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# SH-AS AR 2. 2.(%) 12:0 0% B2 JHE

IER, T2 WSAld IAE LSHY, BH
O = UEely 1707 2 Pa AHS S0 EH o oM 2
O Al 2l 71 npd, 24 - AVdESRIY Beloki 291 & AlE R

wfeb HAGAL 7| WG 3 Eld 7Ha(PEAT)
3} ) 0] spebie] Aukae) AR 714
& ekt s,

b

2. PEAT 3

PEAT(Pier Extended Arch Tunnel) 3H-& 7]
Aol W-58dS AR eljof = 4t 5 5-8-5¢1
) 1T} i AT HRAAR Ao S
A0 2 27} 5158 V1) AT} A
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Hatrle  SESCVIE uYE YSEHIAPEAT) 71E a0

Alg i WS 3, o], XM, A Sl W (% 10) FEM 3HAM S AIRIS Al 248 3. USTIO| SITHOEM RS QIS UTHAIAE 1= 4. 2=

PR A S E ek Elet, it 32 e ol S A Al b2 ghEs] flafal B WSR-S SRS A 5 Qs e R &
P EES R AR AolahA| Ty E= Hgo] A A, w71, WSk Adsel FiElofof ahn, o] Fo] At ol Al= dA] Ha o] mfe- = AlE
ofe B Al 9 7|12 Fol HlS e WEEd 2 oF edste] 6714 715 o s AAIAE] Ve R QA AL Qlek, SEIVE AR of 7, AR, 71
4 s mio] WSk 4= Qlek & ok e, 250 =93l For Qle WEE o] A7) ol
o] AtollAl Zibel e d A B W W] - O A%« g2 A e melel skad A Aol skl Qe PEAT H-5EE2 ofelgh 3HA|
-8 A2|(SBJ, Seismic Ball Joint)= 3] A $](R15) oF Ago) 7hsgt A AlaRle R A7AE S SEste] AA, A, oA gt A =
3l o F QIS 4283k 4= QLS ik ot 2K Ay TUEA A7 Al wk S 7diE 4= Qi
Al ARVEL] oY RS 4R 4= Qlek, gl nhat @ AFsEefold Tz WFE L] Wl WA AH E3h w BARE HepPle 37 shgo] ik 214
O] A4 243 MER(Mass Energy Regulator) 2 & R 7hsRt Sefold A A FEALR ] v ol el 9k wrte] HARgo ' A oS of
0] g AAIE Fal AR Al e o) ARl @ s BRY WS Seldtel] dAjEo] A 7] wfizol] mek A, B/ HAk Fol = i Ake] A
AR (A 71E) ] Aot 7t 7hs el whel i s At vl -2 oSkt Sufeke) Wt 7lsE0] g 284 4= A& Zlolv). PEAT H-5Ed
ohigh 4= Qlrk @ AFET WSPGA(FSS) © Wehemrh w2l sk o dis) dA W @ 7Rt e “PZX% %74]%}«1

(32 9) XEIZ{2IY XOIE(SBY) HE= PLATES 2510] ShAf WAy A] W QIA|F-5 K a5k e IS
B AL w| IR AARE-o] e gt A ol de| Agro] wEgigow OJSH iE %% =
W" ® SRR 9 50m o) E SIS K5t o] wulw) wle) ) ajasls| S ), <
sonericsl — ) L 360 A oA BIzka] A= Haxiz
MER Spring —@ _ - = _ - _ .
® 3 PCAIE @ 2FsAL Ws) 5o 2|3t 2ha) 1. 20214 A - TS BN A £ SR, $, 2022 10,
MER- Housns 2. ZER T2 HIZAMY S LSt we IENER HEXlE,

flomiE Ho| §A i AL A|slo] Ao b aesat
3. M2ATAER2 ub HSHYEAM =0 5 AL - 37H 24, MSAE,

2 F|Adloh= 2 2022, 12. 29,

4. 82l DII=2M BUWRI 3l HSEEE U5 6 AgfRA, 2020,

08. 20.

