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Effect of utilizing pressurized ring beam system in modem rock TBM
: I. numerical study

Yun-Suk Kwak, Gi-Don Kang, Do-Hoon Kim, In-Mo Lee

ABSTRACT A Modern Rock TBM is a tunnel excavation method combining the conventional tunnelling method
with the mechanized tunnelling method. It is a hybrid system that excavates a tunnel with TBM and supports
the ground by ring beam, wire mesh, rock bolt, shotcrete, i.e., conventional tunnelling method. In the Modern
Rock TBM, a ring beam is similar to a steel rib in NATM in the way that uses H-beam. But using a ring beam
is more effective than a steel rib because it is installed in a closed-circle. Therefore, improving the performance
of the ring beam is a key factor for achieving tunnel stability. In this respect, this study introduces a pressurized
ring beam that might be functioning more effectively by confining convergence during tunnel excavation. In
order to verify the effect of the pressurized ring beam, a three-dimensional numerical analysis was conducted.
The numerical analysis confirms an increase in the minimum principal stress and reduction in the plastic strain
that triggers excessive displacement. The analysis result also indicates a decrease in the relative displacement
occurring after installing the ring beam, and expansion in spacing between the ring beams.

Keywords: Modern rock TBM, excavation and support concept, pressurized ring beam, numerical study
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1.ME

Ed=2F 3HLE 37 NATM(New Austrian Tunnelling Method) 0.2 t3 == A4 Ed-3H
(conventional tunnelling method)1} Open 2! Shield TBM(Tunnel Boring Machine) 3rH .2 tji#
== 7)A13}F 93 (mechanized tunnelling method) & & JLEEL 2|2 71413} gldH o] w4
o2 ikt o] BuEat Fo] AokElT ek 11 % &4l Rock TBMS TBMo o]t 2}
7} Ak Efel(ype)o] T SEH AR HET FHOR 4K G 9T} e e
off ohe- Haket Blolck. AE7HA SFulollA] Qrekg TBMo| ohet Q17 A1 AKLCM, Linear
Cutting Machine)A| 32 53+ t]ATAE(disc cutter) AA|7} & o|Fom HAH 5(2008)>
Ao myE £ Tam AAee] 24 1 9 vlofuix] Zalg LOMAERse) ulmsiich

A 4] Rock TBMOf|A] ARE-E]= &H(ring beam) NATMo|| A 73R HA| e} upx7 kx| = HE%
o] ARGEILE wEbAl 7] NATM B doflA] 7R 2ol A-Aik= dth4] Rock TBMofA &4
o] A HAE ‘%“c} Rt gt XS AAJE £ 4= Itk GHHE 0= NATM B Eof|kl= A AY
£ A T 5 £IES B & uf AXEA L} HE B Aolof| a2 ErF ERdEA] ¢of
S50l A Bde Aol ZAIZE Elof Stk oleh 2L ZAIRE sidsk] el oA ARt
A X (lattice girder)7} 7o} AREE L Qi o] 7|29 X EAZ AT HE7) Al 93
FEe A iR SRt e Zlor SR Elke] AYEA o] vl itk ofof wfollA]
T 58 5(1999) AR HE AA|FA o A8t o] A ATsI e, Haet vt
(2008)-& A7Ix| K o] FatA o] A%-S Hrl ATkd oz wtsly] 93t AWAASE 77 HE Aotst
et T3t AR RAY L} o3| E Q] A Fof et A7} 29|04 Carranza-Torres?} Diederichs
(2009)°l] ofal} =RY=| o o] F HIROR o]F/(2010)2 A S S8l AR Has AT
3k a8 E A5 ARl daf AZEsHich

A4l Rock TBMOJlA] AME-E= RS Y o2 P3| Hgteo] AR avrt o2 5dety
Slof| m|x|= FaFe] Atk 71= S(2011)2 3] A EARS F3l FehA] Rock TBM S| =2 B
A H A 2ES 4lekar Hile) R RAASS AT 71t ® i l(pressurized ring beam)2 A|Q
Ak & AFollAE 7= 520119 AFE 2Hste] SAIsiA 4] AFE Salf YRt FRlof
o= T 71 FRle] ae] disf Blg S ARk , HRE.
£ SR FAsII 7k JHle] anE 55k fiRt Al = 714
=H(companion Paper)2] Zgo] afigat, F A =FollA= Ay & +d
= HES Aol
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2, S+ Rock TBMe| X|H7{E A7H

