuHIY TatilenTy Friction uaz Shear 33udna

2

HofunenzesidianziuAunagseL 7 i ligodaniasuazanen Modulus 789A1

YR

|
o

2.3.3 Tail Settlement A@AINIAFANNALEMAWTNEIRIANE TnaAmMIARDdayEY

' '
% o o o

s X oA oo, d , Sy o % ¢ = A H
NAAWLNANTANIN (Tail Voids) 1/1mumﬂmmeumzmma‘ﬂmmmgummmu Lummnmgu

'
¥ o o A

1 v H
Azgnanand NNl I AN AR A URAITIANZ N AT I IuAZ AMIAFNTBIAUTE AL

U

224 1A

14 v v
ar =< o o o

2.3.4 Long-term Settlement AfAINIARATITATUUAIAINNNIEARAULWETAALLED AL

a

] 1
U o

PAuineTizaziin Relaxation WATAZNIARAANERE ° e NtATeaTI9RUgN

a

FUNIU NAITBIAUAARY FENIAZIAA Consolidation kaz Creep @4 ldaa11nu

Step | Step 11 Step Il ! Step IV @ f&cmredarea
Outer (Hieave) m;;:u cr;:uf of Passing of shield ..3? T:::&olfiﬁﬂ | Foliowing ’
i e ~ KJHUng | displacement
Iy
- i 4| shietd Machine| +— [Linin \
1 VIR i ‘—\ !
Inner (Sentlement) 8 = . f
3| E
P 3 @<
g ] i
3 5 W, ~ Shield machine
& Passive state of earth pressure
:q : —_ (WL}
| 1 | | 3
94| shietd Machine | — [Lining| — ¢ SECTIONA-A
| LT 10| -

- Excavated area
— Active state of earth pressure

9171 2.9 ANBUTNIIMNIAFITDIAUFINULWINITYALANZE THIA (A.Sramoon & Sugimoto, 1999)
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2.4 fni!‘ljﬁﬂu!!‘ljiNsllf’]\1!!5\3ﬂ‘L!ﬂ‘l!‘mﬂﬂﬂlualuizﬁﬁﬁiniﬂﬁf;ﬁ%if‘ﬂ%ﬁﬂ

nmanlasuulasgilisuesfuiiasainnisanianzg s iag iz iluan we i i
[ o & dl 4 A dl a [ dl o o ¥
waesuAuse L PRl lneAllaeullas ndnAe  WeAusaL g luaANENENIARE WA AU
nelugluedazifinuge Active earth pressure wazinausaus glusdAgnaueanaingiuefazing
b33 Passive earth pressure
=2 = . . . P = '
annsAne lulszinengaiag Michael L. Myrianthis (1981) wudinauazinayng e
Auazagluanmilignaunau (Undisturbed) naeldian K, waiEnianisnglusdinaidlndaanti
Walanz (Face of shield) Auazluadinn (O}, azanaq) Auazatflugan n active A1 K azanag
4‘ 3 a) 1 1 a o/ 10 VL = 3 L3 dl o dl dl
Wannnstadesdnaiuusdandsnsliaaginlidn K anas@nianiies  Werianzindeui il
% ¥ a a d? U dIQ % % o o a o L2 QI d’{ dl o
ANUNTINALINALIA L ANIUIUTENIWNRIAIWEMiuAWIN A K Ty Wesianng
Anan g eARuATag AN N passive AuNgETiaL@3a&UNIe grout (Surrounding pressure <

Filling pressure) fauandlugilil 2.10

STAGE

Grouting set -

Installation of

lining

Creation of the

EARTH PRESSURE

opening (shield’s

face at the cross- \

\ )
i + : Undisturbed
!

MOBILISED

STAGES O F CONSTRUCTION ( TIME)

9171 2,10 uaneen k 1ashuaznIInaainee s



NM19FIUTINTRYAUASNANITATIAIANITLARDUAIIDIAY

N34 ARULENIN19LALIIUIINTBIYANITLAADUAITIAUTLIATWILEIAINNNT
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322  Anwusea9glNIARULN
gl lFeenuuuliiluginedatin Segmental dutlsznausiog Segment vivAu
7 3w Tasddudigudnananiouen 4050 NN, uazdudiugugnatanialy 3690 ww.
Segmental tunnel 714 7 Fullaziinfniulngld Bolt ITnannsde Bolt avmesdalduduiveled
Y e a o ey . 4 . (. a gy d
Segmental Manundafafunelfidunsananuaziuus Stress Anseinanussaunulily We
Segmental tunnel siasauiiu 7 dauudaazldase lusAaunadududnatsdnuuaniszunn 4.05

. Aauanglugln 3.2

i v v v
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IS-S3-05 10 10, 15 306 AIUTN VD39 TR
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331 dayanall
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3.3.3  ANHUSTUAULATTAYANITIAIZA1sIARY
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FN9NT 34 UARIANIRFNYEaNTURUsEALAINANFN) ludae ANA-Ueuln

Distance of Front Edge of Shield to Test Section

No94

Instrumentation AW LY ANNTNIAGY
Rod Extensometer an YAIALANE mnﬁla;m (mm)
No (m) 39N9ALM (M)

RE-5T-02 ?iRing fiRamu 29.2
No.51 93 35.7
wuIg lue A 11.3 35.0 38.5
aneiila 13.3 43.1
15.8 46.6
RE-5T-03 ﬁRing 12.3 28.5
No.91 14.3 37.8 31.5
uuoalued 16.3 33.0
aner’l6l 18.8 38.2
RE-5T-04 Ring fARnmu 22.2
No.94 12.3 27.8
uuagluaA 14.3 35.0 31.3
anewmile 16.3 33.0
17.8 36.5

I
: | | —&— RE-5T-02-1-15.3 m.

N i : i —8— RE-5T-02-2-13.3 m.

r | ; | —&— RE-5T-02-3-11.3 m.

r . . . RE-5T-02-4-9.3 m.
+ ! ! —*— At surface

[ Ground Level EL.0.00m I I ) !
t I I I

L | | |

L | | |
T RE-5T-02-49.3 m i | |

: RE-5T-02-3-11.3 m i i i
F RE-6T-02-2-13.3 m. ! ! ! ! !

F | | | | |

F RE-5T-02-1-15.3 m. . | . 1] O LIS 1.2 .

F Flow in Shield . In-side . Grouting, Setting Tail Voids .

