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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,
thus, a modeling method was suggested to cope with this problem by considering a
realistic convergence distribution and a proper properties of backfill grouting. To this
end, the influence of gap parameter and depth of rock cover on volume loss, composed
of ground volume loss around tunnel excavation and surface volume loss, was
analyzed with a single weathered soil layer. As a result, most of surface settlements
were occurred immediately after excavation. Also, 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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parameter 264 Z2HRIoA] MR AAIAI] B ASIIES Dol et A BAAE At Bl
HPE AT o] S5l D% ok Auhe ap parameter S} E1] 717} B2 2 e} 2|8
S0 2 AR Aol BlX)s GoEe BAlsklc. 1 A R s 24 el BAsi o,
53 9 gap parameter”} S7H45 SA|aAS B e A mAsLRA10] AaRag ARkE of2 et WA v
BRI whebd] 22090 Sjal] A A1E TBM E90] AL AeHs] B71sp] SIS SHEREES 08519 gap
parameterS 218511, g A0] B4 225 mefslol ek TeEc)

ZF20{: 4= TBM, gap parameter, AJZEA=F 2| B3 s], FHAH A

1.ME

45 TRM T 2] 2L 15l0] MBS g oA VRS mwalel, Z4do] 2 At 2ol
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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
CHKoh et al., 2011; Nam et al., 2017; Son and Yun, 2009). ©]2{$ B2 Fx-e 1S 1 &oH#] Fstal, e
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A] gap parameterS -89 RAF WS A|A|sto] 7] EAFHT 22 /\H M= el o L P ]
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ZH A AL o A= 3lo] 11 Ate] o] F1te FiAleAl= A A HE s “ﬂfoﬂ 71 H'E s HTt
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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, AEe, AITIHE 97 2] 2fo] 2 Q8| 275 3=o] WS = A4
£4lo] HMlsHA| Htt. Gap parameter+—= 2= TBM E'E Al ol Afol= AlAS A (ZXH &4, 231 A9
=z} | Ho =0 ogh ) of| ofgt FARIE ATFRIAIA Aol A BE Aol AL = EEH A0 2H
Fig. 22} Zo] Yepd &= 1.9, gap parameter— 2] (1)1} Zo] AT 4= QITKChi et al., 2001).
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Backfill
Grouting

Fig. 2. The Concept diagram of shield TBM (You and Kim, 2017b)
G=G,+Ugp +w (1)
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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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2 AolMs fRHERES o8]t xRk HE SiA LAC (Fast Lagrangian Analysis of
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
o] 2}, & A= B HIE TEotalom, Fohth 2Rk IS 4okt
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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|
A= A4 Bd 22 GAIE ARSI

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 221
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oft ko U

A S AR AR} 2| EHO A ASHE 2| B Ao 7 Lol A HlT 7 Aol = AlE
oA B 22F Al Y e h ARt 5-0] HAlS Wl ghe ANk AR o = A osIoi. o] Xlt‘i
SAFS FLACS Wi 2= T3HQI FISHE o|-8-5to] o] Bl B A3 o] Ffatof A He/3dstz <l
| FEE 4SS, Heke o] T2 A5he 5419 HER(Joo, 2016)= ©1-8514 7-5HAH:

:-:N‘El"ﬂ
o XN

A
Table 5+= gap parameter”} 5, 10, 15 cm= gebd wf WAYGH= AR 2 2| BEARRS Z2H2] 50 2|1
@ T 7HR10] 4 WA o] Lrehdl Zlolch, AukeAare Bd o] WAt 24 5 Wao] MRS o]
HA 0| 215 Alskoto] 4FESH, A FEATRS Bd 22F A Fig, 30f UreRd A B354 9] HA-E ot
AESIC
Table 5. Ground and surface volume loss considering gap parameter
Ground Volume Loss Surface Volume Loss
Depth of Rock | Gap Afer B - S " Aot E ” S "
Cover m cm €r pxcavation uppo €r pxcavation uppo
(en) (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 3.91 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
B A}t En| 19t THA}10] gap parameter”} 5 cmX] 57 Fe wff 222 50] AWEEAIRES 0.7 mP A 5
7Fstodom ARt H S vhs Wt 0.3 m 4 AT ol gap parameter”t 2] A S5 222
ol 7¥eliAl = sk aEe 1 271 wfj2of] Z|§kAgFo] 2o tiar et 2|11 Z]gto] Fd6lA] o= o}
F2 ol % 2|1 BAeA B Biel] 2ol gap parameter”} 571845 2| meke: A]o] Ak Ao 214
She AE¢E BSrta % . T2 Fig. 60 Lrebd vlel 0] gap parameter2} Ev 17} F71e o - AR
AT 2F3.91m’ 2 AFEE| 0] o] 4 AHkEAR0] 3.94m’ -2 79l ], Ex]119} gap parameter” | & Z|RkE
Alfol| & JFe 2] Eoh= 710 2 et o= Table 304 Hi= R} ZHo] F3jAj|e] HYPEAJo] 3

N

JHEQl SolEet FASE | tiEol2tal Tt
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Fig. 6. Influence of gap parameter for ground volume loss

@ After excavation &} Support completion
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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]
O 2 Z7ok= 7o eIt T3t gap parameter”t 5 cm 57 1S5S Z2F 90| 2| TSR 0F2.2 ~ 2.5H1A
S7 1ol HAIRE, A2 eE= Al= gap parameter” | 2] 7ol 719 GFa v F5he Z& Table 55 F9H 2
S} o= BREAIRIRI 749 22 S SAIKSR Qlofl tiie] 2| FAo] Ao | wlizol] AITTHE 2fo]

1
Bk FAR A= 2| B S Solli= A BATo] gap parametere]] TAglo] F Ao WAYSIATTAL ThekEITh

i
il
4
_‘

Gap parameter2} ET| 117} ] 3 3510f| 0] 2]= FFS EA61]th Fig. 82 £ 117} 10 mY W gap parameter
7F5, 10, 15 cm$HE A 73-9-2] 222190 2| Hekw A 0] 2| B ohA-S 2] ollA] A3t 2 Peck (1969)<]
o|2AS o] gsto] ERH Aolct. X Hekg A2] XA |HHok= gap parameter”} 5, 10, 15 em ¥ o Z+2}0.79
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cm, 1.75 cm, 3.58 cm =4 F 28] X Z7lslg on, iE 912]%=6.8, 7,9.1 mE F4] 0 2 e M2} Hoj Ak
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Fig. 8. Surface settlement curve by gap parameter (Depth of rock cover = 10 m)
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Sk} & T A WAYSHIAIT £ 117130 m ool E 79 A F 3 skaAdo] A 2] dR4 0 2 WAgsto] o] 24
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ofue} x| H ek $-0] -9 71211, gap parameter B FIAIRAIE e B o7} Ikl Al Ech
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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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