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* E“'t't'face Carbide *  Multi-row * Multi-Disc (Kerf) | ® Single Disc

uer Carbide Cutter Cutter Cutter

— ey o — improved — low edge — high edge
inefficient efficiency loading loading

- not true — less — not true — true rolling
;t))(l(l;:gt,at grinding rolling — replaceable
ofié gdius — still not — non- rings

. true rolling replaceable

— extensive rings

grinding

Increased Cutting Efficiency I

B A ga2aAHY GHASAlE AAE, 2008)
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2. A FFETA g2aAHDisc cutter) YHHALS}F
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A E(H e F2+d0 4
o =)

= 7 O3 A = Ak (2.1
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HUtility) B|2e] 45 156%13 o]ate] H=AaAAE ARgo] dnbafolxnt, 47 wEEE

2 Zes 1790A o3 HaArErt AEEo Xu. gy A2 dAagds B

AFA ZES =us} 317] fg W ow AT v2arAE e} A3 A4S 3] %
= stal M-S Alo]=E arelste] AEE = AAlo A8EY. HEArE = s]H AXA

= AE " sfger AxubHol| wel AF vl A3 71E(Single disc cutter), TE v~

AAE (Double disc cutter), EY TA2IAE(Twin disc cutter), EZZ tJA~aAH

(Triple disc cutter) 5o & FE3t}H(Bae et al., 2015).

1. "z=a7He $F

ClIA2AH
a20A3HY B IBESE = EcISUAIIHE
(HIOlA, A0l XI) (HOIA) (MH)

&,

AEAEE v)=a7E ] AHo] u$ 23 ole] We w7k 44 o} & o] ApZE
o tere] ArPe] RatE Fue EaE OaIAE} wol AEHw, Ho|aAE F
R graazge wAs (e AR gE2gsaAgs EdnaaAn s 44a %
s}, @t Fa= a9 5o ekt XY zol) ik,

Twin disc cutter Double disc cutter

29 5, BT ~AAE} QY AaAE Fy
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2.3 H=aAY Ad 54

O2dAH e GdAF 2 53X Fo 7153k 27 oA AleHE 3=+ 2, 53
Do = s, dA U g3 AHe] AH
ol A] 40] o]/de]l &b F4-7+<21 SKD61, 4% HRC56

o
%
o
iz}

¥ 2. YzaAH Azt 9S(H=TBM EA3S 93 AAA strukel A5, 2020)

= = ] 0
C 2o A0 I -
Si HetolE =& 23t -
Mn =3 2 o2 g4 -
Cr XAl dats=E St -
Ni S30d ey -
Mo,V,Cu,P,S JIEF OH& Atet -

HETBI 4315 e AAG SR AFRa1A(2020)00 wEW, Ful T ~TAE
FABCl SKD A=y =9 txaaAEe] WntRE =4 (Pin-on disc wear test)3F A},
=9 tlz=AAE ] mpREFe] 0.0008g o2 SKDFFOl & WA vt AFER FAE
FAUA Al (U-notch) Aol A% =] tj2=3AE ] A7 (9~10])7F SKDZAE 2] A7H(3])
of vla) =A AT, wehd SuelA Zo] AFEsh= SKD11Y SKD61S AE & Am=

A AS-, A TS FE Ax, URtE, USAAdS FATIE el Z2a% A
o7 BXAET},

2.4 Y23 AH F8 T4

g AH = 29 63 Zo] Falste] A3 =4 dow, Fa44d2 AHH (Cutter
ring), 3 2 (Hub),Wlo] ¥ (Bearing), Z=Z¥ 4 (Floating seal), @lH o] (Retainer), A=
E(Shaft)® o] it
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Cutting Tools Design & Types

