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Abstract

Backfill injection pressure in shield TBM affects not only ground settlement but also
adjacent underground structures. Therefore, it is essential to estimate a suitable backfill
injection pressure in advance in design stage. In this paper, seven suggested equations
worldwide to calculate the backfill injection pressure were reviewed and compared.

By assuming 6 cases of virtual ground condition, backfill injection pressures were
calculated and analyzed. it was confirmed that the backfill injection pressure increases
as the depth of overburden increases, but the increasing ratio decreases. The numerical
analysis was carried out by applying the calculated backfill injection pressure to
investigate the influence of backfill injection pressure on the settlement of surface and
crown of tunnel. It was confirmed that the final settlement at the surface and crown of
tunnel on the both unsaturated and saturated condition are more influenced by the
applied face pressure than the applied backfill injection pressure. In addition, the effect
of backfill injection pressure decreases as the depth of overburden increases, and the
effect of backfill injection pressure increases as the applied face pressure decreases.
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Bld 22 2712 Fig. 137 0] *WoP At C(ET)=30m, D = b (22 A4y 8.3 m, h, (E]d Aoz
B 2J5}4-9] 0], Cases 4~62] 7490 §Hgh= 50 m= A5k

PRt 2 FAlE S APdslr | fsi e AtEAS 7Hdstelof skt i ArellMe thet B2 TP
AAstolet 94 AWke #dska SHfolok, wilete]] A HAS Y-S TBM 271 A] ¢ 4 £AS Ast
u

of ofju|et Tl 7kl EFAl B (target face pressure)= AR8-oto] 13ttt o] o, wQte] 2842 TBM st
o=z

H2RE 173 % D AHOE 7Pgalch £ AAE 28tk

Table 1. Ground conditions

Classification 5, (kN/m?) Vout (EN/M?) ¢ (kPa) 6 (") Saturation
Case 1 0 35
Case 2 19 - 5 30 Unsaturated
Case 3 10 25
Case 4 0 35
Case 5 - 20 5 30 Saturated
Case 6 10 25
=
Ry,
PZaST2aNSN
y.c.0
C
D=b
z
D

Fig. 1. TBM tunnel excavation condition

4. F1ziEQ A dat
SFollA AATEE E'd agetoll ZAgH 4712] FARRST Aol & d MekRe] 2-851= 2§ ol A7 37}
A FAZ A Aol &2 Table 19 AIARE 7Hde] 6712 Z|89E221 9 Fig. 10 A|A§ TBM EI'E =2 2710 A
g5t 22| FAle = A4S ]’ At o171ollA Bd 2getell 2 HAlle s A-85k7] ffaliae 4 =
A aPdstofof sh=t, 2 Aol TS vt o] AFgstelnh of 2] AEate] ofsl] ohetsiAl AA]
= 127FA] 2R AP R El(Yu, 2016) 7F-H|, Murayama (1966), Anagnostou and Kovari (1996), DIN 4085
(2011)2] 37}2] R e} A2 2]qk-g-e3]of| A ARt @A AP 4] 0 = 19t 471R] Bl uP ks 4k g ot
A= APtk

GNE,
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4.1 A|2240] hE SIS Y A 2ot

Srofl A A<t uiet o] 7] 6714] AHt7dof 7712] Haflg < Aol 2 286t ZH2o] HARtS
AP5E A, 1 AYE Table 200 YFEF Q1)
21} 1 4(Case 1~3)°1WL aEpQtol] 2 HAR QY AP A TS o] AW Ao Wistof whet 1

HS

112

Pgavpt e Oﬂ 7%k Aot vlaste] 2] APGE . 21630l 1.28 55k 1 H(Mollon H2)o]
7W3 lﬂ%ﬂ,ﬂl 2Pgte] vlaa 2o uEgRte] 0.5 barE Hshs HH(Peila ELE)o] 7Fg 27 A SIS
==

=ESPA|RA Case 1, Case 2, Case 3°]| W} =AH2] 0 & U7 npdzto] fasial 2t o] S71sk=d], ©l°

mE

e} ebA Bl S71sta nebA BRlel TAtsk] APgEls SIeclE Z71eRe Sle1g 4 gl

S AR Cae -6 RS} AN 21 ks A el et 2] e o
o] 2T AP A TS} 1S 2ol 2% A Ak So] R ulgehl LeRdh 1% uglel 1655
F81o] F3Hs Ramirez 20| AFgke] 714 270, w21l 0.5 barS H51o] TSR Peila H0] £1gto] 7

