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Abstract

Backfill grouting and realistic convergence distribution were not properly considered
in previous studies on 2D numerical analysis of a shield TBM tunnel. In this study, a
modeling method was suggested to cope with this problem by considering a realistic
convergence distribution and proper properties of backfill grouting. To this end, the
influence of gap parameter and depth of rock cover on volume loss and composed of
ground volume loss around tunnel excavation and surface volume loss were analyzed
with a single layer of weathered soil. As a result, most of surface settlements were
occurred immediately after excavation. Additional, as depth of rock cover and gap
parameter increased, the influence range of surface settlement curves obtained from
2D numerical analyses became broader than a suggested theoretical equation.
Therefore, it is inferred that gap parameter should be applied based on load distribution
ratio and the property of backfill grouting properly considered for the estimation of the
precise behavior of a shield TBM tunnel in 2D numerical analysis.
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45 TRM T 2] 2L 15l0] MBS g oA VRS mwalel, Z4do] 2 At 2ol
HEPS AR T3t dE 5t & 4t 2n) 9] /157141 B Y Kol E(tail void) & 1278 51o] A|HHHEES
AIRFEH(Oh et al., 2017). ©]9F #2574 02 Qlsto] slof IR 29 B! gAefRt 2]Hho]] = TBM 5ol &
BEAL Zolle EFot AA| Als Al HeH AR 202 ASE T ik, webA En]al, XHkE 5ol
B 22} A ] ofw Rt Foe A =A1E 24D 27t qlrh

7| 2 TBM 22} A AHEA S-S BA51| 9foll =2 AR 91 934 e Displacement Controlled

Model, DCM)2 =2HA3H A THE 2foid f1o] QIHEof A skal HekroflA Xt e]7 ahiehetal 71deh
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2. £1= TBM E{4
2.1 S22 Al
HE 22k A ZHE A THE Alo]ofli= Bl O] tail void)7+ EHAE5H] Fick, 0] e Hilshd The
g 2sbgslr} e gsly] whel, Bld 22t 2% 2o 230 24 L2 oA SR} rRsstt
e FUHIAIS Fig, 13} Zo] A] 3712 Lpdt), WA SAFelHHALL gl Ho|s dhaiv} Z29] . 23
g7} 2P Gl AbelR Sralahe v 0 24 71 ok el Hisole), Zeqihe AubE o 2 T o)
AR Akel2 245} 8 4 QAR RFd R A o] Badeiris @o] Qltk Fig, 1(b)2 ol THEAIFHHA]
2 A THES] A2]E ek EEo] A= o] g4 o[ttt FAlel TekSEZCA FAE UL UG
Auksks 27F Amolu, Bl Ho|t whn} SIxje A £1Te] AlRFE PEst] <l 2 S
212 AAloketa Aol Bshhs wdo] Qlek uhxjuto & ZA|FAle 18 278 gk sl
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WS FAshs R C=M, Alg/do] frolAT tzdo] F2 7ol Rt ARSItk
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(a) Simultaneous injection (b) Semi-Simultaneous injection (c) Instantaneous injection

Fig. 1. Backfilling injection methods

2.2 Gap parameter

2T TBM =71 Al AE L, A=, ATIHE 97 2] 2to] 2 Qlsl| 2715k 5=o] WAsH] =]
£4lo] HAYsHA| HT}, Gap parameter= 2= TBM B2 AlF- 5ol WAsk= A4 £4(=Z7HA 4, =71 A9
=z} | Ho =0 ogh ) of| ofgt FA RIS ARFRIAIA Aol A Bl Aol AL = EEH A 02 H
Fig. 22} Zo] Yepd &= 1.9 ™, gap parameter+— 2] (1)1} Zo] AFe 4= QITK Chi et al., 2001).
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Backfill
Grouting

Fig. 2. The Concept diagram of shield TBM (You and Kim, 2017b)
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Fig. 3. The concept of surface settlement
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Table 1. Suggested equations for positioning of inflection point considering ground and layer conditions
(O'Reilly and New, 1982)