G 1) UTHAIAE JHE=

10)3} o] ANSYS v17.25 o|83}o] FEM A 3
A2 epolar, HHst dAlE F8l AR AlEE

AR AEEA7IEALICQDANA g Al
e T, Al A wadd of 1%,

EDC(Energy Disspated per Cycle) ¢F 21%=4] 2% AP) E3F KS F 4425k A% 0] 9&Fx] A& Hp)S
A2 a5kt (483 =#] 7] g5t A7 Aol saks alEsh AlES Sl U+t
B A IED %35170“& D £20%C14 / EDC : —159] A= AS3ket [ "= oR= BEase/Esasney ST XgoR FUSSEHS 2TBP-C60R-02)" |
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YR & TEXY Aot OO = He= EE00P|

=XIQ} J2I0=Z H= E=0I01V]

— M4z TBM Bl T

- M4Z TBM = 1

Trends and Changes of TBM Tunnelling

| et=EEXEE et RElY, 3

2Tsk= HE ¥R, =AX| HE St 22
TBM ZH|o| wxoz oI5t
o Z14 14m 0|&2| Mega TBM XME0|
EE 107X 7|1REE F2[6HICE & 1olM=

E|RACt, TBM
sdstElo] =

J

IIEHHO
[S)= =

SHEIAL 7|t

07IX| 7|1HEE F42= TBM EE 7|&2| £ SZut syl AlZS Br} ¢7| gA| 7I&sc
[# 1] TBM E'22| 7|& LUt EHE
Key Word As—is To—Be
1 2E TBM VS, €= TBM LE/EAL FE HE 2E gl ®E
2 EPB €= VS, Slurry €= EPB or Slurry EPB + Slurry
3 TBM FH| 740t Setst T SXo| | =gt 29| |
4 TBM 7{H 5i|l=2t CHEHHS L2Y/ASHHA CHE/CHEr S
5 TBM AISZ2AM|At X153t QlzH 24 S 7IExE
6 BM =2Z21 24 37! =212 8 2%l 37t
7 QiE oAt et e =g o5t e
8 TBM RCiAH|2f Metst L] S gH2E
9 MIHE zlo|dut 1Mdsst PC 232|E n4s/54elold
10 TBM ADIE 7|&2} C|X =3} JIE 7l 012 AOIE 7| 2

42 | =20E M172% | 2023 |

W TBM &2l HAl

» EAX|EKSoft ground)oilA{2] &£l= HAl
IA AX[L|0] 2H2LS HiH|7} LIRZ OHE HHe| =

IHE HID ME|EZ 1Y TS THE F 1 2ol A
= ol LS ot e BHE Yol ¥FEs 1otict &
E EE382 18253 g2 2iE HAZS =K== §t
X EZ(HE 2F 3%6m)ofl XS ME|CE. SiclAl &
E Eg8¥e 213 thdl 2= HAl(Shield machine)ol| 2
St 2Rk HE A MOHE 232(E 2Po|JMRIE S
Sl0d 7ts3em, oMt 240 WXEtof w2t He
St EAL Y 2§ XIEHEAM-LIEH SolMe| EY 22 7t
ot skt

» Zetdkhard rock)olA2] TBM
1952 2HIAL 0|2 ARALCHEEIOA Q05| & Z2A

of Zef SIS TBM THIS 3o, 7}
Rl T2 ST Ol AIS TS}
o

= 7
1 HEo| MEIS S8 4~ U= UEHM 2TsHE A

&5l =(Cuting head) 12|17 XXt AH|IE ES50, LY
2ofl 54 XIX[HE M2 & U= &S £l=(Circular shield)
7