7 2] 4910, Case 4, Case 5, Case 6] Wk 24210 2 5 nhaiz}o] ghselan, ga2lo] Z71st
ool e} B} AukE710} 5 AP ARl B B te] F71okn AR o2 uwow 2oAsted 4135
L ShSIE Z7RRS B118 4 QIrk, et} ANEE eI APl A upet Ak ghe] e
o] % oA, FR8 315go] E AL alol 10 2 e A8 2 4 o

Table 2. Results of backfill injection pressure (case 1~6)

Backfill injection pressure (kPa)
Model Unsaturated condition Saturated condition

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Gatti and Cassani 466.10 531.24 599.75 1045.31 1079.60 1115.66
Peila 144.75 160.75 183.50 917.25 921.50 928.25
Ramirez 156.34 182.74 220.28 1430.96 1437.98 1449.11
CV 244.75 260.75 283.50 1017.25 1021.50 1028.25
Wittke 570.00 570.00 570.00 1100.00 1100.00 1100.00
Biosca 645.00 645.00 645.00 1175.00 1175.00 1175.00
Mollon 684.00 684.00 684.00 1320.00 1320.00 1320.00

4.2 EI)7 B3| (2 222t AR 21}

Fig. 1914 Aelet Ex]1(C)E WISIAIA 7HHA 7} o] 2R FIARYS Aottt ShollA] A1<3t Table 2
= E0117F30 m&l 7ol A3 E FAE -2 HrER AL Itk Table 3-2 Z[9E27] Case 1~3 (Table 1 750 o
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st 771A] HAk St ol &5 A-8sted Ex]at
11 9Jct. T3 Table 4+= Table 33} L5t 2|5t

242

Z 7o

At

C=10m ¥ C=20m¢! ol A H FAAIUS Hol
| Case 4~6%1 73-¢-o|ct.

Table 3. Backfill injection pressure according to ground cover (case 1~3)

Backfill injection pressure (kPa)
Model Case | Case 2 Case 3

C=10m C=20m C=10m C=20m C=10m C=20m
Gatti and Cassani 266.05 366.07 303.24 417.24 342.35 471.05
Peila 133.25 141.50 142.50 155.00 153.00 173.75
Ramirez 137.36 150.98 152.63 173.25 169.95 204.19
CV 233.25 241.50 242.50 255.00 253.00 273.75
Wittke 190.00 380.00 190.00 380.00 190.00 380.00
Biosca 265.00 455.00 265.00 455.00 265.00 455.00
Mollon 228.00 456.00 228.00 456.00 228.00 456.00
Table 4. Backfill injection pressure according to ground cover (case 4~6)

Backfill injection pressure (kPa)
Model Case 4 Case 5 Case 6

C=10m C=20m C=10m C=20m C=10m C=20m
Gatti and Cassani 740.03 892.67 759.60 919.60 780.18 947.92
Peila 711.00 815.50 712.25 818.50 714.00 823.50
Ramirez 1090.65 1263.08 1092.71 1268.03 1095.60 1276.28
(OAY 811.00 915.50 812.25 918.50 814.00 923.50
Wittke 700.00 900.00 700.00 900.00 700.00 900.00
Biosca 775.00 975.00 775.00 975.00 775.00 975.00
Mollon 840.00 1080.00 840.00 1080.00 840.00 1080.00

SX3} 2719 Case 19] ¢, EX17} 10 mollA] 20 m= F7FoFA 9Fgete]] 2R AP 9] Gatti and
Cassani 22 37.59%, Peila - 6.19%, Ramirez Z&-29.91%, C.V &S 3.54% Z7}511, 2330
AR AgH ©] Wittke 2T Mollon -2 100%, Biosca E-271.70% Z7Rich RE Relof ] Exl1
7} Z71gh)| ket FHAledo] sk, A Exla1rt 21H A 0 2 J9RS- 1) 2] = Gatti and Cassani 22!
2 GHo] ZARM AP Wi S0l A 0 2 B8 wizdshA| ¥kgste] 11 F7t HlEo] e el Bl wsHe]
<o o &3 7K