L NB Tunnel | Shielg | Tail Voids m |

r EL.20.25m. - - ] < >
T , Tail Voids

r I

r - Approaching . + Moving Away

r I

1 : ——t— ! —— — 1

-40 -30 -20 -10 0 10 20 30

3.13 WANTIAIRTAAINIINIAFIURITUAUTIZALIAIINANFNT] AWML Ring
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FN9NT 3.4 (FlR) WARIATNIASITEsTUANATEAUAINANGNS Tudee @NA-Ueuln

Instrumentation AN TTUTUN ANNNTNIAGT
Rod Extensometer an YAIWALANY mnﬁzﬁm (mm)
No (m) 1N9A9A (M)
RE-5T-05 Ring fiRm 7.1
No.154 14.3 15.9
wog T 16.3 36.2 17.3
anelel 18.3 23.6
19.8 28.8
RE-5T-06 ﬁ'Ring A 12.9
No.135 12.3 20.9
YL AL 14.3 30.2 23.1
anamile 16.3 25.0
18.3 33.5
RE-5T-07 ﬁRing fARomiu 9.6
No.183 13,3 17.7
L] 16.3 37.8 18.3
aneuile 18.3 20.7
20.8 24.9
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nsansinisngasnafnazi nalinguiaes Peck (1969)uaz O'Reilly and New (1982)
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%’/ a dd‘ a rdy Y a Y v a; a [ Z’/ d” o
TUAUNTILNN Iﬂﬁmq‘]ﬂgmiﬂurﬁi")Lﬂ‘i’]xﬂuiﬂﬂﬁu’]ﬂ‘lﬁ]LL@'JSLL!‘LWW] 2 sl,uﬂ’mmm:um\m%mﬂw

o =

Fingzianndayanimiasanidfvaedlasanisneaineg lieAduiinselsudszains Aldvianasg
o o . d‘ ya Z’/ ' Y o d'o =2
R39adANIMIAFIaIN Surface Settlement Piont MlfFAss 3 luwsazuwIninfanagauninnisfnm
ARBAAIINENILBINUINIIYALANTATHIA 9NVINAY 6 Uuo |~ @vtlsznaudasuuaninfni Station 0+508,
Station 0+980, Station 1+522, 1+534,11+552 UAY 1+573 T9918AZIDUATBIAIUMLNNIARAILATEHE

ac o % 1 Y v 'ﬂl
wazasnemsadnlinaaliudaluuny 3
29 4 ) 4, N - . "
AMNHANIIAIIATANLIN IULUEN TR A AR U TN AT LA R TE I N9aNLWINTN
. . s L oo X o da 4 . 4
FRULNINNGT 25 u. azdelifinnamgadaiaiuiiuuntidanaaauinatsn uazideinianziaaaniigi

T ndluszezilsznnn 14 4. azFudinimaadaiint



42

eda X o ayd L 4 4 v o d
nangadafiinluazaiiusiellFesaunseiaianzindeuiinseanldainuuaningad
fansounlAtszanns 40 1. nangasiaarBuiAAsvzeiALRauwlasipannillanauiuAnda il

- .

Afaniau GeAn1IngasanqatiaziluAnmafanintuliasainuasainsgaanze eAnazin lnis

q

= o a Ly o ‘dl v a a :j/ d” 1o v
L‘Lﬁ‘ﬁlllLV]E]UﬂUNZ\]ﬂ"I?"JLﬂi‘ﬁiﬁﬂ’ﬁ‘ﬂ/]iﬁl?]QV]VLm@"Iﬂ‘V]E]H{]WﬂVLﬂ LL@L’IuﬂWﬁ‘WWﬁm"Iﬂ?\‘iu@?.ivlﬂuqﬂ’rﬂ%ﬂ@ﬂqﬁ‘

o

NIAFINHIAULBIUUINTINFAN Station 0+506 FuTluuuUENAALINNNTINTINNNIRAN TN F9E eI INE

AMNEANANA TUNNTATIRTR

o o

o = v Y o A o a o = o,
mnmmﬂmmmqmmmmimmnLLmummmmm LN@‘V]’W]’W?’]Lﬂ?’]Zﬂﬂ@‘]_ltﬁilﬂqﬂﬂ@ﬁuuﬂﬂ\'iV’]’] I

o

Tuannisf 2.1 munguaes Peck (1969)  auliiduunnldiuaesnimenilndAesiusnimeasian

o

psaadald A i Aladuazfaddus i Mumsnzaglunisdssaninismen nangasanifiaTuaeIuLn
wisndanas A0 i dasdalduasn K mungeees OReilly & New (1982) uazsinn1snian

Ground Loss MNATUAINNITYALAILQINANATNARSINaN9R3e UM 4.1, 42 , 4.3 , 4.4 WAL 4.5

q 9 L]
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WARIKANTTILATIZUNINGAFNNHA AW FBUUINTINF AN AGBLIA" AMNAAL

Ground Surface Settlement at Sta 0+980

Ground surface

23.8m.

O O Field Measurements.
Tunnel Peck 1969 (=8, GL = 1.02 %)
: — == Q'Reilly&New 1982 (K=0.34,GL=1.03%)

-15 i ; ; ; T ; ; ; ; f ; : : : T : : : :
-20 -10 0 10 20

Distance from center line (m )

Surface settelment (mm )

o

91N 4.1 wanseIzingafaRioRuaaIuLINTNGR 0+980
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Ground Surface Settlement at Sta 1+522

Surface settelment ( mm)

. ©  Field Measurements
Tunnel

== Pecki968 (1 =12 m., GL =262 %)
= = " ('Reilly&New 1982(K=0.50, GL=2.60%}

—

o T e S e A
-30 =20 -10 0 10 20 30
Distance from center line { m )
= o r's v A a Bli s
I‘d‘ﬂ 4.2 AGMIAUATIBUNTAAINAIAUYBUUINUIAA 1+522
Ground Surface Settiement at Sta 1+534
)

Surface settelment (mm )

O  Field Measurements
o Peck 1969 (1 =11 m., GL =1.80 %)

= = * ORelly8NEW19B2 {K=0.46, GL=1.79%)
-15 " T e : . T
-25 -15 5 5 15 25

Distance from center fine {m )

s 43 wamsinsizngadifiiafuvesumthdn 1+534
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Ground Surface Settlement at Sta 1+552

Ground surface

Surface setteiment { mm)

O  rield Measurements,

Peck 1969 (1= 10, GL=2491%)

? — == O'Reiliy&New 1882 (K=0.42, GL=2.91%)

