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o) obA Eido] A Ze2AEL] F3 FoEA 7t AddZee SHFLR HREE $of
AE AN W 2 FRAPL AAFF B ohE} ST IRAY R ARBIRIEAIA S ditel Z2A gick
S Y e A SR0A 24T, BAA AoFAER, Y 23522 ool
f"ﬂl"ﬂ =4 } k. =8, AAA FAL 71AS Algd] daME ddrata ok Ao W,
14, 4 71 Bl B @A Z1AIs AT vl Eo] oA IEE AQdsta glow 4
9¥ Z‘Jﬁ*"‘ %ac‘i Ayl Bde vledl Hrlsted HHE BEE 27k Aol
olg¥ el B TolMde A9 ATTEHES AFE S oY HIYPP o= Conven-
tional B{'d, TBM i, 2|3 elde] & A7 5o disia A S4538 49 n 5
whepoll tiaiM Ay nat ok

2. Conventional E{

2.1 e

38te] 7lEold g ol AAH Sl Aol OME} BFYglo] Ao}, ol Arlgel 0¥

e A 7ieR JdHHT o 1980d 2 AX8HE ¢ 2Yso] Fule Hd AA
A 719E Jd NATME Ao A2 B d4A 7IHoE 4=, dAe B §
A 2L Wk 9= N;ﬂo]q

HZ FALYIAATS)ANAME o) E qejrtx] o] oz Ags)] ed BE 23Ed 99
(NATM,NMT,SSM,SLM)& %3t} Conventional Tunneling Method2 2718 3tglem, TBM
(Tunnel Boring Machine)3 & t-$=& /Idog AHE7I2 ok mebA 245-& Conventional
Tunneling Methodol] it SUE 7le& ©57] A% 44 9 AF B3] A8 Fof k.

e T Y] ol Ll 7ol Tl UiE ATt Bton, olojA FAA, |
AAS, Surle, AuRzd, AREFIPEEOl dist d7vE asA AdGEAch 2 Bdvle
& FAHE $oli §718 9EToRM FAHU FEEE F2Y F Yo I s AL T g
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A% 42718 A7, 27 A A % vyl Bag FYale) A7l AYF Ak
o I FUAY AT Yahe oln] BE R YAOBE, 7| E 17
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okl dsirMst FHH o2 AHEI|Z gt

£AEE HIZHF A A 2RHEE AeT 5 3, Az R SAEHEY 2y
ol Faglol dA AR & glon, SFHET FAR dES MY ARHLE AR & F
7] Mol Bd 2XA] 7P Bol o] &= AR Aolth o|A7A TUHE Tt AA EE
gl £ EE Bd SRAF ] S Frapy] A% 12 FMEAEAZA o] g3ttt o]
83 12} 7Hdetoldo] SE3 dAHIWE A7) 2Tl U 18, F2EY AHEAT
Y FHCZ 2ap¥ o s 7Y dHEE F2YE Fgold

Fore) Uy B, Teln s
AR SAAL olejd HYT2E olF4d TR wth
gy, 19943 B, 38 E Q]

712 A E ArkAY A, Aol et FErt B2 &4
£ ES] NER 71X AFE go|stA HA FFoAE 1966 RE] T2 Ed FAlo 7
AR BeagE goldo] 7 Zold o ALY A|zslytt o9} o] g9l £3E 7
& AT TERIR o8k 3 —g— g dyRe} Fok.

NE £3gE vog JFHQl go]yd& =x31= The Single Pass Tunnel Lining Method
(SPTL)E 714 £33 E o] dS 7 ol d oz A= & u|7t Sl Aolth o]Z A
7] AN E £32E ghodo] AR ol iTAd T SRS WTAE e 125
2R 7)5& WEAF ok ok

2.2 Y720} VY S

AFR AAIE Qbd gl o) HrbE, AJHY A gS )
librium method)& ©] &g sjAl o X a4l gt whdo) 9ok SAH
Bishop®, Spencer®], Morgenstern and Price', Janbue] 42a% So] da ol &&=, o5 4
HELS EARPHY ebH &S Fa17] A3 AMEE =, 9494 G5HES 7MY A S Akt
T, AL 9AEES FT TS FoPEo RN AL S FET FEIY 5o A3 APA AR
MA| Al ek &g a8 02 Pl R84 4 ”“ﬂ"ﬂl“ APHE FAske Auke] AA AEE
TR GelolAl AlHe A (FE)S FRNH o2 ZIAAMNY 4L Fysta Abde] 3HF of
o AFHFHHEA GAEE Tl AFF7HEG AA FHE 1 Al Aite] FEE g
AAZIY dME st Aldo] Fad W] FEn2A &S T Fegiaye] ¢l
ATHAH DT, 1999; A Q3L 2000). o] WHELS Alde) = BFHE vl2] 7P431R) g, si4 A3
EA dH &3 i@ FHo] FAl FAE Aol vk Y eA-SR 2 A WA AR
&% 2(associated flow rule)o] {88 3¢, Fegiar|Hoz Fafz <tdg
TR e GRS, AT @ T o) e dAAFY 27148, & 28 AR
FAg Ao deja dtiDawson F, 1999).
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871 o) o] SHAHA Y& 4 dE U, YEFLUES BE BQo] MY 5 Ut A3
W o)t A G A, 2000). ZEFATHL on) 1975d9) Zienkiewiczol] 93] ALHYT, 1 Fo
Naylor(1982), Giam & Donald(1988), Matsui & San(1992), Ugai(1989), Kobayashi(1990), Ugai &
Leshchinsky(1995), 29%(1999) 5ol &3t} ALEE uv} ot