1-Disc Cutters : Assembly overview

Disc cutter assembly
I Shaft
1

Seals sets

I Retainers

1 Hub

el AHA JEL AEYo] AW AN Agae FHE AT L
O2aAYgE 38t T A2 wojgd o= v A7

2 BFdd. d23aAHY 47355 (Load rating) S HoiHol A 58 23
TR 3 ). WlojE e t=aAE ] B USe] dAHER, T

2o EAE £98 49 wolde) 51 BAY fUHn o2 golF: Ex

a
2
>,
e
o>
»
r o

2 F(mm) H2ASHS(KN) MAAD|(EE)
279 mm(11") 85 1961
305 mm(12") 125 1969
330 mm(13") 145 1980
355 mm(14") 165 1976
394 mm(15.5") 200 1973
413 mm(16.25") 200 1987
432 mm(17") 215 1983
483 mm(19") 312 1989
508 mm(20") 312 2006

Ky
i)

5. J2aAY wE 4% 2
3.1 g23AE 9 v=2
OaaAge] npfRFe= HA 3 ASAQ npte] o) st RE gAaAYHE 7445

o Ad g4 FE 24, dEYS dE, AT ol wEk st s
o

7ol At ARvEs o dRte] tiste] e 3 viRE Bol= FHE, Y
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A ntRgSEAE FAn RS 7)F0 7 v}, Tapering/Grooving RS E]:= ]~
AAHY Axrp 95 ohuke) Ay o] wel @A gl wel o] @ito]l W)
A &S FeEolH, Mushrooming-<- o] ks Agidor v AxE MR g
AAE 7 &4 2w YeElds FEo]n, Blockaget: Webdt Ao e $Eoz 9
& gaaAYrt 7o w gdeteiA | o velvbe PFEjol™, Brittle fractures o
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8}7]1% Fhvh(Park, 2022). YXAAE ] viEFH= oAbl HHHR] o= Q1%

ppEel ols  vrgR viRFEHES BAATIAR, HAAAEHTL oY THA] FEER o] Fo

& fBF) PE, AL W SR AR, v, B,

Abrasive wear / Tapering/

Normal wear Grooving Mushrooming Blockage Brittle fracture

a7, g=aAY Z+F v e (Ellecosta et al., 2018)

3.2 O2aAH ntEdS =Y

(1) CsM =2
CME & m=or F2d% FAkd g (Colorado School of Mines, CSM)olA 30 o] 4
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dH @gase 49 d9E 2R weojd RdE AlZAF vtEAIF(CADE °]838te] ¢

saAe] £3e AR, (MRDE AHE ARG, FAYS 45 wdo] X
Fslo] ek AW, A= WA, AH FAEE AE W AL £ o) Sl v

M ZAZE A&stA LA 9 Ko et al.(2014)& Rostami et al.(2005)%} Frenzel(2011)
o] AFZAHNE o] &3ste] FA43IUTt. CMEDA A Y=FAE7F 3]skl A2 3 4 Q=
o) AFAYCL) Fel= 2] 3.13 o] AASFA .

2054 Do o (3.1)

CL="Cu7 132

A71elA, De = HEAAH ] A4 (mmoltt. A= b 2 & wf F3 A
(sr)oh, H=arAe7E axd m7x e s34 Uc)E 4 3.2¢9 3.30.% Akl

[km] (3.2)

CL-k (3.3)

A7NA, i HUxAAY A6 wBA® vhE mgASeIY. Sl g How s
HaAART rhese] wAD WA 24 & 5 ot $E PaaAbe] FEDE
Agkel A€ 3.49 2},

_ D’n p 25 3
Hy== U T000 " D 1000 ™/ (3.4)

(2) Gehring B¢
Gehring(1995)> HZ=AAHE Im 314 A8d TF &4S AEAF fRAF(CADE €
g3t T3, ¥ AE wFR(Specific cutter ring wear, Vs)Z mg/m @S AF&3IC}.

v, = 074041 (3.5)
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Gehring® 19 83} o] t]=a7Ele A7)sh A el Yol we} vprATS o

1714, 7199 19.05mn H=AAE S 49, 3,500g2] TFEH] RS o wArt 4
8% o= Adsiien ol& Zt faAAH A A FHE AA G
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Circumferential wear(mm)

a9 8, y2aaAY wpRZlole} wpRdgFuto] A (Simtunnel pro 2.0, 2013)

U2AaAE Y $HHf)S 3.67 o] AstST).