~25 -15 5 5 15 28
Distance from center line (m}

J1f 44 RamIsIRIzINgRd AR uYBRILINIdR 14552

Ground Surface Settlement at Sta 1+573

oy
E
E
el
d
=
@
E
£
@
o
@
s
j =
5 ] G Field Measurements
25 f -tk O ------------------ Tunngl  f - - o e=——pock 1969 (1= 9 m. , GL=30%)
H = = O'ReilySNEW1982 (K=0.38, GL=3.0%)
-30 B s U
-25 -5 -5 5 15 25

Distance from center line (m )

s 45 wamsTnsizingamnfduveunauinda 14573
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HANTIATITTTRILWINTAANagausne NiduanslPlugl 919 4.1, 42, 4.3, 4.4 uaz 4.5

a1N90a3luazuaneAsine NlFandinenel Aamened 4.1

'
o
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Subsurface settlement above tunnel center line in stiff Bangkok Clay
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Tnef (I) uAaynsuniuusneulsz@nsna (Friction Angle) 199A1NIe

Tun133AziiA Ko lwhungemny lian Ko weshumilangauviniy 0.75 uazaesmumien

wiawiniy 0.65

4.2.2.3 ANtNAARAURIAU(Soil Modulus)

Tunadimgagiiiuy Shortterm Ingld Total Stress Analysis Azl tugaaaasAuuuylaisyung
W1 (E,) Tnemien E, aziinasiarnlugdaussiaentesiu (Shear Modulus,G) mamaujaaiasn (Elastic

Theory) AANNNTN 4.8
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_ B
2(1+v)
Tnef
A [ A a
G e TAAALIILRDUTIDIAY
E,Ae Tugdaveshuuuylaiszunan
V Aa dansdoutTagesaaadu luanwldszunesin [ 1=05

o o

ANNMIANHIUEY Mair(1993) WLFNANINAAAUSLABW(G) A HANWUSTL Shear Strain 28497
%qwxﬁu@g udnmouzauneaing lnglueuneaineglasd ALl Shear Strain azfiFnagjszndng 0.1 - 1.0
% ﬁqgﬂﬁ' 4.8 WATAINNNINAALL Self Boring Pressuremeter Test Tufuiuilanaais(Soft Clay) WazAY
mﬁmm%%umﬂ(First Stiff Clay) U8NAUNIANNY 47U 6 QN (Teparaksa,1999) lfugng A
ANANNUTIZNINN G/Su ALl Shear Strain ﬁqgﬂﬁ' 49  wudniien Shear Strain [1lug99 0.1-1 % azdl
AN GISu aasAumilandauatluges 60-125 uavaziipiatlugag 85-200 dusuAumilaaudetuusn
feannAnudiiuiazvdng G iU Eu faunisi 4.8 azlde Euisu wamumiansaustlutas 180-375
WAz Eu/Su resmhumienuivetluod 255-600

WANAINUAINKANIAN BT TUYRI(2543) NANINIANHINGFANITNNIIARDUAD LBIAUAN

9

£2 ! ¥
o o A KX Aa a

nansznuniInaai g adso i ldauluduRungamnuazldininisinszinimeadoniiatuntafu
k3 aa cAaa & = o ' o a a o o a s
Aeds W lwigawmusfFaumeuiusInismasasainIn1snsadnliluauin annan1sanssi
AINANINLLT A Soil Stiffness AMmnnzanlunisdAzfiianunimeasafifianlude  Eu/Su = 240

WAY EU/Su = 480 AMSLIAWTHNERULA LT WA UINATNATPA

Typical strain Ranges:

| *-{<—>| Retaing Walls
- -|<—>| Foundations

Stiffness G

T T T
0.0001 0.001 0.01 0.1 1 10

Bender Shear Strain e %

Resonant Coulomn

Local

=]
Special Triaxial

Conventional
- —_—
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711 4.8 uspeAn Stiffness aa9AuAUsTAUNISAEY (Mair, 1993)

600
500 500
400 - 400
>
= 300 D 300
[%2) (O]
B N
200 A 200 - \
100 100 - T~
Tl
0 T 1 0 T
0.01 0.1 1 0.01 0.1 1
Shear Strain (%) Shear Strain (%)
NANTINAAAL Pressuremeter Iuﬁumﬁmﬁﬂu NANIINAAAL Pressuremeter 'luau
= =3
LAUEIALLTUN

9117 4.9 uanINaNIaMAGaL Pressuremeter test luduaumileangamnne(Teparaksa, 1999)

4.2.2.4 W MiNABINNIATHA

¥ . f fhoadkel<)s L 9 4 e
uudnuesglnsdaziinaliiininae uaaaste g lueA(Displacement)iariuansenusia il
nngasnrenuuilenTuednee  nasutuIntngesg TueAasfiatsnngTuefuu LR eaiuiang

(Homogenous Lining) l:AnTINs0 e8I #d19UARZELAY LATNANTNRTHIALLL Plan Strain Antuin

2
Yo a

salumg tnsvnenlasail

WLining = Ve °© (7[ i DO : h) (4.9)
e W, Aa wutinveantlanluadsawns (kN)
Lining ]
4 Ae Mln i vinUeaAsunaR (kN/m’)
D, Aa LU AN aLenYa9g A (m)
h ABAYI NI NI THaA(m)

4225 anwuzneamanweazAdaniuEraIntIgluen
antiintanianmaesglusfazinaatienniuauansn un1sfuuss s9nsis woinssunis
d‘ o al o a’j ] d‘ 3| a 3| % 1
wanufduazideglaevgled  Inedudiu(segment) Nusznauiiuseaziansaudulaseaiiawuuen
(Beam Structure) NNWOFANITHULL Linear Elastic Material iasainiinniaideglieanin iaiieuiv
1ng A uarARuaNFsneesitgleAariarsnnludneuzdly Plan Strain - SN0

Y o

W1 Himefsina ARl
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Moment of Inertia

e E,
f’c
s
b
h
A
Do
D

917 4.10  wanenthdnlunisAtwns Wuiuiisiauas Moment of Inertia

D D 3Dk Dk 3Dk Dr Db
o () ® o () () )

)8
)

= 15210 -f. *° (4.10)

_Lpne (4.11)
12

- b (D, -D,) (4.12)

AlupAaT9IRRUNaR(kg/cm’)
assnI89ARLNgA (kg/em’)
Moment of Inertia (m4)
v o &
AINNNAnTiglueA (m)
AANNNUNTBINTGTHIA (m)
A 9 2
NUANEF A (M?)
Wl WANEN AN 1BUBN IR g TISA (M)

W uautnasnie luzesniieg lued (m)
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4.2.3 NSANNINITILATIZI