E1117}20 mollA 30 mE 57 oFA 9Fgetoll AR AP ©] Gatti and Cassani -2 27.32%, Peila &

92 2.30%, Ramirez H-23.55%, C.V -2 1.35% F76kal, 4232 of| A% APguld o wittke &2
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3+ Mollon 222 50%, Biosca 22 41.76% 5713ttt o= ET|117F 0 mofA] 20 m2 F7 S w et v] 5]
= o, FAzetol S7RRIthe A2 HlsssiA Rt 11 S7Fgo] A2 0 &2 2o} Exi10] ko] A2 os &
o] == AL BRI 4= Qlrt. 0] & 54l Case 19A4E Ex|a7} S71stol et AH == FAka o] S7tek=
73S Holu, 97 =ol o] Efaoi= FAle ] S0l sk s & 4 ‘E} Ol—t— £33} 7
A0} o} 2|7 O] ILE Casel| A Case 13} -FARRE H3RS SR18 4= Qlrt. 5] uFy<]
ZOllA, Peila EH', Ramirez 2, C.V RE2 A== ‘%‘%‘%}01 Em]ae] Blgekx ‘Elﬂ Rk EHJJ_EE} =

EI:

N

5.zl Helto| ufE A& Y TS

2 oM ol 7 B 2 t=7] AP SRS pIohAol A-85te, 7t R = th2A 4P
H FA=et gEe] = TBM ' 2310 T 2|37 2 HHERsK 2[5 A5)ofl oA BA FF= A= A& A
SHLE. o] 5 $oked AHkAsA T2 T3] © 8 MIDAS GTS NXS 44513t 3241 0 2 1= TBM O] Bl
=22t 2 B3t fARSH RElEsto] A THE ol 29 2 I12R-E Aot IS shAa AN = 285kt

_
-

5.1 3212 H= TBM (oA 2H

Z2)ede ot 7\]‘?}% «3. 714} 2Jakz7] AR oA A A|akz 71 A skt = Flsh AEto 2 =
40 m, Bl'd 22PYF Aol 90 m, E2F274 8.3 m, A 1.5 m, 2|3 Ex|il= 3714 = Lol BiE A
25E] 10~30 mZ 22 59t Al IHE ol Fle FAke J2k8 £k 24230 em 2 20 eme|t
oL AJE O] 7 HEHTE O =HE 50 m Aol 918 REFSIAM: Fig. 2= E¥A7}F20 mY o] 4|5
A mElgolct, TBM 22} Zo] Waolld 57 21791 22} A2 0 25 45 m ol 2| doflAle] 22
of mhg A7 ES 24T

Fig. 2. Numerical modelling
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7} Case™d Z|eH2AL oA AXI G Table 1 B8R 2 Aol A T2R0E 28} 72 o) 9eAE
2 A=, o]2 Sfel] Lovera (2010)7F QiHAQ) mEERE Z¢lA10] €4 Ao} Zolbu]E 4] 5
Qlzko] Aalo wat Tk EAe] 247 WS ES AT ATHE 8ok, T B el A THE
o], 4= Te)3 ﬂi}%ﬁl of w2 S Aol 248 TS Table 59} o] A4t 2)gk ML Mohr-
Coulomb B9& #8597, 4= % Tk 2= Elastic RHE 283190}, HAhAR: A8} 78S 158
2 Lo} 4114 24 wiske wAIsich

]

=

Table 5. Input data for numerical analysis

Model Element Elastz;/[r;:)d ulus Poisson’s ratio U?lltl\m:%ht
Ground M-C model Solid 50 0.30 ;z g:;"ﬁg;’d)
Shield Elastic Shell 250,000 0.30 78
Segment Elastic Solid 21,000 0.20 24
Grout hardening step 1 Elastic Solid 8 0.49 22.5
Grout hardening step 2 Elastic Solid 50 0.49 -
Grout hardening step 3 Elastic Solid 1000 0.47 -
Grout hardening step 4 Elastic Solid 2000 0.43
Grout hardening step 5 Elastic Solid 8000 0.30 -

B2 eAo] 2 42|52 el 91 ALSRA shS A etalct. B B3 A ahgere 371 9]
Aol 2242 0 2 2h gt 1 712 AE 247} BAsEo] AE M E3)0] 815 A7, 257 At
23k SA] AHE elolido] AT FALA F AN FAgo] Aol AFgel QurHel e

