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ABSTRACT

When planning gripper TBM, which is highly applicable to urban areas, the excavation
characteristics are not considered. In addition the excavation stability and constructability are
degraded by installing reinforcements in the adjacent construction site considering the
relaxation load theory of the pre-existing NATM. In this study, a rationalization plan for the
support was proposed considering the excavation characteristics of gripper TBM when
planning reinforcements for adjacent pre-existing construction. The effect of excavation on
the surrounding ground was analyzed by conducting three-dimensional stability analyses
considering the construction stage for each excavation phase. In NATM, relaxation pheno-
menon is concentrated in tunnel face due to non-supporting time occurring simultaneously
with excavation, but gripper TBM supports the ground around the tunnel face through the
cutter head and skin plate, simultaneously causing ground relaxation behind the skin plate.
Considering these excavation characteristics, problems in reinforcement planning for
adjacent construction at the study site were pointed out. A performance improvement plan
for a reasonable supporting system was proposed.
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Gripper TBM=> A EJS[=(Cutter Head)E A7 E 3JHA|A 22}ol= 51 0 2 "Izl & vfjA|slo] SHAIREY] 48 X4
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Table 1. Relaxed zone according to excavation method

Analysis Result
Category Relaxed Zone - -
Plastic Status Dislpacement
e )
e
NATM /
y
(W=1 1.5m, , \_Relaxed Zone
H=8.2 m) 4

Exca =» Soft S/C & R/B =» Hard S/C

Relaxed Zone Skin Plate
| I | | [
| | ilé/ﬁﬁ‘#

i e B I
Gripper =

TBM —

Face
Pressure

$ELEGES 0

(D=11.6m)

Gr ipper

Exca + Face/Gripper pressure =»
Soft S/C & R/B = Hard S/C

A% A(GTX-A) 2] NATM E4TH} Gripper TBMEHOITE, Gripper
TBM->NATM 3R 54t 29 2|E 3l E5ES 5 2| WA A8stu s pAsfAoA BAR= Als Tl A= fARSTH
o}, 12y =2slE BAel A= Gripper TBM BHIEA-S 112161 Gripper A2 Ex 271 9 AX1EL|0|EE RAFSIolof
gt ofaf] -85 FXIHAU2 1= 274 11.6 meF AoV dH] ARk 5-& A12fs}e] 32,000 kNE Histsto] 2%1H 44|
of| 2-8-512, Gripper A/ A= Gripper TFA(W 1.8 mxH 5.7 m)HgH|F2E 55 125101 43,000 kKNS A& 2foto] 42|54
of| Bredsalct.

HAE 23}, NATM3 2 27 FolA ko2 4790 "ol oy, Gripper TBM2 =X1H F 240G o2 1]

_"
1 271 B ool o] 3] B o] A eio] AR 22 Stel 4 QIgick Tk B FAe] Ay

ofs 2} LAY 9173
S A2 ), Gripper TBM-Z 2751 H o] m]Aeh A, NATM3 -2 271 H Aol A] Bjd Wiieko g Hgo] i =
Zhe SRIE 5= QI0IH. |, 2 ARSI Eutol] ot FA0] 2=|2] fo B2 A NATM 3 Hol| et A4 F93 g2
Hot ZA E 7oz AlrE. ojghslE g 240 s ol Sjt FHANE SFHEES Sl =25 Aolet olet
MES RIS & dem, olE Ediz 2231 At SXUR HAEehS 21 85h= Zlo] B o= AlRHrh 5,
NATM3HH2 Hutz Q19 2319 o] ojetd e deiste] WaA] #1287 52 Hx3iE 218513, Gripper TBM2 7{H]
sl= gl 2FIE | EE Sl 2He AR 2R HAHuE A7EF|0|E 3 0] ojetd He aleet KA e
= FHokE Zlo] S8 T 210 = Tk,
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Fig. 1. Longitudinal view of tunnelling (GTX-A) under Reinforcement plan based on proximity evaluation

TFEBT 23] A2 Ede] A= A9 71E B Weo] filw i T2 ol AAR L S 2w
HEz 710 w2} 2]gto] o]etrlo] 7| 250 QFYA]-S A5EAIZ Itk Korea National Railway, 2022b). ©|o]| w2}t 7]
Qe x10] QYA BHHE Q5] AT BWIe Srallala(Fig. 2), THAES] T HAAElS 42819 Table 2).
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Fig. 2. Proximity evaluation
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Table 2. Reinforcement plan based on proximity evaluation
Category Support pattern Reinforcement
Limit
PTD- 1 pi i
range 5 Steel pipe grouting
Rock mass grade 1 ~1 Rock mass grade I ~1I
Attention -» upgraded by 1 pattern -» Forepoling
range Rock mass grade above Il Rock mass grade IV
= PTD-5 => Steel pipe grouting
T W7 H o3-S A9t o] AA S E A-8ste] Tl 7| tiH] QP AAIE -85kt Fig. 2). % H7 1ol whet 2]
B A1) RS ZHIA B QPR Sk 2e et B el o 2 wiekeick, e, e guktte] 7]

A7 Z71e] @¢lo] %E](Jeong et al., 2018).

