AR E LR
ALY T
R A

B BSR4 E
N - |

Double-O-Tube Shield Tunneling in Taipei Basin

for Airport Access MRT
Frd VETE

PERREY L4 RS



RIS G 500 -1 B4 F
e Z LR B
Double-O-Tube Shield Tunneling in Taipei Basin
for Airport Access MRT

Frd i hy Student : Yu-Fen Shiu
R ARG BL Advisor : Dr. Yung-Show Fang

A Thesis
Submitted to the Department of Civil Engineering
College of Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Engineering
in
Civil Engineering

July 2010

Hsinchu, Taiwan, Republic of China

S EARL A E



[

e

H
|4
<k
(=
A
4%
Jam
S
)
S
{59
gt
o+
E:

Mo 2 R B R R S L= £ & CA450A 1% DOT B3 g o 1 %

4T DOT A F 05 1 82 BALR ik %« AP HHLAE §iRER

Frd1>2 ~DOT Ba w1z B nha ~ 2 DOT & H FIgEi- B p w1

TH A A TEE T LT8G B E R

I.

2 Pl EchpdEn ) DOT A A P e LR & 2 2 038 & » /[ *iRiE
TR RUE 0.6 & c CA450A R * 2 gpEign 32 e 7 177 HFEw
TR IR AL R B v R e g R AR T T
il A REEZ B o

A ERIUA SRR SR A Bk % B DOT g w1 s 42
i AR R SR i R SRS = o 2R G R £ A
2R Rl Rt 2 AR L e & o

BN e i BB B T o ka2 Bk T HaE 3t DOT g ¥ BB 6
B Z R B B < THAE /120 12 mm~34 mm 2. > DOT % 1 313k 2_ 3 %
ARG 023%~1.19%2 F > T33E 5 0.76 % -

WA DOT B f i 2 iR ¥1@F > 5 20 mday> » FRlE% 5
2.5m/day > JRFE B L iE F P 25% o W NI R 1 F 5 43

m/day » ¢ %% 1 iE % % 3.9 m/day o



R H G > DOT gk e 5 8493 §~/2 ¢ > HESAES

WA P A 58568 /% o SR e DOT BE i AT R Y U

i
W

g > ADOTHFGFR B HE 218 RT -
8228 DOT "if Foow 1 %“j * L H )ﬁ’]%}”ﬁ;ﬁ%‘ % h 45~ g DOT fﬁ"ﬁ

T LG AMCKP AT REZ AL f Y 33 R YRR

Ne)
—_

% DOT B F i i1 2% 5 196 A~ > HEEFF % a1y 19,

B AEIBERIARY L 925%-

EF LAY Y ke B R - BRIANER o iz

ii



Double-O-Tube Shield Tunneling
in Taipe1 Basin for Airport Access MRT

Student : Yu-Fen Shiu Advisor : Dr. Yung-Show Fang

Institute of Civil Engineering

National Chiao Tung University

ABSTRACT

Based on the construction of Taoyuan International Airport access MRT with the
Double-O-Tube (DOT) shield tunneling method, this thesis studies the difficulties
encountered during construction, Major difficulties discussed included: rolling of the
shield machine, ground settlement due to tunneling, and speed and cost of DOT shield
tunneling. Based on this study, the following conclusions are made.

1. Field data indicated that the maximum rolling angle was 0.38°, which was less
than the limiting design rolling angle of 0.6°. The measures adopted by the
contractor to correct the rolling angle included: reverse rotation of the cutter disc,
grouting through holes on lining segments, and overcut of ground with the copy
cutter. The reverse rotation of the cutter disc was use most often to correct the
rolling angle.

2. The superposition method and the equal-area method were proposed to estimate
the ground settlement due to DOT shield tunneling. It was found that the
settlement troughs determined with the two methods were similar. The estimated

settlement trough was in fairly good agreement with the measured settlement data.
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3. The maximum ground settlements measured at six different sections varied from
12 to 34 mm. The ground loss due to DOT shield tunneling varied form 0.23 to
1.19%. The average ground loss was 0.76%.

4. In the departure section, the estimated speed of DOT excavation was 2.0 m/day.
The measured speed of excavation was 2.5 m/day, which was 25% faster than the
estimated speed. In the normal excavation section, the estimated speed of
excavation was 4.3 m/day, and the measured speed was 3.9 m/day.

5. Based on the calculation of the Detail Design Consultant, the construction cost for
the DOT tunnel is NTD 849,300 dollar/m. The construction cost for the traditional
circular-section twin-tube shield tunnels is NTD 585,600 dollar/m. The DOT
shield tunnel was more expensiye to build mainly because the expensive DOT
shield machine, and the complex DOT ring manufacture and assembly.

6. Although the total cost forithe DOT shield tunnel was NTD 450,000,000 higher
than that for the circular-section twin-tube shield tunnels. However, with the DOT
shield tunnel, the cost NTD 330,000,000-dollars to construct three cross-passages
under the Danshuei River could be avoided. Consider the total cost of lot CA450A,
the total cost with a DOT shield tunnel is NTD 1,960,000,000 dollars, and the
total cost with traditional shield tunnels is NTD 1,910,000,000 dollars. With the

two tunneling methods, the difference in total cost is only 2.5%.

Keywords: Duration, construction cost, Settlement, Rolling, Tunnel,Double-O-tube

shield tunnel, superposition method.
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o Lt A B R HEASAL - B EL > S EABIRE Y
st ’7&$‘%|ﬁﬁ§ﬁq'r%;l,§g.ri%ﬁ] e ,yg&\;u; G ?E‘Eféeh.;ga,ﬁ
HIiRE

DOT &% #3500 S E

DOT /- #27d 851 BF - Ef 8 245 B2 e fod wehi B 7 i
RAFRE LR e T T HRIEE AR F G L
£ 2

DOT i h Lt £ 8

DOT - fth =+ Rk Al hL 8 > GlcRI 257 > 2R F
WHPEHI o 2 e XREFRES e Es > L) BN w s
id

stk g RBEES arE £ T A ERRE -

DOT # At s 1 pF > Flgd A fHjee A W3 > =@ pd @ 52T
e SABAFTEAA AR 2T A RPEEFRT R B ARSI

oA e ié’;bbiifgj—, M ?,Ii’('}ﬁ»'ﬁ#ﬁiﬁ@“

DOT B § i %1 (7 i & GG IR AT TRy 54 5

W1 H 2 3 RPAT L SHE X REZ R FEF 45 0 5EMR2004) - 4

AKBE 4 (2008)% Shen et al. (2009)% DOT B4 g2 i3 it » Z:8 7/ 7 » M7

Rl BRI R 2 FAEEHK o

1.

+ TR
M A2 4e 4+ 7 7 (shield jack)® o § BB pe G A w @ G L+ TR
(Transfer jack) » ¥ 33 B4a4 * TR N2 & B A2 55 A 4 &7 G HRHE

2131 0 ho@] 2-16 & B 2-17 o



2. Bz
1 * 4247 7 (Copy cutter):& {7 & #74g #7 (over-excavation)*» ¥1] & + #8 k5o » 12 '3
4 R ' K DOT % PR R AR > 4o B] 2-18 A1oT o

3. Rl teft R P
PEFARA G2 —RJIF kP e 2 BBk - Reafdda
A E S 2 B doB] 2-17 97 o

4. R
Bl 2-19 &g+t DOT 5 5 A 2 K B fda(shieldpry) Az & * if i » 5 H
AT A RELSF A N FE TR — R TS I 4
PEE AL 2 K ITF 4 30 G REER -

SR Y EHES

% 2w lRE P AR o Moo § — RIS 2 @ 5o @R 2 AL

4o 2-20 4T 0§ R RS SRR T I RV IR G By
Bt bl Basse B4 > 31 DOT " B & & o
7. v B F ki

BRI B FAHITRGSLL Y HKESEL ]G

oo LM S RE o VR BB DRE S v BWRRT T P
oo THrz 4y Sk 4 pd a0 RE RE P e

2.8 HFRE WL I RS FiNIEL R
R AR e L Tid ek TR R 2 B efE AR~ E O B E A
FEAWE LR R Y SRR ETFF 0 55 B2 0l %k o Peck (1969) ~ Schmidt

(1974) ~ Cording and Hansmire ( 1975 ) ~ Hanya ( 1977 ) ~ Mori and Akagi ( 1985) ~

10



M@eﬁﬂ(&%)iﬁ%’ﬁgﬁﬁﬂw%ﬁpf$%o%§%ﬁﬁlﬂﬁ%

v

B R F] T A G T A AT o

281 EERHP L

TR 1 B AR GRS R R L YA B

W%(EMMM’%”‘ﬁ%&P’F$%&1%/a‘&1ﬂmﬁﬁ ;B e
FWL 2B 2R B AT FERY - FERFREYHTE .(mwm

grouting) #-H % o LIk RPFREEI G L HBRIT > FELTH L
EAGRGE A B3R o B @ iR ) Ry
SR RFEI AL T HAE I TR S RE Ak BNk A & R

F] o

2.8.2 #Wrr B

RER S EER Y O ARERFIR e e kY P2k IR
ooy F A RT RS o R TR T E TIPFRR o Ak 4 kY Flb
TR MA TIPSR FE o AL AL RBIR G R ¥ FlehaRd g F
%i%iéﬁﬁﬁ’%ﬁﬁﬁéTi@%J’?ﬁ%&¥éi%%°“ Ao
B S AR BB AR E 2 28 2R AT E 2 B A

7 RATEA o

283 Rizt B e

BRPREEER > R PHN e RS %S -t o R FER LG 2
BT F0EAPBIRIAEZFLI IR CPRERL S F KRG F e dad
AR R 2R RIBERG Sl R F LS m R ARE RS R

11



B4 R RZ G A S Y o S AR A R R e RS

Fer o gl s IR DA Fag ek FiTlae

284 31 K A2 PR BITIG

%ﬁ%ﬁﬁl@ﬁﬁ’ﬁﬁi%ﬂ%ﬁ&iﬁﬁiﬁﬁ R AT
KR 4e o SRR B e o Jitid R 2 A M RRE B A B B A A4 K

R B ITKA

285 ¢ MEWER S A2
AR T MBS B RIT AR F AR V- RIRT R
ARG FRABEYFIMLIIHB A AL S FIHL NP RET O F
Aty Fanped 2 4 T BRI F LA A G T S BM TR 2
t 7 (pitching or yawing Yo st i % £ L2 F 1S4k (TP 2 3 kR 4B % > chb

o = AT R B

2.8.6 ¥+ TR
BB AN TR BT L o SRR G 2 2 RS 2 RRA
ARG PR DGR I AR T o B TR R P oav g 2 MG R4

oo igm A2 AEBRIMG o E S FikAe

2.9 BERFH LI RF BR 2 G Y

PAMKEZGE > AR 2 A6 HESIT - DHELT GO 2
BWOEHRZE e A 22 FPAIT AR

I FRAZFZTAAF BIHBETLEE 7Y R# B2 - 2471 AR0E

Z]



fi;fE’:‘ﬁﬁzLﬂ ;,'}"’E‘_o

2. WehfRATRELEEREHARF > LIREPERT T R ) E R

(T8 5| R R

3. oI IR LDR b EREZEE B RE L ATIIR
2y Ak RAEEE S RIIFR S IHN BRI ERE R

FENTREI NI GE ATKEEZ K] o FIP TR BITIEE < 0 U E
LB i kY2 A 1E G- AT R E o Al SRk NI & DOT B %
SR A g = A

4. HoPREHREIT A G HRE S R R I REEREA SR R B

B 32 AR IR i o E TP R R R R

2.9.1 El’],ﬁﬁ’ﬁ‘%zﬁalﬂb % T Kam

Peck (1969 ) i 5 3t BRI TR A AL T B S 32 B IR 0 w3 ors ]