TBM 271 &A= B Sioirt. 2282 1% 7159 1.5 m A g

5.2 $X[3A0l HB5Hs U U FIS LAY

|8l o] 28317] S15H Bl 2 FIAL RS Case 1-691] thsled 217 AFsl et A g ek 1a 77}
A e A8, BPIehe AET 471 AFEIS 217 AR 5 A gl A upeke 2t
8510} 112 671 Caseol 1] G Sashglon, 2 d=Rol i TR 2 Case 29} Case 591 TigH
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Table 6. Face and backfill pressure for numerical analysis (case 2)

Ground cover Cover=10m Cover =20 m Cover =30 m
Face pressure (kPa) Max Min Max Min Max Min
92 39 106 58 110 69
Backfill injection pressure (kPa)
Gatti and Cassani 161.31 161.31 275.00 275.00 389.31 389.31
Peila 142.00 89.00 156.00 108.00 160.00 119.00
Ramirez 151.80 64.35 175.00 96.00 174.90 113.85
CV 242.00 189.00 256.00 208.00 260.00 219.00
Mollon 228.00 228.00 456.00 456.00 684.00 684.00
Wittke 190.00 190.00 380.00 380.00 570.00 570.00
Biosca 256.00 256.00 455.00 455.00 645.00 645.00

Table 7. Face and backfill pressure for numerical analysis (case 5)

Ground cover Cover=10m Cover =20 m Cover =30 m
Face pressure (kPa) Max Min Max Min Max Min
673 619 772 729 874 835
Backfill injection pressure (kPa)

Gatti and Cassani 684.90 684.90 845.00 845.00 1004.90 1004.90
Peila 723.00 669.00 822.00 779.00 924.00 885.00
Ramirez 1110.45 1021.35 1274.00 1203.00 1442.10 1377.75
CcCVv 823.00 769.00 922.00 879.00 1024.00 985.00
Mollon 840.00 840.00 1080.00 1080.00 1320.00 1320.00
Wittke 700.00 700.00 900.00 900.00 1100.00 1100.00
Biosca 775.00 775.00 975.00 975.00 1175.00 1175.00

5.3 F2atA Zat 2 24

T TBM =% 2poflx] Agsk= 2|3 W 20 s}k 749
*ﬂ—‘?‘—@gi% 7 7ga Wk 7 2700 wheE o] 9 2| A
Ark Fig. 32 €= TBM HY 22} A, €= TBM =71
K212 FA 47 x]o|H TS 7IEo =2 Aur A W] A
A FF1S BEo|| A BHsH= H5lel A7) Asle st B =
A Al o] et A =of ot Hsldo] sl 7%%@‘?3, 27 5 At o] e EE3s

o] %
ufe] alat 2% Yatee] Aol S Hlmgho 2A FAkg o] gk meld 4 ik
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T ahead of the face passage g?guting settlement
e
Settlement
. 25-30% 25-30% ca. 40% < 5%
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shield tunnel lining

5.3.1 A F A5 At
(1) Case 2]
Table 82 =2} Z]4t

e

Fig. 3. Settlement causes during shield TBM tunnelling

Z o)A Exal Hste]|
Z70] Case 20]11
Z| 4 2Rt T1e]ar FAR
LTS wj 2] X5k (Face in Table 8)1 5
Holuf XA uPgetolutel mbA &, 218 uPgetell mebA = Gl == okl Afol=
ofofl whE ko] Atol= vl A 2HA| etk

=
ol pEIES 717t A 85

BHg Ak

—1 0

hest R AR P

H E1]3(ground cover)”t ZF2}F 10 m, 20 m, 30 m & o, Z|of -
2= TBM ‘1%} Hol =l

st wiel A| sk =%
%15k (Final in Table 8))-= LYERHLL 2

Table 8. Ground settlement according to face and backfill pressure (case 2)