AG s pe D?
H, = Gepe D
4« Dev, s« N

m?/c) (3.6)

A7, AGE H=AAEY mtRAR(g), p= AHIAE 13 IHdIdSHe t=aAH
o] #elZol(mm), D & AYIANE AA), D & UAAAEY Hit 3| HdA A2 AUl
o= 0.6D o], N & t=AAHL 40|},

(3) NINU 2d

Z9¢o]  #}387|< ) SH(NTNU:Norwegian University of Science and Technology)oll A

K

MetEl ma2a 357 TBME] Yol Al <F 250km o)A} A ZR s 2 Az E £
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Koz HAstel Aste meolth. 19769 Hze] mulo] wxw olF ity w3
TS AR 2016 Hekd Edo] dAle otk NINNEZ2 A4 =X&5% 95
I AYY HAFHoeR FET F Jdoen, o HIE HI IHAY AFE, =,

Brittleness test, Siever's J-value test, AVS(Abrasion Value Steel)ES A A]d}ejof

5]

3, olate] AdA Ao zHE dojx Ax= DRI(Drilling Rate Index, HAIFEEAF)
9} CLI(Cutter Life Index, AEFHA$)E 23T NINUE DS TBMS] SHAARES A
Z3le] F=2 g TBMo AH&o] 7hsslths "o FAE A AT, I oSrdo]
A 9 e Algoel s vk HeA F8&E7F wohal 3 & 5 9l
AEEEAFRA DRIT Sp¥ @t =Z5E 17 994 o] AAHM, AHFHEASF (LI

Z5E 24 3.7%%0] Attt
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1% 9 DRIS AFA (NINU, 1998)

SJ )0 .3847

1VS (3.7)

CLI=13. 84(

79 NINUR RS Aee] $ue A HIFHF ue geE A0 B
il o BAAF LS TFEHLL, J8 A 26 g AdE
47, A= RN, H23AE A5, AR, Sl 9% wE Ao BAsgor,

4 380 2e U2IAAHY ZHYANE AP
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nD? Hy » kp o k@ s kppar ¢ ky

T v « p s RPM - ﬂ[nﬁ/c] (3.8)

1000

A71eAM, Ho= BHEAE A 3 7He] AHY 9, k = AHS = 2700 ot &
A, ke G T HE BAAT, key = ABEHZ 3ol g BAA 0]

¢ AsERer, A7 SAY Al
& A g d  dd. A,

SR (RG] AR ojel e

3.3 CHIZ} €19 &AL v == 3

U223 AY wAE 913 CHIZF TBME @ -&Abl v X &= kel tisle] WangS TBMAlA] #A
Hals 9 23 eAe] FAES 9 wAHES HEdde] F AZF 2 A 20~40% 2}
3= Aoz F481912™(2017), Zhaohuangs F =2 Qinling BlEdlA t2=aAAHE
T71H o g A, wA 2 FEshed gk A7Re dA HadAd Ak 1/3 o] gl A
o® HESATH2007). H2=AAHY mtE= ke e, S F=9 4 ]
el Akt TBM gRle] FAd F8 A 5o 8<lo R miRgo]l 2
Jom, H3A|e] - Fulo] ZH e EALe} huko] FAlo]| HE3d}e]
FFom FAutret v g BAste] FxXEE0] A F F 9l
AAE 2] § Ao we} gaIAE #AAe] Zh] det vEE
A9 AAHo|th(Park, 2022). T 3 - AT A ZRA R wpEt AW 2E=
IS A8yl At W (Man-lock) ¥ A E T3l dAH R FZeof st o
2 7HA] A 20e FElof s 102> Wehs B3 S defol A CHIol gk
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Horot xjow U oo a/pe
HYAZ M A s S S 0 B

J S J

19 10 Wt (Man-lock) S &3 4 AEiolA CHI 29 @&

4.1 Accessible cutterhead(ZF5¢=7 A27Ms AHI=

Oll

TBMEI goll ] Aol 7 o E-4o g <lsle] ZauAy ZF25y= vy st ARt
g 9 2ol Z7sg. =, 3.5me AHFTHEY 14.0Ime] =2EHYELS HAHAA <F 4.0
o] zpol7F YA 19 Y #&H A oF 16,08 =&Hy = oF 26,79 Aol Hh(1H
11 #=x).

