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Influence of control stability of construction parameters on
surface settlement induced by shield tunneling in soft soil
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(1a. School of Civil Engineering; 1b. State Key Laboratory of Water Resources Engineering and Management; lc. Key
Laboratory of Rock Mechanics in Hydraulic Structural Engineering of the Ministry of Education, Wuhan University, Wuhan
430072, P. R. China; 2. China Construction Fifth Engineering Division Co., Ltd., Changsha 410004, P. R. China)

Abstract: In the researches on surface settlement induced by shield tunneling, most of the construction
parameters are regarded as deterministic values, ignoring their variability during the control process. This paper
aims to investigate the relationship between the control stability of construction parameters control and the
surface settlement caused by shield tunneling. Based on the shield tunneling project of a certain section of
Wuhan Metro Line 12, a three-dimensional numerical model is established to simulate the whole process of
shield tunneling. The influence of the variation level of chamber earth pressure, over-excavation gap, and

grouting pressure on the surface settlement is investigated. An effort is also made to gain insight into the
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sensitivity and risk values of the variability of different construction parameters. The results show that the

control stability of construction parameters control during the shield tunneling process has a great influence on

the surface settlement, and the dispersion degree of surface settlement is positively correlated with the variation

level of construction parameters. Moreover, the uncertain surface settlement is affected by the control stability

of construction parameters within the primary impact area. The sensitivity of surface settlement to the variability

of chamber earth pressure and over-excavation gap is relatively high. According to the numerical analyses, the

control thresholds for the coefficients of variation of chamber earth pressure, over-excavation gap, and grouting

pressure were determined as 0.22, 0.14, and 0.35 respectively.

Keywords: soft soil; shield tunnel; construction parameters; variability; surface settlement
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Fig.1 Layout of monitoring points and simplified strati-graphic profile
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Fig.2 Shield tunneling parameter distribution
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Fig.3 Numerical model and mesh generation
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Table 1 Dimension parameters in model
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Table 2 Investigation parameters and constitutive model parameters for soil layer
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Table 3 Parameters for shield materials
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Fig.4 Schematic diagram of shield driving process and

tunneling parameter application

AT S 6T 3 32F 2 5078 S () ik Sk Bl LB 8L . v
+ 6 R T 5 R T B BE AL AT R AR e A
RSB HHE 25 1] B A8 S A o L A Ry TR M
R A2 (] B IR N TE 25 20 A HLAR 5 RN AR
E@%E@%ﬁ%ﬁﬁimﬁa%ﬁ IAH A5, A
1M 475 ] B A 72 S AT L ] BB T Y P AR
i Sl Ve eI

FI R b 3R T i %k Bk T AR R R AT AZ R 45 )
T A5 i, 2 350 9 %) 0 2 M 25 R AN PR AR S )
SERXT AN 5 BT R o B R G AR 5 I 45 SR Y
KM TR 2 51 9 10. 86 mm H19. 63 mm, i 25 ik
2 13. 1%, PR FH A 5 1 43 BT 7 1 A g o f 2
JE A 2ok i v b TR R B AR A . BT 5 (e) R
Bl 52 PR 45 S B K e DR 1% 95 %0 B[ IX ] i [ N
9.47 ~ 14. 86 mm, i I &5 A7 T % 53 A Y5 L X
N — R E S B LA B SRS R, ik
%%%ﬁ?ﬁ%%ﬁﬁﬁﬁﬁﬁ%%ﬁﬂ%ﬁ%

FH 5 ] SE e n] DUAE I SR L L T R i 0 2 500
f%m@ﬂﬂ%mvm%m%ﬁ

T I R A 2 7K ST B S /m 0.4 T
E/ X 3
TR 0 5 10 15 20 25 30 35 T ) s
0 20 30 40 5 ————— el I |
0 . . 03}k | / i
1 I 95% B 15
g O £ 0ol | - s
£ & = C A
% n ’Eﬁ I l X A
N S 1 1 N
#® H§ 0.1 | l Hi2k
i W R = Wi :
_s | WG Y —e— W4 |
Rl 13 — Wtk ol | e
Al s k45 ANH E M4 R 8 10 12 14 16 18
-20 -20 Fe KR TP /mm