Blde] B Abee] F9sks 2e) R 42 A6l 7] o9r) e SAR P
o 7123 HY 5L 4830 AL TR delE WAV Aok ¢ Ao BY BAEE
A 7120l Yol Ak ekl G vlel Hoh ¥ EE ARAVL ARk 30| Do)
o ol @ o)follA BdS g2 & AN A S Tt <A S Frkse )
2 AR o2 AMEEO gt

TR o] By &S Fate W] 4] 28(2001) 98 AAEHUoH, 87 6
AAA AFEHZIE ST o2 B aAE Y ddES Fate Wio] HE dA e ¢
B4R Bt BFHYL 71E02 AHSE § S A2 Jigste Asfsich

2.2.1 SX(eHA0| 23t EIdo| QHE BT
(1) Ede] 22 HAg
SRS o), 2 2aelA

o $EANHE F4E T o

o ols) EdY 4 glch Ly

oz o) gYUE 1Y 13 2

ol o- ¢ HANAA WAE ,

g 2E (@2 2. o

Yol st} H(failure envelope)oi]

s 2 o sl 2, T,

(@9 o8 52d€ SHYH
AN At wARAR o= 28 1. SR AT A

adE FA5EN 4 (s 2
o] ZHHol] HE wi7lA] g,0] 7}t o} gti(Itasca Consulting Group, 1999). 3t  (a)oll ¢
3 XEE SHEENA 949 FAL 2HE FAFHEA Y (9% 2ol FAH AT WA &
49 WAEE FPOEN Ao] EE FE ok T A9 wAg u(F=2 o Bye 2
ol 28 AejolN dF9 ZJE/-&Hn|(strength/stress ratio)oll dFetH, £F ¢hH8(Factor of
Safety)olelnx B2t}

olgt 2L WL HAH YY) Z .47} dupy gl JerHE dBste dee Aoy,
Eldel ¢ i4A] 3o g Q&) B EE FERY Yol BAo] B F RIS Fo}
Red A2 5 g stxlEh BHde] A S UBeiAE R
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() =LY
Apdolu 5, A Tl 1]
N g Fe B9E Ue &
H 4 Aot AA Ae 4
AuzEste) o' gn B9
CKBishop, 1955). & <tAE ¢””"=tan"(tan¢)
- Fmal
A 247 o) B, &

A Auke) w9l Aol o~

NN -
slagoss 7% F 3l
o webA ¢Hdg FE= Duncan
(1996)°] A= gze] Aure} A
A AGREE 377t dojur)
NFste ZEE Zoly] st We o] ®okm & 4 9k

FELLWE o8 AN A& WA Aue] FEE AR 7L AY WA
WMo BaNAZN A WE Sgae] 7Y £ Uk o2 BEDLIIYS WA £ 2]
2 gl A#M(method of slice)ol W]sto] of2) 74 BHo] gick 714 2 B e WATTRo) A5
02 FolRy| wjiel YATHH] 758t FElS A-o] U3, log spiral, REXNE Tog 717
% Fast grks dolth N BA-gdAY 4 AT B945% H(associated flow rule)o]
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a8 2, HeyEet AE Mogmetel B

Hed A, Argirigoz T ¢hA & BEyd) ol pajx kA AX &, FYg
ke JhaT. o) gte BHEFY 27187, 5L 89 A2s BusitkDawson 5, 1999),
BYa ol BERATHE Aesteln A4 Awe) %Y oo % oHEZ 8 A
FAE F2 o] A sAe wE Fasle] B R gS FITh olw AW Qg
olo] o5 ZrAH AWt EAXE o3 £ FAE 2 "t
Ctn'al___ Ftc;ial (1)
¢m‘al= tan —1( ;a{n’iaél ) )

o) u) ATFAT A FAE ol Foy FATFHE 3¢ 20] EAE vis o] HYH
VYA HelA A 718718 g2 AAE UehiA Bk $AHY AolqE AN E 1
98 gone ARREE ¥WHA7A gtk 28y B A4 Bao oet FAF Py
o0z APYEE F2ND 5 ek
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() ARA e 57

FAF ol A £FYEE W(beam) A, ZEEE Ao|E(cable)R A2 HFHH, 3j4 Zga
Yol we} B SGAPAZ 7PEsHA A vhef £33 E AolEe] BAAR MHAEYH, £
AYHEY AR EAE BE MAA £ Ew g HA] @7 Wil 2ol o8 g
B rH&d AA Bo ) HJrbd & ok ol 9AES dAAsy] fside Wi Aols
849 g iAo nAsjof g} AolE 249 HE L4 WA SE(F)o] 3E5Y
(F.) Bt 2A H¥ 35 202 58, Wa 4] Aee 84 88 8538 Als
o &8 ¥ vusty B gudsis JEAE AAHS

I 32 A 9E s e £ EHES
Tt o] o Z} AAoAe] L o Ao 3] TR}

=2
“
3

o=Sa+ My 3)

a9 394 & & ARl ANEESTE(o)F AN 0)S y=t22) AT P A
LA HEHAEEH(0,)T A ERATEH(0,)S AAVIEHEEE o8 3PE The Aoz
T2 = AL LEYR, 1999, pp.264-265).

