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Method for analyzing seismic response of shield tunnel and its application
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Abstract: Seismic load can bring serious damage to shield tunnel. Reasonable seismic analysis of tunnel can help to reduce or avoid
potential seismic hazard. So it is necessary to establish efficient model for seismic response of shield tunnel. Segment connectors are
simulated by embedded beam elements, and segments are simulated by thick shell elements. At the same time, noncontinuous contact
is built between segments and between segment and surrounding soil, which can better simulate stress in thickness direction and the
interaction between segments. Thereby, the thick shell-contact-infinite element model for dynamic analysis of shield tunnel is built.
Actual seismic disaster data and project results prove that the model has good accuracy. Finally, the model is used to analyze grouting
material parameters and contact nonlinearity on the impact of seismic response of segments. This model has a good popularization
value for seismic disaster analysis of shield tunnels or tunnels constructed by TBM.
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Fig.1 Finite element model of segments of shield tunnel
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Fig.2 Computational model of shield tunnel
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Fig.4 EI-Centro earthquake acceleration history curve
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Fig.5 Axial force in circumferential direction (units: N)
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Fig.9 Axial force and shear force of connectors (units: N)

AR AL B M R e S 437 T v B TR 2419
+3.032x10> 7|7 +2.706x10% 7| "
+2.039x10> ~|” +2.120x10* T|[ 7
+1.045x10> " | " +1.533x10° ||
+5.122x10° | +9.469x10" |
-9.425x10" I\ +3.605x10" /1
-1.936x10% ...\ -2260x10" .} .
-2.930x10% <l -8.124x10" |,

I .
e it
e i
- g

B10 BHEKSHE CGRAL: Nem)

Fig.10 Moment of segment connectors (units: N * m)

WA 73 W a RATLLE Y, 8 R AEFR A KA ]
FSRAL W R A 54, AEMREAT BA T R AN T
LG, SN S IE S e H S R ARG PR SRR
[ IR A A2 T P RT DAA H 5 g B PP IX NI E /DN
Mg B R A N R AR A,
AL IR SR K IR i T A
B, SEEHSKEE R RS, B
SR 5 R ECSKIR R BT W A A TR R
o LRV A RS A Ao PTIA R R R A,
AW ASCHE L O A M RRAL T R B A A 1 R
YER R II52 TIREA

5 TERIZIE Frah I Wi s

51 WEHEITHR

JE R % T B J i SR A R R AR R 5 Lk
PR, ORUESE 3 R e B AR ks sl th
T FERE R pms . bR )2
MBI EU AR 5 i i AL M6 48 v 3 0 i
(P2, BE LR 3R L.

LB T TERIEMBISECR R 2 bR 24
I8 v 5 ARl R AR R A 2

O KR EMESHEE S 2 58 Mk
SR, HAR5 T T M.

O AW S5 EER T SRS, A
ZREE 5 L AREIAE R Ly 8, HAeS Tl
I AH [

A 0 B R AR IR T M R e A T
AN B0 8 RSk s it R R LE o
52 BFETH T RN

IERELL I ALRS Wl A HETAMITS £ 4989,
BEJR AT £ 3918 Z-HEEAMI Y £ 5802 A5 il HE
JEESMI TS 5 14788 o 7K A A% M 17 s 5802
14788, W& [al AHX AL AL I DT R 4989, 3918, %
THE TBL R T sSAERH  WAR 2.



2420 E- R S 2012 4
#2 RRTRF RIS 25 -
Table 2 Relative displacements between monitoring nodes Zz 20 F
under different conditions s st
S~
T, IR AACFAIR R/ m IR HARN A /m 210
I 0.065 5 0.0650 05
i 0.056 5 0.056 5 E 0.0
il 0.048 1 0.049 2 o _gs
=
fmo-1.0 I 1) /s
-1s5 b

IREERKY], RS LR AR R
T RAHX RIS SR s B EE IR JZ AR R,
B WIS R AR, BN o
53 BUHE TR TERELMNIEEHE

TR A B RICE R IR I, A
AN LB RSk B ) ) Ve AR TSR sk
By RS 3.

®3 ARATH TSN RER
Table 3 Axial forces and moments of segment connector
under different conditions

T /KN 59 71/kN ZHE/(N * m)
I 159.90 3436 -89.55
1l 126.50 2.72 -77.50
111 1631 0.64 -4.38

IR IR, AR R s,
SN BY ) B RN AN RS R A Lk
(AR L, Bkl BY ). A I R .
B 5 AR R AR T BBk A . B R
BV AL N
5.4 &R - AREAEEL TS A3 R e

KR RS R AR e S, A Ak
LARAE RSN, MR a8 S TRk AR
T UIFAERE AL SIS, R AR
AEFIAERAR TR K 8 i)y (LB 11, 12D,
ﬁ(ﬂ@lw\&%&%%mﬁ%”%<nﬁ3nﬁ
BAR K, DR, fEbiEATE, JUILAERREAE T
H 188 5 AR Bl AR e L

6 -
— Lo 1 — LTIl

Z 5
D
~
g3
=
i qt
g

0 =

L 5 0 15 20 25

I /s

B 1 B R TR A IR R
Fig.11 Axial force history curves of monitoring element in
circumferential direction of case I and III

B 12 B ISR By ) AR 2%
Fig.12 Axial force history curves of monitoring element in
thickness direction of case I and III

22 ¢ — Tl
z 20} — TR
z
WS 1.8 |
= 16
g
Zz 14
%

i 12 f
f
1.0
0 5 10 15 20 25
I /s

B 13 R RN AT B R
Fig.13 Moment history curves of monitoring element in
circumferential direction of case I and I1I