I_O
olCt 0] & 74| X|&X2l J|ME 7|HIOZ [EEo| &

CHA! TBM ZH |7} 7HEH (AT,

TBM SH2 I EAX[E0AML] 2= St AR 0]A
O TBM 3o = JHLE|0f LUXIotod Tt SHXI2F TBM 3
o[ Lxietol w2t 2izto| S'Ho| ME HeUt §oiX|
= M= Zehei| Zofl w2t 2= 3H
o TBM S'He| F1E2 ERF ARZEX|L, O[Ml= EfE23Eo
M 2E 7[AA E23H2| tHEAZA TBM S'H0| ALE
= Qlom, gt Z2Dril & Blasting)s 2 k= NATM
S TEE= HE SEeZ QAT QICt 0[2F 20|
TBM S&0| LHsto] w2t TBM S20] thet 252 HE
= 10| ®tem, 01 Falste [ 2]t [# 3]0l LIEHHA
Ch TBM 382 x|z 24 3 €= 72|10 2io|d Sof w2t

2tzto| ol NS

U= 235 Hi: TBM 3HOZ EUR|H AT QlCt,
[& 2] TBM Z2&9|
Xt =A Z2E {F TBM ZH| X|=/2old
Open G TBM 232|E +
TBM ribper EEEISETE
Ziotdt/ootdk
Hard Rock Rock TBM Single Shield TBM HIHE 2ol
Soft Rock
Double Shield TBM HaHE z2to|d
Shield
© EPB Shield TBM MIHE 2told
TBM
EAL/SE X|gt
Soil Slurry Shield TBM
Soft Ground Shielld (Hydrcrz//Mixed Shield) HIZHE 2ol
Mixed Ground
Hybrid(Mult) TBM PR
(EPB+Slurry) - e
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A & ERXA K19 IO He H0op| — K42 TBM EfZ I

=7} Ha Hl

TBM / TBM ZH| (Open TBM, Shield TBM) ZE 2|
st=

2E 3% — TBVM 39 / €= TBM 38 TBM B

e (y-IL F) /e 20| e il
ol TBM3Y -2/ Mot EE3Y Aot B (Mof)

4c g (EX)

Shield / Shield Machine Shield Machine

TBM (Tunnel Boring Machine) Tunneling Machine

a2l

TBM tunneling / Mechanized tunneling / TBM
Method

TBM tunnel

. 2ETBMVS. 2= TBM

TBM 3#2 TBM FH[e| 2ZIE flgt =g T2
(Gripper)2| A X|X|0f| 2fs 2= Open TBM (Grip—
per TBM)2t MIIHE0| LSt Bt2g 0|85k= €= TBM
O=F FEEICL O|Fol= &t ZE0ll= Open TBM 12|

I EARK[E 22i0jl= 2= TBMO| AFREl= ZdoZ Q1A
Z|ofgtoLt, St @ TBMzt 2l= TBME 285t TBM
O 7HL =0 A= QUL

1.1 @E TBM (22T TBM)

AHtS 22 4 QU= Open TBME H'E FHE X[X[st1
L XSS E5517| ffet €=t gleH, =2 HH
off ciet T2|mof XX[Hez Fr=s H=rt, Eot =3
< B 2FgEE 25| 2ol 2= TBMO| HExl= Ml

oo
JHE 210|Y(segment ning)0| Of- &3 2|E E2E S

1 22 X|=2et 232|E 2l0140| 2&5l= ZZFHH(0|Ct

(12! 3] @= 12|H TBM 724

Cutter head Roof Support Gripper Shoe

Disc Cutter Main Beam Propel Cylinders Rear Support Leg

[O8 4] 2 12| TBMQ| && 22| & 2&

2E TBM2 7E sl= 2T " 20 2l X[2t= =26t
£ A2 Open TBMt SY5H, FH XIXIE ?fet =7t
ZeE|o] U ZTITARIM= == HRINE olo] AIS
E MIHE 2toldofl X[x[eh HHE PS5 Qs 2=
Hz of

ISk= ZAFZH(0|Ct ot 2= TBM2 A0 M2t
A
L

HE TBM SE=2 €=7| HHo| 2AE 7 6l=E 21
Al7|HA ClAS HE(HE)7} X|2tE SABICE 01 Ol
(Sturry) = 2RE HEHoZ MHE e UTUS /A
2SI} O|ZA| YIS 7I6lHM &1 - HEISHH Efids =T
SIH ZAE LAt F2 ZiH|0]0] RE E= s Sl
TBM EH| FHZ FAXIL 22t SAlof 0[MEE 0|E3H

