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Fig. 1 Layout of monitoring points
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Fig.2 Cutaway view of the finite element calculation model
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Tab. 1 Calculation parameters of the finite element model
- JEL R @@ wmE OPRVERTR MR KB
/m  FEk v Eyp/MPa ¢/(°) C/kPa
EHFEEL 3.0 5.3 19.8 4.9 16 25
BRI 4.5 9.5 17.4 5.1 19 26
FEHFEL 3.0 3.5 19.0 4.7 15 20
Py 49.5 19.8 . b 0
FAEKZE 0.2 2.0
fof 1) 0.35 ° 2.5
JE LS 7.0 200 000
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Tab.2 Factor levels for sensitivity analysis
HE  op Ep Ey Eim

kg kg gy
AFE /) /MPa /MPa /GPa

1 21.6 12 1.6 360 0.8 1.6 1.60

2 27.0 15 2.0 450 1.0 2.0 2.00

3 32.4 18 2.4 540 1.2 2.4 2.40
TE kg gy Kgp SRS HIR 10 " m/s,10
®3 EXRKBAER

Tab.3 Orthogonal test scheme

Um/s 10 ' m/s,

wx P Fo fegy Fix Ry Ewo Rt S e/ MM
/() /MPa /MPa /GPa
1 21.6 12 1. 60 360 0.8 1.6 1.60 17.134 2
2 21.6 15 2.00 450 1.0 2.0 2.00 15.918 8
3  21.6 18 2.40 540 1.2 2.4 2.40 15.168 9
4 27.0 12 1.60 450 1.0 2.4 2.40 5.972 8
5 27.0 15 2.00 540 1.2 1.6 1. 60 6.550 7
6 27,0 18 2.40 360 0.8 2.0 2.00 5.8701
7 32.4 12 2.00 360 1.2 2.0 2. 40 5.201 0
8 32.4 15 2. 40 450 0.8 2.4 1. 60 4,419 4
9 32.4 18 1. 60 540 1.0 1.6 2.00 6.253 5
10 21.6 12 2.40 540 1.0 2.0 1.60 15.890 3
11 21.6 15 1. 60 360 1.2 2.4 2.00 14.630 1
12 21.6 18 2.00 450 0.8 1.6 2.40 17,042 9
13 27.0 12 2.00 540 0.8 2.4 2.00 5.119 7
14 27.0 15 2. 40 360 1.0 1.6 2. 40 6.328 8
15 27.0 18 1.60 450 1.2 2.0 1. 60 6.695 5
16  32.4 12 2. 40 450 1.2 1.6 2.00 5.001 6
17 32.4 15 1. 60 540 0.8 2.0 2.40 5.903 6
18 32.4 18 2.00 360 1.0 2.4 1. 60 5.2711
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Tab.4 Results of range analysis

WEMT e Ey kg Eugr  fux Fye  fum
K, 6.8323 —0.0786 0.2998 —0.0593 0.1165 0.5868 0.1950
K, —3.0422 —0.1733 0.0522 0.0433 01407 01147 —0.3329

K, —3.7901 0.2518 —0.3520 0.0160 —0.2572 —0.7015 0.1378
R, 106225 04251 06518 01026 03979 12883 0.5279
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Fig. 3 Distribution of plastic zone and vertical

displacement of soil mass
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Tab.5 Parameter value range and parameter inversion results

i ep/O) Ey/MPa kg

HBE 3,

Eppy /MPa kipy Eqppy/GPa kg

TR 21.6 12 1.6 360 0.8 1.6 1.60
LR 32.4 18 2.4 540 1.2 2.4 2,40
HEREE 0001 0.0 0.01 10 0.0 0.0 0.0l
WHKE 13 10 7 7 6 7 7

LR 26,320 15,65  2.33 392 1.00 .98 2.10
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Fig.4 Midline point subsidence changes over time
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Fig. 5 Maximum surface subsidence and width of the

settling tank at different propulsion speeds
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Fig. 6 Maximum surface subsidence and width of settling

tank under different simultaneous grouting pressures

4.3 IR it S HX i 3R T bR RS E 43 AT
A B — 4 3E 2 B Hb 3R O R e A R
AR ZOR, RGBS . e AT

B R o M A S BT L AR S A BT
B E S, SRR T RILE 6, hk

6 AL FEAR S B9 SR W B 7 7
KA TIE S E‘Ji‘“bﬂ-%?ﬁfﬁﬁﬂﬂi‘ﬁ
S 75 AR 7 5% A a2 T R 9 L 3k B 3 I I



541 B4 10 ) 7 B A R 2 MO 2 B0k ' KD 2 R4 % R 3t 3% 019 ) 52 i + 153 -

xo6 SHEEAR

Tab. 6 Parameter adjustment scheme S Z 3Lk
A RGeS LY ES AR
BoRibeRt % LAERERE 2,25 m/dEFEENE HP 10m [1] FERIT.RER.GETFNE HEASLESH SR