Layer Ground Condition Suggested Equation
Clay 1=0.43z,+1.1
Single
Sand 1=0.282,—0.1
Multi Sand (upper), Clay (lower) 1=0432,+0.282,+1.11
ult1
Clay (upper), Sand (lower) 1=0.43z,+0.432,—0.12
12 Soft to Stiff
Clays
10 /
Rock, Hard Clays,
Sands Above
8 Ground water Level
Zo/2R
6 /
4 / /
2 /// /Sands Below
i Ground|water
//-'/ Level
0 1 2 3 4 5

iR

Fig. 4. Coefficient for positioning inflection point (Peck, 1969)
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Continua)2DE AF8-51] Fig. 59} 2Fo] s TS RERsISInt siAl g o] A= sliA Aifel] daF= mIA]
A FE 517 sl B2 O] 2, 5 =2 7o A7 B 240 34, HE )IHER . ol = 28) 7t

E @3 AREe 2 519l om, Exj o] mE 2| FXol41 0] ks dobiy] f1ste] Ex]11E 10, 20, 30,40 m
= A-gs13t 12 5d o] S AH 0 AITTHE glo]d o] 2172 Cho (2008)9] d+-5 Xarsto] 242 8.5,
8.2 m& A5kt 118]31 A4S Mohr-Coulomb BH44 el B]'99] Al THE= FLAC 2D°4] Al gsh=
T E T 4 Qe FEFAY (structure element) Q! liner 845 ©]-8-510] REAH ST

EdFHYH(E, - 0.8D, SHEE 1D, A= A F7HA)2 a4 9] Je & =ol7] flste] 840 F7|1E
25 em’ 9] AP 0 2 A 85l Lo 2 A4E Q4T 77 At AR S BERsHrt. whebA 2 oA
oA I HEE FIL HE o FAHRE VIFo 2 2}, $29.75 m 5HE21.25 m=Z A48t 22]1 s e 4
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x 22D A 0.8 D“ . 08D 22D

1.0D

-29.75 m -11.05 m 11.05 m 29.75m

Fig. 5. Generals of the analysis section

Table 2. Load distribution ratio considering depth of rock cover and gap parameter

Depth of Rock Cover (m) Gap (cm) Load Distribution Ratio (%)
5 55
10 10 77
15 84
5 33
20 10 58
15 70
5 23
30 10 39
15 55
5 18
40 10 30
15 43

B oM £ o @440 4= TBM B 24 T2 RAls] Sl sk gap parameterS 4]
T SRR RS 2 shtt WA 22017 o] A A T Ede] Akt QulEdA WAt
219] 22 gap parameter= 5t 1 9}0] Z+Z} 5,10, 15 cmoll /-85h= SteaHES A2 S Fofl A5t

o|Z floll BI'd =2} Al9] st HES 5% = FE 5%4 S7HAA7FH 2-851014} 6h= gap parameter”}
9] Sl REES AP O 2 2T} 1 5 Aok= gap parameter” AT 71 0 2 of| S| = 17Tl A
R gES %4 S7H7IHA 2528 02 £4 gap parameter” | 'HAY5l= S5 HE= Table 29t 20|
FESHIT) 71§ AR E 2to]d-& AAotal |7 IR 22k 7t A T E 2to]d Ato]o] F1he: FA|
A2 A4 Bd 22 GAE BARHIT

Nmi“

s &

o ™ 1o mE ¥R
ol
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3.2 DA A 2482

2 Aol BES] FIE A|ute]] ZA = 2719)7 8.5 m, AITITHE 917 82 me| = TBM EE-&
V32 & gap parameter} E 1115 HIPAA 7 2] 2l 2] 3]skl ool 2-41oka B'd O] $HF8/d-S A H L
t}. £ o 2 B AlofA ARgH ul7Ho] Zgke Edlo] Exlil 10, 20, 30, 40 m (47}4]) x gap parameter
5,10, 15 cm 37D & 12714] 7390 thsiA] Rt e al-g 4=a)stsict.