& 4] Rock TBME 18 1(a)2} Zro] AE s =(cutterhead), T|A~TAE|(disc cutter), T A3
E(roof support), H|Y B7(tail finger) 5= JEH, AHE = HE= oA 0t ERQJo] w2}
SEAoR BYS AH3tE F X EAYZE Hul(ring beam), 2}0]oH|$|(wire mesh), ZEE(rock
bolt), £==12]E(shoterete)7} 10 NATM} T 2 253} AHlE Sl HestA A=E 4
SaL B AZRS ZTEE TREAA ZASS SHAIAZITRS Ao|th T4l Rock TBMS] 2R
I8 1(b)et ol LI 71 L2 G7Ee = ] o] fofRith gt ofuke] 79 L1 7ol A P,
SZE, oolofuljlrt sk L2 oA LA e|ES AR Zeu wsaiafoief o) o
o] ekt FUOIAE LI 7o) 4|8 Shaalol ANk 77he BASHL 1ejulo] Wag
wrelg shughch o4 Rock TBMe) Al 74 B A= Alawlo] ofet AbHlgh Alghe 271
Z011)2 2z3sl7] vt

ATH4] Rock TBM E|'E 9] 2K ofli= NATMZ} 22 7[id o] 2| EAJ1 g, efojojul|4], FEE,
2] Ho| AR ASTAE o] T2 e AR BT EEE oP BT} €A
HAjo] 2-8-Hele] 2k olF= WE Ao S ol8-ste] Ath4] Rock TBMO| =2tk 2|20
Ue)Z e 4 ok 3 NATM Eldo] 285 DRelde] Bt o438 #rh4 Rock
TBMol 2g5j0] 4 B A4Auol 23 e 2] e 92 2
4] Rock TBMo| ©Ja] 2245) €& iglol] ulizol] NATMe]de] 495t} olsfol ojgt a4
o TS golstek. webx] ol AT, TS AT 12T URED] Ty NS o
o4 Rock TBMO] =2} 2 AHdS AW 4= ). ofof thel AAIgh AlRRe: 0] 21%(2001,
2004)2 22317 ik

d
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SR

U: ~= < == Ring beam

T v
| A ‘ Gripper

' ‘
(b) X2 8=

a3 1, Al Rock TBM JHEE
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3, Jlete YU NMEE Bl 3k X 2UIY

7ibe "joleh dnt FRlol £ 7isto] A HYS F7HA FRle AE s FIAI=
Floltt. 713 2(a) 2ol Wulol H2AS slspl H sl Sl WL WS B o 2
S50l A ek 7KEE WY HES 13 2Ab)2t 2ol XMHESRH(Ground Reaction
Curve, GRC)3} R HA|EAI=LA(Support Characteristic Curve, SCC)& o]-&5to] AT 4= 9tk
13 2(b)ellAl FHE AR 3 5 7iQto] ehmE wff 74A] HL7F WSk Z1Qke] HHA A EA 7}
ilo] Ailo] 7SR QN AR /1S WA HER SCCr} 912 SebbA B, ol 2
0 o) AEeke Ak et Aok gick SR Z1o Wve) 28-S B TY 22 ¥

3.1 #x| ZEF dbtaret
311 offM —Z2 74 9l GHAM ALt

7191 @ule] ET} A4S Sfvk 4ARRE (Fnjolriiolol ol AUt fekak o4
13801 MIDAS/GTSE o|-83l%t)y HAgurdal o g = et QA W dl(elastic perfectly plastic
model) & ARESIILE Ba/d el AR S FAShE FEdet fsHRles 54
A|ofA| =8 P53 2= Mohr-Coulomb @595 ARSI oW & 2le ddisidle 4
G3kink siAE e 19 3(a)2] A4 Rock TBM O] HATHHAS vigto e dregdof tis 4

] Pi B P2t A4
2 2 2 2 T 2 2N 2N 2 2
— l— \
\\
1 < \ GRC
\\
— l— \\
— e \
scc
~ - (J+°Fai)/\%"
~ A(b)
] < agol <N
nel [ Tseo Tt
~ « e 2 : T R —
H‘— = Ur
~ - 2y g3 2
LI A O R A | St ®IHK B9
(a) 7tte e e (b) GRCS} SCCE 0|23t 71otsl 2l 74
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S57.5m S57.5m

