1 Q

1970 o] % thokst TBM typeo 7t/ 24wt 34 TBM 274 3t Z7kskar Qle}. o]2l3t A3ke TBM Y 72
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2. Cutter Head Intervention

oFA3t =7, 3] Cutter head intervention(CHI)-Z 93t A& Euju= 4 M AAo| Z7)stol| whet A =
7¥sHA Eeh, Thewes(2010)&= Tt BAZ7 2] parameter studyE &3 S 1 OJ_%]L?E} <= TBM A% 3} 2|4 E1]il
O] BAIE AAIBIATHLE 2). s Aol =W A e8] AATIL U537]= A|R|8k= 45, 2= TBMO]
Smol A= 48 K317} oF 5miz A5 TBM AA4E SFolLh, A5 TBM 270] 20mi Z7}5hs 42 40 v
+ °F 33m=E €& TBM 2173 9] oF 1,658 714 SH7F B ast 2 o= eyt Ig 38), A4 o= CHIE 913t ¢F
Z37] Qo] A= TBMO] 272] ake ol A= TBM 7o) 10mel S oF 2 5bar, 15m3l %9 F 4bar, 20m T
O] & TBMOAl= OF 6bar?] els Ba = s3Itk 7] WolA o8 AFARES o47] o S71et @A askA
ok duHA 2l =571 W A 2 3.6bar ofstol| A 7Stttk webs] €= TBM A% SVt whet 48 5%

7] o] 71| whizoll olSE)= e W elol wheh Aek CHI WS A7gstolof Rt 1Y 4),

x| 251=: 10kN/m?

|

+ N
X|5t=2l: -4.0m

X2

W5 opEZ: 30deg

HE2:

HRIZ: 19kN/m? EREE

5,10, 15, 20m

(32 2) Parameter study ZAI=ZA(Thewes, 2010)
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(32! 3) £l= TBM ZiZn} Motz ZIRIxZo| MWE USZ7| U2 (Thewes, 2010)
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7|1&7|Ak 1
it TBM Bl - A=dA A s ojoF & 7ja2el S

Pressure [bar]

144
13 5
129 s
] 2
113 E%
104 - 3§ »  Compressed air 0-3,6 bar, up to 4,5bar in
4 -~ T 'E ID ) .
e §§ g~ exceptional cases, short duration
E Yo E
89 = § - decompression in TBM airlock
73 T g,
] 5% 53 - state of the art,
6] Qg =@
1 35 22 .
5] o s -> coverage by rules and regulations
] / ES
9 == . -
4 g P Mixed gas for short duration up to 6,0 bar
3 ] o - . .
] E: £y - decompression in TBM airlock
25 2 5@
] c ™) . . .
13 §§ 2 P Saturation for long term interventions
] Q o
o] above 4,5 bar
Compressed air Mixed Gas Saturation . i
(short and long term (recommended only for | (recommended for 2 abOVe ground hyperbarlc habltat
b e it ]
reguinr compssct o) | o Nevest oo ave i) | on Nitros/Trimix gas misture) (crew transfer shuttle)

(a3 4) AZAXZo|| = Cutter head intervention HitH

3. OiT3 TBMY & 13 ARY

3.1 Cutter head A7

4= TBM 47J0] Z7hel w2t ZH A4S g WAL Z7HpA E, olef wef T A TBMA A2
=2 R Cutting tool aLAof] Tt 7|21l aref7} Fasich,

49 TBMO| FAHE HE TBM H79] Aol vielelo] ke HELR, HE TBM {70l S/ Wt Cutter
head?] 22+ 82 Z7[X]A 0k St} o] Disc cutter, Shell bit £ Z+ Cutting tool®] 22} -8 Z7HA]7]|+= W
I} FY A= ol 271 ©]49] Cutting tool A= Hle AT 4= Qle}, S0 WPl 27] =27 & avs 24
sjo] w2l0] Hgolns AW BRs} Ak

dE TBM 270 F7Itoll wet Cutting tool®] AEAet XA A|A] g9 F7lstA . ol /4774
TBMO]| B|3]| Cutting tool®] & mRiL @I¢lo] Ew, o]= Qlsf Cutting tool WA|SIG7} F7k5HA Het, of2{g 2
Cutting tool WA= tehd TBM =4 &&3 ASHAZIA HH, s 29] Sl4= & AJAIES A3st] figt o3l
415 TBM AZRACNH TefsloF ek, theke TEMOIAIS) Cutting tool A Mol A o] AZARAA o
2] 7HA] WS Alfstar lom(T1E 5), A= TBM 240l 21det i AElsto] tool wA| = Qgh HAIAITRS: &4
skst B art Slch