cEEHY

AotE o HE B2

14.01 m

EEl

e

350

35ml
8.4 m

308.32
300

250
200
150

83.13
100

50 1441~ g’ 11.544

EZ(m) B (m?) £ (m')

——HYTEE  —e—X|3H Y HEEY —e—EZEHY

2% 11 HYA e e 223As #2nsiele] 1
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a9 12+ ol HETBMOl AEste dETAdesE dEWleH, @9 =HFH
(Excavation chamber) ©o]F2 715 A= gYo

F9el 40~60%7A o5 A Hia @ FHlA &7 (Air bubble)& ATk =X
ks we s

Pressuresat _  ___ Pressures Around
Excavation Face - TBM and Lining

[ —

T T T T Ty YT Slurry Shield Components
Cutterhead
Excavation chamber
Air Bubble
Working Chamber
Slurry feed line (blue)
Slurry return line (green)

_l
I
QGO OO

URREER

5 : Pressures
Pore water pressure
Lateral effective stress

Cutterhead pressure

Slurry face pressure
Slurry radial shield pressure

e il

® © © TETTTII I L LElE |
g b ® ®

1) Tunnel face section 2) Shield section 2) Lining section

DOCOE®

Grout annulus pressure

1Y 12, o]l HE=TBMe| ZHgeltsE E A 24 (Le et al., 2015)

tlo

71E A" =AA CHIE T3 49 ©,09 999 ol+& wiEdh ¥, Wehs 8 44
AZE A5 FH @9 9oz 2dste] CHIE F3stt}. 3FA T Accessible cutterhead™=
A=l Zb2he] Wdd(Main arm) FHol] T3S wHEo] AR U7l AElel A CHI
2 7 A RFE THsA g

o] 7]&o] Hx HE&W AL 19979 5] Rohre EIbE2HYRZ A% 2.56kn, ElY 27
14.2m2] o]4=2] H=TBMol vk, 13 13L& Rohre EIbE ol &8 AH= d3 txaz
AE 1A B2 Eolt},
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a9 15, th7)bAarEl o] F 2= A (Schaub,2014)

a7 16, HAAAH WA AClE A9

a9 172 Accessible cutterheadoll Al 7|9t AEle] dxaAEH wA EHolw, 138 10
¥} Blashd AT 2ol &

YR, QOAE 5 gt B2 ML
AT 4L Ztolofl Ij2 QY 2t

ZAAIZE HoF f

a9 17, 971 Ele] CHI
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4.3 DCRM(Disc Cutter Rotation Monitoring, Y23 HE 3IA EYEH A|2H)

(1) DCRM A]~Hle] 7i 8

3.249 mESEAgME V]Ea AN, viES R FaE tharo] tiAAE
SolA H2aAYH 1Y 2795 AEET, AR =l FFRE "d2aAge] s
kAo wel AA-ZE A 7H4 (cutter spacing B+ cutting groove spacing) S€F TBM
217 Dell e, A= g F7o H2AAHTE Al AHA0] B 5d
ol A e A 3.99 o] At 5= AT (TIAR A A, 2008).

n ~ — (3.9)

222 =RHYY] A2 &I AT T AR uf, oF 13~14me] HEdH o] A E]
o, o7)o] FFE = tAIAEE oF 60~807] AtolE AHE & S k. ok 60~807H¢ U
2AAEZE AAE A ZEete shso] v=r] wiwol ZHzhe] "aAaA A tek v
BH FI2 dAA o ® wl ofyuh. wkef Zpzhe] yAaAF | tiE RUE P o] Yhest
o AE I vpR o So] JhsalA CHIol Y%+ Al vj8S 2743 4 9
2 AR 59, o5 283k Fo] DCRM(Disc Cutter Rotation Monitoring, TlZ~Z7]

Ej ) Al =E ot

S

o

o
{d
T

p

o

DCRM Al =812 E]7] fehAleb(Eurasia) Bl (2013) 14 2% A&

HY (&5 % #4004 A~ A4FA 23F) o A 485U},

3, ol B2

:

3 4% DCRM Al=®le] 7k gk uletds} el tiste] vebdl #eoltt.
3 4. DCRM A-&7Hsgk vletdat =3
T v ers) 33 22
Open TBM, Singl < =TBM,
kg DCRM -
Double ¥ =TBM
EEA 92 DCRM Slurry < =TBM Accessible cutterhead
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F 45 AV EW DRM AlAES ZhE Al o FAldo] Bigat oo o riy e
o] IAY AHHE wjde] Fad ZANAT s Aog HEHAL.