B #HH| MIHE 210|E(Segment lining)S AX |51
5Lt 2l I2X(ring structure)S 2FM5HA| =ICt,

[O2 6] €= TBMQ| 2z /2| 2 24

Cripper

44 | =20 s M172% | 2023 |

2. EPB &= VS. Slurry gl=

HZe TBM2 BHE 22 = ™
off 2k Ol4=AN(Slurry Pressure Balanced, SPB)2
(Earth Pressure Balanced, EPB)22 LIFICH SHEtS 2
H LHoll AT SEEZ MM XIX[oHH ELA0IE

H Lol Q248 7151 A
e

6

=]
Al), 22 A2 TEQ 0l(Sunmy)2 MM LS TtotH

0l4-Al(0147 kAo kT Bict,

~

2.1 EPB €E(EQA &=
C

-

EPB &l= TBM2 XMEHH 222 2[5t 7H &= (cutterhead)

@ Tunnel face

® Thrust cylinders

@ Cutter head ® Screw conveyer

@ Excavation chamber @ Segment erector

@ Bulkhead Segment lining

EPB 2= 3¢S 7/ SIS 245t EAIS LT} 2
Afolofl ZREAIZ| 0, ol w2t FVINHIE £, O EYC
2 oiEo| oFEE ER5IHA 2T, AHE 2Ss10] MX|

St A3= ZAH|0|{= HHES

[22! 8] EPB €= TBMQ| 2&

= SHOIC

2.2 Slurry €1E(0|A] &)
Slurry 2= TBME HE| 5l|l=2 ot
HLHO| O]+E TIRt2IA A BIEE QFEAIF |

H
HA| 0|2 RS01l 2lste] +AECE = 2, E01| tiS
=

r2
M
Jzb
mjo
1
?g
o
n
g‘l:l

afgo| eHgE RAlGkE SAl0l 0|+ =t 2XES
x| #5510 BESk= SHEO|Tt,

[ 9] Slurry &= TBMS| 724

@ Cutter head ® Slurry line
@ Bulkhead ® Stone srusher
@ Compressed air @ Feed line

@ Submerged wall Segment erector

Slurry = TBM2 71 S212|12 UEYUE RISk
ArESHH, ZAE HEE 2R 2 288 M= 22|17t A
ot HERHo| 1s22| 0|8 FY 02| Edut

O[S 0I8sHM SAtH0l| ZEdk= Eut +-2/o] i

Ol~2M RAI-SSIHAM 250 - elet X|gt
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PR & E2XAM X2t OZCZ Hi= BHEH00P] — M4 TBM HE 1T

3. TBM Ed| -t 1t =sefet

3.1 TBM EH| 72
Open TBM2 C|AT 7} 221 7{E] Sl=, FEIX|, HE
=4t 7id|ojo TJ2|1 J2|mE LEE 24X, 245 EY
2 J2|1 £ MH|Z A M 7IXIZ2 4= BE 2T

SHOIN X2 HE| HHIS 25 4 UL

(22 11] 2 TBM EH|e| 74

2 TBM2 2x|2t 2454H| S22 0|F0{M 1 &
M 222 =XH S0MFE 2ER, MR, HYRQ
3220z Qule= QEH(SkinPlate)tt 1 EZME A
O AUCH

(32 12] 2= TBM &H|Q| A

Sgt 2= TBM2 2E TBMOIAMS| FHoAS] X[E 3
Z32|E 2io|d MX| 2XMES shHsh| st EH
off M7t Sl MHIHUY HEfolM MOHES HX[6
= TBM Zto|ct,