-
o

R2 B AUl ¥ o X Sdie Cerror function ) & F & 4 F ¢ 4 (normal

distribution curve ) *4v 2 RS SR L P AN T £ T 40T

2

S(3) =S s exp(—— (2.1)
Y oLPIERI R P o A2 R T R
S() » 2R CHRTIER L y Rl b A TIAER
S - RIE P SME S 2 A A

max

PR M)A R W Bk TR (R A TR TR 2 2

Pz F A G RT B 221 EP 0 K A Gk RFF B

Z2HaE & 0618, o d QDN FAFT EFs vl E R RPN 2 A Vi o

13



=27 -i-S  ~25i-S (2.2)
Peck (1969) 1345 "%sf &7 Fo 4 ik T35 1 #7515k 2 3 Rty - KRB K
WOELE R i (FE R A STHAN B R 2 $8ic o Peck M LT (R) W P o SR
B (Z)~2 %Rk %8 (i) 2% FEUSH2-2-B° x> bh-FARR
i (Z2R EHE) Akt B P fril R i@ AV AL 2 15+ o
Foak TORENT 2 2 KN BRI R T R A I Al s d
SCRAT T o L R e
Attewell (1981) 13457 e 2 & B 32 B 5 3 ShE RIS % 0 B0 D ity 3
vt (UR) B i®ie (Z2R) 2B 0 47 40T ¢

ilR=k(Z/2RY (2.3)

Y KEZ n G Sl BB R THEA L dodk 2-3

Clough and Schmidt (1981) $hdkd A PG i %6 1 3¢ & 2 3 & UKl 7
3o Ay g kal BEs (/R) Bspag Fasve (Z2R) 2B a > ¥ 4 57 4o

T

i/R=(Z/2R)"*® (2.4)

AR (1988) fcfb st frd ToRGEH T G 12 s R Ak &
BERITHEAT > ZR M 2E 2B REw 1 (IR) & (Z2R) 2 B (4o

T o

ilR=(Z/2R)"* (2.5)

2.9.2 Peck-Fujita % X F o T T FREIIR2 » 2 ks

FRBAREFTLIIR2Z LA 2 L& REFERE 1 kEFH
T o EFRPNRE @ TEEREREEL ABEM S P Brg R oo F
T FRERRE S A e A LRE R de R e

14



Peck (1969) 451 > % = W' 4o % 40§ AT 5 — G5k > Rl 309 - g
WL VA S R ERE Y R L 22 e R e B
¥ ERE 3 A R K Bt B - iE G % (o] 2-23) 0 Peck 23R E B
BRAE O D AT N ARG P > TR AR S - B SR "D W P SR TR
Brde PR B T2 A R H - R o B A o SRR

Schmidt (1974) #3124 £ + Toronto #i& k sLenT BIF AL > 305 % - 5%

IR AN X R - ERE R EEY PR T % C R e ATig S
SRR RS S R R LA RN R SRR 3 SRR R ]

R ek fead @Q & oI *ﬁ}u_ﬂ %%ﬁ I PR ?1,' B A AEE A AP
;oo

Som and Narayan (1985) 134557 & Clacutla 3 48> 1 X (|2 2% > 2§ & 4
o AR B IR (T RS % 1 ARl ARL R SR RS K A T ALK
fiedto 2 d F Rl A R R e R 5 s FE R MR
4 o

Hoyaux and Ladanyi (1970) 143 *La& /2 A 474033 2 & "Rig % B4 4
o5 REAFARPIFAIAL EREERLRLFLH LA G FR (o]
2:24) - B Y Mo S F R FEwE L) “,f TEIEMEE G M BRI F
B (i i EER) X0 (ZR) ™5 %7 M o e Ao -k
T2 #PHFTAR (b) E%ig /s (2R) 2 B4 Z/R EIFH (4B 2-25
STR ) o W] 2-25 BEoT - AAEFATHRES KA 3 FRE 2 FA XS (ZR)

A2 (- HMBRARE T AP AR R PID2R BB 018 A BT

Fang et al. (1994) r%:f % BT 2 » 0 ¢ Fl3deh ki 7 4p + 2
P48 131 % Hoyaux and Ladanyi (1970) 2. %% » iu 5 5 E%E 72 45 38
(4o L>2.72R > L 5 B @ wihz KT REZ) PRI H B2 M2 PHRT 3 3

£ e Bt F4ES A etk di2 Peck-Fujita St 0 AN B E - v
15



TR PR P & Liad Mg 0 £ dpte (Superposition) 7 5t Rl T

Bk R 5 1 erh e & A RGE o

2.9.3 Peck 5.5 3 i3k DOT &5 "%:g i Kty

5 $L2 (2007) ik J5 Peck 55 3¢ #& 10 DOT g %6 1 51 53 & U laz

A

oo A A u s s B E TS R R iR 2 DOT B E g AL s %
B & FIRRAE e R 0 A B[R Ao o
1. BH Rl U as 84 ot
4of] 226 % B 2-27 #7% » 53k DOT % i 51 R2 ¥ £ wkas & B 8 A
A "% 4 4v (superposition) i * 2 2% > DOT B f "if 5112 # £ WAl &
B RAp 2 H RIS g sl M T AR e o
2. DOT "% 45 % 5 4 % #
Bk DOT 5 i 3 & 71l 8 6 % fi » > 4o 2-28 #57 » #- DOT 5

R AL S %5 A 2 0 IR R B 7R R PR Peck RN B e A in e

16



¥ = %
F ¢ DOT 5 i %1 % 6l

AT WERP ot DOT B 1425 20 B&b) > He 2359 2 13 »
KHEOB R I BEN A3 A LM ARMTREE R R L BT
20 BHGY M TAHEBFIRE I8 ToRE I R2HEFEA LR G
ol 5 P25mx4.19m x5 ®936mx 1586 m-° %2 FAER 22m~26m

DOT #F# i p A w5 p AchIHI-MHI~ 2 KHI» £ ¢ IHI 15 5 ~ MHI

=

45 KHIF 15 et 60¢ > %1885~ 8 A5 5.9%  h|d &2 g

=4 = 4

= 102m-

MTELEALD AFPABRTELTRER FEERIA R L LR

i€~ LA DOT B Wi 4 A2 % 61 o

3 PR3P ABFRELT LRI FERIAE
ARZARD AAAEBELAT  FPIAE RESE X FEERI AL DOT F

ARRE R D] e T A B AR R b2 1 AR - T - EH DOT B 1
RE -2 BERPAL -

3.1.1 1 fgpmsk

R FUITR T M B0 AR R G S e 2B AR AR
EAAEE S B FERTFHRKT CAMFARAEL ML LR F
(Common Conduit)® # % DOT B'F 1% o 438 1 423" 1990 & B 4adud - 5 4
3-1 #7520 1 DOT % i 1 425 b ¥ B % #75 2 B a2 * MHI 2 7 4

@ ©9.36mx 15.86 m ¥ & 2 DOT B% 4% » 4@ 3-1 o B 3-2 37 » 1 A2k d
17



A FTF PR B FERNE > THE 4% RERRGELR AT
BRBEELZERET S > RS 35%H A YA T REr s REHL 2R T

249 m o F]W 1 BERAUITF RIRG RS CFE R R A B AR R S

’Jqﬁ /2 (Column Jet-Grout) % i /E T AR ARITE S o I AR E O
LA TRA BIAne 2R 2P DOT B F Wi %1 9 F 5 1990 & 117 3 1994 i
8 g [e]

3.1.2 & ?H"%‘}E
SR AP EE L I a A AT eI 33T o H R K S

WH A H TR kD ba T oRERHE FE AR RS R pARET

kit GL-12mo & 3 K A G2 B 4o

1. # 4 k& (Alluvial layer) s % 2% 2 & (Yuc &) £ 7 5 2 & (Yus )2 3 & - @
kR FER = GL-12 me

2. Bk cd baToau LS K(bte K)o G2 K (btp &)~ 2 &R (btg A )
R BRI RR S- SRRAs 3= m st i

3. Axk ERFY K(Tos &)~ 42 Fak2 (Toc &) ~ 2 4 2 Fri#k (Tog
B)SrHEs > 0k SBRE e 1 T2 3 R 2 K o

4. xR CHTEING 3m 52 4k K (Bde &) T R85 Ry 2 A (Eds &)
*14z2 DOT B s 1egde 2 Lk H1aHEiEli

3-2-

3.1.3 E#% DOT B% 122 R 5]
FA RS w2 ERE PR E FTARY 100 m 2 R 357 B M R AR
DOT 152 R ¥ L4l T g

LSRRI RE AR KRFFAR RS 2P

£
=Y
cN
&3
&3
=5

18



FE)FERF THE IR AFEMBRI TN o 2% DOT 1 2R 4

éukn
"
pcll
5

L g gt Uro REFNE ) 0 f DOT g R ARE > %61 F
FOPBRG R T R AR R
2. B DOT 12 R EW L FRN -~ ¥To 2R FEEFTURSETERZG fo
3. H BT R AR 0 SRR ROl 0 SRR RN B A 2 AR A
EOFEAR RN F R

4, #* DOT1z2%w1¥m> ¥ LR IHEFEF -

3&4%$#ﬁg
ARG Py RS E P g EERams® 2 DOT B4 3 o
1 ¥4k5% € A (Mitsubishi Heayy Industries, MHD) % 1§ 2. % 2 BT 738 B 5 4% o B
'ﬁﬁ&f’u‘;‘_?} ®936mx 1586 m>F T 46 £ (824 £ £ 300tf> FTRR22 %
5350t 4% E L O=900mm 2B EITAE R 4 o B i d 13 BAREATR
#(10A+ 1B+ 1C+ 1D ) e e dffprlea o Sk P I g PR B &3 &

R R B R TAMEESEE B A BB R IS R 4

32 P APMERIEL A EADOTHES 4§ 1 42

hEA AT PUE L R(MB S)DOT B F R 1 AR B 0 T A Y

IARPESE ~ B FRUR BRI AE 2B BIRET RIS T -

3.2.1 1 ARk
FASS T EAETEE G 2 BT 7 B AR ] kSR E R ]

dEREOE K P AHBER P ERR Y B 0] 2 DOT BF 1 o
19



FARE R A M DOT A 12 0 0 B g Rk s HOTE SRR T
FEER S AZE1 0 R0) 142 152K £ 2,688 me 1AEEL 5 A4
ERFUNF IR Y 2003 F 4 7 3 2004 #F 10 ¢ o BB B iR T MOLE
929m > ~ WOLE T REE8I3m: AR A& A RBEETF BEE F(4r
Bl3-4): 2£ 866m> "piF BB A 5 28% B¢ FLTR=495m> %if K
2 ERS52~120me 14 * ©6.52mx 11.12m %76 2 DOT FF 4> 5 ¢ B3l

gend - S DOT A FH > WAL+ % - 512 DOT B 5 % 1 % i foe

3.2.2 ?H"%‘}E

EET TS S E TR AL EENEY L ES L SR
ooRES R RS B2 G2 e RIpARR S % 0 DOT B g e K 2 3
FACE 340 T A LT BRAK cd A T ARLL A RPN 4T
. %-K:swHEk BAEXJE 2ms