oJT}. Hx

_]J. _L]\:H U]-XP

A ‘/}E‘r‘;ki‘%, 28

Ground cover Cover=10m Cover =20 m Cover =30 m
Face pressure Max Min Max ‘ Min Max Min
Ground settlement (mm)
Face | Final | Face | Final | Face | Final | Face | Final | Face | Final | Face | Final
Gatti and Cassani 0.77 | 2.87 | 279 | 489 | 4.68 | 921 | 7.02 | 11.74 | 6.29 | 11.72 | 7.75 | 13.55
Peila 0.77 | 2.89 | 2.80 | 496 | 4.70 | 927 | 7.05 | 11.83 | 6.34 | 11.82 | 7.81 | 13.68
Ramirez 0.77 | 2.88 | 2.80 | 498 | 470 | 926 | 7.06 | 11.84 | 6.33 | 11.82 | 7.81 | 13.68
CV 0.75 | 279 | 279 | 486 | 4.68 | 922 | 7.04 | 11.78 | 6.32 | 11.78 | 7.79 | 13.63
Mollon 076 | 2.80 | 2.78 | 4.82 | 464 | 9.12 | 6.99 | 11.65| 6.24 | 11.59 | 7.70 | 13.42
Wittke 0.76 | 2.84 | 2.79 | 486 | 4.66 | 9.16 | 7.00 | 11.69 | 6.26 | 11.64 | 7.72 | 13.47
Biosca 0.75 | 277 | 278 | 478 | 4.64 | 9.12 | 699 | 11.65| 6.24 | 11.61 | 7.71 | 13.44
Average 0.76 | 2.83 | 2.79 | 488 | 4.67 | 920 | 7.02 | 11.74 | 6.29 | 11.71 | 7.75 | 13.55
Settlement by 2.07 2.09 4.52 4.72 5.42 5.80
back pressure (73.16%) (42.89%) (49.17%) (40.20%) (46.30%) (42.79%)
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AR SA] = v wolHH, Exjarrh 10 mE w, Fo] wPEeRE A8k 7Y 2 AR Q] Biosca 2E
(FIA=St =256 kPa)2 2855 1| o] T2 —4 g Hokg=22.02 mm, 71 22 FAH294 < Peila E(FIAY
2% = 142 kPa)S 283 wjo] FlAeoll ofgh Hol2 2.12 mmolch. 4 vetS A8 e =P &
FA=S <] Biosca HE(FIAZSY = 256 kPa)= 218312 wlo] Fxfzoll oI5t ek 2.00 mm, 7Fd 22 H
A& Ramirez RHA(FAZY = 64.35 kPa) S 282 w o] FAaoll ofet st 2.18 mmeo|th. 2= 4t
gﬂ_i B, 2o 2eke Zﬂ B o FAA= Wkl viRt Zskd=20.00070 mm/kPa, 4> TP A
832 1= 0.00073 mnvkPaoleh, 22 HH O & B V720 m, 30 mOM TS o, ZH2E 2o ugele A8
3= ™ 0.00030 mmv/kPa, 0.00025 mm/kPa, 4> 2FAS 21-8-315  0.00033 mm/kPa, 0.00026 mm/kPac|
o} Eart S7hekes 2| m3dstol theh Faeee] ke %01 S0, B Z-5ollA] J o) wPdele 283
wiE T X4 vPRRE A8 wl FiRe o] Gkl 2 Ae gl 4 qlrk

0

Ol

(2) Case 5] 27104 Ex] 11 Hslof| w2 FA2<Qt dld 2| m3s) Ry

Table 9+= Table 82t 5U5HA| A 233 sFgo|L, T 2|RF 7o) 3} 27191 Case 591 7490t &
323} 22191 Case 2 (Table 8)2} HI W o H QS w, 9o v tat Falz et AFgell tiFi-2 2HA|517] ezl
-8 e 9 FAa o] kol ddid o= 2t

Table 9. Ground settlement according to face and backfill pressure (case 5)

