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Experimental study on the time-dependent evolution of shield tunneling
disturbance in soft soil deep strata using centrifuge
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Abstract: The soil arching caused.by,shieldvunnel excavation in deep soft soil layers is directly related to the tunnel depth and
creep characteristics of soft soil. “This/article simulates the entire process of excavation and long-term creep of a deep buried
shield tunnel in soft soil through centrifuge experiments, and obtains the temporal variation law of soil pressure values on the
excavation surface. This” experiment sets up multiple independent model tests to simulate two types of soil cover thickness
conditions: 4D burial depth and\6D burial depth. Based on the performance indicators of the centrifuge and the size limitations
of the model, the/grayity acceleration was selected as 50g, 70g, and 90g to correspond to the three situations of medium burial,
deep burial, and ultra deep burial in actual working conditions. In each experiment, two excavation modes, active unloading and
passive loading, wer¢ adopted. By comparing the effects of different burial depths and excavation methods on soil arch effect, a
total of 12 comparative experiments were conducted to analyze the changes in face pressure, soil arch generation, and
attenuation laws of shield tunneling. According to the experiment, when excavating in deep soft soil layers (= 4D) using
unloading excavation mode, the long-term soil pressure borne by the shield machine and pipe segments after 2 years of
excavation is reduced by about 20% compared to the static soil pressure; Adopting the excavation mode of adding soil pressure,
during the long-term creep process in the later stage, the passive
soil pressure borne by the tunnel segments gradually decreases, ESTH. il RIS Btk (240GR26)
and the long-term soil pressure maintained by the shield tunnel WFSEET: 2024-9-30
segments increases by about 20% compared to the static soil HBIEMEL: XIBHE (E-mail: liusj86@163.com)
pressure, which provides important time sensitive reference data

for shield tunneling excavation in deep soft soil formations.
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Table 1 Table of experimental scheme parameter setting
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Fig. 2 Shield tunneling model facade and palm face pressure

gauge model
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Fig. 3 Shield tunneling model production and waterproofing

device installation process
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Table 4 Soil stress at the center of shield tunnel face

JE AR 4D $RRTTHE 6D HERTFE

THZz77 X s % P T I A T
I 50g 70g 90g 50g 70g 90g 50g 70g 90g 50g  70g 90g
VIl /kPa 241 272 429 285 376 590 186 306 562 273 409 582

W PR N F1/kPa 335 595 575 215 268
W BR B 77 EG/% 139 21838 134 75.4 713
FR AR 7] /kPa 306 350 460 276 345
BRI E/ % 127 1287 1072 965 91.8

485 375 505 730 230 220 215
822 201.6 165 1299 842 538 36.9
610 222 410 590 241 312 488
103.4 119.4 134 105 883 763 83.8




6 # + I B % #® 2024 4
ARG E S M, 70g 15T R AN [H) 7
JELG, Frre AR 8 RPN e 22 R OR, B R wol LD, g, 04
b H/D=6 I it B2 i) = 3l b HE RN 32 52 BRI KR o 4D, 70g, 0.Amm/min
2400s (FTHA 1g EHIHFH 136.1 KD, i H/D=4 s00f 4 BER4D, 50, 04mmimin
Bt BRI KON 1800s (5N 1g AR }
1021 KD, SAREIELEY 1361 Rz 2 0
SLLBIY 30%, EELEL HD=6 MTHT, BE 2 | -
M 90g MERIFOEIFHAIKM K B L mAH TS T
2200s (HTE IR, A 1g TG I 216.8 2001
R, MEELER D=4 BTRT, F0E+E ol
BT EEBR A X - SR SR KA 1800s (3P T ]
B T /s (6000x90%s=1.5 4F)

N 1g EHTH 1613 K) o BT AMEJEM7ER I
THOLT, 7 XS T RN e RF LU S A RF I R 35
LONINEAIN

3 IR
3.1  fnfaritie o3 4h

TEEE—H BN ANRES RO 1 7 2k
AT 2, A R 2 R ) 7R EOALA
TSV T, R JE R TR AL [ i T,  FERT T TR
WeshHHEX . @ T R SR B AR D
B, 0T B T SZ ) e D93k AT S I I I R
He SR, AT 7 281 = B0 FAD A 285 1 R

B VRS e (B T LR A 26 RN w2, FEAR RS 1R e

HIFAZRE] ¢ SERCTIAR n?Xeso PRk, @it
PL 2 AT 5ES AN EE, AT R HK R R
IR . 7R L 6D Al 4D 451F N RHUNHE =
FINESE, 5RIA R LR L LR FER L R
TN, B 7 Fs.

600
500

400 -

300 - # = ——"r

o #&LJE4D, 90g, 0.4mm/min
° Z+JE4D, 70g, 0.4mm/min
4 HE+LJE4D, 50g, 0.4mm/min
0 2000 4000 6000
BfTE /s (6000x90%s=1.5 4F)

+ ) /kPa

200

(a) 4D ERBEHRETIBHHFIZAEFELENEZNRE
(a) The variation value of soil pressure on the front face of the

passive excavation of the 4D buried shield model cutterhead

(b) 4D IEREHIERLLETF Tem (D) MEBEWHTEHDTHE
(b) Passive soil pressure variation at 7cm (1D) above the 4D

butied shield tunnel model

o #+JE6D, 90g, 0.4mm/min
800 o Z+JE6D, 70g, 0.4mm/min
s fE1J)E6D, 50g, 0.4mm/min

6004

A KkPa

400

200 -

0 2000 4000 6000
W /s (6000x90%s=1.5 4E)