2. Ho K iAF I PAFRL BRI TIm 2 HEE L 189KN/M o

3. B R AAGAIFTEL BRI 3m 2EE-E L I85KN/m -
4. Fe kI HiRdRTHRLE O BRNA Tmo 2E-E L 19.0kN/m -
5. ST R LA HIFAL CERYL 6me FHEE S 17.1KN/M o

6. %2k AAdAL  BRRYL4me 2HE L L 17.8kN/m -
7. %=k ABE R FRLCERNL4me

Bl 3-4 &F‘_T’r » A1 422 DOT %'i K-‘@lﬁ 3 1 % a: }é]

s
=g
=2
“T;L
I#
Lt

l\\

LA k2 1AL L 33

323 &A%
FAPUE R AR AR 2 DOT B F 50 A7 €1 £ g4

W2 F 2 BRIGSCEFH - FEH L 0652mx 11.12m> £ & 12.745m >
20



BEBH 32 F @A % 68,632kN 2+ 77 > 1S e e % O =900 mm 2 1%iF
PR o ERE D 11 PAFR P (SA+IB+IC+ 1D )N EE e s o 54
PP EdF 2 Bimka DOT BEHA It - TARKE2 B2 1 BE

SRR R RE ARV FZ AR v

324 BHBIEER RIA AT

DOT B f 645 ie g SRz R 712 BB 1 2 ¢ 20 5% -

W g

el

$H A P L NSRS DOT R f il 3 R b 3§ B8 (00T L0 )
ZEGWREERT RIS EZ B ARES N i g o

Bl3-5 2 MEEFAREELR OFRERG  Riha kP HIL Sdhs il
LR LEPFITARICEEN w0 5 DOTE AT ERH L L > PR E
B h o B BT E 10~131 k2 BT R REER Y 127 0~03 & - iFAH
I F TR AREE R R H DOT G2 R & 2029 R B BT
¥ 0 R o % 407~4157% - DOT B 7 R 4R+ afF < 033 & » 4kiv 4 |
B4 ZRUFEW 2 NI @ SR E AR > R Ep 0=033°Mm iz I RE LR
5 0 & - % 600~650 2 A WEEERFRIFTH 25 624 REH & & © 7] 0=
-0.58° TR FELZ B A IERUEEE 0= £06° it A f = FF* g g1+
TE L RURERHR N L EF R LR PRSP EFRER L MG RE

WAR DY AR R T kT

21



¥ ¢ 3
PRSI EEDOT B RE s A2 £ 1R FG

P S UL T AU ETIE S RNERS (E IR N 3 N &
BEFFI D b FRAFH IR R EATRARAFP QL RRT R E o LN
BEABRL L AR B HE 1 AR A0E (T TR F R S8 oL HF k5L o

ho@] 4-1 97 0 AHAE K BT B P FIRE S - SUB (AL ) AL
EF - SUR(AL2 2k) > G SUSE Y FIRLL 5%~ A RAR T S R BB L
FARATIED 3L 2 EF (A2 )0 B D R Y R (A

e ERBFFILEEL P FD HAEA2]l 5) A RFEPF W 3

e
A
o
TN
E
I
fa
i
4

\

BN B sk FERATRE RIS P .
B2 EKS103 220 B BT 1092 22 0 FEEY

40 .11 22 o jpip 2k 22 g B k(7 Aldasb)» B ¢ 32 15 g 228 =L~ TR
Thr TREFHEE A REE PR T EXRRAEY 9 L1385 R

AR BRI TR BRSO EE L 282 £ 0 CAA50A & Al =
2 A2HE DOT A HE ST H b o p 1 AR FAL KPP T S 0 ZWAN
PTRERRE FL FEZ BRI E o o8 E il DOT #p 102 % 1%
R 0 ArB] 42 2 43 50T A B[P 1 ARPEE B PR BRER AL 2 %
1882 FIEEE 242 % o

4.1 1 F2 ik

Fe F] R "2 8 3505 0 38 CA450A 5 5 4 = £ 5 DOT %'ﬁ WiE 1 AR 4o B 4-4
b’%fr’%@ﬂ&*ﬁxgi%_)}ﬁ}_;i I EH gt FARKRIP IR A RIS E
AP T HERLRM PRGN o % 2R 95 1,584 me 1 AR ¢

5 5 ®642mx 11.62m2 DOT % » %if ¢ > B2 B 7.6~26.0 2 ¢ » wgif
22



BB ARG 49% B W FET R=280me 4R 4R2 ¥4 5 ST s
IR RIR R R RFFEFIRTEPFFAFRIBRST LR

RPHEL S RIBER P DOT BB F P27 "5 £1 £+
7' ¢ A+ (Ishikawajima-Harima Heavy Industries,JHI) e *s 1 p# & p % ® 98 £ 12 ' 8

PAZ > T RSP IARD AEEY o

4.2 ¥ Fimm

A% 5| DOT B A i 6 L B MDA o4t 28 0 20 P FhS e &

\

IR AR AL od ba TR E AP LE SR E KR ATHEA R R L E

RN LE E o0 B TR K N AT 3-S5 me i /R 1 422 £ (2008)

F4 0 A1n DOT B @2 » K35 ol 45 RBMPIFESS > » Fan

FAGMUTZ B

I $- =342 %8k (SF)» g>¥ 4T 03m> NE:Z 1~5 -

2. B KAk Lg 2 HARL R(CLZ R L TR K (SM)T K » e 4

T 3m~50 m * N g 5 2~35 -

3. =2k 2B ETAE(GP) 93 GL:50m~54m 4T > N g4 50

W4-587 21422 DOTBFEs1 > L 8052 Kx(bLh)zd 2

FRjg 3 ARl paes o

43 BE AL
AILARFRF P AT EE L ERRN A 2 SR 3 R ERORES B
bz A D 642mx 11.62m o % #5-F 7 7 (shield jack) £ 32 % (1 #1820 £ 2,000
kKN > T 3R124 %2,5001{N)°DOT‘}%’§1§§3? LRE- B R i
PR AeRl4-60 - 7 BN iR ox c HP AL St o 21 i

FPEXRESERE (- EEY) R FHELZEIS0mMm Fikd MBI

23



Rz FL R pER Y cDOTHAH2Z 5 AR 2110mm > 2 415 5 %

MEEPFEERHFEE XL E LR ask iRy IR % ’

&
L
P

F AR E S B(ACWI4T) 0 2 T AR E - B B
Tk YR IF A R R RTR Y 2 B BB R R
IR o & R A d 114 R ¥ (8A+ 1B+ 1C+ ID) s iffaie S > 4o

B B IELDP620mx1140m e P EAE 2300mm o B A 51,200 mm

4419382 FEE2 f32 %

DOT i@ s 1881 & Fp 5 A2 RE R AL > & 2 RE R 7]~
%g\;gﬂ%g&%$:iéﬁ?ﬁﬂﬁ%oii%CMwA%JﬁDUNﬁ
AR E REFHR Ry R A2 B % IR HIREZ 242
Wi ¢ P o CA450A 5 DOT /8 MR o 1 7 it s 83 K o5 iin A B 2E > 4+
Hy g4 2 AR B3R H 22 B 3K - {8 AT $Y CA450A

15 DOT % ki 2 %k ¥ 'kl a2 R 2 M4 i 9 5 4 iy o

4.4.1 B®&R B &7

FEEWIERE AL RFE BE G F NN WP UTHIPF IR
DOT Bk 1 2% 1ig 2 REE 2 B3 72 L8745 o fchpdedep
2000 # 127 14p2 % 1% > £ 1H*2010& 67 2p*%1eh% 537 % o

AL R ARHED FEFTRERGEAS VB THIERE R RS S
Bl 49 Bl¥ Hdhs kY 5ilic S BaBREge R > 279 2 xd vt |
MR e R R PR AER A L WP AER L O R R EREO2ATEER D
B Z o WIREEAELE S 0.6 2 cDOT BG4 T p 30 5 0k v & @ % 2 R4y
FIP S FAEABE R RV ER AR B A R R LR
L3RRI F e g AR AR Y 20t
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HORER o gt p IR e hER (ﬁrli%]4 10)$13 % 1+ e e FIEE R i o
PRE G R KRB oA T 0 p S OB AR A B BB
FHROOHAL-02S AR B LT Y F o2 RFERC 2B REE
Beodtebs § 271 BRI 285 RGBSR R Y A 2T 03 A0 H P % 278 % L W 4-9
FLZ B REE 038 &0 v H g Foe ol TR TIRNA AL QAP
IfRbERREARBE 201 AP cFSBFFWREZ AT 2 AFLRS
RO R T TP AR m FR2 R TALFIRG T MR E
PR IR EEE - FEIBY 25X EH LR L 038 B PR

EELE 0.6 & o

4.4.2 ;A dR ¥R

PAZ ¢ R4 DOT A 19 B 1 %o Alginhpag w420 5
AHE A RER G AR R(ABF, 2000) c kG P H 2R AL
i s B2 DOT A5 48 i K P ilim Fo v v allag o & B AE - e dfs 1 34403 (&

%/ kiE K, 2008) 0 -4 CAAS0A 1 A2 DOT 5 45 % 1§ 3808 A 2 g = 5 4o

PREREMALE T & A R & UeB] A1) L F 7 & R A

Sl BB

2. EEFENZ AP EA s T UFE AR «}‘ze#”ffﬁ # Aol 4-12
':'l-i—fl: o
a. FUORREEELRELREG -

b, MEBRFEERFHIEL G 2 T ORE o
c. i&-jﬁ»'ﬁﬁ&'ﬁ%(movablehood)@ M REe P g
d TEARIBEAWB IR Lk ERERARS -

CA450A 181 42 DOT 5t 2 475 # H e 20 & » 4 AR A5 2% B o

25



ok doB] 4-13 1 o
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I BAHERG R BRIf, ls 2 2 nsFais K i#EL K
B2 sk iy > Tk 3 RHRR+20kPa= 4 45/ 4 =4 & 4 R+-K R+ 20kPa °

2. BFEFPITIEA O ROV RETFIEG WAL E S LR

3. ﬁ&@%ﬁkﬁ%ﬁé%’ﬂiﬁ%~mBW®;%§§44ﬁm‘é%
R4 LEL i@+0.2MPa’,éjfc ]\@4& % ifﬁﬂr*f%ijéﬂﬁ.o