Ground cover Cover=10m Cover =20 m Cover =30 m
Face pressure Max Min Max ‘ Min Max Min
Ground settlement (mm)
Face | Final | Face | Final | Face | Final | Face | Final | Face | Final | Face | Final
Gatti and Cassani 7.00 | 20.83 | 7.28 |21.08 | 5.58 | 16.10 | 5.76 | 16.31 | 428 | 11.76 | 4.41 | 11.93
Peila 6.99 | 20.79 | 7.28 | 21.10 | 5.58 | 16.11 | 5.77 | 16.34 | 429 | 11.80 | 443 | 11.98
Ramirez 6.94 | 2042 | 7.24 |20.76 | 5.50 | 1590 | 5.69 | 16.13 | 4.19 | 11.58 | 434 | 11.77
CV 6.98 | 20.69 | 7.27 |20.99 | 5.56 | 16.06 | 5.75 | 1629 | 427 | 11.75 | 441 | 11.94
Mollon 6.98 | 20.69 | 7.26 |20.94 | 5.53 | 1599 | 5.71 | 16.19 | 422 | 11.63 | 435 | 11.80
Wittke 6.99 | 20.81 | 7.28 | 21.07 | 5.57 | 16.08 | 5.75 | 16.28 | 4.26 | 11.72 | 439 | 11.89
Biosca 6.98 | 20.69 | 7.27 |20.99 | 5.55 | 16.04 | 5.73 | 16.24 | 425 | 11.69 | 438 | 11.86
Average 6.98 | 20.70 | 7.27 |20.99 | 5.56 | 16.04 | 5.74 | 16.25 | 4.25 | 11.70 | 439 | 11.88
Settlement by 13.72 13.72 10.48 10.52 7.45 5.80
back pressure (66.29%) (65.37%) (65.37%) (64.71%) (63.68%) (42.79%)

AR SR 2 v s HH, Ex17F 10 mY wf, Fof 2Pete A-8ota 71 2 A Ramirez 2
(A2t = 1110.45 kPa)S 28502 wf o] Faflgof| 2Jgt ot 13.48 mm, 7Y 22 F21-221<] Wittke &L
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(ALY =700 kPa) 21§32 whe] TGl olet FotaRe 13.82 mmoleh. H4: Bk S

71 2 Ha29te] Ramirez RE(FA1-&Y = 1021.35 kPa)S A-83S wjo] Fafol o5t Mok 13.52
mm, 7P 2R F71291e] Wittke R = 700 kPa)S -85S W] Fj2j&of| o5t H5FES 13.79

mmolek, 2] BPYRRE 2 §3e vl Ak atol that FokEe 000083 mm/kPa, A IHIE X8RS

=
0.00029 mm/kPa, 0.00013 mmvkPa, X[4> 92 2-8-312 1l 0.00022 mm/kPa, 0.00024 mm/kPa°]tt. =
S 2 7R 2 B 117} mobdag 2|3 sto] gt Faeete] Gk Eolte A o= et 11
2 33} 2o ek= thEA| 3} 20 = Q5] XA uPdels 2890S o Bt 2ol 1S A8
e wf vlasAUmE T FRke] o 2 A o2 SRl k.

5.3.2 DSt

(1) Case 29] 7ol En]1 ¥sto] whg Faf2et el Hde=]st

Table 10-2 22+ 2|8t Z710] Case 20|11 B9 A E11] 7(ground cover)7F 2F2F 10 m, 20 m, 30 m & o], X
o - 24 2P T1e] 1 FARST RS 22t A8510kE wo] AlstHER T AT wPgHe] BEHol
LI5S o] A5l Face in Table 10)2} & 261K Final in Table 10))2 YERN 1 Qict. B4 At Aot 7
2 AA|A o= E3rot 270004 0] 2|3 Z]SKTable 8) Y} -FAKSHH.

Table 10. Crown settlement according to face and backfill pressure (case 2)

Ground cover Cover=10m Cover =20 m Cover =30 m
Face pressure Max Min Max ‘ Min Max Min
Ground settlement (mm)
Face | Final | Face | Final | Face | Final | Face | Final | Face | Final | Face | Final
Gatti and Cassani 1.62 | 545 | 573 | 8.62 | 12.6 |2592|20.97 | 3026 | 1.62 | 545 | 5.73 | 8.62
Peila 1.63 | 549 | 573 | 878 | 12.6 |25.95|20.97 | 30.33 | 1.63 | 549 | 5.73 | 8.78
Ramirez 1.62 | 547 | 573 | 883 | 12.6 |25.95|20.97 |30.34 | 1.62 | 547 | 5.73 | 8.83
CV 1.62 | 527 | 573 | 856 | 12.6 |25.92|20.97 | 30.29 | 1.62 | 5.27 | 5.73 | 8.56
Mollon 1.62 | 530 | 573 | 848 | 12.6 | 25.87 | 20.98 | 30.20 | 1.62 | 5.30 | 5.73 | 8.48
Wittke 1.62 | 538 | 573 | 856 | 12.6 | 25.89|20.98 | 30.23 | 1.62 | 5.38 | 5.73 | 8.56
Biosca 1.62 | 522 | 573 | 840 | 12.6 |25.87 |20.98 | 30.20 | 1.62 | 522 | 5.73 | 8.40
Average 1.62 | 537 | 573 | 8.61 | 12.6 | 2591 |20.97 | 3026 | 1.62 | 5.37 | 5.73 | 8.61
Settlement by 3.75 2.88 13.31 9.29 17.54 13.22
back pressure (69.81%) (33.41%) (51.37%) (30.70%) (41.29%) (28.70%)

