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Abstract: Lacustrine sedimentary soft soil distributes widely in Kunming area, and its engineering
properties are extremely special. In this site, the risk of shield construction is very high, which is easy
to cause instability of the shield end and the disaster of water and sand gushing. Therefore, it has be-
come an urgent problem to explore the key control measures for the construction of the shield end in
soft soil sites. An empirical analysis method is used to analyze the end reinforcement process, and the
orthogonal test is introduced to explore the reinforcement range, so as to obtain an applicable optimal
calculation model. Therefore, the application suggestions of each process, the ranking of sensitivity of
end stability and the theoretical solution of reinforcement range are given. In view of the great risk of
water and sand gushing in the existing portal water sealing and stop system, a new permanent water
sealing and stop system is proposed in this paper. This system consists of three sealing components
and two active measures. The research conclusion and water stop system are applied to the end of Hui-

bao section of Kunming Metro Line 5. Midas Gts and logarithmic spiral sliding calculation model are

» UFS HEA:2021-11-03;1& | B 85 : 2022-03-20
HEETB: /A A0 LRI E(2018BC008) ¥ Bl
EHZER A BLkIF(1964—), &, #F% , Ht. EENFAE LS5 T TR . Emailrryy64@163. com

807



used to simulate and calculate the stability of the end soil. Calculated displacement contour and safety

factors are consistent with the field measurement, achieving a unification of end reinforcement theoreti-

cal solution and engineering solution. From the construction site, the application effect of the new wa-

ter stop system is very ideal, which effectively ensures the safety of shield entering and leaving the tun-

nel, and can provide a reference for the design and construction of similar shield projects.

Keywords: tunnel engineering; lacustrine sedimentary soft soil; shield method; end reinforcement;

tunnel portal water stop; numerical simulation
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Table 3 Range analysis results of each factor

HE  /kPa  ¢/(") H/m  ¢/MPa  t¢/m
R, 0.199 0.207 1.628 0.866 3.115
R, 0.176 0.101 0.663 0.564 1.170
R, 0.273 0.612 1.118 0.325 0.869
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Fig.6 Schematic diagram of engineering geology at the end
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Table 4 Calculation parameters of each soil layer

y/ ¢/ o/ Es/
EN=r 1S . . ) e w/%

(kNem *) kPa () MPa
1(2) &+ 18 0 10 1.2 0.8 45
(3)3-3 83 )5

18.9 19 7.9 318 1.21 43.2
Bt
(6)4-3#8> 193 157 29.2 814 0.63 245
(4)1-39e 5

10.5 12.3 1.7 423 5.16 226.9
5+
(2)3-3 83 5

16.5 233 2.7 418 1.96 70.1
Bt
(2)2-2 %

11.8 257 2.3 1.17 3.42 1475
i+

(2)4-3 %3 % 18.8 14.7 23.7 853 0.73 25.93
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421 BRI E
it Sk T 20 R T RS B TR (R B
B2 AR I EE AT IE . o LR
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i S N T SR = R 2 R E e R 5 M A+
JE SR K, TE R A W 9 m, A A 3 m,
STt AE = Bl A T X 5 R A I [E4A 5 Hb i 5 (]
HEBR DL R BEWE T2 o 58 =F A 82 0 3k 9 1)
S99 m i AR AN 2.5 m, i E T2 R =
TR B FEAE + = R e MEAE . Al R )2 B P A AR
800 mm, K I 48t 25% , /K JK kb 1: 1.5, 52 W0 Jinn & 44
28 d 1y ¢,=0.95 MPa, fm J& € Bi #F #F 42 850 mm,
K2 11, #HK E 250 mm. KT H
TR A 7 AR B e M B R AR T R AR 1R & A
B, I8 H Midas Gts #E47 BUE AL, DL 56 3E %)
BB W B R AR AR R (IS M, SR TR S
ARSI g — .
422 kit H

(D&EERLIEE - HE6 . FKATH, o =292,
H=15.54 m,D=6.2 m,t=9 m, e=3 m, | ] Mat-
lab Z P2 1% #8741 (7)~(9), WA IH KN a=
45°, R, =18 m, 3=35", % I 4~ il % X, , i% 25 [R
107, AR K E AW, 1S «a=5379, R, =
17.07 m, p=0", ¥ HAQ AKX (10)~(20), 7] 15
W I R M, =27 479.25 kKNem, JL 8 S5 K .
My=41 547.91 kNem , | K~1.51>1.3,% 4.

(2)FFEMNFEI: =25, H=10.24 m, D=
6.2m,t=9 m,e=2.5m. #HIy R A4WEAbE
N a=45", R, =12 m, f=15", fit 1% a=52.08°,
R,=15.79 m, 8=15.29", ¥ Jr 43 JLfal B {6 18 A 5
(10)~(20) A7 15 T ¥ J1 9K : M,=30 687.09 kN*m,
P MR My=40 617.48 kNem, ] K~1.32>
1.3,% 4,
423 HAELAEM

X} Uk % 5 0 3k SR H Midas Gts #5475 A
U, 8 R R R 55 1 )2 S5 e A an 51 7 i .
Hor AR R R 50 <50 m, 2R I EE R -2 A B Y 43
Mo Hb 3% 355 R FH SR AR R | BRI i E=30 GPa,
I y=25 kN/m’, JAFA Fb v=0.2. M1 7 2% g B
20 kPa. N A 5 0 7 29 1R R A MAS A2
AL RS 0 0 OC Z T 2E B R S BT I A AR
24 500 4> o I FE AR S 80 O A BE g AR T AR
JE & E, B 120g,=114 MPa, % B 11 L 0.2¢g,=
190 kPa, PN JBE 82 ff B 257 A5 KU T 453 7% = [ K Aor
FE AR HL A& 8 T /i .
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Fig.7 Midas calculation models of soil at the end
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Fig.8 Contour map of soil displacement at the rear end of re-

inforcement

4.3 SRAMNFEHIEKZHR

SR 2 5 IXC ) i Sk 4 k5 4SO T AR 1] 4
EF 1R IK R GER A SCHR B T &R 48, it T3 3%
JE R HLIE TR 98 KR A T 1198 K 32 BRI T
i Sk o I8 A5 e 3 358 1) /N SE B R TG T R A
Hh 0 T T DR A T KT R B XUBS 0N o i A R
W 9 B o Wil T B3 0k B AS SO B
R A NE B B 1K RGN B WA DT AR 4K L 7 4t
HAT v 00 385 I, AT AT 0 DRSIE A4 o 3 22 4
RORAR H HLAE

815



KO JE A HLE R 337 151
Fig.9 Photos of shield machine out of the tunnel
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