! ¥ 1
=2 A

nsanasinImgasesRuiifiatuiiesainnisnieaineglued Ineldllsunsn PLAXIS7.2 Tu
NN9A%EL %‘w"ﬁmﬁmm:ﬁmwﬂz’lum’qumm‘iﬂNﬂ’wﬁ@zﬁwﬂﬁmﬁﬁuﬁwﬂ@mLﬂimﬂimma (Tmganng
ﬁﬂa’i’ﬁ\ifqimﬁﬁu{iw sanaaiiulasanisneaineglueA FauIuIAd R ALEINA194.05 1. AN19YALRTY
fﬂqimm"l,u%uﬁumﬁmLLﬁangqu fiszfupnuAntszunns 2324 waNfaAL uAZEANNENIAADR
Wunannsymanzg luedtlszann 2 ilawes FaneazidgnedlasannTuaTIL Wun1enisgaansg led
Ténanal3udaluumd 3 uaz 4)

TaenFnniuindaiasinnnmeilunadeilduieendy 5 wwidaniudunig
MsnAnzg TiaA Aa

o a

WUINENARNAT NLFLIEW Section (Station 0+506)

a

WUINENARTA2 N1FIaL Section? (Station 0+980)

b
D

a

WHIUTNFAN3 MU0 Section3 (Station 1+522)

b

a

WINTARN4 NL310U Section3 (Station 1+534) kAL
wWUINTINAANS N30 Section3 (lugagStation 1+552 914 Station 1+573)

o

Tnansaiasnziflu 3 wuantsausn (WAaniAnm 1, 2 uaz 3) AxiINMsAATIZIMIAINNINIAGY

v ' ¥
v o ' o o

MAsauAINNIYaRze A LT LMTARAINa1e e udouaasAinig nafaiiaTunRoAY

v '
o o o

] o A o = o = o Ao ~
LAZAINIINIA MQW??JQUV’]Q']N@HW'N”I WT'E]NV]\?V]’]ﬂq?LIGEIUL'V]ﬁn_lﬂ'uﬂ'\ﬂq?%@ﬂmqmqmimu@uqﬂLW@

= v = o X
‘wmsmwmwgﬂmmLmemmﬂumm wanzinaelilaunsuiisialy

'
=

AFUUWINTINARAT 4 uazutandnfian 5 aziun1931AEiAINNIMIAFILATNANITNLITIAATY
A nn1sgalanzg lueAtuinaenligluAdeaindszthaesnisdsviuasuansuazaenlaianduazniu
¥ o o d‘ = 1 Y o :// v o a d‘ o
fupaeslszln MNAIAL T9IEAIREAURIUARZIUINTIAR TaNNsTaRAN T Td1TARuniiN 1 W
nsamsziluuwintiiiag e azldnaie luisdedaly

2

4.2.4 anvarduiukasdayalaanaliaaswuaniianiivinnmsiiaszi

4.2.4.1 UWUIMMUIAANT NL3LI08 Sectiont (Station 0+506)
-:ll Y o z:all = & o 9°, -:l' o =S a a
NUUInTFAnY 1199019158 THIARUTENY NITALANNANLITNIL 22.82 1. ANR9AY
neaaruinanaeeg R lnausuminanisyaanzey Indiuuguianz 4139981 BH-3 Tedusiu
sznaumae
1. Fuhuwilengeunaudelunane (Soft to medium clay) HAMNUUIANNTEAURIAY

gz 13.5 4.
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° Y i -y I'd LYY a s ] o P ¥ ar :
ﬁ"\'ﬂi'ﬂﬂ'lﬂ'l‘i'lilmﬂiLtﬁZQmﬁl!Uﬂ‘ﬂﬂ\‘lﬂu‘ﬂu’m'ﬂ‘ﬁiuﬂ".i']Lﬂ_‘i'lZﬂ‘VlﬂN'\ﬂﬂu

RagluazuaasBlunisedi 43

P W a A 3 = PPN . A
M151991 4.3 A auAYeAun 1F UM AATIPHNUSIIN Section? (Station 0+980)

Soil Tyne y, | N | & |V E Su | E/Su | ENN,,
(kN/m’) | (blow/ft) ) (N/m®) | (Gav/m?) (KN/m”)
Soft to medium clay | 15.89 - 0 0.49 4850 20.21 240 -
Stiff clay (layerl) | 19.13 20 0 0.49 47088 98.10 480 -
Medium dense sand | 19.13 28 32 0.30 356000 - - 2000
Stiff clay (layer2) | 18.64 20 0 0.49 64963 135.34 480 -
Dense sand 18.83 36 34 0.30 72000 - - 2000

wex (E/N,, = 2000 kKN/m’ : $U76l 2543)

4.2.43 wuamnaan: AusSiies Section3 (Station 1+522)
P Y cs’ld & o :’ - o =2
Auuamidail Imsyamizg lweaduing fssduanudniszuis 23.79 ¥, 910
AdAudgaguinaisvesglued TasuSnafidimsyanizedlndfuvauinzdrsngu
4 2 a
BH-7 #ufutlsznoudie
o
1. FuAwmiisrosu (Soft clay) ip1unUNINsEAUAIAUSZU8 12.50 U
k4 7
2. YuAumitsaseouunals (Medium clay) WuhamansnAIALYsTInm
12.50 £4 15.00 31,
S a = [ . . = =2 = o
3. FUAUMHO UL (SHff to very stiff clay) wunaNuanARIAU 21
15.00 £14 26.004.
¥ [
4. FUNT WU (Dense to very dense silty sand)WuAR1NANVINA ALY sZI0L

26.00 84 38.60 u.

o

o o 1 o o oy a e 3 = et 9 cf
ﬂ]ﬁiﬂﬂ'I‘W']THJWIEISLm%ﬂﬂlﬁiﬂ‘]Jﬂ‘Uﬂ\iﬂuV!u'll!'lel‘lf"luﬂ'ﬁ?m515“7}“”1?\9‘“

Taagluazsuans3lumsei 4.4

s - W
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maedl 44 guausAvesduiilFlunslinszdiusinn Sectiond (Station 1+522)
Soil Type y, | N~ | ¢ v E Su | EfSu |EN,
(N/m) | Glowrm)| € R (N/m’) | (kN/m) (KN/m’)
Soft clay 1570 | - 0 | 049 | 4240 | 17.67 | 240 .
Mediumeclay | 1670 | - 0 | 049 | ss00 | 3541 | 240 .
Stiff silty clay | 19.62 | 20 0 | 049 | 72000 | 150 480 -
Dense sand 1962 | 38 | 34 | 030 | 76000 - - | 2000

wes (B/N = 2000 kKN/m’ : $17@ 2543)