40.0m

11.5m

11.5m

46.0m

(a) ¥CHA] Rock TBM AAHHH (b) SHMXE =HH

a3 3. shA oot

(b) EE

EARF BT P AEF0E Tefste] 117 3(b)2t 2ol A7 115 mel Hie
£33 SAX hAE Bdo] Sgeks A 40 mE S 4 A AARAY GFe T
7] 9130 Bd 249 5D, S dDE AgGck HALTS T 4@ 2ol F o

=
40 m= sfo Asilon] a2 7 4(b)et o] F 40 m F 712H| 10 me= 0.2 m HACR
5 [e]

3.1.2 HAHS KWL o Rl AAES

Ah4] Rock TBMS] 8 tARe oAl Edat go] ghdo] & Aoz o} melstol
S AR % Aletedah o] obulo] £& T7k] A} FRERFAN2001)0] (TAHE
AR A BFQD) B AREEA006)9] TS| 0] AukE ALl Ayl s vie

o I 13} o] Gt AAXGFE AVHSIGITE TR T 9 24ole] o] B4} vjmsp]
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T @953 FEE] u} 2z HP A .
(kN/m') (kPa) @) (MPa)
I 27.0 3,000 43 25,000 0.20
I 25.0 1,500 42 13,000 0.23
il 24.0 800 38 6,500 0.25
v 22.0 200 35 2,200 0.27
v 21.0 50 32 500 0.30
VI(=H o)) 20.0 50 30 500 0.32
2 X=X dA"ES
N w95 ERE ob 2t A% .
(kN/m') (kPa) ® (kPa)
a4
. ; 78.5 N/A N/A 210,000,000 0.3
(Partial shield)
o
. 78.5 N/A N/A 210,000,000 0.3
(Ring beam)

8l Ko=1.0= 28513k 3F 2= FA|slAof] AMgE= a4 S(partial shield)@} PRI 28 &
Aot} FE4e == 100 mm F7A|9] 73 3H(steel plate) 0.2, L 150 mmx 150 mm F22] HE7}

oz Agslq.

ANE S 17 5()2 o] H(beam) ST QI FAOR B SR 1Y P
AR APl o] Fehe Zbk MPHOR Aol BN A8 T2 Ao
TES & 4 glo] FHM)S Wulo] Aol 7R Ep) o Bt 1Y sbyek Lol mule)
shgick. @A) Rock TBMe]| ofs) eldo] 22 B & @ye Axsk @ye] %24 7oA =wl

wol 3% 71spA Fiek whebd Wil 7hiE SN Wi wuo] vk
2 sk 1718 b @ B4 E 3o Urehch o2 Sof # 3
Z(b)o] 150 mm3] Fo] Akl 7Rz 22 400 kPa @7] SlalAlE oF 2170 kNOJ Zelo]
L asich 2 AL Wilo] Autel] BHe P)S Fa SR Slo] ATE
or] 400 kPa 7191 FP-L o] Aol 71k Qk2ip)o] 400 kPacl 7Y He vk

71t gule 283t A4 Rock TBMY] sjAetAl= & 49} 2tk
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SICA!l Rock TBMOJA 7t
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[R5 N T T R R N R B
J8 6. SE(T)2 gdao] X[t J7tets L= (p)o2 Het
B 3. (7)ot g-o| X|Etoll it Y=H(p) Atole] A
(a) 7] 7473 (b) A A
(1) B4l 7?6}1% S92 2F gylo] AHkE vl 3 SRxbxp—T
S e 7|4, T : %2, R : g4 73
(2) FRle =¥ A9k HE7t Zof Aol 73t ’ b X ;;’] 213}01]2 o =
- - ou gul T =
FHlo] AFS Wolk ¥ WA §lo] o] AR b o] Aute] Fhah ot
AgEt.
B 4. 7ted 2E2 MEeh SitiA Rock TBM S ACHA|
STEP o A -8
STEP 0 =2t + 9 A= YA
STEP 1 ozl Fuk 5 m 7kR] gpAAE AR
STEP 2 gL vr2 Sk gd] A3
STEP 3 I m &7F 22 & 9 7hek
STEP 4 ~ n =2 9 AR ghs
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B 5 £X|5iAM 48 Case

#ulo] z|uko] AR EF 3 AR R4 AR gHQls

7bsh= 4™ 2 FH F F FH P
(kPa) Imz4 | 2m 34 Imzz | 2m 34 Imz4 | 2m 34
0 311 321 411 421 511 521
200 312 322 412 422 512 522
400 313 323 413 423 513 523
600 314 324 414 424 514 524
800 315 325 415 425 515 525