(c) 6D ERBHRETIBHAFIZHAEFELENENRE
(c) The variation value of soil pressure on the front face of the

passive excavation of the 6D buried shield model cutterhead

800 o /6D, 90g, 0.4mm/min
° f1JE6D, 70g, 0.4mm/min
4 E1JE6D, 50g, 0.4mm/min
600 r
[+
(=W
=
= o
]ﬁ400 -
H
200
Il Il Il Il

0 2000 4000 6000
I A /s (6000x90%s=1.5 4E)

(d) 6D EREMIER £ 7em (1D) LB+ EHTHIE
(d) Passive soil pressure variation at 7cm (1D) above the 6D

buried shield tunnel model

7 RIBEM T E ISR T T E SIRERT LA



%130

KB, S5 BCEIRER R G KT 20 B R A B oL SR F 7T 7

Fig. 7 The variation of passive earth pressure over time during
slow excavation of the cutterhead under deep burial conditions

AR 7 B LB, JERIn AT T2 SR T2
LRI, ZPIULT AN

FBrBe BRI B FEZPY BUR R ARAL T
SRVERTBG, AN D B AR 2 BB AR T M R
WK AR E S TR R BE B IE A R . T
BrBe: EHOERB. BEE LR, LR Rk
JIZEIERI IR IS, #eaib s #IEETE R, +
BT i, F=FrEe B#RER B 1ZHrE
M7 EAL T BB X ], SVE R N R
BAMRIRAS, B IR0 7 AR FF ARG HERE AL 1T
A, VAR B IRARRERT B A AR,
T HRRLE L, HENIFR B 2B B
ARAETFFZ AR P A 0 = RN L K

M 7 AT, R SRS SO B, RN
EH— Bl iR RN RKA AR RAREANE
R, S R AR B P AN . AR
AR ER B HZ , E RN R BT AL RO,
THYZT S s SRR AR I Ko P2 B R S8 s
TSR AL R SR H/D=4 150U, 1E
KR H/D=6 AT, SR SRS I rEiE
EEAZ TRl )N o

BEE g, PR R ST T AR IR A )
FEAGBERN o P HZAUAE, R A B R
WA TRGE . W T IR R R E S G
JEIRSEE b, RN ) 5 R R AR LI RAR,
P UAE RIS AT T, 7 0 RN 5 78
PRVR, [ It 75 22 R AN R R LR TR O

XFTHRE g . ARELEEW HD %44 T,
INAar T2 B 777 A A B o EASR el = s U 11 45
MBSO . T TAHREEARJE L. AR g (B
TR I A AN S AR B T A iR
RN G A B BRI . BRI, TR & # b
THZRT AR R B, AU HRE LR, [FR
7 R RN EN A BRSO AR B T A R
TEH

ARG HE TS, TR G HZ 4 B RN AR I AR B B
IR LU BB B R R T n . 7E 50g. 4D
BALRREFAT, LHRNAIIYER LEB Y 18%, T
£ 90g. 6D FELJEHKMT, HEIN 32%. KIs
RAEH], FERIEZAET, B PR FE I kS 151
LiiRYN Ry TR ER e 3 Ve dmn 22y VR £ o 7 i
I Y% S T i 8 K

e 1 JE H/D=4 YRR /BRI IL R, %
AR B AONAE FHEOR,  EIRER ) - HE08 Py

YEFF AL BB . IR AN [RIVR B A 5 £ 48
RO AR LG A1 A Bf i SR 1 B B 25 ik dle
3.2 EMfERIE AR

S AL Lo LA TR 5 RN 7 1) 5 3R AT 2 30
T2, WA B2 L . 2B AL
AT, JERRA B ET T2, B AT L AL,
FEJIEERT T I E S R $E X @i % 7 Al
T AT S B SR BB 5%, AT A B = 4t
RN FIAZAL o

e+ 6D A 4D ZAFT, SRHUANFE Jy &
S, AEUANFIE 7 B DS B R R S A T 1 30
TR, SRR RET8 R o

s -+ JE4D, 90g, 0.4mm/min
4001 | o % 1JE4D, 70g, 0.4mm/min
s F1JE4D, 50g, 0.4mm/min

1 1 i 1 i
0 2000 4000 6000 8000

A/
o s (8000x90%s=2 %)

(a) 4D IEREWRBETIBEEFHIZAAEFALENENRE
(a) The variation value of soil pressure on the front face of the

active excavation of the 4D buried shield model cutterhead

o ZE+JF4D, 90g, 0.4mm/min
600k o 1 JF4D, 70g, 0.4mm/min
& #A1JE4D, 50g, 0.4mm/min
< 500}
R L W .
4 400
H
3001
200
1 1 1
0 2000 4000 6000 8000
B /s (8000x90%=2 4F)

(b) ADIEREMAER EF5 7em (1D) LB EEHEEHTE
(b) Active soil pressure variation at 7cm (1D) above the 4D buried

shield tunnel model
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(c) 6D IEREMRETBERMAEFELENTLE
(c) The variation value of soil pressure on the front face of the

active excavation of the 6D buried shield model cutterhead
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(d) 6D EREMIER L5 7om (INALBEZNTFEHTWE
(d) Active soil pressure variatiof at’7em (1D) above the 6D buried

shieldtunnehmodel

& 8 RIEFMTI ISR E FH DL ESREREELE
Fic.8 The variation of activessoil pressure on the palm surface over
time during slow unloading of the cutterhead under deep burial
conditions
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