Oy = 0.40'5k

. C))
oy = 0.42Vo,  (kgflem’)

)
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dE o, HAVNEREE 210kgfem’ 2 39, HLYELHL 84kgf/cm 51%0 Ao
kgflem®7} %‘4- ubEha], W e Ao A& Ert 853 S
ANAZEE 23t HA 2 YoAe o9d Zos Addd 31‘3}-

@) A &2 A4l rountine

2 AT e vy @y dHeE 7 F e FTEBY(incremental search)'d & AME-SFH
o} o] W& WA bAge] ARG F)T ZRM(F™)E A oluf AAghE MAlsid A3
7} BEAE £@ete, & AR mast BAX FE AY bdgo] HH, SR dite oA

2 ZAAZ F ok dF B9, R gAA

€9 x| wet AsfA e, fFHAAN A

FEHS 1.0, t& A FEZS 152 2aAZ 0.

0.02 5& Abgsle] WA R FF A g AFEE Z7HNZ £ Utk 2 gl glolA, 4 A

W7t FE5HA 58 AbEe] St BAEA] g Aolng AlY ohHS( Fr)e TREG wE Zt

H1, o] @ APHHEL Fr2 ARET. M2 siAAR) £EskA] Row, o) AF HgL
1

AA e Bt 58 golERE o] g vt A gAY dEd FE dAHIL, A7) E o
& GAZ Aot TaE FELE ARESt] LS T B0 o) 22 HAE I E T
T8 #AE g7ix| HEolste] HF bdeg T dokh

£2E AuAZt BAE A9k, ANAR} FRsA ArekE, szt
Astel Wads) B8 Aol Bl BARY Ao DUV I
=4dog tehiw 1Y 49 2ok

N

° geart JdeA
&< ARtse A4

=4
=

o
=

2.3 AIZ80} AUl - A3H WUEH

231 i EY

(1) 9Y o A9

T HdF2E, £AE go]dH 23} AYE gloly Aloldl WrF S AT A2 g
ojdel 7& A #E HAE FHoF g 4F At AT H, FAt ATHe] AR g o]
S 7-Z(Double Shell F2)7} dwrHolt}. e} AR 2 RAN)E A|F8HA] g £3
2 E glojyto 2% 24 A YE eold o] A@R] ¥ & U GUT(Single Shell)e]
48 A4 4 glon, 1 Agole A glo]y Alolo] AdEel AEEHE dAstY GHTFRE
X Az 9o gE Ao AEEE ATFIIT FjHolw, B ko AEzle A}
g3t HE FHOR AIFHE 23 BFo] 3l £ AgFd 4 oy, Fri9 FAmE d4g
F e A9 FeE shssina Azt

G714 Ao g 4 B3 FHANT A=A AE3tn FAANY 075 FESH
g3ty Bd 9 FAAN] FAFS EREE glojd e Fe NATMT o 2] gt ?»H
NATM?®] A2 A2 E Nxgho 24 231 A E glo]dg AT L= 7hEFs)ale, Fao) NATM
FeH oz MM Aol
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A A ¢, ¢, Ty
Fstart, Finc, &, Ocyy Oty Fuy

l
b Ftn'al=Fstart+Finch'
l
ol = Fg"'al
"™ = tan "%‘%‘&%)
7~(I)rial = TO
d
) FLACe] &% ®d A
A FHAL 6., o, F,
l
 Yes A} Sysia
0. 0y, 6, Oy,
F,(Fy?
l=l+1 Finc=%_Finc
Flaw _ an'a[ Fstaxt — Flow
[ _
{
«— N .
2 F"e?
} Yes
F=F"™
STOP

a8 4. N8 AMTINS BEE

Q) 9d 49 =4 54

Fde] NATM HE 72 1319 £3E go g} 2449 EAYE o] 9] EFF oA 1
Ztetol g 7 2at2told Alole Wt 2 RAXF AR BelHn, FRHALZE 2709 948
Shello] 11, 938}2 © & &= Heavy Beam¥} 22 AF-& 39 2% 79 ©]F <(Double Shell)o]2tx
& 4= k. 1xketol g o) WPAS BRshe Aoz 9T7H FRERS Py} 7bsdtA sta i,
TEEEAN 87HE GAEo] 1Al FREY, Ff 2xetoldL A /MR Uk