2 Aol AR FRHE O] E/d %= 00 AR AAVEA ol ARERF AHE(Western Metro, 2016)&
2215} Table 33} o] 2-85130e T12]1 SYPAIT(K) = B A-ollA TLsHA 1.0 144‘1—}‘114 FE3HA
TIHE gto]datt 2]gt Alo] F7tel F=91 == FAEAN ] -9 You et al. (2007)0] A-838t E/d X darsto] 4

Bsk3ich

o) ARgE A IHE 2to]d o] 44X You et al. (2017)0l14] = TBM El'E Al 1THE oo 83t
=/J 25 Za15}o] Table 42} o] 28513t Tt AITTHE glo|d o] A7 Q1 45 MPa< 7|
BEUS-SE T} 58-S 2E 2171 26.5, 1.3 MPa= 21851300t

ol

Table 3. Properties of ground and backfill grouting

Tvne Unit Weight Deformation Poisson’s Ratio Friction Cohesion
P (kN/m?) Modulus (MPa) Angle (*) (kPa)
Weathered Soil 19 25 0.32 29 20
Backfill 20 24.6 0.3 35 82.7

Table 4. Properties of segment lining

Elastic Modulus |Moment of Inertia| Thickness Allowable Bending Allowable Bending Residual
(GPa) (m*) (m) Compressive Stress (MPa) | Tensile Stress (MPa) |  Stress (MPa)
31.0 7.59x107 0.45 26.5 1.3 0.65

2 AoM =22 A& Bl ET, gap parameter”t 2= TBM E'E 9] QP40 vl x| = F&S
9 2| maAlEko] AHA| B8 E5) A Hefth O Loyt YhHbA © 2 AR El= 2 B A5} o= A2 o] &

3 A} 2 XA 28 sheblel} 2ebd whe] X s S HlaL . stk

4.1 Gap parameter?| A|22410f| O|zj= Hak

= TBM B 22} A 'HASH= gap parameter” | A2 & (volume loss)°ll P 2l= = H'E 22
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A LSk AHRE AR 2] oA ASh= A AR o 2 e 4 Tﬁiﬁ’&ﬂt 2 Ao = AL =2t
2o A BE 22t A U7 F AR 0] HALS wh gl AHkEdRro 2 A olsigit. o] wff ARt Bl
EAF2FLACE Wi L2 191 FISHE ol-85to] 2] B'd Bl 2| O] 23xof|x] H ey stez ¢lsf o
H 7S 4HESHL, Hoh e o] HAkE FEske 54191 F3EH(Joo, 2016)2 ©]-8-5ke] 51T

Table 5= gap parameter”} 5, 10, 15 cmZ Z2H wf] A¥ok= A|HkeAeE 9l 2| HaAeks 221 2190t 2|
5 /1 e A el e A1 AR AR ES 2 4 el

Table 5. Ground and surface volume loss considering gap parameter

Ground Volume Loss Surface Volume Loss
Depth of Rock | - Gap After Excavation Support After Excavation Support