4. AR 3 B2 mhavk T 4 S R R Rl AE -

5. Pk DOT B i % Bizid 2 T2 H 203 s> & FREHEH > 7
PR MR RR AR 5 TR i 2 2
e o

CA450A #2521 3 P 5 0k o Jifed 417 S ip R R MRUER L 2 4 Ade ¥
o R AT St e B e B TR R MRE R L P DL A
Fhnlag A 3P iAok BRI R AR ERAIT Y Rk o ey AR 2R
itk

DOT ' sif 12 mhafdl > A S HFIAE G SE <~ X4plk > FERFHEF &
SRR AR R T A dIm YRR ERKF &g 22 mwaE o IHI

WHEEREZ BRGE % 3 (simultaneous grouting hole) » H ¢ & i =34 g%+

'%(-&rg] 4_7) ’ 5"‘ fl}léjg' ]ew—r’\. %Ea" RT3 o

7

FI&»F'&F)%?A = 2 aE ’“f"J “v?igﬁﬁﬁﬁk‘)ﬁ%biﬁiéf}]%“ P T U ERA

=

dIR YR e AR (B 4-10) 0 AR DI AR ERE 0 R T B E S R

’jfg"ié FTL 130% BAsmEI 2 £Rp T 0 BEREEIH T 150% -

7
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2O EHE AR LI ACRP R TR A L TR BB R
GIRREE L & 0% 2 S SRS R CE N S A ek ok TR SR S
DOT A td kP T 21 > FHR* L1358 R PR FEpEEF R

f}J% °
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45 b *a = AT
oAt HAE B (2008)4n ) 0 CA450A il i PR 2 % 2 F o

FORKFPATOREBRLAGE W IEERE B GIEF o KL BETLE

PHEEFOARFECEFRGE S A TR > AL B EEP 0T o

L R E 238451 05% 0 B f e @ik g R R R
Wi 1AEF 5 800 & o ¥ & DOT #'% LA R HEEE S B
PLb o Rk 1 AR R 02 2,000 5 H e

2. R PUFEH AL LTINS HINEK 0 WERY R 2L 0 A A
%o 8 R 0B - LS00 3t > DOT 2 B s 2 5 3-8 o
* A4 L 1,000 8~ e

3. DOTHFHRE &R E G SR IBA S AFL FFHEBRE® - = 200
;Eg";b o

4, FIHRPRT BRI R P R P RER o R E
FHEEBRAAG ISORACHEFID 3 Eo g FEFL 142 R~
RFEBIEPENLEIAFAIIR~ > L F 2RI/ A A g

385 & ©

Gtmh v @ e 5 DOT B R Wi 14 20 g ih A RJL ~ BLd BUF 2R
Wbt A REMEGRES S Ly MAEFRE TP REMBUL g
REH G PR AR S AFE3RS R FINRVE TR ES 0 ¥ DOT

BRRELZE TR RE A A o
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4 =
¥ I x
HEER S 2 3RE DOT BF i w1 51 %2 il

DOT 5 %12 1987 £ p A3 @H |t > 25523 19 B%o)o 8
P e AP A3 BRG] A6 BRG] o S 2009 & f &3l DOT 1
FeRI ST o HF CAAS0A B 2 = £ 502010 # 7 7 Ah> 23 > 14200

¢ o
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g f

F_k
I

AR R 2 DOT B g i Fap ok = S5 2 T
o % - FA55% > 2 1995 Fang et al. (1994):F 2% 2_ & 4c / (superposition method) »
#-DOT B RE ik 5 8 L 7 F MBF R b 3 R whath e F A7

B %2 4Bk o ik dhoE M2 (2007)2 53K 0UE & 48 B - "% W DOT %

TP 5 DOT R SE I ARG 22 s 20 B 7 W @32 imks
HETH TR AT WA B Bl R A A 4F e A% § DOT
BEERF IAERO FRPAAATG AR FELFE R A ERIAL S
PLE LU A LRI R LT § B S E IR PR FLE L A LR T 4 R AR

% % ]flﬁ&i%‘% ]‘:1[35'\3\ CA450A ,ﬁ» K—‘@l,g‘._ 1 F22_ 8 £ THA ?# o

5.1 w2 fpe i35 DOT fg*'ﬁ REiE T h—f]‘%

Fang et al. (1994):£ 2% 14 Peck-Fujita (5% = /% > & %5 & 8 - g %5 1 #7351
2 p A THAY SR 0 4oB) 5-1 0 f 12 0 4o 2 (Superposition method) & T {7
R R L5 I R & AR o

A2 2B DOT A i % 1 3I R B £ wka VA B4 2P 4p% -
AT B EFR R > E v 151 R2Z ¥ A ka4 T drde o R4y DOT
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AR RE ERFTHE T RN E B R 2 AN Vipor» 4r Bl 5-2
Blv o S5 AR WA o LS HFIBARE2 3 4]F% o133
2 3 4k A (ground loss)d = + %k & f £ S0% > PR NERIBEAREE =& R
2RI AR 0 T 5 0.5XVipor o fTil F ERA X W 5 H E BT I WA V.
2 H K R RAE Vo2 b (8 o Peck(1969)3% U > B AEE i 3 2 B AT
WA TS A A

2

S(y)zzsma-exp(—;§;> @.1)
Bk AT RAE S 2 H K RITIS AR VoG TSI 0
Vi=~N2m-i-S,, ~25i08S,,. (2.2)

= H OprRaE 2t kel TR i T L R4 Bl 2-22 0 Peck(1969)#% 2 2. Z/2R £ i/R
2 BE TR R o BH A i A 2o Bt AR AR 0.5X Vigpor B Aty BB Sodii 2~ (2.2)
R ME PGS 18 A B IREE S FAT AT 12 Spayr 1~ (2.1)

FE R EH FIRE 2 AR R Ao §L5-3 T e

5.0.1 %% )t ik T KRR b

M ARUE R M S 4 R ARF 100 T2 B A TEEH 5 B 0 4ol 54
PATLE FOR 2RI BT REE T R L RIEER 2 R AR B R AR e T L H
i £ BT Rt WAF Vipor = 0.576 m’/m > H FIB il B K B 2 om et AR A
0.5xVipor = 0.288 m’/m o p* &1 f2.2 Whif ¥ < BLF|M £ 2 JFR Z=1436m " &
G2 /2 2R =6.52m > 7~ T Z/2R=2.20 > ¥R § 2-22 > ¥ /R=1.8(B~ k3 3 A
A3 RPN 2 TI0E) 0 TT AT TR S i=5.87m e fI* AR D 2 H g
FH R RTIALA 0288 m/m & F 4 BLi=587m & » 54(2.2) 0 ¥ KT Spax—
0.0196 me #-F 172 1 & Spay B » (21387 » T R H - i 13 2 2 iwiaf o

£ dpde s 3 ¥ 2= DOT "%sﬁlg ESE IS /wl‘mﬁfl 4o @ 5-4 #5m o Bowr DOT #
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B 1 0] 0 2 B0 H BarH R B 2 KA A Vipor A KT i

Vi o

G= VJV=AY A, (5.1)

B9 G GERLERP A MG RERRHA Y &
Vo i B =& Bt A (Ve As + 1)
Vic E-EREPMRERZHAN=A ¢ ]

52 11 %6 {5 ['€F =5 DOT B F " it

# 502 (2007)2 % o % DOT f S R % — % 5 fi (cqual arca) ¥ I %
oo MR E L5152 b AVEREAY o 4o Bl 555 WY ¢ S5 DOT Hhif 61 $x
2 8 =k R AR Vivor s R BERE R EMAF e S22 LR
e hath AR 5 Vepor ©

125 B 2-22 » Peck(1969)# 91 2. Z/2R Zi/R 2 B t4 » 7 10 01 % 5 4 B F%
Fid A N R Gl (o ARG M E RS S 2 Bk R T IedE A
Vipor > Bkt B A Gl i B2 QY)F » "RENEG HFERNBFFT LS 2 5
BT Sy o H R 0 E Speco KA QDA W G E ¥ T

2o 3 Fe ST AR o

S21 RER6|% & ff 2 WKHTR

MU R RLE L A B E 4 R AR 100 TR B A TRAR 5 b0 IE £ R

W 5 0.576 mim e 5 4p % 2 B R R 5 3 E el 560 - KPS
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2R=6.52m> A 2 %A 5 11.12m> ¥ <§EZ 46m-

T

5 DOT /B f i =+ > W B L Rla ff 0 LB F 277 &
DOT i & ff > 3+ 8 % Fp4e™ -
Step 1 : % ¥ [l % # Area=nR* = 3.14x(3.26)*=33.37 m" -

Step2 : #-RBl¥ 22 QAB= &) £ P T aH, o X = £35QAC & b > & aral

W

W QA ZEER=326m> & QC 5 ¢ wik— X 0.5x4.6=23m> ¢ = & M
% cosB= 2.3/3.26 ¥ i 0=45.1°> ¥ = £75 QAC 2 % AC %
2.3xtand5.1°=231m- = 35 QAB 2 & # % 2.31x2.3=531m’ o

Step 3: % 5% A & (20/360°)x 4%, & #£(33.37 m*)=(2x45.1°/360°)x33.37=8.361 m”

Step4: %255 #-= 425 QAB & #=1/2 A F14p 2 & ##=8.361-5.31=3.051 m* >
F4p % & 4#£=3.051x2=6.10.m’ o

Step5: @ H & # 8 40 Ld A > T i DOT S & 4 © 33.37x2-6.10 = 60.64

Step 6 © % & #% ] Area=r(Req)’, Req = (60.64/m)"°=4.39 m

PR AR WgaE Y CERTE A2 TRRZ = 1436 m Foa HEFIEAPHE S

2Req = 8.78 m # Z/2Req=1.635 > ¥ PR 2-22 > B4 2 3 5 33 & £ 0

I/Req=1.53(F~#cap2 T A A2 FHP 2 T0E)» £ o Bhi= 672 mo {I* £ 5 f#

HFE L RIUKAA Ve 0576 m/m &2 5 & BLi= 6.72 m & » 5(2.2) » 7 R

B A B A UHEE Smax= 0.033 me #1720 i=6.72m 2 S;=33 mm & x> (2.1)54 ¢ >

TE KD A S R A 2 ok o] 5-4 9T o

53 ke &

SEHITEAR A E 2 B0 fEE B DOT 1 i w2 § * 10 &
AL TR R KAT R M2 2 e 2RSS B F- B

T AR TR o ﬂ..":‘—é‘-%—&r@ 5-7 & B 5-11 -
B 5-7 5P A4 R pg A EE F\?'/f-ﬁj;v’il fi?ﬁlﬂ] BT BLPATIR 20T
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Faf R 5 Rl Y o B8 A B 2R etk o 2t % b2 DOT i 2 /5
i 9.36m M ER i 20.68m R HP AKE T AL Y 0 % Gl H B
A5 W 023% AT ek 2 6 DOT iwhsfrm ¥ o Pl it 23 HR4 &
o B 5-7 B om0 #-DOT B3 g AR 5 o H FIB i b2 51 52 ity dpbe o
AR 2. Smax RFBIE X o M E G FRTRIUKAN > RERA LR SR
BlEAD R > RITIA 8 2 oo

B 5-8 5 b b i 2 N BLAS SRk T #ﬁ*.@&%‘:&DOT%'ﬁ%iﬁ%ﬁ 80 %
ZMKER RIS ATE A BERT E RS CBP B hE 2 e
FO0BRAMKEEFRFPIES G Tmm UK TR S RPF o L ETH 2 &

N&-
-m'\
] \
s

{

BA G 0.71% °

B 5-9 5 FAadug il MMM R T § B% e 3k DOT ,%Eﬁ g % 460
TRl tF2 fThath » P 8Te 2 HIRA S5 0.67% - BP F R ARR TN W
A B BT EAGY RIS BT 2AEHR T ELTRES T AR o SR
SRR A5 At B TR P A IR =

]
>

B 5-10 5 s druig <~ LA S 4 % 130 RPIF 2 & iUkt o M %
FRIEF2Z P+ HERAFL08% R Bao fiez2 2o fETRES i

Fal ¢ Rl E § 0 e Rl 2080 2R 2 kA < R A e

Bl 5-11 5 % Bl 3595 b 5 38 CA450A 15 DOT 5 kg 1 42 ip|38 SSI-3(F])
B 2o R hAl o B Y R ZRIEE B AT 2 HAL B R Bl
P2 T AR e NERHFEEHNZRGELES THEAMEENEFRED
LA8 B ket BARFRIT AL F ARSI F RS S P LT @ - S 475
2P AL F L 1.19%

P ERGIRE TRISEET U2 2 Ba FR TR AT
SRORIE o RTKAl & F R EARR < R 0 PR B S REF

B0 3 i e AR o

ek
.