9 49 EQEA L £3YEY EEE T& FoF TARAR st T ARTRS /fAsE
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o JFEFORA, AFHAY 2Tl YL US EE YSFYOBH HYTH Y HUNFY

£AYE 7439 %7&—‘?—73}—1 QEQOE’H 743E A TR ke Aol
olgA Foen g A2 FAY HETEY TF o9 7154, T é% 3}% Aol 7k
SHA| Ak £ Tl AFHE AHla, ERFAYTE e dAR AT
E7} AFg oA, 3718 FAMZE AEE I AFAHE R d
oje} o] T A2 B4 T2 R Al FHolA FAMH HAE EFY B T
A9l FEsE RRR st Aotk

)
rlr
;g
K
of,
T
f
R

() 9 A9 AuYA

EEEE U544 boltZ AL 1] £ AIME DFo) o3 MuAzhabao g it
2L FHE FASA 23E] Yl st nEds & 1\4%%3, Ao} o) ¥
2}, 27|42 So| 8"

3) AAEE

AARELE RZFUAA A ARFA=2 A7t o)E A8 B A4 ezte SH3)
T 9 49 FH ARFAE £IAE L FEER dtu AABETL Ae] 4ol webA A Be
g =g 7M7) A BEdRAY A4 AxR AR .

z232= x34s
(2~3834)

(a) 0I5 & NATM (b) CiB7= ©Y 4 (c) tET= O 4
(&2l Tunnel £X)

YU 5, 0|5 & NATMIt Tl 4 NATM
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ORI
Ty dloAs, NATMoA] Al &5
WA st AFE dAToR S8 PUe 13

o 79 WAL ANBEZ GAsL, BEHoR ¥
AFHA g v WodE $ABY e BebA, 850 DY 7R B o}
t}eo) verdr)

1) &5AEY 712x4

Shotcrete 2-3o] )3 T WAk, &5 Azle TAZ A% 28 Holw, 1 /)2 2L
ofegfet 2.

« Shotcrete E-Fo= 498 A =t}

« ©o}x]% Shotcrete 0] nfEajH o 2RE 9 Fo QEE B}

« B 38l 85AT) hReR nEelN) GES ok

o UL vl o|AAIZIo 2 M, WS AZE YAD wjHd 3ok

2) 827
Ao zyEe) §5%, §599 59 A9 §5AY AT B
Nz gAge ANAY. AL, 1 18 29AZ 3w, T3t 2ol As
*Rock I : B]d 9d& 1km< &F0] 50 ¢ /mino)3} : A
*Rock II : E]4A% lkmT &5F0] 50 £ /minolA}t : A&} G443 M4 - i3] A4,
Rock Bolt 759 A4 A

2.3.2 1Ys x3e|EQ| 4

1) AL

T ARl Frketa Qe 3AHA o] de] didd HE AlFedA e AFEY o & AT T
Al 2257] gl Elde] o] ol o] golAE, ofeid EANE Basty] A
© Z719) ARk AAAA F e 2T FroF 73Y P YT £AYEY ol
S7Ech T3, ddA eI A5 22 E FAVE FANAE 1 FFe] T8t BHE 1A
H]-g-¢] —0—7}1 olojz}7} Wi £AUNE FEE FVHA B FAE EY2EH TAM] S
FET FaUt ok 3], ©F s, Add, & 5 AvY #Fo] didHE FiEd e
LA e Fagy Adygo g HAE AAAT| L, AL WF2H e e T3 g
o S 7idE & e T AR £IAYEY Ndo] Yo F Aos FdHTh

FUlolA HEH3 JE NATMIHL 4R A58E Hu2 &3 ARAY(LZZE
EEE)Z HY9 AL FAANTIE 928 w21 e, By F3AE Fojd Ff 2
Hke] EAJo HAIGlo] A 1t AAH AFEM AL E o d Lo AlFo] 9§t it 1
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U, @4 2aYE delye EAnee) BHAY, A3 2 AREHC) B #d § Be B
Agol AHHD gom, Wsd HABAS AGY Bl TAYE Folde TEAZ 17 ¢
R ZEAEE A 2 ey ek 75

$7 £902 ZAH, A ZR)N ol U
E

kl

4

ol UM B8 AoE BkArh FY AWEAH FAME BRe] A4S A2 &435E A4
HAe] £ 2E 9l Laerdal E1'd(24.5km, Norway, 32| E HA|7]1E 7% 400kgf/cm’)S Permanent