(2) DCRM Al =%} 74
DCRM Al =" AN E S8 t=arHe 3dS RUHY Foun ntiE Abd «5ste]
J4ol e v-FEl (Downtime) HA3dtste] AE wAE & A= Al=gelty. 29 18
DCRM®] Al2=¥lell -] thate] yYEpd B oz Zh7ke] vl=g 7 el 2 DCRMA-
A3 2% ARE AQRAH e FA7lE Bl A7 doly AolES Fal ZT®
AAMZE SA(IPO) e o] RUHA RUHHS & 5 s 74z ol v

o u>4

b

N~ ooians
— e O DCRM F 4
DCRM AJ~ 0] ZHfEl ety piH
TBMS| FES|E CHE ™ @ A~H pC
(3] VMT
U w
17918, DCRM Al=® 4
1 195 DCRM Al=ghell theh gl digh ads Fuish adow 44 o] vehy

= sl tiEk Aol
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A BRE C237Ee]
HEf EA|

o 4a Hm
LR

2

-
55w
4|32 ge faszEg] )

dE| EA

M

DCRM 84

19 19, DCRM Al="l3} R UE

(3) DCRM Al 2=E1e] Al T4

DORME Al2=8he ghulgst BPANgoR s oa ghibg DORM AZwe) AR

a9 209 2o ¥
shek RUEE 33 RUHE Y-S 3AZdTE 98 E5o2 FA4HY, 1. 394,
2. 414, 3.FA7]d tigh BA ot

Cutter housing

g

Disd cutter

Monitoring unit Clamping block

(a) HWHE DCRM R4 %=

(¢c) ¥]9E1 (repeater)

(d) B9 ¥E2 (repeater)

% 20, S DORM AlAE B R AR A
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DCRM Al=gle] o8k dlo]E= 74 RUEelA 17 233 2 Jejz 2le] 7hssirt.
O3 AHE S HE(Track), 3)AJEf(Rotation), =% (Temperature), BlE]Z] FEf(Battery
Uk, Zbzte] oy = seAkeh A
22 gEete]l gaAazE el Fr7le] AuHE el & ¢ et 8 AdE RS
59F &t

level), 4217] Aef(Transmit power)ES EUEHH T 4

¥2

5]
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Temperature Battery level Transmit System status DCRM
Traci Rotation [c) %) pows Received @
1 30 30 100 1 00:00:00
2 = — — = —
3 = == — = =
4 a0 55 20 1 0010000 S
5 10 16 50 1 00:00.00 -
6 — ~ ~ = =
T 25 a3 20 1 00.00:00
5 16 60 1 000000
9 . — = = -
10 — — - - o~
1 E 58 60 1 00:00:00
12 — - - s i
13 — - —_— = =
14 e — — = ==
16 - - - — =

4
uich
3
Mo

A4 wUE e DRM A28l Elo]E el

BRI

5 DCRM A &71s3 AHetda =4

A 2 3 =5 W B 2] el SA717
T (Rotation) (Temperature) (Battery level) (Transmit power)
R AT o= TAEE B SAGH B
=AY wEed AA 2 E>A 2 = T4 49 Td 40
A 35 A - - -
2 JI=] A olg] 7kx] HEFAQl eQlo® o] ®A

% 239 UERd Rotation®] A= B AG7F ofy ™ 0-255744] 9] W 9IE 7Y, o]
OaaA48e] HAS Jehs 21714 Awel AM9 “Hall value'ol ojd Moz 344
2 WH3lEAE gErh. S5, Track 59 Rotation @k 109 ZA$E WY v~ 7H
7F w9 =2l A 3ldetar la 3l de] FAHE dHE Wil dSS oulstr Y MAdE
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