4.2.4.4 WINTAGANE NUS10E Section3 (Station 1+534)

o a Y o d" ‘i‘J =y P & ar oy o I
NUFIULLUINLIIRAU | uﬁiﬂﬂlﬂnﬂ'ﬁﬁﬂm']zﬂ‘TuﬁﬂN'NU'M ﬂﬂﬂiﬂ@hﬂﬂ

v
Q

¥ k4

dainlszthvesmstlszahunsnalsfivnedegdwun Tasdnvagvesfuduuiinog
: = @ LI =) P Y o A & ﬂ =y A 1 oo
i lidnyazwuRetununusnuuuhdaan 3 (leswniiuusnuneguiom

Y Y8 Ay v 9 a a“ oo o
Tndfsedunazldmdoyainldnnnsmizdissdunnugaeiz BH-7 miloudu) &

L4 ]

Snuazvesiufuuaziigaauidussaui ldlums s e 1dnd 1 ldudq luiade
4243

° v & 5 cy 3 1 A q’: -
dmiudg lusdduinlszihfivnsegmeduuuiudug lusdaeuniamsy
4 o ' 7 T
manfilidudigudnaneuendszina 445 u. Tdusmgudnmemelutlszana
= o 1 o & o ] ] Y
3.40 u. egiiszAunLEnssning —14.19 u flesedy —18.64 u. Fadwmiwazaiszay

¥ b4
ya4m3yan1zg luedfnie aselag Innduinlszthuaas ddegl 4.1

FLERNS FALANS

Soft Clay P
uyag hsamainlszh

/ =12.5m
Medium Clay % %44.19 m . A50m

Stiff silty clay v ¥ g C2om
glusnfutie i -23.79m
7/

hikor -26.0m

-18.64 m

Dense Silty Sand
-38.0 m.

T » 2 fd »
s 411 uasdnyazFuRuUTHuRlnsyantvg Tudini aoalfg Tusddeihlszih
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al

4245 WUINUIAANS U3t Section3 (ludaeStation 1+522 fia 1+573)
Nuuonthani uusnaminisgaaize esiuine aenlfianduasniudiunaeslszil(nes
a a A =< o o ' = a a & ~ P
UFQUARENUIZINTY) TIANBULLRIGLNIUAINANLTUAZNIUABUNTALETNUAN  HANNS1aLlszann
17 4. uazdaowenadszanns 21w, Tadaayniuariuwaeaandulunisiuniminaesasniuagi
1A s N1URId89A1(ABNLITIIOL Station 1+522 way Station 1+573) 1A8ILUIIBILANTNAZNI
wazauazsznayllfeddnaaunsnunm 0.35 x 0.35 8. a1uK 12 fu Inausassuazlszasiing
. o e d e - e aa 4o
Autseanns 1.5 N, uazitansadnegNszAuananilszinns 20 4.41N9AURAY TIANHUEUBILUI
wdnaznuwazAumisAszaulunsy gy Tuefiuny . asnlfianduazniuisnannlduandlily
917 4.12
o o o ao// a 1 o a dl a rdl Y o da/ a o v
AmFudnwzaesiuAulazAIAMANTRIe9ART kilun1sTins st tarldn s uas 1
AP AUAUAIN I IUN19AASI U NRUINTINGATNS (Sectiond ,Station 1+522)iHa9a Nl uluautindnn
1 v [ vy o a = o d’ = d’l b 1 ¥ ¥
aglndipesiuuazlidayaarnnguiaizdn9anu BH-7 mdawiu Sesazidanludouillinaaldudolu

Pinde 4.2.4.3

aavvilszih

== L'Gﬁ!%l] —
v 0.35 X 0.35 thaae

glusdiy  —=—=>

54120 gUAARINENaLAANAILMLNe9g AU LA I NAT Y

| m R iDL lL |
wndvvna 0.35%0.35 4. @
Soft Clay $ou 12 du
-126m
Medium Clay 150 m
Stiff silty clay ~20-00m-t- U U 4 0 WU . 21.70 m.
2379m —f +)
\"/ 980 m
Dense Silty
R0 m

sl4129  gUsimnaanuansmueresg AU uA AT Na TN
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Ground Surface Seftlement at Sta 0+506
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Ground Surface Settlement at Sta 0+980
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Ground Surface Settlement at Sta 1+522
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Ground Surface Settlement at Sta 1+534
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Ground Surface Settlement at Sta 1+573 (On The Bridge)
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EX-S3-04-10 0 3 3 -42.86 3 2 = 71.43 2 -4 2 28.57 -4 -7 -3 42.86 -7
EX-83-04-16.5 0 -3 -3 27.27 -3 -4 = 9.09 -4 -8 -4 36.36 8 | -1 -3 27.27 -11
EX-S3-04-18 0 -1 -1 7.69 -1 &) =1l 7.69 = -8 -6 46.15 -8 -13 -5 38.46 -13
EX-S3-04-19 0 -2 -2 14.29 -2 2 0 0.00 -2 -9 -7 50.00 -9 -14 -5 35.71 -14
KP Sta 1+534 Surface Settlement Point 0 -2 -2 22.22 2 -4 = 22.22 -4 -7 -3 33.33 -7 -9 -2 22.22 -9
(Ring No 1271)
KP Sta 1+552 Surface Settlement Point 0 -3.5 -3.5 25.00 -3.5 -1.5 -4 28.57 -7.5 -12.5 -5 35.71 -12.5 -14 -1.5 10.71 -14
(Ring No 1286)
KP Sta 1+573.2 | Surface Settlement Point | 0 | -1.5 | -1.5 9.38 15 | 62 | 47 29.38 62 | -125| -63 39.38 -125 ] -16 | 35 21.88 -16
(Ring No 1304)
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Tnsamsneaiisgluedse lWihldau 1hedsna-ueuln)

a

wuamithea nieaile ANTNIANI TUFIA199) (mm )
nagoy ‘ﬁﬂi’miﬂmiﬂzﬂﬁ? I : Flow in Shield 11 : In-side Shield III.1 : Grouting Tail Voids II1.2 : Setting Tail Voids ﬂTi‘I/lEﬂﬁ’J

Gt ?;quﬂ nyalu| Aodlu % idoudu | Fui §uqﬂ ngalul Aol % doudu | Gui élu?m nyalu| Aoy % ideusu | Gud ?ryuqﬂ nyalu| Aeiiu % oy Wanua
i | %0il mimﬂﬁa‘v%wm i | %l mmqﬂﬁaﬁywm i | il nﬁmﬂﬁaﬁwm i | %l mmqﬂﬁaﬁyamm fifadu