Shotcrete Lining®} 71'd-8 A-£3 ©@2 4 Lining ¥'d o]y} PCL(Prefabricated Concrete Lining)E]'d
o] z14o] FEd] FVhsta o, ofdd A2 de] 8 AEALE HES e 1AL,
TulTA, 1A, 22 HukrEg AEX TY 2ATY £AYE o] $AH0R MAF o of
gtk whebd, Z2YE ool thet 914 Wste} 87 1} A WA £32ES 1EH R 1495
e %9 HE AAY AT S8 JAE AT AR HdHY, oE Al a7l ozt
Elde] A4 2 fAwen]g A F AolFrul g T 1% IAE £ E sto]

dds a7 9l

S
£AHE Al dolA e Gt e ZaYEY: P 2714 R gueE A7, A
W) o) 2710l AAlsH) s B2 A accelerator) & AHE3H3 9ITh o] FAAE £ALE 2
7174 e Bk ot A7 e FE T YA, £3ZE T Foll 9 oA glo] uitel] AHE-H
T B S v us W 2 FoAo] AxRHE ARH 840tk 13y, XF7A 9 ATFE R
oJhd 7|EL] WE SAAE A £ATEY A Ee FHAAE ¥R B2 base concretes}
ML w 20~40%AH 0 ASHFE Hstet F2A Hute] TSR FE AE AFAGE
2 7 AAL, 7] FAN e A7 Astet thFe] 2uleeg AAA 87HE
FaA] Zike A7 Al @A AT B EHI gle Aol
metd, 87 HE 2713E Gre 7 71 AE B £48 FA FowA FYgatd ddt v
vt = Ao Y Qg vAA] g B I F2AY AHo] 8FHT Qlow,
= 4% F7180HI~3)e] MZL FEA7} Aeelo] olo] Wit AEH7t L APAFo] AR
olA &3] o]FojA 1 girk o] Zhd) 1990 ] SR FolA MEE Alkali-free BgFAAE
A 2 7HA FF7 AFe] A 9lom, 1 AT JANE & FEA VAL Qe &
HE st A ki S Fushs 34 WA AFoz e itk neky, £3YE
FAHE F8F AAE AAE e FEAE HTE RIS AAst dstE 5o 17
= 3Ee A% 1] EFAE AHEEA KM E FEHL GA AFAY AAAAL FA &
BE 5 9l 34 £AE /S e glsted FEAS FoH, 48 AuE B8 #%
@ 4 Tunnel Lining, PCL% Permanent Shotcrete Lining Z-82 93 7|% g2 &&stnx
gt

(2) ¥4 A (Accelerator)?] A%
3
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®) A g8
2YAY 2oE 59 ¢ 5
74 gl AHgsn

9l=o] Alkali-free

dabg

BAE9% W), FHRAEG0% FHS A Al 2H ¢

AN 57 WHEE AHE o 44 F
3 3l ol Alkali-free

#2A £2YES] ol AR1YT 3Y Alold| Waterglass
Z7173 R 2 Agte] o|g oHbata, Aok

o 287} Y 2%9) AT 2L B 27)RE 2

Aot §55
o] 2.38191 418kgflem’S Hod A Bl A|FA] A)F3A oY oubo 2 2E 9)
T Al o3 2 Ao qFHe

= sagee] $3715d

3. TBM Eid

Za

Y& 360kgf/cm’)oll

A i

O - ‘__)\a

o

o
=
=g

AAE AHES AJHE A ZU HEFA
AT Waterglass HAFHAAE AHEE A AR S E28Y 71E 1 63% ),

o ZA=g LAk 53], 2714%
Foll BAG0] BE AlHNA 1Y ¢E7E100kgf/em’ S

2ol Ano) $25 44T Ao woET EH, 42328 o

=
&+

SATYE

=7 A T
A|kzte) %i%‘
A AFAA FA(15)de 2
T UE e AlEdoh

AL Drill & Blasting 383} 22 Conventional FHol| v]3] Al FEE7 WE Aoz

B O

To=

ool 8% =4

Asla) ke Zuke vk )W @ 3] Conventional ZH-S %
717} 7\]"45]% A7 2AY 4 Aok w2 TBM 389 Z¢ AlF A, :?_‘“] AR
i]— ]3]“:}_17_. Q’ - )sl—l— _1_6

B 1, 232|E U4

BM 4] 4ol glolis TB

F 5l UJr‘f"— s
o] elAdol i@ HEZ Fasith B A= TBMS ’JHVHE% g3k 3 AA/A
ZokllAe] AL FEE A, 2o

) Unit Weight (kgf/m’) .
Ginax Slump w/C S/a Air accelerator superplasticizer
(mm} {cm) (%) (%) (%) w c S G :F;:l (Cx%) (Cx%)
iber
7.0 (A)
13 13 41 65 40 198 480 1035] 593 40 10.0 (W) 1.0
H 2 HxAEZZ
Alkali-free (kgf/cm?) Waterglass (kgf/em?)
A= Vs i . HAE
IE A% e ° V0 pas=4 .
il i HLIAD) uaz i (B3AD)
19 149 37 125 30
3y 256 52 156 43
7d 306 - - 212 -
28 418 73 43 257 67 33

(85%)

(76%)

420 | e=RXjREER R

O:

oH xﬂ .