2|7t gloH A= 4lc TBM, J2|m7t QoW o
4c TBMOZ, OfEH X|X|ef gHg = HFAUSS &

—_

ﬂJIII

46 | =20E M1725 | 2023 |

[22! 13] A= 4= TBMz} G2 4= TBM

TH 0z

iz =

oE| B 4= TBMS EPBRt 22{2] 2EZ =315 TBM
SHIZM SRS X|Et=710] Hatol| EEF0] 7}

SEITE LRI B X IR0IM 30| QrH
It RANS KBS 4 UCD, ChB XMEEZI0] X7
Ssict

[ 14] Multi Mode &= TBM

4. TBM HE oll=2t CHEKHS}

C

TBM Efg THH2 21340|22 NATM EE HHof| |5k

M 27t 310 37 #840| Ho{Xl= ZXI™0| UCt
TBMEHE MEst Z2EHoM= & - SR o S¢S
7| I YXHA IS RX| 22| AEE 286t =1, H
g Lol £2HEE Mot XIH2stES XIXIérﬂ 37t
2 St Eoh
Z|Z0jl= TBM THHO| ZI40| 14m O|AQ| CHEHHS} =1

oD, B7+ £2YHE MA[Sl0] B2 BBZET Ol =

Z(Double—decked) TBM E{EE ME&|T1 QICt

[3Z 15] TBM Z2E{d THH

A2 =5 BE

TBM E=EE2| B2 M (Single tube)2t SM(Double
tube) 12|11 Fxte| EMoi| wat HH I77F Ytk
o, Yerso=z £ EF0| 21F 7~8m, SEMEE0| &
4 11~12mo|ct, 22 Z=9| T&3l0f w2} cHEHHSE

= FAloct,

[12 16] TBM HE=Eld HH

Double Track Single Track Double Track(Metro)

4.2 715 sll=2} &St

TBMOfIA] 717 sial&ol 2E2 X|HtE 215 Z226HA| &
|4 7R S|=0|Ct 7{E &ll== TBMOIA E2el =
S bl 2HI=|0] U2 (o 2fsh K|g
2 25 ot &, AH S=Tt siNg stHA Eds
=26 =1, SRE EALLE ZM2 7H §=9| JiTE
(opening)E Sl FLo=Z HIEEICE 7H == TBVC

rr
fob

ZRMS FRIEGES FR6H= TR ER5H 2RO\

TBM #HE= 7H sI=0 EX|=l= =2 S72M gt
2 [|AT HEQ} EARR FEHH|ERZ FL12&|H, 0| 7{E]
= 71E] sll= M| AX|=|0] 2|TSIHM X|2ts ==f6t

5. TBM AlS Z2MIA S} XISEt

TBM AISZ2M|AL| sHA2 TBM FH|Q| AX[0|Ct, At
Koz Of=0|M =Tlok=s Wt 21720l 225k
Hoz FEE=H, =aX| BEe| 349 #EFE 236t
O TBM HHIE Z=&I5t0] =2ZI5H| ElCt.

[ 19] TBM EHE Al2 Z2MA

TBM EH|7F 2|7t 2t=EH Z712% 2FEE Y 22

A2 AR EIct TBM 25k HE sl=o) sl
=Ho] ot 23 BAEO| HIE U St FFIS 0
8t 2% Ja|n MIPIE alold S8t o XY MR

™00
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AR & TRXA ARt JZlo2 Hi= HE00P| — M4 TBM B T

[22 20] TBM 27 Z2A|A 2ol 0|2 Fo|=|H m/dayE HAIECE AR2 BEIE Z=2 =0l sl FH LHOlAM 7IE SEES E0| =T 9. MII™HE 20| 1&s3t
ME Z7| 3 SAH| FHo| sy 2A0|H, MAIS o5 M Txofl 25l otz oM (Face Stability)S S
% % =g U2 NS & =elsto] X[etof MEtst =% TBM 2 stA| ElCt, MIHE 210|=(Segment loning)2 SIXIEY Z232|E 2}
* = Fofl Bt=sto{oF St 0|z} 22| ZEo|Lt OF=0lA O]2] MIEHE MOIHES
Udtdo= SiLtel A2 Adsts HS =T Azt 8. TBM S.CH AHIQt &Etst EfS LHoll =2 MR[sH AsH= 2loldol SEfS EAI5t
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