)

)
=

V!L

AP T 6 BiTkaErg > DOT 6 1 i3 BRA FEB L 1.19% &
M5 0.23% > T3k FiREA 5 0.76% - %&akip (2007)4p » L H [F] EPB B f 4 &
AFMIEP 1 > F 2 HERL PR 0.12%748% » 2+ *UiE 7.48% &
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HRE A DOTH T RELPE SRR

JAIAERARSEFP AT AY d Ak RF o F 2w AT AT H
fi 5 v Bl 35-75 oL #38 CA450A % DOT ﬂaﬁﬁ g2 A BB A T E G ALE R

BBEGRE w12 1 At o

6.1 1 Hp i

BT i 2 DOT A if 172 G A RSB %1 et £

ot

PFHA - RaAPhEE@ AP pWALSEREFET1ApT T4 HRFET %
EH R A e > JEERES - B e X 9 S50m ] T B 4w
T R R A A PR T EA o T — ] & AR R BT

iz 1B T wFERTIEH e

6.1.1 ¥ [f] g3 ,ﬁ-’ﬁ i 1 HP TR

HFE G T£15T BN 54 2 31412 2 N p RE 1 o FE(2010) 5
PORPBARE P A T AT HEA Y Tme RRE A TN E S g
PO FEEA ) RE AR CREESEFR 2 RER RN R3S
ZPEERPEBRTAR > AHT WAL 2R B k21 kR F AT o Aok
6.1 A& Rikyp T F 3|2 MR RE T I(P FR)EFTIDNE T d &b
§FE o A HAE P {os CC275 # ~ CC276 15 ~ CC277 5 ~ % # 4 CN257 & ~ £
# CL700A # ~ 2 3535 CD551 #:2 % #4384 8 CO3 12 ¥ TG RiE 1 9 -
HAERG R AP s > Tih- A 37 mo BN EE 1 5 Lo

4% 73miday > SRR F 5 6.65miday s £ AFTFAEO L T FPR e
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CA450A =77 "k 1 A22 4~ 8 8 Bl 38 4.9% % T
ﬁ 7 N )

P&z 35 1 iR

% 6.5 m/day -

20

6.1.2 DOT %% %3 1 3

>
B 31

FiE1

5

1 i# i

R

B

L.=

r/?ﬁ—k*ﬁ:? DOT%'ﬁK:@’J.E_' =07 Fﬁ‘g" ﬁ}i

* g ﬂ%,ﬂ,u@ap 1o W H aERA B R REZ
CA450A &2

1Y F
1A% B (2008) 5 3 R[] 48 T oF HE CA450A 1 -

SR -&rz\ 625 z\\iJ ?”ﬁp#ﬁig-ﬁ/\7 5 1 i:}

- Lo p kg 1§ (2004)2 5K s DOT % s *o 0 B % 1
B b REHEL F T RE AE

’ljiaz.‘/

=3 25 m/day °

U e R

Tz 1t

HETNHEE R

200 Ff
Fhmgadel o 2R E S Se6]):
o x Lg (6.1)
B Lo o S 20083 1% F(m/day) >
Ly E AE 2 458761 i 5 (m/day)
o B

4l (4o 6-3)
%063 i 2 W

TEreign

7

4

B R 1§ 2

thEcazZ iR ®
ERRIZIFT o *FF

V=

n

o 22 r & FE S fic(step function) B % o
ERE
AR Z W R AT A e

LieTz2 B fh¥cae
Ryp P AR € R AE 623 £ 630 AT
"% E 2R e DOT JBEF 1 207 o o

LgE o R T ge 1 i Koo
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¥ B4 305 oF 58 CA450A 15-2- DOT M F g % 1 > 3 8 i 2
Rl FEE B R 2 E A FPEEFFRN YR REAAHERZ
TR 2 e

¥ 48 35 h 38 CA450A 45 DOT B i £ /2 2R=6.6m> ¥ B 6.2 £ ¥
WRiE B AW 1 5 Lo= 6.0 m/day - F] CA450A & | & F L =% 280 m> o [
6-1 7 B MEMHES DT Glica 5 0.8 BT RiF2 3 A1 E F L= 6 m/day
B REYES DT GEa=0.8 £ (61N B Y REF LS L 4.8 m/day
PR F R Fp - B 252 > P21 K 5 4 m/day (4.8 x 25/30 =4 m/day) - it
FIEG WL LRGN FLER=280 P H R T R 5 B AHE
% 1 ik & 4.3 m/day

CA450A 43 L /< R=6.6 m1d Bl 6-2 7 #F 4 #4522 % 1 i# ¥ 5 3 m/day
X RN FETBD] 4.9%2% T g o ML Kk P30 A8 08 7 HA 8
¥iies 1 i F 5 2.4 m/day (3:x 0.8=2.4m/day) » B tsp » 1 iFp FE o TE AR
TR B2 A 8P 4 0% 1 3 2 m/day (2.5 X 25/30.= 2 m/day) -

# 6-4 5 CA450A 1% DOT B 7 g o d 2 £ 52 M B~ BN~ 2
Pz w1iEd o ¢ BDOTHFFGE w1 F2PRE - F%E - ZHR
it aw 1R ERAY R AP g 2 & 5 1,580m> 2 DOT 1 2% 1
i Z w1 400 % > B AE RIS 1 HE R 323 % > d 3 DOT 2
TR G A bAeTR B e S FIER Flt v 1 1 P B L H IR S
E o i 64 b A2 DOT%iE® > 60m £ g K2 15 25
m/day > % B 231 F 20m/day e 2584 mE e R 2 BRI RE 2

%5 3.9 miday > 5 (KR E2 % 1 F 43 miday o AT A 6-4 2 FALY

.ﬂ!v

BB 637 » B 6-3E T 0 32010 # 7P A 22 (=177 day) - DOT &
FRREC 212 £ A L=644m: 13 DOTBF R t=177 2 23 £ &

L=692 m -
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6.2 142F VR
HFIpEa 2 DOT A g 2 48 ~ " pek A ~ TRV 31302 A4 Sk 3
AR STR IR RS Ao AL SRR 2 PR AT

1A O HS AN 1128 P2 R RR B R

N 12 g VS e V2 kY

6.2.1 BaRE LB IR
Flo#w & DOT Ba1i2h 5ok @ ®RAEN 27 &85 DOT %
1552 P AT R SR REE AR 2 DOTFF1 228 F i

LRI F o ded 6-50 RIFA K TP R S ¥R A HRET ROFLR

yﬁ K@lﬁ’lfg—‘E—Q ?’ = 58.56 fj‘;b/é} oo k65T H T ke ';r“g #13] DOT ‘ﬁ)'ﬁ

RRE L LR R > TORCKE P L TIRT R L 8493 F A/ o d £ 65T

N

oo DOT M ' 128 B A Q5 FE B g 128 §eh 145
2o DOT BF I mER 2 IR VB G RI P R I~ E A1
R R A A% o 5 HIER(2008) T AT 0 - & DOT f 2 T35
BHFEL 307 R AR ERIAY 1347 B2 5123% 0 DOT %if #e7
BP LR L 7.08 o RN R AR 153% o o f e DOT B 18 2 A
SRERAAS R Qg2 e 2 L DOTHFFREL FRFLILERF -
v HAE B (2008)4n 21 0 ik B A5 o DOT 1 428 49 5 B P iy 1 42
%42 13 8% « CAASOARFIVR BN # 4 * » ‘o8 H3mA s > A1 ¥ i P

TP A AR R ARMpRRRT A R R L R BT

N
\\\?{r
ol

PAREF2GH > DOT %1 3 phd 8476 §/m> ¥ 5 H RIS 7 7 5%

$:

RUEFp L 15 B c FHAFIRE s 7HMBEEw1 P 334 o B

DOT “if i ¢ % 5 B8 Pt aifec §2 1.09 % -
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6.2.2 ,ﬁﬁ’ﬁ ST 0 Nk %i%'f g 1
oY BRAER o 7 (2008)#-H FIgEi- 2 DOT Ba g2 1A&F AP » A =
miﬂ\%ﬁﬂ\ﬁ&%f\ﬁa%ﬁﬁa\%@ﬁﬁ\ﬁﬁgg\P# i %
AMHEFAFEETR I 4ok 6-6
HR@E AR ER1aY 519,740~ - 27 > g1 ed 5 89,316
Fa/on s Ry 47%  FH B H T RE 0 CA4S0A HRE 14w
AP P AT REZ RSB E MBAFIERG Y e AR L2 ET
MR EHTRY TR 2 B B2 12 - 2 v i 15 85(Bulkhead)
P o medEImEYFEBI9F A
% 6.6 47 »DOT B A % {1427 5 195535 ~ - H v » i L1 A2 7
5134654 8 A BRI ARY 69% > 9 R HF EIGFEFRE £ 2T 89,316 § ~
1153 L DOT BFFHE P RE EHRRAET > REZASMEPLELF
FHV R T 33379 % & o A DOT BF i 1 AR R F v R A a2

RIARF FASH25%-
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A BB B 0] 9 DOT R 51 R 2 i

RO AT 4] 2 ~DOT /G % 1 i 4 2 1 &Il ~ 2 DOT & 8 FIgET 5 %

TP e AR BT AR

71 %

I.