3.1 TBM 7t 5%

gutx oz 98 FY ot E Xk, a3 FH B vlg S BAR AR B F
Fo] TBMo] 7= o] A& o] il ¢juh. AITES-ITA Working Ground No. 14(Mechanisation of
Excavation)> 3 S} TBM AHIE AR 7|E& & 33 o] As v} Qich

Atol A L5 = TBMT} EALA| T A &5 = TBMS] 7|53 Aol glovt TBME i 49} 2o
ird TBM, @ €= TBM, 181 o]F €& TBM %5 A 7Y Fo2 REFgckBarla and
Pelizza, 2000). 1§ 6olA= X 27k At - 2451 9 kst TBMY AlK& BEdF 1 Qi)

Ut o2 ok TBMO| 79, 27 10me| o] tj+7 TBMe] H-8d A& jov} o33 2
el 717 o148 nFekd A37F5E TBMS] 4L AR Ao] Mdaitn pas D .

H 3. General classification scheme for tunnelling machines (AITES/ITA, Working Group No.14)

Support Excavation Machine
Loaction - System Method Tool Reaction Category T Type
cavity L fcae
Partial Face Special Rock
. . None or Tunnelling Machine -
None Excavating Various 8 . .
Machines(PFM) Gripper .Moblle Mlner -
Continuous Miner - Other
Unshielded TBM
Cutting disk Gripper Rock Special Unshielded
c Full Face Rotating Machines TBM
a Cutting Head Cutting disk Single Shielded TBM
Cutting bits/ Trust Jacks
‘I, None (TBM) Cutting knives & teeth (DS-TBM)
. . Gripper/ Double Shielded TBM
! Cutting disk Trust Jacks (DS-TBM)
y Rod header
PFM Back hoe Trust Jacks Open Shield
Manual excavation
TBM Cutting bits/ Mechanical Supported
S Mechanical Cutting knives & teeth Closed Shield
h PEM Rod header/ Mechanical Supported
i Back hoe Open Shield
F € TBM Cutting bits/ Compressed Air
a2 1 Cutting knives & teeth Closed Shield
< d : S
. Compressed Air - %::::li ‘11)1:// Compressefi Air
Manual excavation Soft Open Shield
: }; Cutting disk/ GI’OU.ﬂd Closed Open -
d " TBM Cutting bits/ Thrust Machines Slurry Shield -
; sty Cutting knives & teeth Jacks SS-Hydroshield
C d Rod header/ Open Slurry Shield -
a PFM Back hoe Special Open -
v Slurry Shield
I Earth Pressure
t Earth Pressure Balance Shield -
y Balance Cutting disk/ EPBS Special -
TBM Cutting bits/ EPBS
None None or slury Cutting knives & teeth Combined Shield -
or Mix Shield -
fuid | Earth Press.Balance Polishicld
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B 4. Schematic comparison among various types of large diameter TBM's

. . . Yieldable Single or Double
Reamer TBM Open TBM Single Shield TBM Double Shield TBM g
Shield TBM
Advantages
Ventilation in the pilot iaznogzr?::b;n Large application range Large application range | Safely
tunnel s Safely Safely Small convergence
. hard rock - . .
Easy variation of oo Precasted lining installation Support an lining
N Flexibility of ! i
diameter enlargement Suppors High performance flexibility
PRo . High performance
Construction cost C
. Drive in difficult ground
Limited investment .
condition
Disadvantages

Gripper Gripping in soft or | Two work phases Cost of investment Drive in difficult ground
Adherence unstable rock mass | Drive in weak ground Complex operatively Behaviour in unstable rock mass
Behaviour in hard rock | Support instaliation [ Need of precast lining Need of cleaning the Cost of investment
mass in unstable rock mass | Cost of investment telescopic joint Complex operatively
Behaviour in soft or Complex operatively The advantages and
unstable rock mass disadvantages are mainly
Tome of construction theoretical since this machine is
Range of application under development
Safely

(a) Mixed shieid TBM (b) Earth pressure shield TBM (c) Slurry shield TBM

(d) Muititaced shield TBM (e) Open TBM
3 6, st Hejol TBM
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2) = 2 7+AscHKovari et al., 1993; Bruland, 1998)
o o]} F=o} o] TBMY F FALAE Azsted gl 71€Hd @471 Sl
o 2RAZ0) T 42 BAAY 82 P HVY 27)7} S71THTseng et al, 1998;
Barla G. and Barla M., 1998).

@2 TBM 333 A&t ol 12~12.5m B2 A7AoA = g ehubziol e 4
A AlFAMEZE oy F&7 0] 1 o) de] He ASolle 53 ZAYlA TBM 7]54S
gra7|7t olgota B HI gity. wEpA AEVFES AAGA A oled dAHY &
#ate] 9 ZAaAIREA ol HZHEE AYE HAYIEA ZEF HAEE T A
8kl )

gty o2 TBM FRo|A TBM 7| ZAA 7 AlFH[olA R8st v&2 avkA] 4] ot

AlEFE LAstE A2 A7]e AR T FAZE ZRAE vl 8-S T € 89lolB
AAGA A @3 HFE 71F& dAshe 2] AU oR Fasitta & & ot 7148 AlF
Fobd) M= ZigAtoln FAEEEE3 34E 9Yg olef Torino gt Pelizza A4+
ol21gt - A AFTAHH S2HE TBM MAA 1218 Ao 2 g3t 22 Alehg A¢sta
AT