NB Ring No 51 | Surface Settlement Point | -7.86 | -11.75] -3.89 18.20 -11.75| -14.77 | -3.02 14.13 -14.77 1 -20.771 -6 28.08 -20.77 ] -29.23 | -8.46 39.59 -21.37
RE-5T-02-4-9.3 -5.81 | -13.02] -7.21 24.09 -13.02| -20.75| -7.73 25.83 -20.75 1 -28.01] -7.26 24.26 -28.01| -35.74| -7.73 25.83 -29.93

RE-5T-02-3-11.3 -4.09 | -11.54] -7.45 21.68 -11.54 | -21.23 | -9.69 28.19 -21.231-30.921 -9.69 28.19 -30.92| -38.46| -7.54 21.94 -34.37

RE-5T-02-2-13.3 -2.93 1 -9.96 | -7.03 17.50 -9.96 | -22.05 | -12.09 30.10 -22.051-35.35] -13.3 33.11 -35.35] -43.1 | -7.75 19.29 -40.17

RE-5T-02-1-15.3 -1.77 1 -10.68] -8.91 19.88 -10.68 | -23.74 | -13.06 29.13 -23.741 -40.22 | -16.48 36.76 -40.22 | -46.6 | -6.38 14.23 -44.83

NB Ring No. 94 | Surface Settlement Point [ -5.2 | -12.5| -7.3 42.82 -12.5 [ -16.43 [ -3.93 23.05 -16.43 | -18.46 [ -2.03 11.91 -18.46 | -22.25| -3.79 2223 -17.05
RE-5T-04-4-12.3 235 [ -11.41| -9.06 35.54 1141 -18.55| -7.14 28.01 -18.55 | -23.69| -5.14 20.16 23.69| -27.84 | -4.15 16.28 -25.49

RE-5T-04-3-14.3 -1.02 | -11.42| -10.4 34.33 1142|2115 -9.73 32.12 21.15 | -27.12| -5.97 19.71 27.12| 3131 -4.19 13.83 -30.29

RE-5T-04-2-16.3 -0.43 | -11.31] -10.88 33.35 -11.317)-23.18 | -11.87 36.39 <2318 | -29.5 1 -6.32 19.37 -29.5 | -33.05| -3.55 10.88 -32.62

RE-5T-04-1-17.8 -0.26 | -11.55] -11.29 31.17 -11.55]-26.34| -14.79 40.83 -26.34 | -32.86| -6.52 18.00 -32.86 | -36.48 | -3.62 9.99 -36.22
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a

mamida winaile ANTNTAADIUFIIA1) (mm )
naaoL fin393amangady 1 : Flow in Shield 11 : In-side Shield 111 : Grouting Tail Voids 1112 : Setting Tail Voids INTAAT

5l ’c‘?yuqﬂ nyalul Aaiflu % ideudu | Fun ’c’?yuqﬂ nyalul Aaidhi o ieudu| Gud §UQﬂ nyaluf Aaiflu % ifeudu| Fui §uqﬂ nyalu| Aalu % Houmy Wanua
A | gedt mmqﬂﬁaﬁwm i | it mim_ﬂﬁaﬁywm i | ¥l mi‘ngﬂéfﬂﬁmm A | il msmﬂﬁaﬁywm fifad

NB Ring No. 135 | Surface Settlement Point | -1.43 | -3.64 | -2.21 19.34 3.64 | -6.07 | 243 21.26 -6.07 | -8.28 | -2.21 19.34 -8.28 [ -12.86 -4.58 40.07 -11.43
RE-5T-06-4-12.3 15 | 362 | 212 10.93 3.62 | 882 | -52 26.80 -8.82 |-13.97] -5.15 26.55 -13.97| -20.9 | -6.93 35.72 -19.4

RE-5T-06-3-14.3 -1.42 | -3.14 | -1.72 7.94 -3.14 | 94 | -6.26 28.90 -9.4 |-15.73]-6.325 29.20 -15.73 1 -23.08 | -7.355 33.96 -21.66

RE-5T-06-2-16.3 -1.3 | 355 | -2.25 9.51 -3.55 | -9.84 | -6.29 26.57 -9.84 | -17.42| -7.575 32.00 -17.42| -24.97| -7.555 31.92 -23.67

RE-5T-06-1-18.3 -1.81 | -3.99 | -2.18 6.89 -3.99 | -14.7 | -10.71 33.83 -14.7-1 -24.39 | -9.685 30.59 -24.39| -33.47] -9.085 28.70 -31.66

NB Ring No. 183 | Surface Settlement Point | -4.68 | -4.86 | -0.18 3.80 -4.86 | -5.7 | -0.84 17.72 -5.7 | -6.28 | -0.58 12.24 -6.28 | -9.42 | -3.14 66.24 -4.74
RE-5T-07-4-13.3 -6 -6.6 -0.6 5.29 6.6 | -9.76 | -3.16 27.87 -9.76 | -13.58| -3.82 33.69 -13.58 | -17.34] -3.76 33.16 -11.34

RE-5T-07-3-15.3 6.39 [ -6.72 | -0.33 291 6.72 [-9:8 | -3.08 27.18 9.8 |-1433] -4.53 39.98 -14.33 | -17.72 -3.39 29.92 -11.33

RE-5T-07-2-18.3 -6.57 | -6.82 | -0.25 1.84 682 -10 | -3.18 23.45 -10 |-1625]-6.25 46.09 -16.25| -20.13| -3.88 28.61 -13.56

RE-5T-07-1-20.8 -6.81 | -7.82 | -1.01 5.81 -7.82 [ -12.07| -4.25 24.44 -12.07 | -20.58 | -8.51 48.94 20.58 | 242 | -3.62 20.82 -17.39
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Tnsamsneasisglusase vlvhldau (ed3nn-

M1319 D-1 (F1D) HAAIAINIINIAGIVDITY

vauln)

a

au

A a .é’ 1 v J d
mnﬂmuﬁumamaq 53ﬁ31ﬂﬂ1§°§ﬂ!iﬂ$f2b~l\‘iﬂ

uwamthda 3ol AMMINTAA LTI (mm )
naaoU ﬁﬂi’m’iﬂmi‘ﬂiﬂﬂﬁ? I: Flow in Shield II' : In-side Shield III.1 : Grouting Tail Voids II1.2 : Setting Tail Voids MINTAAI

5udt é?yuqv] nyalu| Aaiilu % Weudy Sud ﬁyufm nyalu| Aauilu % Heudy 5ui t'?yu'cm nyalu| Aailu % eudy 5ud é?yu?gﬂ nyalu| Aarilu % Weudy Havua