-gg

\\

PP ARE L €23k 0 DOT o REW F LS r 71 F i3 1 hdkca § I
Sl o BE AR AG o BERBIR c AFTERF Y F L0
i3 60m 3 300m 2 0 PR TR RS R AT B FLLT 2060
AR E e
7y ¥ 48 35 0 oF 38 CA450A 5 DOT B 5 "if *5 1 2 R i 7 R cdy 3
T AP RN REEERSO3SAE I REE TR FERTUE06 R > L
Bt i B RR g R R R AR AR AR 28 SR
THE AR 7 AR CE RSP R CFETL BHERLLE R
B e R R RF RS 87 % o CAASOA R Y LR D
%;ég_‘-%h;ﬁ;@%&j@\jﬁgjgf}ﬁ:\;ﬁﬁy N ,_‘E_:"_‘\:J}\Jj_k)z?ﬁ}:ré»
TR B CF AR Y ] A RREHZ BT o
AT U dpb ik 2 B0 2 A A0 2 0 35 DOT g1 i % 2 mhal o
BRET iR 2 S5 RO w2 T R kAl e F Rl
bt 2o AR X RRem £ o
DOT % “if 70 KR RIBIRAE T > B~ IUKaE % That DOT "hif ¥ B2 6

BE P e &L TkaE 43 12mm~34 mm 2. B -DOT %1 315k 2. 3 % k4
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FHER G 023%~1.19%2 & » L5 5 0.76 % ° &akif (2007)3p 1 > H ]2
TR A RS N S o 2 R4 B R 0.12%~7.48%
HOFUE 7.48% BN DOT % 1ig d 2 ft 2 HR4 £ 1.19%
DOT B F % N #F £ 2T c% 18 55 20 mday > A 7 Rl& % 2
2.5m/day » #2376 1 id 5 P-25% o DOT & 458 fi2 FE B % 1 38 5 5 4.3
m/day > v B 3t § %% 1 i & 3.9 m/day -

DOT B i 51 3 & 400 % > B FI VB i i1 s 323 % >
HFrHFIEIREERK T2 2P DOT %1 & 77 % o

k3 H 3= > DOT B kifec 8493 §~/2 ¢ » HFIREIVEF %
Fie e 5856 % A/ % o~ S DOT HFH2 Lo g s 3.07 3~
1,580 = ¢ £ DOT "k #F73k i3 * 5 7.08 o~ > B f e f b § &
R ERE T U s AT Y 0 a DOTHEFRFe F 218 RT -
DOT "% B35 1 § » B FIE g £ 4 & 45 =~ > & LDOT 5 4
ARG AR AT ARECATEL FLF Y 33 kA TR IARRT
DOT B f i 1 A2 3 5.19.6 o~ oIV B Mg RE a1 2% 191 @
m,ux}%oslﬂm,ﬁ;}éwé ﬁ%“’ﬁ“g_ 5 2.5%

DOT #f i 12 2038 7n A 2 ~ SLo pLE ~ 2 R B e & & 3 Rd
FIEASER S LrE AR RE»r? REBRELEFREDI 7 i
Bidch e A B L 385 fao Flh gk DOT i 17451 7 ' MR G

= A o

41



7.2: %

L B AR 1 i Rk 2 F ¢ IR EA T BB R % 2
oo 8RRk Ko MG WY G5k 2R 2R A T N
BEHHBETT 2 kiR DOT i $ 2 ¥ £ T

2. AP WA ET 6B DOT B f i %5 1 i3 & 2 it #icdy o FRRS > 2

BARP LTRGBS T A ST R

42



10.

11.

P > g
%3 Qbﬁk
PEARGE R E (2000) 0 RE AT FRRT Y FARGE G

PEAFRER L F R LR § (2004) g R RE L AZR 2R B
£ 7,

A ST 2 AR (2008) 0 AUV S A AR g
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12-14 -
SRR~ R~ R T (2006) 0“4k 2 R B R S L 3 Az e
AT B TR ISR E 2% S 180§ 124127 F -
B 5 (2009) > B A B &R S G tE B B ¢ RS pe Az B
S8 0 % 5455 F o
SR~ L 3 (2001) 5508 S E HEL 5 2 BB 1 AR B T L ARSRE
48 %25F -
R (2007)0 5 FlFH s 14E6 3 MBS 2 B gl g7
it A E -
SR CERE F e ks R (2005) 0 “HF A HRRE S L 2 PR
M2 GRS B4 E I EF 5245 % 28 0 % 5950-5955 F o
sRakAl (2007) 0“8 R AFRE S LR E AR AL
OB AF I ARG AT
=~ P& 2(2007) 0 <31 RS B AT ATE AL B8 P
LEI 53680 52124 F o
5P (2004) “REFlAH S 1Y @& 52 B3y FagE s 5348
5 8.27-830 F

E %2 (2010)0 “BEF S f;&%,@mm EENR LA S R 1



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

B> %6% % 18> %2127TF -
FRFF, (1998). “ 5 A # BAFREE % 1 b Sz B8 ik,
B2l ~ 53 AT BT e
FesigE (1994) “B A s 151 R $ L2 FEARH LG  F2 %
HABI ALY Ao
FAGS ~ 2oL - FREH(2005)  “BAE L 2N LR ER-T BAgEw
IR ® EHEEED K 66 o
BAeEE (2000) “EFREVREFBERLZ XWFLALG Y 0 W2 i
- S A S R -0 Sl

FRFRF @R T F (2009) 0 5 BT RE SR 0 8 L Y
K3 CA4S0A -2 21 BB RE w1337 -
v —)b N3 & Bt £42007) » “DOT 1% B3 4217 » 2007 £ 6 7 o
V= P13z rPRELR §(1992)“Y—)L F12»/m7, 2 Fr1 g & -
Pag s a2 AXE(2004) SDOT v —)L D41 F~D1 Fg*”
O E A EBAF > Vol44 o No.l > % 167 -
FR&EE >~ Re os ik e (2003) 0 “DOT ¥ —)b Ko Z Hoqlfr & it
17 bPyxEET O %345 % TH > %3543 F o
w gz~ K §F22(1993) 0 “42x %m DOT % 13+3” by xiLbL
T %24% 5 %48 %3946 F -
W RER s A AR (2001) 0 “s 744 DOT v —L F¥%1”> by xib L
BT % 32% 5 % 115 % 2533 F -
Attewell, P. B. (1981). “Engineering Constract, Site Investigation and Surface
Movements in Tunneling Works, Soft-Ground Tunneling-Failures and
Displacement.” A. A. Balkema, pp. 5-12.
Chow, B. (2006). “Double-O-tube shield tunneling technology in the Shanghai

Rail Transit Project.” Tunnelling and Underground Space Technology 21, pp.
45



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

594-601.

Clough, G. W. and Schmidt, B. (1981). “Design and Performance of Excavations

and Tunnels in Soft Clay.” A State-of-the-Art Paper, International Symposium on

Soft Clays, Bangkok.

Cording, E. J. and Hansmire, W. H. (1975). “Displacement around Soft Ground

Tunnels.” Proceeding, 6th Pan American Conference of Soil Mechanics and

Foundations Engineering, Buenos Aires, pp. 571-633.

Fang, Y. S., Lin, J. S. and Su, C. S. (1994). “An Estimate of Ground Settlement

due to Shield Tunneling by the Peck-Fujita Method.” Can. Geotech. J. Vol. 31,

No.3, pp. 431-443.

Fujita, K. (1982). “Prediction. of Settlements by Shield Tunnelling.” Proc., Int.

Conf. of Soil Mech., Mexico, Vol:1; pp. 239~246.

Hanya, T. (1977). “Ground Movements Due to Construction of Shields-Driven

Tunnel.” Proceedings of ¢ the Ninth. Int.- Conf. on Soil Mechanics and

Foundation Engineering, Tokyo, pp. 759-789.

Hoyaux, B. and Ladanyi, B. (1970). "Gravitational Stress Field Around a

Tunnel in Soft Ground," Canadian Geotechnical Journal,Vol. 7,pp.54-61.

Koyama, Y. (2003). “Present status and technology of shield tunneling method in

Japan.” Tunnelling and Underground Space Technology 18, pp 145-159.

Mori, A. and Akagi, H. (1985). “Effects of Backfilling at Shield Work in Soft

Cohesive Soil.” Proceeding, 11th ICSMFE, San Francisco, Vol. 3, pp.
1667-1670.

Peck, R.B. (1969 ) , “Deep Excavation and Tunneling in Soft Ground,”
( State-of-the-Art Report ) Proc., 7th Int. Soil Mechanics and Foundation

Engineering, Mexico, pp. 225-290.

Schmidt, B. (1974). “Prediction of Settlements Due to Tunnelling in Soil: Three
46



49.

50.

Case Histories.” Proc., 2nd Rapid Excavation Tunnelling Conf., San Francisco,
Vol. 2, pp. 1179-1199.

Shen, S. L., Horpibulsuk, S., Liao, S. M. and Peng, F. L. (2009). “Analysis of the
behavior of DOT tunnel lining caused by rolling correction operation.”
Tunnelling and Underground Space Technology 24, pp 84-90.

Som,N. and Narayan,V.(1985)."Ground Settlement Shield Tunnelling thro-ugh
Soft Clay."11th ICSMFE,San Francisco,

pp.-2133~2136.

47



F02-1 B LA RAGED P ARE R €, 2004)

It Single-tube Double-track Tunnel Single-tube Single-truck Tunnel DOT shield tunnel
em
N (For R=11.62 m) (For R =6.42 m) (For 6.42 m*11.62 m)
0
Tom O O O CO
of Tunnel
Upper and lower space unused Medium Least unused area
| Area Area = 105.99 m’ Area = 64.7 m’ Area = 61.617m’
of Excavation
AN Q ©
For R=6.42 m and dearance=2R
5 Width ForR=11.62m Width=23.24 m For 6.42 m*11.62 m
of Excavation Width=11.62 m Space between tunnels disturbed but Width=11.62 m
unused
Deep shaft needed for large Work Shaft shallower Work Shaft shallower
3 Depth circular excavation (2.60 m shallower) (2.60 m shallower)
e A © ©
4 Cost /\ VAN ©
Evaluation : /\ : Fair

O : Better
@ : Best
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# 2-2 HF12 DOT B3 " & 5 vt e
Segment Single-Tube Single-track Tunnel DOT Shield Tunnel
A*8(or*ll)
A*several
B*1
Type and Number B*2( or*1) C*1
K*1
D*1
Arc shaped bolts Short bolts and Cast-iron
Joint ( Diameter is generally between Bolt Hole
16 ~36 mm) Embedded Component
Thickness (mm) 250 300
Width (m) 1.0 1.2

% 2-3 ikt AR (VR) 2sE @ wihiER (Z2R) M 82 k-n @
(After Attewell, 1981)

) ) ) Soil volume loss
Soil classification | k n remark
ratio ,Vs/Vt
Clay 1.3%~2.5% 1 1
0.82 0.36 above groundwater
Sand 0.15%~13% 0.74 0.90 below groundwater
0.63 0.97 ignore groundwater

Vs © surface settlement troughs volume

Vt : tunnel excavated volume
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# 3-1DOT &7 “%if 1% kb %