Ca) I s o7 2 IO 1) A i 2
]

(b)) 4 00 T 3 = L e
B4 i 5] i 3R U P 45 R X b

(¢) B R MR ULRE S i 17 &

Fig.5 Comparison of surface settlement induced by shield tunneling



KR53

2 g

wmOP & L) % XX A&

FH L 5 AT AT, ff 1 b 2 70 R B T AN 1 2 45
021,296 SO0 a5, U6 B SR FH B 2 M 5 vk KA R AR
il T R G T % b 2 PR 7R AR 1 S X4 i A R
T TORE Y R MRS A A L 3 S B it T XU
PR GG 0 2 25 A T 5 00 R s e e L SR RS
E T 1R M o

2 EHSHPAERE MR IWS

R R FE N (7] ik 1 2 H00R 2 AR PR X H 3 T R
MR B 25 5 5 RO | AR SR AR S R B
B E S HOR R e R . BT LR TR G
mﬁﬁ%ﬁW%ﬁiﬁﬂkuﬂﬁmﬁ%ﬁﬁﬁ
TR S A 5 R B Cy(P) . Cy(g) . Cy(F) 43 51 R 0.1,
0&0&%&%9%%U?T%E@Imﬁﬁﬁm

L=24
J=

et B AL L3 B, 6 R S AT T SR 4y
WE , TR B 5 0 58 A0 45 7 2%, TA R 500
YOTH B R A T R TR, S I 500 IRAE A AN T
WWEORA =R & ¢S
2.1 TtEEHNARREMEMNZME
K64t T+ 625 RE CJ(P) 5l h
0. 1.0. 201 0. 3 B 35345 21 14 I £ b 2 I i 1) 722 iy
20 01 U T b 2 T A i 4R (S B i 2R L IF S AR e T
B M T A R (R a4 BEAT X H . NI R
ATULE M, Y O 7728 R/, M 3% TR
LA E P EM AL T . ME L GE
T3 75 SR 3 R, R P Bl R % v
B HORE B AR N S . R 6(b) ((d) (D Hr, W T
b 2 TR I 208 28 FEAS PR 3 — 30, HLUT R AS 58 2 T

L R — S RO KO (S L A S AR Ak, 3R PR A U R A 5 o S e T b 2
A8 UE S B O e . IR RN T 0L 4t Jo T 52 i 12k 2 B8 1k Y 5 e N
PR RE AR S % A8 A 2 7K T R 25 /m 039k 30E B R
o 10 20 30 40 50 0 5 1|0 1|5 QIO 25 30 35 o0 10 20 30 40 50
—4 —4
£ £ £
£ £ £
& -8t g & -8
=121 5 S-121
B B sE A R B2 5 B AR
16T — msetkas 1 -lef — et R 167 — msgtess ®
(a) Cy(P)=0.1 W bR TRFII AR ZE (b)) Cu(P)=0.1F Wi m s R UTIRINZE (o) Co(P)=0.2 I} Y b 3 3T F% i 2 1 28
BB i 4K B 9 m SR B 4K B B /m
0 5 10 15 20 25 30 35 10 20 30 40 50 0 5 10 15 20 25 30 35
N L T 0 - , . gk —
. . T4 .
£ £ £
¥ gt g 8r ¥ -8t
= = =
%—12 Hiﬂf—lz r %—12
AN TR EE R sk AN 2 155 R AN T A
—l6f — et R — etk R —16F — Wit R
(d) Cy(P)=0.20F (Wi m b R DL 28 (e) Cy(P)=0.3 i 1%y b & T e Bof e flly £k (1) Cy(P)=0.3 B (1) W i b 3 DT 8 i 28

6

AELTECENERRE TR MR T i 2
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Fig.7 Surface settlement curve under different coefficient of variation of the over-excavation gap
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Fig.8 Surface settlement curve under different coefficient of variation of the grouting pressure
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Fig.11 The frequency histogram of the maximum surface settlement under different cases
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g 8.70~15.59 0.34 0.86 68/1 500 5.41 4.63
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