A A v & A Tt o & A s v & A & o & da &
| 9298 | Mangadamianug A | ¥29il | MIngaaaianue | @il | mangadaniavua | wil | msngadaviavua| Mineau

SB Ring No. 91 RE-5T-03-4-12.3 -1.2 | -3.76 | -2.56 9.38 -3.76 | -12.6 | -8.84 32.38 -12.6 | -18.8 | -6.2 22.71 -18.8 | -28.5 -9.7 35.53 -27.3

RE-5T-03-3-14.3 -2 -4.6 -2.6 8.81 -4.6 | -13.8 9.2 31.19 -13.8 -20 -6.2 21.02 -20 -31.5 | -11.5 38.98 -29.5

RE-5T-03-2-16.3 27 | 526 | -2.56 8.45 526 | -142 | -8.94 29.50 -142 | 203 | -6.1 20.13 203 | 33 | -127 41.91 -30.3

RE-5T-03-1-18.8 3 | 812 502 14.55 8.12 | -27.1 | -18.98 53.92 271 | -30 | 29 8.24 30 | 382 -82 23.30 352

SB Ring No. 154 | Surface Settlement Point | -0.8 | -2.03 | -1.23 19.43 -2.03 | -2.88 | -0.85 13.43 -2.88 | -6.63 | -3.75 59.24 -6.63 | -7.13 -0.5 7.90 -6.33
RE-5T-05-4-14.3 -121 |-5.285( -4.075 27.78 5285 -9 |-3.715 2532 9 | -145] 55 37.49 -145 | -15.88| -1.38 9.41 -14.67

RE-5T-05-3-16.3 -1.28 | -5.96 | -4.68 29.16 -5.96 | -10.28 | -4.32 26.92 -10.28 | -16.97 | -6.69 41.68 -16.97| -17.33| -0.36 2.24 -16.05

RE-5T-05-2-18.3 -1.36 | -7.425] -6.065 27.26 -7.4251 -13.23 1 -5.805 26.09 -13.23 1 -21.71] -8.48 38.11 -21.71| -23.61] -1.9 8.54 -22.25

RE-5T-05-1-19.8 -1.43 | -10.90| -9.465 35.56 -10.9 | -19.43] -8.535 32.06 -19.431-26.96| -7.53 28.29 -26.96 | -28.05] -1.09 4.09 -26.62
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i g d ' Aa X Aa a A v v
1919 N-2 smmsﬂaswuﬂ(%) ﬂ1ﬂ151’l§ﬂﬂ3‘mﬂﬂﬂl‘u'ﬂﬁnﬂ‘M!‘Hi’)\iﬂ”lﬂﬂ15ﬂgﬂ!ﬂ13@j&lﬂﬂﬂu‘lﬂﬂﬂﬁ‘]

Tnsamsneadisglusdse lWvhldau (MRTA) $29d58A-veu]n

wamthea ninafle % ?hmm;ﬂﬁa'ﬁﬁaﬁuﬁgﬁﬂéﬁuiuﬂmdnq
nanoU ﬁﬂiafﬁﬂmimﬂﬁa I: Flow in Shield | II: In-side Shield | IIL1: Grouting | IIL.2: Setting %mm;mﬁaﬁ”mm
NB Ring No 51 Surface Settlement Point 18.20 14.13 28.08 39.59 100.00
NB Ring No. 94 Surface Settlement Point 42.82 23.05 11.91 22.23 100.00
NB Ring No. 135 Surface Settlement Point 19.34 P20 19.34 40.07 100.00
NB Ring No. 183 Surface Settlement Point 3.80 17.72 12.24 66.24 100.00
SB Ring No. 154 Surface Settlement Point 19.43 13.43 59.24 7.90 100.00
Average (MRTA) 20.72 17.92 26.16 3521 100.00
Imamsﬁaa%’nqimﬁﬁuﬁmamnﬂimlimnﬂs (KP)
wuamthea ninaile % mmimﬂﬁa'ﬁﬁaﬁuﬁzﬁﬂﬁu“lmhwhm
naaou ‘ﬁ@]i’m}jﬂﬂﬁ'ﬂj‘ﬂﬁ? I: Flow in Shield | II: In-side Shield | III.1: Grouting 1I1.2: Setting %msmﬂﬁaﬁmuﬂ
KP Ring No 416 Surface Settlement Point 23.08 30.77 15.38 30.77 100.00
KP Ring No 811 Surface Settlement Point 13.33 40.00 13.33 33.33 100.00
KP Ring No 1261 Surface Settlement Point 26.09 26.09 8.70 39.13 100.00
KP Ring No 1271 |  Surface Settlement Point 2222 2222 33.33 22.22 100.00
KP Ring No 1286 | Surface Settlement Point 25.00 28.57 35.71 10.71 100.00
KP Ring No 1304 | Surface Settlement Point 938 29.38 39.38 21.88 100.00
Average (KP) 19.85 29.50 2431 26.34 100.00
% ﬂ'1m‘m;ﬂﬁaﬁﬁaauméwm%mmimems
% ﬂ'1ﬂ1i1fliaﬂ§llﬁ‘ﬁ'ﬁ’lﬁuﬁlﬁﬂﬁuiu‘ﬁ?%ﬁﬁﬂ I: Flow in Shield | II: In-side Shield | III.1: Grouting I11.2: Setting %mﬁmﬂﬁw‘%’wm
20.24 24.24 25.15 30.37 100.00

Average MRTA & KP
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M54 -3 urauediun(%) mmsnadivestuRuwiisiseuiifatuninmsyamizgluealuriemg

d
Tnsamsneasisglusdasalvlvhlddu (MRTA) ¥29d3da-teuln

numiida Inedile (%) ﬂ'mﬁwqﬂﬁmmﬁ?uﬁumﬁméauﬁLﬁﬂsﬁymﬁaai]mmiﬂgmm:qimﬂ’imh%imq
naaoy ﬁ@l‘i’m%ﬂﬂWiﬂEﬂﬁ’J I: Flow in Shield | II: In-side Shield | III.1: Grouting 1I1.2: Setting %msmﬂﬁaﬁmuﬂ
NB RING NO 51 RE-5T-02-4-9.3 24.09 25.83 24.26 25.83 100.00
RE-5T-02-3-113 21.68 28.19 28.19 21.94 100.00
RE-5T-02-2-13.3 17.50 30.10 33.11 19.29 100.00
NB Ring No. 94 RE-5T-04-4-12.3 35.54 28.01 20.16 16.28 100.00
RE-5T-04-3-14.3 3433 3212 19.71 13.83 100.00
NB Ring No. 135 RE-5T-06-4-12.3 10.93 26.80 26.55 35.72 100.00
RE-5T-06-3-14.3 7.94 28.90 29.20 33.96 100.00
NB Ring No. 183 RE-ST-07-4-133 5.29 27.87 33.69 33.16 100.00
SB Ring No. 91 RE-5T-03-4-12.3 9.38 3238 2271 35.53 100.00
RE-5T-03-3-14.3 8.81 31.19 21.02 38.98 100.00
SB Ring No. 154 RE-5T-05-4-143 27.78 25.32 37.49 9.41 100.00
Average (MRTA) 18.48 28.79 26.92 2581 100.00