A T L Mg 1S B W & N
% o1 1 B A e R e HR | v 54
t 148 LA b = B E BB L HR . ]
S * ik f Wk Hm | pF e
(m) (m) (m) Ruin(m) | (%)
ot FEF 1989~
0 |DOT #pqef 7514 N.A. ®2.5x4.19 | 79 N.A. NA. | NA | IHI
7 % 1994 ‘
P— oA
RE™ R S483r2d | , 1989~
1 A BT RS B ®6.09% 10:69'| 850 5.0~8.3 135 1.8 [HI BiE R
WS R A 94 1 2008
FERY B Fu BEIZAE E 1990~ |~
2 s ok ®4.45% 7.65 | 703 2.15~9.0 1,600 4.0 IHI
2ELIRMRE BERI AR e 2 1994
FEow &2~
LA G A RELS BN E I 1990~ B
3 L . , 09.36x15.86 | 249 14~17 1,600 3.5 | MHI k2§ s
LR EEERIE Bk | RT 1994
, 1993
AT R AR g 1005 | £
4 | FTER RBHEE TR | B TH @; ©5.48x9.75 | 304 | 11.5~15.5 1,500 0.8 | MHI 1008 FIE R
B A% " , 2008
L BB 4R | R ARL 1999~ |
5 , _ BT ©6.52x11.12 | 752 | 10.31~16.6 500 2.3 [HI VRt R
Fio Al w4 A1de ¥ 4 2002
,2001
o y , oA F
e BB 4R | | , 1999~ |
6 | N Y A O 3 ©6.52x11.12 | 1,007 | 11.0~32.1 500 3.3 [HI BiE R
EREIKOFL % 2002 2008
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# 3-1DOT &5 "%if 12 % 014 (H)

Bt

Bfpet

&,J\ 0 _3

I N

1 4%

% ) %1 H I | % St
B RS ¥ " wE 2R s | owg | 00 o
¥t v i = , Hup | BE | o
(m) (m) (m) | Rminm) | (%)
te BB AER | AR 1999~
7 B W | ©6.52x11.12 | 1,238 |  9.3-323 300 27 | I
AL T ) 2002
ETEN
Mg agMEE R || 1999~
8 ) BT | B 06.52x1112 | 876 {+.11.5-213 200 31 | I
L ER | 2002
crRBEME 4Rm | B 1999~
9 B BT | 3R B | 0652x1112 | 782 | [ 19:0-24.0 180 09 | KHI
N ST 2002
crEREMagana | | 1999~ | =47 5%
0, BT | B 06.52x11.12 | 957 _{10.0~16.6 165 33| MHL | e
, 2008
Lv BB A 4R 1999~
n o SRR BT | 2R3 SR | 06.52x11.12 | 1,025 16.2 300 31 | MHI
“Ea1F 2003
& rrmﬁlgﬁfé,%ﬁ'L‘ﬁ FE '
12 T BT | R 06.73x11.43 | 904 15.0 102 59 | IHI | NA
FERINE B AE R AT
Bl paE R | |
13 BT AR R | 06.73x1143 | 123 | 12.0~13.0 102 | NA | IHI | NA
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# 3-1DOT &5 "%if 12 % 014 (H)

oL i A S I N e
%01 w1 B LA Bl e o BEw | w1 | 23
1A A o L hiE g WA
s v ke , fWgp | BE | R
(m) (m) (m) Rmin(m) | (%)
e I o0
14 | (M8 S)Mciiest 1§ 2 | ¥ T4 6.52x11.12 | 1,759 | 5.2~12.0 495 2.8 LU e
RIS
b g L A 01
15 | (M8 8B & jesb I oz | ¥ T 4 D6.52x11:127| - 929 5.2~12.0 495 28 | MHI
N 2004 | 0
Be s 2y
N 2004~ | FHEE R
16 | rarmermasr o | B | F2TP Y | 0652x1102 [ 1,713 /4.0~21.0 300 2.7 IHI 2008
) s 2005 |
w2 AR
o o D | AT 2 2004~
17 | FASH6EMAT 104 | ¥ T4 ‘ 06.52x11127] 2497 |  6.0~13.0 990 1.5 L
. > , 2004~
18 | FiAR6HEMAT 11 | ¥ T4 ®6.52x11.12 | 1,096 | 6.0~10.0 420 2.7 HE | e
TE
19 | FiA#E105MY 34 | ¥ T4 6.52x11.12 | 1,459 | 12.3~19.8 NA. | NA | TIHI |~2009 | % %=
, 2009
4 ) B 8855 1 438 oy S
) B T 0 S BECER 278 2009~
20 ) T #Ea r D6.42x11.62 | 1,584 | 7.6~26.0 280 4.9 THI B B
CA450A # 5 4 = £ &2 ER T 201 |

2




% 32 4 x

MG L AB R DOTHESSE %10 KT Bp ko b2 £ 2§z 1993)
PoF B

Internal Partical distribution
SPT . . . Fricti
blow Soil density | Cohesion | Friction Max Particle
Soil Type count P c angle | Clay | Silt | Sand | Gravel diameter
0 0 0 0
N e @m e 00 )| 0| 0 ()
Silty Clay (btc) 2~5 1.4 3.0 - 45 42 11 0 2.0
Sandy gravel (btg) 5~50 1.8 - 30 2 7 41 50 50.0
Sandy soil(Tos) 30 1.9 - 35 6 5 62 7 10.0
Silty clayey (Toc) 3~14 1.6 7.0 - 54 45 1 0 2.0

£33 FAPMERRE NSRS RREEIFERE LS KRN JEP 2 A RS E,2004)

W Internal i Coefficient of

Water ) ) ) Liquid 2\ ) o Coefficient of

Layer ) Unit Weight | Void Ly Liquidity | Cohesion | Frictionl o Earth
Soil Type | Content,w 3 . Limit, Wy ) Compressibility

No. (kKN/m™) Ratio,e Lndex, LT | (kN/m") Angle Pressure at
(%0) (%0)
(degree) rest, Ko

1 Silty clay 30.1 18.9 0.874 35.2 0.66 17.0 31 0.31 0.44

2 Clayey silt 32.2 18.5 0.930 - - 29.6 0.21 0.38

3 Sandy silt 27.8 19.0 0.824 - - 31.1 0.17 0.35

4 Silty clay 47.7 17.1 1.374 44.1 1.17 9.0 14 1.04 0.55

5 Clay 37.2 17.8 1.120 38.3 0.93 11.4 16 0.65 0.51
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% 6-1 #EH FIEF SE T 0HE% 1 @

ki A A i e | B 890 &
% 1 AR5 LU £ KL KERLE TH | w1 G
(m) (m/day ) (m/day) | (day) (m/day )
CC275 + 78 | VS~16 1087 109 10.0
oA g )
CC275 F 74 | VS~16 1107 95 11.7
¢ fos
CC276 * 74 | 16~17 988 214 4.6
CC276 * 74 | 16~17 984 112 8.8
CC277 * 78 | 17~18 871 236 3.7
CC277 * 74 | 17~18 877 251 3.5
SAVHEAE | CN257 + (74 100 5.2
BB | CN257 T 74 90 5.7
oA aE
, CL700A 4 7
Ema
oA g
] CD551 3 8
EREE
F i
COo3 4 7
$i8
Tia 3.7 7.3 6.65

% 6-2DOT % "hif 1 2> 8 M2 %1 g 5

(dF p P A+ €, 2004)

RE RS | BRH | APEER | LSEEE AR

NO 2R B 5 LR LR

(m) (m) (m/day) (m/day)
1 2.35 2.49 3.8 7.6
2 3.35 3.49 3.6 7.2
3 4.30 4.48 3.2 6.4
4 5.40 5.58 3.2 6.3
5 6.30 6.50 3.1 6.2
6 7.30 7.52 2.9 5.7
7 8.25 8.51 2.7 5.4
8 9.20 9.48 2.6 5.1
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# 6-3DOT B g g 12300 Mp2 1 530 Gl (Fp P ARE €, 2004)

LJ]' :‘Q:_‘-l_'/?gt_
—f( ) r<60 | 60<r<100 | 100<r<150 | 150<r<200 | 200<r<300 | r>300
r(m
CEIE S
0.30 0.55 0.65 0.70 0.80 1.00
o

# 6-4 CA450A - DOT & H FIJEG 1 2 5 fp 1 b g (5 40 AR R = 7, 2008)

1% 3% P MR | I | PlEE | Total
0% ‘”‘FE )—i
s 60 1,460 60 1580
L (m)
EREE
y KRS S
e S 2.5 6.5 25 | NA
. (m/day)
(Ff iz 12)
1 X #ie
24 225 24 323
(day)
e £ B
- 60 1,460 60 1580
N £ (m)
DOT # 4
. KL
BRiE 12 2.0 4.3 2.0 | NA.
L (m/day)
(F iz 12)
%1 X #e
30 340 30 400
(day)
i £ R
¢ 60 584 NA | NA
ot (m)
DOT ﬂ* fl "%
” KRR
Wk 2.5 3.9 NA | NA
ot (m/day)
(F BE) -
10X #Kc
24 150 NA | NA
(day)
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%65 B 2 DOT BF g & 3 B i

(#p 58w AR 2 7,2008)

W —

LR Fok e RE | R | AR é@ff)

5

DOT &% f 30,0000 45,547.6 31,3400 30.800 30,0000  30.713
4 A/ me | 3090 546 3114 276 300 296
W T 43456 36317 65142 6.1459 5897.6 6,186
F el 142 o0 2258 216 200 214
A bes | 127672 5200 1320 1,080 1,000 1,133
FH % 29333 14961 2.560.8 2328  3.880) 2,923
E R 900 T 1200 12000 2,000 1,467
F BT 576 280 980 756 500 745
Y 570 954 450 400 300 383
ERra g0 100 44 435 50 46
W 2847921332067 78376 74496 69.840 74,237
23 i 3849 3720 0..776 7760 776 776
] 1862 1862 5898 6208  465.6 559
TR A 4400 135435 4,795 4.567.5 4,000 4,454
Bk e 4500 5611 155 - 79 100 110
P 46369 15,3425 7.056.16.964.6 7.560.2 7.194
TR 27348 " 3.074 4133 2983 3947 369
DOT(;;Q?%Q Pl 6050 13125 8834 8444  82.00 84.93
Efﬁgzgfzf 28l 237 312 327 360 2928
BB RF LD s ol 474l 624 654 720 58.56

€ ¢ (o 2 /m)
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%66 F MEst 2 DOT BS i 51 81423 i (A 5 e AEn

7, 2008 )

7 HFI g B 142F DOT 5 "kif ¥ 1 1A
(4 ~) (4 ~)
I3 E P BRELES 8,630/ iz B E 1.2 ; 8,510
i § A2 t=0.6m > depth=14~28 m i E}t 0.6m > depth=14~28 m
g /] 3+ 1521.3m+1523.7m=3045m 89,316|% 3+ 1552m 134,654
%ro M 6.1lm > Ik P & 25 cm %re W*H=11.64m*6.4m ;
w;grs/garéﬁk; Iﬁ?é30cm’ﬁé?~€KDOT%’§#ﬁ
B e im dw%@ﬂ’;!{ % 3,100 § =
Wh B P BRELES 26,908/ 2 B EF 1% 26,708
W@ EE(S ¢ B t=1.5m » depth=56m b féﬁé}( 7 8 ¢ B t=1.5m > depth=56 m
Bo v i B Jadk * CIG(or Super-Jet)- 5,612|% = jew > @ ek * CJG(or Super-Jet) 4,432
- ¥ & gkt JSG ¥ Rt ISG
E A2 B X B x #=2%(Tm*11m*12m) # j2o B x 3 x & =7m*17.5m*14m
et IR U] R = e B kR 33,3793 fe 350
FRH TR T 108 0 TR 2P
NATM *s 1 ~ 4 3§ I§ £5(Bulkhead)
s A oA AT P64 A 4,000] & A B4 7k 1 P64 A i 4,600
&4 T AR S TR AR 1,536 7 A% 5 A 3k P A A IR 1,241
éﬂ-\ﬁ#ﬂ,»k/gj& ?‘{r\i*”’—'k&jﬁ
FARR Y |7 AR B AR O A w5 20%(2 A2 21,359 F A%z 3 b AEA O 5 4 BT 20%(2 A2& 73m)~| 15,040
40m) ~ 30%( 2 A2E 80m)% 40%(2 42E 50m) - 30%(2 42k 77m)% 40%(2 42& 20m)
El-E2 2231 &% 18.7 § ~/m El ~E2 24 RiE% 187§ ~/m
190,740 195,535




Single-Tube Double-track Tunnel
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(4 B PR Hjivts €,2007)
Bl 2-2DOT B atesr 7 Hpek

[ 2-1 DOT /8 f g o B S5 L) i f 6 7 L

Single-Tube Single-track Tunnel

Cutter Head
Cutter Spoke
Fish Tail Cutter
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1.[

gauge ; 6. Observation hole ; 7. Man lock ; 8. Globular injector ; 9. Central cutter ; 10.
circle retainer ; 13. Cutter head drive unit ; 14. Erector ; 15. Tail seal ; 16. No. 1 Screw conveyor ; 17. No. 2 Screw conveyor.