o 718 TBM Kt} €= TBMo|] H&Alo] =t}

o /¥ TBMI 4= TBMS] 2849 ol 2370 Z7HE-E AL
o o3 1285 ¥ ALE TBMo| & 189 g 2& 4= TBM EE} HEA SolA At
o ¢ o4Fd o 2 F¥E L
o I 4=¥ TBMS A8/ TBMS 7|FHT} TBM H] 7482400 A9 ZAd B
IgE A=
o O HEY B2 olF 43 Aot e B guHdA goldo] HEHe 3 9%
of A A%M A v g FFdrh
olgg FUE uAEY W TBM 44 R Fulle] lojA TBM 23t A £ ¢ TBME 53
T ROE BW] Boe AA 2 Alge A A4 ZHA Alg3Atel TBM Al 2gjatete] 244
A o] st ® 4= Bt FF AT TBMS - 94E vlastn ok

3.2 A|SEo} SIS %

321 NEE WY B ¥

TBM E[29] A|Fo] oJA] AwkzAle] 848 $A 73 ulgl 2o Conventional '3
o vig 52 Aoz 43R ik o)gd SddA Ad Fd F¢ AIFF HY 9 2 A
ANEAS FASE 71l die @2 A77F IO ot Corbetta & Lantier(1994) EPB 4
E TBMo] H£5= +28'3 A gl Electrical cylinder 714& o] &3t Hube] 2wk Fefjg g
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e 7S AL oY Z o9} FAE AH B} 71Ro] A - g5 1 Qo). Electrical cylinder
719 vg AFE AFTLRRE A AFAE St 7IPozA A F2 HEUFA
W] AFEE AA 24T & st

019} fAke 71 224 seismic ZA71 Mol A2 o]t ol 83t Wo) YLom 3] o144
4= TBMo| 449 Zakxo) EOLE AE A3l A2 aoltg ol48 A4} 7ol 64 3

AL ded e 28302 HEd AeE EuHI gk

o]g]3t TBM El'd A)FF AwbgAte] #AHE Fobe 204 ‘EUPALINOS-2000'0] 2t S7b
AR A7 Z2AEZ F3 uFAT AolA e Hgo] 7hed 4= TBM B9 Al3H /L
EHoz Y=t ey daed ATEIEE ol & AWHA 7ML A& 7Hd Al
ek 7 2 71 Aol wE FrAA FY AV @ & sAl2 "ol

o) EolgAE B 7199 AT E H &SRS A rolM Y ZAE sAEstr] AE o
o2 TBMoA BAs= AES o]t g BARBhE 71Wo) ARHAh & 71 A4S
TBMoA A= AFS o]&Fozn 58 2APHE T3 2APF 283614 goe 4ol
Ik ol21% AL 1999 WDRE Rotterdamol A Aokl ubol Aol B A 35 A48 1 gl
TBMoA W2 BEHE A9nE olfata] B4 Ao Aute] g Prtg Aesty F2
ATRE 9& Ao w1 H3 ¢ riSwinnen et al. 1999).

31, Neil et al.(1999)2 seismic waves] ¥4 ANE B2 gd 94 Ak &gl 550]
U 71E} o] 2R S BA 51 33 A wk AR Aj48 ROCKVISION3DS 7kst v} itk o] AJAE]
& seismic tomography & o]-&3to] Mol EA45t= o] A o] seismic waved] Tl wkalA]e] &g
S ke e Alagelgtn & 4 ginh ogd Ade 29 7oA e} o] TBMo] #30d f
2z Aol WASE seismic wavest BA 0ol A2E FAVTE v A sk WL

2 ALEH AAte s s YA & e Al sika € 5 Aok
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m Ms

Conventional B]'d IRl <] gold w47t T8 FA9] 3h4Ql 23 o] TBM THME
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51 Al

':-; - Sadia]

: lateral erath pressure A

»
-]
»
]

: vertical earth pressure P, : vertical earth pressure

: lateral erath pressure
: coefficient of lateral subgrade reaction

: reaction to dead weight

(a) 28 EY (b) Xt

a3 1. 2t0lY AN HBEY ! XU o
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Perfectly Uniform Rigidity Ring
@ Varga Method

Perfectly Uniform Rigidity Ring
@ Schulzf-Duddeck Method

Perfectly Uniform Rigidity Ring
@ Morgan Method

Perfectly Uniform Rigidity Ring
@ Bodrov-Gorelik Method

Perfectly Uniform Rigidity Ring
@ C C s Method

Average Rigidity Ring
© Japanese National Railways

] N

: &

Elastic-
n «p Hinge

Etastic-Hinged Ring
© Yamamoto (2) Method

2,

Guidelines (Draft) Method

Hiage
Multiple-Hinged R!né
@ Yamamoto (1) Method

Hinge
Multiple-Hinged Ring

® Soviet Union Method

rt Spring

"
Shearing force of rotating spring an
ring joints being considered
(9 Kubo-Yuki Method