Cover (m) (cm) (m?) Completion (m®) Total (m?) Completion (m®) Total

5 0.61 3.29 3.90 0.16 0.19 0.35

10 10 1.13 2.78 391 0.37 0.30 0.67

15 1.91 1.99 3.90 0.92 0.25 1.17

5 0.61 3.30 3.91 0.19 0.25 0.44

20 10 1.37 2.55 3.92 0.68 0.31 0.99

15 1.95 1.95 3.90 1.07 0.32 1.39

5 0.60 3.32 3.92 0.18 0.28 0.46

30 10 1.28 2.62 3.90 0.63 0.34 0.97

15 1.90 2.01 3.91 1.12 0.34 1.45

5 0.62 3.31 3.93 0.15 0.34 0.49

40 10 1.24 2.66 3.90 0.56 0.42 0.98

15 2.33 1.59 3.92 1.14 0.38 1.52
A A3t En] vt PA|glo] gap parameter”t S em® F713E wff 22} 2 9-0] 2REEA RS B 0.7 m A F
7kt om AR E7}E E S vhe Bt 0.3 m* 4 F2-513Ith o= gap parameter”F 2 A= 24 2]
Foll 7VelAlE sk EEe] 27| ulZol AHEAwko] Aobgirtal Teke), T12]y 2]Hho] FHshA] o= ot
2 ol A2 SPAOIA 55 ol ] TR gap parameterh 571045 AR K9] ARl 21
Sk RS Hrkal Ikt 351 Fig. 60 LFERD BEeL ZHo] gap parameter2t EX] 117} 571t o - A|gk
A F3.91Im’ & 4= o 01 24 2|5k 0] 3.94m’ -8 79T w, E 7119} gap parameter”} E AWk

IN
E

Aol 2 BGEE 57 FIhe A0 Uehideh, ol Table 3614 B vle} o] FlAeAle] Wgs ol
il okt g Atl] wEelel o)

=

>~l
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Fig. 6. Influence of gap parameter for ground volume loss

@ After excavation &} Support completion

1.800 1.800
& 1.600 #1.600
£ E
@ 1.400 w 1.400
3 g
+ 1.200 + 1.200
3 3
2 1.000 2 1.000
15} ©
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Fig. 7. Influence of gap parameter for surface volume loss

Fig. 70l JERS B2} 0] gap parameter”} 57 Fotel whabA] Z|wbazt 2 2| Hobs A0 2| Ak v]e 4]
S 7 Z7tek= o] Lttt T3t gap parameter”}5 em SV 1S 22 2190 2| FEHRRE 0F2.2 ~ 2,544
S7 oI HAIRE, A2 eER Al= gap parameter” | 2] Aol 719 GFa 02| F5h= Z& Table 55 F3H 2
ST o= BBHE AR 922 2§ SA] XokR 16l thF--0] A H=Ao] A6 | wizol] Al THE 2lo]

Bk FAR A= 2| BE S Solli= A BATo] gap parametere]] TAglo] F US| WS ThekEITh

4.2 Gap parameter2} A|E2I5t34110| AnkatA|

Gap parameter2} ET| 117} ] 3 3510f| 0] 2]= FFS EA61]th Fig. 82 £ 117} 10 mY W gap parameter
7}5, 10, 15 cmTHE WA 7490 22 2190} 2| H ek A9 2|35k 4|64 At Y Peck (1969)2]
o|2AlS ol-gsto] LR Ao|ok. 2| Hets Al] X[thA|FH3]lok= gap parameter”} 5, 10, 15 em ¥ @ 2F2}0.79
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cm, 1.75 cm, 3.58 cm= A4 2F 2] 4] 57}0]—°ﬂ om WA J2|=6.8,7,9.1 m= FA0 2HE] H2} Hol A}
&5t Fig. 8(a)2} 0] gap parameter”} 5 cmQl 73-%- Peck 2] o221} =2} 21 5.0] 2| B Z]5tA0] A B
A5t SHAIRE 2 K 30| 2F5 H Y whe —/,\—7'4]'8]] A A7t ol 2AE T Zol FRFHSA7H H A HekF
T 37l o)+ o] 22] 2] -9 gap parameters 11E{SHA] 87| W20l gap parameter” | 57 1S =] 9]
A Al 5 2 A J3Asko] WAgsHTha wekEch
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Fig. 8. Surface settlement curve by gap parameter (Depth of rock cover = 10 m)
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Fig. 99} Zro] Lpepfigl}. 1ef e} do] FUxdolx] Ef 17} 10 m 715 2| Heham Al9] 2|tz 33d5)
L7.5-8.4mm Alo] 2 iA¥stIt) vhe 22 25 0] A9 Eu] 117110 mA 2713 o A B3k B 1.72
mm&] ZA5I3IT) o5 5ol FIE AR 79 22 2|50 F]slge] Exare] wIzsHA REgeth= Ae &
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A study on numerical modeling method considering gap parameter and backfill grouting of the shield TBM tunnel
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