v Y Jdu :
TmamsnaaiNqimﬂwuumamxﬂiuﬂﬁzmni (KP)

nuImiida il (%) ﬂ'1ms1/11ﬂﬁwmﬁi}zuﬁumﬁma'auﬁgﬁwﬁmﬁmil1nmﬁ;mmzqimﬁ‘lwﬁawhm
NAFOU i A3993ANIINTAAD | I: Flow in Shield | II: In-side Shield | IL1: Grouting | TIL2: Setting %mmmﬁaﬁymm
KP Ring No 416 EX-S1-02-4.5 28.57 28.57 2143 21.43 100.00
EX-S1-02-10 25 25.00 31.25 12.50 100.00
KP Ring No 811 EX-S2-02-4.5 16.67 50.00 11.11 22.22 100.00
EX-S2-02-10. 25.00 33.33 8.33 33.33 100.00
KP Ring No 1261 EX-S3-04-4.5 20.00 0.00 20.00 60.00 100.00
EX-S3-04-10 -42.86 71.43 28.57 42.86 100.00
Average (KP) 13.11 34.72 20.12 32.06 100.00
(%) mtm;ﬂé’hﬂma“i';’uﬁumﬁméamaﬁﬂﬁv’mmiﬂﬂms
(%) mimﬂéhmmﬁi?uﬁumﬁma'auﬁlmhwhm I: Flow in Shield | II: In-side Shield | III.1: Grouting TI1.2: Setting %mﬁmﬂﬁw‘%’wm
16.58 30.89 24.52 28.02 100.00

Average MRTA & KP

LY

v
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M1319 N-4 !!ﬁﬂﬂ!ﬂi’)i!"lﬁuﬂ(“/o) ﬂ1ﬂ"|iTl§ﬂﬂ’3"’lli’)xi‘lf‘Hﬂ‘i—!m1-!8]’J!!EII\1‘Yl!ﬂﬂ"’ll1!%1ﬂﬂ"|§°lgﬂ!%"l¥@j?~lﬂfﬂﬂ‘lﬂ&ﬂﬁ‘]

Tnsamsneadisgluense lWihldau (MRTA) ¥25@58A-Ueun

uuamvde 130310 (%) ﬂ'1mfm1ﬂﬁaﬂuﬂa@guﬁumﬁmm‘iqﬁ;ﬁﬂfmﬁmﬂ1ﬂmﬁsqmmzqimﬁ“lmhwhm
nagaoy ﬁ@l‘i’m’?ﬂﬂWiﬂEﬂﬁ’J I: Flow in Shield | II: In-side Shield | III.1: Grouting 1I1.2: Setting %msmﬂﬁaﬁmuﬂ
NB Ring No 51 RE-5T-02-1-15.3 19.88 29.13 36.76 14.23 100.00
NB Ring No. 94 RE-5T-04-2-16.3 3335 36.39 19.37 10.88 100.00
RE-5T-04-1-17.8 31.17 40.83 18.00 9.99 100.00
NB Ring No. 135 RE-5T-06-2-16.3 9.51 26.57 32.00 31.92 100.00
RE-5T-06-1-18.3 6.89 33.83 30.59 28.70 100.00
NB Ring No. 183 RE-5T-07-3-15.3 291 27.18 39.98 29.92 100.00
RE-5T-07-2-18.3 1.84 23.45 46.09 28.61 100.00
RE-5T-07-1-20.8 5.81 24.44 48.94 20.82 100.00
SB Ring No. 91 RE-5T-03-2-16.3 8.45 29.50 20.13 4191 100.00
RE-5T-03-1-18.8 14.55 53.92 8.24 23.30 100.00
SB Ring No. 154 RE-5T-05-3-16.3 29.16 26.92 41.68 2.24 100.00
RE-5T-05-2-18.3 27.26 26.09 38.11 8.54 100.00
RE-5T-05-1-19.8 35.56 32.06 28.29 4.09 100.00
Average (MRTA) 17.41 31.56 31.40 19.63 100.00

v Y dor o
TﬂiqminatﬁNqimmumﬂamxﬂiuﬂsx‘mni (KP)

nuImiida sl (%) fhmi‘1/1';;ﬂcﬁafuaq*i?uﬁumﬁtnu%aﬁnﬁﬂéﬁlmﬁmfn1ﬂmﬁmmzqimﬁiuﬂh%ﬁm
nagay ﬁﬂi]ﬂ’jﬂ ﬂ1§‘1/]§qﬂ€;f'3 I: Flow in Shield | II: In-side Shield | III.1: Grouting TI1.2: Setting %miﬂiﬁﬂﬁ)“ﬁﬂﬂuﬂ
KP Ring No 416 EX-S1-02-15 31.58 31.58 21.05 15.79 100.00
KP Ring No 811 EX-S2-02-15 23.08 46.15 11.54 19.23 100.00
KP Ring No 1244 RE-$3-01-20.6 35.96 4.69 7.19 52.16 100.00
KP Ring No 1253 RE-$3-01-20.0 45.65 3136 21.65 1.35 100.00
KP Ring No 1261 EX-S3-04-16.5 27.27 9.09 36.36 27.27 100.00
EX-S3-04-18 7.69 7.69 46.15 38.46 100.00
EX-S3-04-19 14.29 0.00 50.00 35.71 100.00
Average (KP) 26.50 18.65 27.71 27.14 100.00
(%) ﬂﬁﬂgﬂﬁlﬁlﬁ)d%ﬂamﬁﬁﬂ’Jmﬁﬂméﬂ%ﬂﬁﬂﬂﬂﬁmi
(%) miwqﬂﬁwaq%uﬁumﬁmu%ﬂwﬁawinq I: Flow in Shield | II: In-side Shield | III.1: Grouting TI1.2: Setting %miﬂiﬁﬂﬁ)“ﬁﬂﬂuﬂ
20.59 27.04 30.11 22.26 100.00

Average MRTA & KP
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