O.
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(a) Accessible {E{3|E

(c) tAZAHH 22| =M

(a2l 5) Accessible 7{E{SlI=(Elbe River Tunnel in Germany)

3.2 2& &

TBMO] =25 B35t TBMO| 2ol Jake v Hot d¥QlIS R Cutting tool 4%+ Closed typed] €&
TBME %970 A 40m/min, -8 Open TBML2 Z|tf| 180m/min L2 4-50|tHBurger 5 2018), =& 0] A=
5 Q7] w7t STkt ER AESEY AL ES AT, & BAEEE Ak S Y 62 9 =
O] Z4%10](Closed type 1= TBM 25mm, %18 Open TBM 8mm)oj|A TBM 270l w2 =2} £=0f HslE Kol
FaL Qde

TBM 27 9] Z7I5kol| wheh ZXH Halo] Z7tste] 27 & 53 AN 2% 7ol 2715k Hr, gkt
AL o] R0 X EGIA|HE Fa7t o= A, oS STt BARE: 23S E851HA| Hr o] Hute] o3t
TYzo)Y Aol BALR Qlef SALE Y] AR aX&ETE @A 6] At ), whebaA] tiehd TBM AAAlofl=
FAEEE LT 5 Qs WRbE J1Este] gt olof] ot slute] thoko & 2% Cutter headE 4-8-51 W5 Cutter
heado| A= SIAEEE 0] SY3tL(TE 7), 2= Cutte head= F|HAEEE W31l 3 F=of th=9] cutterE A
Asto] EAR]| tf-3-0] 7hssit, ERF W& 915 cutter head®] 34 Weke W= 51| cutter torqued]
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ot TBM £l - ARIEAA SLefelolof gt /& Ael 2

== ZAE OpenTBM

\ —— EA8 Closed type
\ EE TBM

2X4&E [mm/min]

5,0 7,5 10,0 12,5 15,0 17,5 20,0
TBM X3 [m]

(OZ! 6) £l= TBM XA Z7M0| 2 SRAE HSHBurger S, 2018) (! 7) 0|= Cutter head

3.3 F4HdH| U Logistics
12m o|4Fo] HY YAl 3~45 02 FAE TR FQlo] 7hsate], F/4thd TBMo| vl -2 —?‘%*EH'H
gh! s

A&ro] 7hsdtct, T3k th o2 AE SRTALR Qe Al IHE feeding 5710] WOl A feeding 427
7 A AL 4 ik

durd o2 tohH TBMoAE S E HEE s) ALSH|E F&o] dutZolt}, Slurry TBME Slurry transport
system 4+ ofy 2} EPB TBM¥} -8 Open TBMOJA = HE FH|o]o|7} A &E o] A& vjE7} 7hssiet,

.|

3.4 Invert AX|

A ek TBMO] B9, PRI WROIA] Invert £ ABo] JF5SHES LogisticsS §I B7F Myt opfe}
Invert A58 $13F 31+ Tefste] ARSIATHLY 8). ofefat AH] Concept FHThA: AR $74E ob/|3 Wt
ob]e} Logistics®] @] 3 mTh. Hiols TBM 2407} Invert X €Y th3t 722(2%} eholid 5)0) A 3o]
W) BAo] Hs W] PThAE £85t rhay ). of thks TBM 20| o] §Rl P thileh (1AL
T A, TBM 2AvHs MR BYA0R ol Ivert W B W FEZ Agjo] ofLojAict

O

4. 2 E

7 NATM gHo] F5 o|Fd dithd 82 Algo] & e TBMO] =l Al =2 ShoJshal Qlrt. s
TBM B9 A5 /400 TBM BEoAe 54| o= theo] 71e2]]l SHo] arjE|ojAof qhrt, groflAf o
o TBM Bl A - A] A= oiA{oF & ARtEol sl 2Fes] 7]=stoitt. olejol| Hei e tele 8 d5s
o] EAst, TBM 7]&2] HoF2|Ql WAyt o of2iet Fu5o] S71E AR Almdr), 432l tied TBM B
O AlE= 8l B 7S] B mgo] a7 E oA Hlelth,
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(O 9) B2 LR 7E=E A F

Bt CHXKBurger S, 2018)
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