(& o] 7122 150 mmx150 mm & o83 A7 1.5 m §9e A% B wo] T

71918 YU g AN A e, o] Aol 7Sk e, B WS oS

UUFA O E NATM B9S HAIS o 9k ERelel wre 22wl ul As ), A2 Abge
o defale] EEA RS A TS HiEoR ZAS Sl 2 A erelo] wet
e ABAS AGHE T 1 AFS 5| FeHne 7 Aute] gHe A|BAS 4% oH

R

Zolet. wEhbA Zijbe FRie] AEel ANk ERele] wet vhE Ao wEo] & 19 ¢ “7311Xq
4749 S AR B3, 4, 5o disiA 4= askth

Oy = 3O-h0,min “Oomax — P =70, )

71A, Chomin: Z|2rBFGE, Croma: 562

H1

Oy : @/\ .Q_E_h p: LHOJ, o,. OM4_4 20701-
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BICIA] Rock TEMOJA 71913 @llo] &t o 1| SIaA o7

0-ho, min

a3 7. SYOoaE (0], 2001)

Al (D3 2ol 22kl Wks 71E ol 22k =819 A-ggo] = Xk ZAY =
Algtol] o] WASHA Hrk o5 Bdoll 285t Oupmax = 0o, Ohomin = Ono = APYSIAL Ko =
1.0 %83} Kirsh's solution®] Ao} -2 0, =20,,— p 9] AWE LA Het e gd 9
A%=7F 40 mo] TSRS 20 kKN/m3 0.2 AR3S 1], 0,, =800 kPao]il Y¢(p) 1600 kPa-&
283l 0, =2x800-1600=0 kPao] ¥t} wlzba] Hxo] x|ulof 7}5k= 2o 1600 kPa o]A4F

©ofl= 2=9tula(hydraulic fracturing)7} BHEF 715A00] Qiet. T3 719k Fule Zo Wz
of 30| HSE7] ufzoll Tthel 2> o] Bt Ftoll A =74l w7} ek 919]o
=ug 715 saoA Agsk= ®ile] ARt 7ksh= P A7) ETAL 40 mY o Ay
o A=l 800 kPar Fth= AHYsto] A a3k

o

3.23 88 74

Fel 142 A4 Rock TBMOJA AlEEIe 8L Ao QlofA] wilp- F-a7h gavolck Uik
o2 Adl4 Rock TBMO|A= ARE 7m0l me} AJito] Aofdri i) 1HE o E53] viA|
S @ize] o 2 s ARSI TRy Ve s A8 A Fe] ARl
FAE] FHY AR S ARG o WA & ¢ e Ao Tk, webd 2 dtoAe
G2l 2k40] 1 me} 2 mel 7ol sl si4S =gsto] 7ieke el avte] Hisf E45k3ich
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Elde 22 2 5 AEAE AAsh Ak 5ot 7)) el s e S
A7he B ek FH B A el AAEs Ao) ofdel AR 1Mo R F2 Fo dA|
7] 2ol B Afole] AR F7tof| A P gl diet ZAI7E A 4= ek IRY T1H §(a)
ol =AA QL opm Aol SJsff HH AR ERE ofyRl PRI Abo]e] FAE 7 HAo]
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AR e sk @ WA "ok

71 e 28 Aol o=t AYE v S o vk 7R FHe i) A
7} AASE 71Ol Riols kg0l 71| Hal 1o whet & Afo]o] FA|E ol
F7H e AR RS wf Hok o 2k SheS WA Hof X|Hto] oHYS} HA| Hrt &, 71
ol ofgt A viFYSE I 272 ts 4= Atk B HIAIR ZRekell A= Y 7Ieb
off W2 YAS7ER At FaF-g=o] $7F slaL F+ HAR &Y Alo]o] FAE Fto = 7Ij)
7Y g2 slee ol Hof =42l }%iﬂri 13l 4"203‘0] S7IHA %Ek OlEi
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I 152yt AN BRSOl s W Alele] FAIE 7191 Z2014 o] Aol 7k
Qele] W MPEY LYUFES ek u} ANt ERlet nP AR Z1rE e A g3
wet SR EO) Bk A glo] AAMPRY hastel el HriHgL oA 4 ik

a9 150150 =9 Aole] FAx ?L{Hd Z720149) 747 F710] W2 HY
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: I 4 glom By Aol #xua F2kel Z72004] 0.06%
ARE A e 24 FAVE e AGA] 166 molol Flo] 800 kPag] 79k WS
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