S e FEIE 1 mm 3% 7 480 kPa, [7 5 %5 1K 1 4 % 630 kPa

S S 9 F BRI M R LR AP BT D). 8 TR AR

B85 380 kPa, 15 i 1 & 530 kPa 2018, 40(2): 270-277.
FoRUUHEE WM E L5 m/dE TR B E 40 0 1.9 m Pl o AL Y > M = S
Sm;)x FEA% 2 mm kPa. [l 5 B JE /195 F 590 kPa [2] g{/‘{qé 7}“@5@9%{&!%. )ﬁ*@%ﬁ?ﬁl&ﬁj‘iﬂg&ﬁ
RAVIRER BN 15w/ TR MR 510 (M2 m 75 A %ok b 3R OB Y URE AT ST ). AR B H R
i3 a, [ A5 W I % 2 ;
S ax FEAE 3 mm  kPa, [7] 3% i 1 J1 9 4 % 650 kPa 2019, 56(4): 127-134.
UIMEMISERE IR E 2.25 m/d S e FEAE 1.1 mm . ] )
WG 10 m [3] LIZ,LUO Z, XU C, et al. 3D fluid-solid full cou-
DIMEMTEE R LR BUE R 2.25 m/d EFHEESA S, FK0.84 mm pling numerical simulation of soil deformation in-

QWG L5 m R 550 kPa Rl BWE S E 750 kPa
FE AR EEREE L5 m/d, EFREEDH S, FIK0.44 mm

~ max

duced by shield tunnelling[J]. Tunnelling and un-

HEE 370 kPa. 714 i H S AL 2 520 kPa derground space technology,2019, 90: 174-182.

Tt ok P THRBEE 160 S B 254 (4] VLERF L ATIRRIL. UL % 3 I 4 0 X M 2% L B
Wi B 4 BT (T, BRI T2 2% 4. 2019, 36(3):
78-83.

5 #Hig (57 HRIE B R AR, N B M0 2 T 6
% T8 2 2 BOR b 3R T R AR A AT (T ). AR B TE

ARSI o XM DURE D W B R AR 2019CGH T 2); 379-385.

P LAk B 0 R, M SR DT M R I i R UCIE (6] momme fharae, IME R % T EM SRRk

TS e I “UTBEAE FERE ¢ IR 23105 JE A AR YR KR S e e M S ()], Gk

P S B0 B2 R, FE 426 R 3 AS B S 1 970N Bl 5 T4 ,2019, 16(10) . 2530-2537.

JE R HERE R BE SN A IR ST B AR Sovis D70 FUVEERAS B OR SF. RE GIL HLJ) 2845 45 K

E & KD 2 I R it T, M i s v A 2 B A1 R B AR YK E T U 5 N R R I WE g [T, UK B

P SROR PR 48 E 2 B0 G BT AT IR ,2020, 38(9): 184-187, 108.

Influence of Soil Parameters and Shield Operation Parameters on Surface

Settlement of Shield Tunnel in Water-rich Sand Layer
MA Zi-chang',ZHANG Ji-xun' ,REN Xu-hua',ZHANG Yu-xian', WANG Chang-sheng’ ,
ZHAO Liang®,ZHU Dai-fu’, LU Jia-wei'
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;

2. Henan Province Xixiayuan Water Conservancy Project Water Conveyance and Irrigation District Engineering
Construction Administration, Zhengzhou 450000, China; 3. PowerChina Zhongnan Engineering Corporation
Limited, Changsha 410014, China; 4. Shanghai Municipal Engineering
Design Institute (Group) Corporation Limited, Shanghai 200092, China)

Abstract: There are some problems in construction, such as inaccurate material parameters and unclear influence of
shield operation parameters on ground settlement. Based on a water-rich sand layer shield construction diversion tunnel,
an orthogonal experiment is designed by setting the index of ground surface settlement, and a three-dimensional numerical
simulation is used to analyze sensitivity of different material’s parameter. Mechanical parameters of materials are inverted
according to the observed settlement. The subsidence lines under different excavation pressures, different synchronous
grouting pressures and different speeds of the shield are calculated. The result shows that the surface subsidence is most
sensitive to the change of internal friction angle of sand layer. Increasing the internal friction angle of the sand layer and
the elastic modulus of the lining will reduce the settlement. The speed of the shield has a great influence on the subsid-
ence. Increasing the speed of the shield, the maximum settlement of the surface settlement curve will increase. and the
width of the "settlement tank" will also increase. The maximum settlement and the width of "settlement tank" decrease
with the increase of excavation chamber pressure or synchronous grouting pressure.

Key words: tunnel shield in water rich sand layer; ground surface settlement; soil parameters; tunneling operation

parameters; parameter sensitivity analysis