(after Chow, B., 2006)
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B8] 2-3 Schematic diagram of shield. 1. Shield shell ; 2. Cutter head ; 3. Copy cutter ; 4. Replaceable earth pressure gauge ; 5. Fixed earth pressure

Thrust cylinder ; 11. Top segment support ; 12. Real



EaAL
(a) X i (b) V i

M2-4@3 XA IFEETLR D)5 VA FHEEFLR
(i B 78 B fARR 2 7,2008)

cantilevered

erector

W 2-SDOT Bh4s2 Tk 5 e ® A (F P o AL %I AR § 112 7,2009)
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Shield

jacks

Correction

Pl jacks

 2-9 DOT 5 #+ 7 7%
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(a)

(c) (d)

F12-10 DOT i @ % 2 f73k 5 - @CAPE * ~ (0B A% ~ (A 2%
ANCHEE T

M 2-11 DOT /B F "hif % & 45 d K W]
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(a) PR (- 3°)FPILHE i 2 iR (b) 5 B (= 34)R 2= 2 SR
B 2-12 DOT 7 i % & i 2 3 Pafrifmfp it
(3 B B AHRE e F2008)

Grouting hole

Insidee Joint metallic parts
. | Anch
II". y H""}._‘ ; ) n!:: or P
b L - [ ~
)Ifﬁ [y — ' fﬂ:"‘ ey r- .#;] ,e'f
../ \ I;.r \} I —— J;"-f-_._:_; ?_:_ I :-_-:_' - "-'__,-'.-.f'
3/ \ A S FI_&'EH e pl ~L§ N = Tff,f e
i o f/ - -—E—E—I j e ! chmqpﬁ;’
o ——— it S r-" : T -
;{:"'K . = ‘Zf} [ ---""::-:‘ b | ,-’*f;'f/
e X5 P — e |
AR e 7
b T Ground side Bolt |'.|DTE"1T\E1-J ehole

Ditch for installation of water stop material
Splice plate Joint bolt hole hole

Bl 2-13 DOT 5 "kig B ¥ 2 &+ % 0 £ B
(after Yukinori Koyama, 2003)
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W 2-14 DOT B% g ok ¥ e 5 F A WK A ° %82 2 = A %2,2004)
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f Rolling
path

B 2-15 DOT 75 "k R i = 2 $h i £ 7 L Bl

Shield Jack \

Correction Jack

B2-16 DOT - f i B &+ T HHT (f o E5/5KF@ %G T2 F,2008)
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orrection jacks
94/0

M1 2-17 DOT % Wi /i3 &+ 7% % B @4 9% * & & DOT 5 % i

Over-excavation by copy cutter

rolling

Over-excavation by copy cutter

B 2-18 DOT %' kg M ALH, 7 B & R
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rolling

Shield pry

Bl 2-19 DOT & A “kif ™ A iz b R

Grouting

Grouting
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Rolling Angle (deg)
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8th line, Shanghai Metro
Xiangyin station to Huang Xing verde station
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] 4-6 CA450A - DOT 4 14 7 % e & W7
(e kL ATATR 5922 7, 2009)

simultaneous grouting hole
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Surface Settlement, S (mm)
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Surface Settlement, S (mm)

20

40

60

80

Ariake Common Conduit
Tokyo, Japan
clay and gravel

Z=20.68m
$9.36 m*15.86 m

Ground loss = 0.23 %

G—6——0 Observed
— Estimated (equal area)

Estimated (superposition)

=20

0 20

Distance from.Center-of Tunnel, y (m)

40

B 5-7 %303 s Rk B S DOT B § i 2 i red

Surface Settlement, S (mm)

20

40

60

80

80th Ring, 8th Line

Xiangyin R station to Huangxing Greenbelt station

Shanghai Metro
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- Xiangyin R station to Huangxing Greenbelt station
Shanghai Metro
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SSI-3 section

Lot CA450A

Taoyuan International Airport
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Table A Project Constructed with DOT Shield tunneling method

External Thickness | Minimum
Purpose Length Maxium ] ]
Case Geological | Dimensions of of radius of Shield Period of
Project name of of tunnel gradient
no. condition DOT shield overburden | curvature manufacture | construction
tunnel (m) (%)
(m) (m) Toyin(IM)

Proved experimental project Proved

0 02.5% 4.19 79 THI 1989~1994
of DOT shield tunnel experimental
Rijo tunnel, 54, national

1 Subway Clay, sand | @ 6.09x 10.69 850 5.0~8.3 135 1.8 THI 1989~1994
route Hiroshima, Japan

Fine sand,

Kikutagawa 2,4 sewer main, Sewer

2 clay, ® 4.45%.7.65 703 2.15~9.0 1,600 4.0 THI 1990~1994
Narashino, Chiba, Japan main )

peat soil

Ariakekita common Common Clay,

3 ) ® 9.36x 15.86 249 14~17 1,600 3.5 MHI 1990~1994
conduit, Tokyo, Japan conduit gravel
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Table A Project Constructed with DOT Shield Tunneling Method (continuous )

External Minimum
Purpose Length | Thickness of Maxium ] ]
Case Geological Dimensions of radius of Shield Period of
Project name of of tunnel | overburden gradient
no. condition DOT shield curvature manufacture | construction
tunnel (m) (m) (%)
(m) Tnin(IM)
Underground line, coastline
4 high speed transit, Kobe, Subway Clay, gravel ®5.48% 9.75 304 11.5~15.5 1,500 0.8 MHI 1995~1998
Japan
East district of Sunadahashi,
Sandy gravel,
5 4th line high speed transit, Subway Sl ®6.52x11.12 752 10.31~16.6 500 2.3 THI 1999~2002
silt, clay
Nagoya, Japan
Chayagasaka park district,
6 4, line, high speed transit, Subway Silt, sand ®6.52x11.12 1,007 11.0~32.1 500 3.3 IHI 1999~2002
Nagoya, Japan
Yamamoto north district, of
) Clay, sand,
7 4, line, high speed transit, Subway ®6.52x11.12 1,238 9.3~32.3 300 2.7 IHI 1999~2002
sandy gravel
Nagoya, Japan
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Table A Project Constructed with DOT Shield Tunneling Method(continuous )

External Minimum
Purpose Length | Thickness of Maxium ] ]
Case Geological | Dimensions of radius of Shield Period of
Project name of of tunnel | overburden gradient )
no. condition DOT shield curvature manufacture | construction
tunnel (m) (m) (%)
(m) Tin (m)
South district of Nagoya Clay,
8 University, 4, line, high speed | Subway sandy silt, ©6.52x11.12 876 11.5~21.3 200 3.1 IHI 1999~2002
transit, Nagoya, Japan sandy gravel
Yagoto north district, 44, line, |
Clay,
9 high speed transit, Nagoya, Subway ©6.52%11.12 782 19.0~24.0 180 0.9 KHI 1999~2002
sandy gravel
Japan
Yamashitadori south district,
) ) sandy gravel
10 4, line, high speed transit, Subway ®6.52x11.12 957 10~16.6 165 3.3 MHI 1999~2003
Nagoya, Japan
clay,
Yagoto south district 4y, line,
sandy gravel
11 high speed transit, Nagoya, Subway ®6.52x11.12 1,025 16.2 300 3.1 MHI 1999~2003
Japan
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Table A Project Constructed with DOT Shield Tunneling Method(continuous )

Minimum
External .
Purpose Length | Thickness of | radiusof | Maxium
Case Geological | Dimensions of ) Shield Period of
Project name of of tunnel | overburden curvature | gradient
no. condition DOT shield manufacture | construction
tunnel (m) (m) Tmin (%)
(m)
(m)
Linimo 1 distriction Aichi, Maglev
12 Sandy soil | ©6.73x11.43 904 15.0 102 5.9 IHI N.A.
Japan trainsit
Maglev
13 Linimo line Aichi, Japan Clay, sand | ®6.73x11.43 123 12.0~13.0 102 0 IHI N.A.
trainsit
Nenjiang Rd. st. to
Xiangyin Rd. st. to
14 Huangxing greenbelt st. , Subway ®6.52x11.12 1759 5.2~12.0 495 2.8 IHI 2003~2004
Silty sand,
line 8 Shanghai Metro, Y
) silty clay,
China
- - Clayey silt,
Kairuan road station to
Nenjiang road station ,
15 line 8 Shanghai Metro, Subway ®6.52x11.12 929 5.2~12.0 495 2.8 MHI 2003~2004
China
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Table A Project Constructed with DOT Shield Tunneling Method(continuous )

External Minimum
Purpose Dimensions Length | Thickness of | radius of | Maxium
Case Geological ) Shield Period of
Project name of of DOT of tunnel | overburden | curvature | gradient )
no. condition manufacture | construction
tunnel shield (m) (m) Tinin (%)
(m) (m)

Lot 9, line 6, Shanghai Metro,
16 Subway ®6.52x11.12 1,713 4.0~21.0 300 2.7 [HI 2004~2005

China

Silty sand

Lot 10, line 6, Shanghai Metro,

17 Chi Subway | siltyclay, | ©6.52x11.12 2,497 6.0~13.0 990 1.5 [HI 2004~2005
ina
Clayey silt,

Lot 11, line 6, Shanghai Metro,
18 Subway D6.52x11.12 1,096 6.0~10.0 420 2.7 [HI 2004~2006

China

Lot 10, line 3, Shanghai Metro,
19 Subway D6.52x11:12 1,459 12.3~19.8 N.A. N.A. [HI ~2009

China

Lot CA450A,Taoyuau Airport silty clay and
20 MRT 06.42x11.62 1,584 7.6~26.0 280 4.9 IHI 2009~2011
Access MRT, Taiwan silty sand
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