B

A,

Second ring

First ring

tin

g

e

. Analysis Model|
Ring with Rotating Spring and Shearing spring
@ New Design Method
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B S5 Huded MEE X8t Y NIUE =A
(a) Ground Condition
.. Diluvial Alluvial N
Load Condition Formation Formation Applicability
(\t’fe/rl::zc)aj Earth Pressure 30 30 for all methods(including earth and water pressure)
Lateral Earth Pressure for @, @ and ® through @ (singletrack in @ and ® not
. 0.5 0.7 :
Coefficient considered)
Subgrade Reaction 0* for ®, ®, @, @, and @
Modulus 3,000
(tfm®) 100* for @, @, @, @ and
Deformanon Modulus of 8,000 300 for @
Soil
Unit Weight of Soil (tf/m®) 20 1.6 for all methods(including earth and water pressure)

* For those cases where design is not feasible without assuming a subgrade reaction modulus, K=100tffm’ was assumed

(b) Segment Structural Condition

Segment Double Track Single Track Remarks(Application

Ring structure Diluvial Alluvial Diluvial Alluvial to Different design Method)
Effective Ratio of 1.0 1.0 1.0 1.5 for @ through ®
Flexural Rigidity(n) 0.2 0.5 02 0.5 for ®
Incremental Ratio of 0 0 0 0 Ifg: g :::ucgg;‘ ((?0 mputated based
Bending Moment(%) 0.6 0.5 0.6 0.5 on {=1-k*k
Rotating Spring Constant .
k(tfin/rad) 4,000 10,000 1,000 5,000 for @ (female hinge constant)
Rotating Spring Constant for @ and @ (computated based
k*(tfm/rad) 1,600 3,000 400 2,500 on k*=k(I-{)(value of { from ®)
Rotating Spring Constant for @ (k. : tangential direction;
Ko, ktf/m) 104 105 103 104 kr : radial direction)

Axial Force at Mmax Maximum Bending Moment Mnax

Axlul Force st Mmax

Muximum Bending Moment Mnax

200 150 100 50 or tim 0 10 20 30 40 S0 60 if 300 250 200 150 100 50 Of m 0 40 80 120 160 200 240
— u Y T T oo e
ﬁ — Eﬁ_ﬂ-& —
[ T =0 ey E=
E— — Iy —
[m— Y ]
—— =2

D Comwom

QM-=
D Bodrov Gorsiik:
Campitetion

Matisod
INR Guidelings
— o

[ “|u|u”[u

—_ | ‘m—r—o
o e e s e e o ] v | _"(‘{,W
| D Sy laion ] O Sovit Uuom
— M
| S — A ] e — ] O KaboYiki
IE—— Muthod
T 0 NewDuim 1 O New Onsign
o S— —— hisnad

P S
tfm 0 10 20 30 40 50 60

L O ...
f 300 250 200 150 100 50 oof

tm 0 40 80 120 160 200 240

(a) Scgment Ring for Single Track

(b) Segment Ring for Double Track

38 13, AME £XY dlm
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# 6. Zt I7lo|M HEStE 2told dAY |

. l Design Earth Pressure/ Coefficient of Ground
Country Design Model Design Water Pressure Reaction
- All-around spring model(Muir Wood A AN Y An 3&
= JE e ol 20}
=T Curtis model) desg % FEHE A& AYES AL
. HEEY  AEDQ} ¥ FUAS
AE - =
L 2~Ego} | All-around spring model HZE - Terzaghi o|$HEQ} K = Esir
wl7]of| Schulze-Duddeck method Schulze-Duddeck method
E9531<2D: partial spring model(crown
£9q section #|2]) AETQ A8 K = Es/r
E97r>2D: all-around spring model
Partial spring model )
£o } o} x
| Schulze-Duddeck method w48
. HEHQY E+: Terzaghigl
TEpA = L= it
R gl All-around spring model ®==FEM o]k} )
5 284 1y HEH HaAAE
22l Bugera's method Terzaghi®l o|$HEQ} Sruaret Ha
. - » FAtE S AFE
= Muir Wood method AT 9 =9 AL AE AEABAY
0] = Elastic support ring AEYY 4 5¢ H& AAE

*Ml% ool gt 3eizk Wasteh Ko Mo BE ¥R EGWAT vHIAE ge
AATAZ ol glon] BEFY 2 A7) 5 WHAA BRe| BF £PHA A7

A
o
o

2TEd glo]gd dAle duryor AN AFE ESL oY Ao FAHE AR5kl
etk ol de] 8, Add, # EUEE AAtsld o]d gig3ts dHE AAsle AHE AAEE
=of gk

Hanya 3(1987)2 H&d HARF S Aolg HES] A3 @4 € 54 €= B9 444
g v - AESAT B ST AR H &9 vtz € AahEY x4 248 UYdstn
Jorm 19 138 1 AAE =EE AAST Utk Bole uie} o] 7 2y Afe g
ol g Holn wetA old tig el HEJ aFd @3, B 62 FAEd Y3 (Inter-
national Tunnelling Association)7} Z} 27} A A3t T Y= A SH| et A 23S B
oFx Yot

4. ORts

S B AA R AT fA8E T 4 AgELS 399 A dutH oz falshd A kEAL
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