282 Journal of Korean Tunnelling and Underground Space Association



Evaluation of the backfill injection pressure and its effect on ground settlement for shield TBM using numerical analysis

Q) 522 Bl R B2} 10 m v, 2o 2ok 2 89S vl FAkg et el vhet Wstere
0.00158 mm/kPa, J—]ﬁ\_ ]'OJ 2890S w+=0.00183 mm/kPa©]tt. P%Ho

rel2 S0 U B8 ohiich a&%%% B A

Table 11- Table 107} -5L5HA AP ek Zslegout, ©h] 2|9k %
VA A3}, A2 Q) e BES] Z7(Table 10)2] A|3E 5T AT -FABHACE

AeFAQl 42| 2 H| ol R H Elﬂu} 10 m o, X[} BFgRlE 4830 o) FAHSY Bitol] thet Hohg
0.00197 mmv/kPa, |4 2FRS 28308 W= 0.00118 mm/kPao|th. 2= H © 2 20 m, 30 mollA F3-&
o, ZFz} Zof] ufele A ﬂ% m 0.00027 mm/kPa, 0.00007 mm/kPa, F|4- 2FAQRS 2-8-90-8- 1| 0.00134
mm/kPa, 0.00117 mm/kPa®|ch. s} iZﬂOﬂAM At Moot niztriz] 2 2| 3 Zstet vl 5ke o, F2d
O] FFZ AAH o & AR X4 2PRkE 21830 wiH o 2o 2P 283wl FAlee] dFe] 2
Z& ERlsknk o= 1ol meE Ayl P@”Ol P etell wheh AR A X BHETE Aol A FRf:
o] Fafo| S RtgH o= 7RIt A o = weke

m{o
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Table 11. Crown settlement according to face and backfill pressure (case 5)

Ground Cover Cover=10m Cover =20 m Cover =30 m
Face Pressure Max Min Max ‘ Min Max Min
Ground settlement (mm)
Face | Final | Face | Final | Face | Final | Face | Final | Face | Final | Face | Final
Gatti and Cassani 9.30 | 30.61 | 9.95 | 31.19 | 9.63 | 42.06 | 10.29 | 42.75 | 9.30 | 30.61 | 9.95 | 31.19
Peila 929 [30.53 | 9.95 | 31.23 | 9.63 | 42.07 | 10.29 | 42.77 | 9.29 | 30.53 | 9.95 | 31.23
Ramirez 925 [29.72 | 991 |30.49 | 9.60 | 41.92 | 10.26 | 42.64 | 9.25 | 29.72 | 9.91 | 30.49
Ccv 9.28 | 30.31 | 9.94 | 31.01 | 9.62 |42.03 | 10.28 | 42.74 | 9.28 | 30.31 | 9.94 | 31.01
Mollon 9.28 [30.31 | 993 |30.89 | 9.61 |41.98 | 10.27 | 42.67 | 9.28 | 30.31 | 9.93 | 30.89
Wittke 9.30 | 30.58 | 9.95 | 31.16 | 9.62 | 42.04 | 10.28 | 42.73 | 9.30 | 30.58 | 9.95 | 31.16
Biosca 9.29 | 30.42 | 9.94 | 31.01 | 9.62 | 42.01 | 10.28 | 42.71 | 9.29 | 30.42 | 9.94 | 31.01
Average 9.28 | 30.35| 9.94 | 31.00 | 9.62 | 42.01 | 10.28 | 42.72 | 9.28 | 30.35 | 9.94 | 31.00
Settlement by 21.07 21.06 32.40 32.44 35.73 35.77
back pressure (69.41%) (67.94%) (77.11%) (75.94%) (77.28%) (76.34%)
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