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Numerical simulation and field verification of the soil disturbance caused
by shield tunneling in structural soft soil

GU Rong-huat, SHEN Zhuo-heng?, WANG Yi-jian®, GAO Fei!, BIAN Xue-cheng!*, CHEN Yun-min!
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2. China Hangzhou Urban Construction Assets Management Co., Ltd., Hangzhou 310012, Zhejiang, China;

3. Hangzhou Canal Comprehensive Protection and Development Construction Group Co., Ltd., Hangzhou 310016, Zhejiang, China)
Abstract: In order to study the influence of shield tunneling on soil disturbance, the Modified Structured Cam Clay Model
(MSCC) subroutine is compiled to establish the analysis model of shield tunneling in structural soft soil established in
Abaqus. A theoretical calculation method of soil disturbance degree is proposed based on structure strength in the
constitutive model. Taking the excavation process of shield tunnel from Qiuai station to the Wuxiang station in the second
stage of Ningbo Metro Line 1 as an example, the soil deformation, excess pore water pressure and soil disturbance degree are
analyzed. The results show that the accuracy of the predicted results can be improved by considering the soil structure.
Numerical results shows that the disturbance degree of the soil at the bottom of the tunnel has roughly triangular distribution,
with a maximum value of 31% and an influence range of 3.0 m, which is basically consistent with the evaluation results of
the static cone tip resistance disturbance. By analyzing the control parameters of shield construction, the support pressure has
a greater influence on the soil disturbance degree. When the support pressure is increased by 0.5 times, the soil disturbance
degree under the tunnel increases from 31% to 40% and the influence range increases from 3.0 mto 4.0 m.

Key words: soil structure; Modified Structured Cam Clay Model (MSCC); structure strength; shield tunneling; soil

disturbance degree
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Table 1 Soil strata and soil parameters

. - R OMERE WREE fKE LB 6o i{j/@y BB R RS,
H/m Gs ysal(KN-M3)  w/% Z¥ ke  kd(ms)
+E1 TV R+ 10 2.73 17.40 48.23 1.34 0.58 6.0x10° 4.9
)22 T B R 1 10 2.74 17.67 44.47 1.27 0.52 2.5%10° 7.3
+JZ3 Ft 30 2.73 18.80 34.60 1.00 0.47 8.1x10° 1.8
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Table 2 Constitutive model parameters of Ningbo soft clay

FARY 4 Y K €o b Aei M Pro/kPa Py.i/kPa G/kPa & W
+21 0138 0027 134 060 055  1.03 20 41 1800 12 12
+Z2 0147 0033 127 075 062 098 18 102 2700 10 07
+Z3 0.101 0012  1.00 — — 1.20 — — 5500 — 20

*x3 WL GEREREGNSE
Table 3 Lining, grouting and shield machine parameters

praR rm o TR PR
JE AL 0.10 180 0.3 2.10x108
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HRE 0.19 20 0.3 2.00x103
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RBLII53 T, B TS e ) R E R e 1 HUE
43924 100 kPa £ 120 kPa.
23 BRBEEREMRERITEL ST
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Fig. 5 Measured and computed surface settlement
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(2) FLRRKIE T

B 7 e BT JE R RS T 5 R R AR AT, A
eI b FL B 70 AR A 2 S IS A it L5
R R I I A s D W T A B 2 AL,
T I 2 2 LA IR AR R SRt Lk A LR K
Mtk . PR EXL-1. EX2-1 5 EX2-2 i E L
MG R AT IR A5 R 7, b JE R ey
TR I B 3 M D W TR PR R RS, AU R
7N JE R ATL T AR 28] 324 S 0 e

M 7 T UL Y, FEE R B AR b LR S
K, BEEJEMHL T S LR BN B E . AR
JeiHS T, BEEEMPEET NN, 5 MCC
RTHRE S AL, MSCC R LR K. T Xf
AN R A R RS B0] LS 73 AT RS2, 3 B D2 T
BT M 0] D T N 22 W T R L s 20 A D 8 2R AT
W ANFRBR T SEEE R ALK 8, MCC R 55 )k



38 Moo 4 B

202341 H

FUE B KAEALA 21 kPa, i MSCC A58 Hh 5 KA A
41 kPa, HFZmiyulE )™, SHI Z5B0 fE8f 5t 144
J 4 A 6 A it T s e e L i 7 () 2 i R o
SFPRARTLR L, BN i G FLRR A A A 4
P S NI B, FLBRALAR 75 B AR 2 B KR,
FHE AT Rt m i AR LR K. BN
MSCC R & T L ARG, 4 LA YI6
FRRAS 5 R4 SURIE K, BT UL K. i
WG] AL, AR S R P R AL 9 2 A A B () 5,
THE P25 FE R s b P BB 3 v T 45 SRR At 2k
M7 FTEUE R, A5G AL 21 e W i L
JE I T BRI B, 3 32 B R N JE R Ik 21
W T R PR R B T TP A D AR AT
gl LR FLUR R, Bl L RS A2 A —
ERZER, REBHFERLREFFERIE 5@
(RE0-SL, v SR R v SR AR B e gk JE ML AN e
JE BBl AR 2 Ty 2 B, BRI 20 g A F 2
SRR NS A ol L) [T A S B 6 o s e S S =1 )
LT, AR EZE R, 5 EU L
RGNS R 0H -2 ER.

~20 -10 0 10 20
J FHE B /m
(a) EX1-1 5

EX2
110r70m

| o - WM
100 (30,

%
£l
A
o
= A
90 s “fL‘A
LA

80 -

L% /kPa

10 20

-20 -10

0
JE MR B /m
(b) EX2-1. EX2-2 il 5
&7 BEREFEERESNSFLEKEDNTE

Fig. 7 Variation of pore water pressure at each measuring
point during shield tunneling
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