3.3 Gripper TBM A|2IHEd B2 [S} ok %[0k

THEAS AR drE T, oA

‘RiEHLee, 2022). o= B NATM5 o] 285 B2 sfgs, 7€ F2=7e

ARz za}%% 5ol _%01 AR, o1, HEe %_w 2o AR 22t 4 €Y ko] lslo]

| Aok A op A7 18R gejzlolA] 2 sick. & Aol

1:1 ZJ:LE_ VAR :g_bﬂo

TSItk Table 3). Gripper TBM 2] Z2FEAo]| wh2f A

Table 3. Re-establishment of supporting pattern (PTD-5)

H&l(Attention range)©l| SFT 4% AAdE] o]

HAls
QXA HEH Gripper TBM_J ]Q—7HL:‘J,]- q-/\ /})Po]o]-\:r] _o] oF5 5} Z]dlto] Bl1Za] So] | 2T A
570

A
HQl McNally system= 2-&
E2o|E 3Hfe] 2]dto

o] FA|=|o] EX1IH TR 0] 2ol gk o7 IA[7| 2

s 290 2 ATAUS 2402 AZslo} o] o] 3] A

| BEBHe A8she sloz 3l
AR U AR 52 Tefsle] 71E
2]

[e)
/\] Qo] =71y
o -2 Gripper TBM 571273 A|

].—r E)_-T-‘_E 9,]7}75 jT_L{l 2 m—1.0
|2k JTefolo] BEE 57

Category Existing pattern Proposed pattern
. . | Rock bol t
orepolin -
P g McNal Iy
System
Section CT.C
(PTD-5) 1 om ; C.T.C
1.0m
Longitudinal
12 .
Spacing of R/B m 0m
Reinforcement )
Methods Forepoling McNally system
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Fig. 4. Numerical modeling (3D)
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41 HEZRA

71 2R AR 12419] 7%, Malehd 231 3atste] Fazof thiet AP 1= 3 =(fu=24 MPa) = 2185131
TH(Seoul Metro, 1999). T3+ -23Y & Z71-& M efoto] =7 P gl A AA_ et -84 51521 EL-18 E-3AkokE-S 7|
Z 2349 dafsl5o 2 A-851¥tkKorea National Railway, 2022a).

7R S P W7 P2 sl 9 5 Gl o] WA WIS Aol P ek 7
FE TR 7|E Aol tigh PRIy Ak BEE)E 1Efole] 478519 al(Seoul Metro, 2001), 23841 Al
HO = A 25232 2% (Korea National Railway, 2023) 2 A2 4H]11%(Seoul Metro, 2022)01l4] A H7F|ag 3o}
of QFi% WIS 47 2 A gstalct

4.2 ?_I-Z-IM

A Haed 2ol et A gof mhE A A HES 3% A¥l(Table 4), AVAE Dol HAYSH= X H91=4.42 mm= 1]
4okl 232 E S R8E 522 2|t] 2.16 MPa, 9.32 kN= 58] o|jo] 2 AVAEd2 QPget 21 0 = Thetet), ot
71& -2 Tzl WESh= Hi9hE 21 0.33 mm = RlASkL FEE ] -§854-2 0.075 MPa= 'IAsto] 51-84] o=
PN e QP 210 8 ghack 71 2 gl Aol SR Ac) she 1240312 mm, 284 0,325 mm ml4skA L
ehgeh. ER AR O AR A 5YL0.044 mmE PAPslo] 8187 o] /1% LPHL QPR S0 2 W)
Table 4. Analysis results

New Tunnel

Category 2D 3D

Crown disp. (mm) 1.89 1.36

Convergence disp. (mm) 4.84 4.42
Compressive stress (MPa) 341<14.0 2.16<14.0
Axial force (kN) 10.87 < 88.7 9.32<88.7

Existing Structure

Category 2D 3D
Max. subsidence (mm) 0.67<25.0 0.33<25.0
DI Diff. settlement (mm) 0.04 <30.0 0.23 <30.0

'SP Angular displacement 1/1.51x10*< 1/500 1/4.31x10*< 1/500
Horizontal strain 1/7.06x10°< 1/2,000 1/3.34 x10°< 1/2,000
S Tensile /A (MPa) 0.033<1.0 0.075<1.0
ress
Compressive A\ (MPa) 0.095 <5.0 0.005<5.0
Longitudinal level(mm) - 0.044 <4.0
Alignment (mm) - 0.044 <4.0
Irre Cross level (mm) 0.027<3.0 0.006 <3.0
gularity -0.004 > -3,
Gauge (mm) -0.004 >-3.0 0.005<6

Twist (mm) - 0.003<3.0
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5.2 E

& A9 Gripper TBM= 283 2] B @A2A] 71 AJsltaate] A s o mE ge]2lQl HaAee ekt
=20] it o & flsl 22 HE AR EAIE AL2fRt 32 P4 HEE 851 Gripper TBM =2to] SRR m]2|=
F= mtefolgitt. HE A, 71E IukE S5l 225ke NATM Y 2| 230 Hop A7158|0|E SH)of| x[dhol ettt 9]
7SR Ze SR 4 ARl ATl s Fx FoAE e R B HE el st $1EH A Alst
FoLt, &Y AN 2ATA 2 A 2X1IA Y Aolet 571 A 5ol A2 A2z ot o= NATM¥ Gripper TBM
O] ZgolRt ARtol et /g arfshA] eh2tll 71915, @AVIA] ZHEARS Ol whe vt ARSI A7t g AL 9l ot =2t
S Bde et Ate FER Aol 2 Al e Gripper TBM 22FEd0] thE AJRtolet 7lde Alesto] 71E2] 2
YA HAgAR1 0] A& A4Sl Gripper TBM A1 HlE 2t2]obE <19t tiAg kS AXIstaLAt st 23418 371274
o= FEGS Ast] e 2 B AR At T ARE slaskr] sk B FERE dAdEAse
McNally System 47| B! S2E 1M Z45 iAo = ARIsIgit). oS Fdll '8 15 S de A1l A
£ 5t A B A0 RS A o gle A o= T A Bl o o7t ol i TBME 22 71 AIet
AE-e B85t HgAIglo] SR Q= AellA & A7-E Sl =2k Aol v el SRS ARt Y
E71E 71t
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