5.5 HEREMESECHE F3h N R
BEIEE I J2 MR L B e, VSRR R 7R

JEMI 2 A B, & R R e, & R ah ) (I
K14, B 15). &5 (LK 16) &5 S (LR

2) BIATHTRAR, Sk (LR 3D WL .
b, PEEERIESEAE e R B T T
FERERE, TR 1 33 2= P i B U= 2 4T
AR

DI, FECRIEIE SR ZTE A1 Tah itk LrTe
IRTEE N, WIS RERA R, AP RN
SREL SRR SEHE AR LA s S B L SR

RS e PE, KA RT3 B I PURE T e
6
s — T — TR
z
T 4
~
3,
E
ir
o1
0
0 5 10 15 20 25
I /s

B 14 B ISR TTER R ) R 2
Fig.14 Axial force history curves of monitoring element in
circumferential direction of case I and II



5 8 3] AR P R o i [ )W 7 i B TR 2421

23 AT AR, 2009.

Z 20 2] AR, Wb, X JERAE R R SR ol S R

2 PSS, 4 0% TR, 2007, 26

s s (M1 2): 4284 —4286.

R 00 HOU Gong-yu, YANG Yue, LIU Bo. Improved joint

;i;( 05 model of shield tunnel segments and numerical

z{i _1:0 calculation of inner forces[J]. Chinese Journal of Rock
-1.5 L . L L L Mechanics and Engineering, 2007, 26(Supp.2): 4284 —

0 5 10 15 20 25

a5
B 15 BRI T R T T i R 2k
Fig.15 Axial force history curves of monitoring element
in thickness direction of case I and II

25 1
2 — ol —Tol
z 20t
V’O
=
=15
fr
K
1.
i 0
g
0~5 L 1 1 1 1
0 5 10 15 20 25
I /s

Bl 16 B R U BT ER ) 5 AR P R
Fig.16 Moment history curves of monitoring element in
circumferential direction of case I and II

6 4

(1) JEFe—fEfh—Tc FRTah 7 20 Hr A S AR (1
THS T S R JE MBS IE A R ARIE S . A A
Pk SRS, IR R 1) K R A ) R
PRI AR, RSB M 45 R R Bk
XTLERW, AZTH AR AT SR MBS IE S . Bk
FEM AT AT 52 IR, R FBEIE TR 1
B SRR SRR IE N [ U 0T, W TSR
o, TBM il 1 FE1E PR 5o 3 S0 T AT ARG RO AL

(2) HmBE i SRR AR b LAk 3SR
(V307 1 JEE 3 PTAT B BRARAE N 0 SR St Sk
J1s FARSE R IEAAE SN . B3l ik
RERCMECN, (ERRIEZ PR ARIHZ I, JEHRE
PRI B REE  AA RRAd  AR e

(3) A AMZE TG RBEIE TS, &4
FERZ MBS EGERZIZIE, W55 P i)
MRS )y, DNVE RS SR TR AR R B AR
JIEFRAL S BBLE LI L KRR S Tt 22 A
OSSP INPAE SL LR L S| R ) B g (A SRR N
PERE .

2 % 3 MR
(11 /NRE. EHBRERSUETTEEIM]. et T E

4286.

B1 HEME, KREE, T BEMAE LIS IR
B 1) 52 1153 BT[T). 2772, 2004, 25(8): 1302— 1306.
GUAN Lin-xing, ZHU He-hua, YU Ning. Analysis of
internal force of shield lining in cross-section considering
load combination[J]. Rock and Soil Mechanics, 2004,
25(8): 1302—1306.

[4]  FRAEN, (T, ABAE. KW SEma fE R =4k )4y
Hi o #TT). A%, 2009, 30(7): 2058—2062
ZHANG lJian-gang, HE Chuan, YANG Zheng. Analysis
of 3D internal forces distribution of wide segment lining
for large-section shield tunnel[lJ]. Rock and Seil
Mechanics, 2009, 30(7): 2058 —2062.

[S] SREERL, 1)1, BAE. SOV BEIRE AL

I D ARFAERF ). 440 007 5 TR,
2007, 26(}E T 2): 3764—3768.
ZHANG lJian-gang, HE Chuan, YANG Zheng. Study of
mechanical distribution characteristic of lining structure
influenced by segment width for Wuhan Yangtze River
tunnel[J]. Chinese Journal of Rock Mechanics and
Engineering, 2007, 26(Supp.2): 3764—3768.

[6] CHOIJUN SEONG, LEE JONG SEH, MEMBER ASCE,
et al. Nonlinear earthquake response analysis of 2-D
underground structures with soil-structure interaction
including separation and sliding at interface[C]/15th
ASCE Engineering Mechanic conference. New York:
Columbia, 2002: 1 —8.

(7] JRoRE, A1 ERBEIE R R AT A ) 23 A 1 e -5 2%

BB R LR 9], T2 D327, 2007, 24(10): 131—
136.
SU Zong-xian, HE Chuan. Shell-spring-contact model for
shield tunnel segmental lining analysis and its
application[J]. Engineering Mechanics, 2007, 24(10):
131—136.

[8] JA4EIE. WA A1 E M) bt KR HL g AL,
1990.

[9] T, BRIUE, M. dh N TR D) ma N K b
WER]. A4 1275 TRE2EHR, 2009, 28(3): 483 —490.
HUANG Sheng, CHEN Wei-zhong, YANG Jian-ping, et al.
Research on earthquake-induced dynamic responses and
aseismic measures for underground engineering[J].
Chinese Journal of Rock Mechanics and Engineering,
2009, 28(3): 0483 —0490.

(10] e NRIEAIEES 0 2 @ BEHE. GB 50011 —2010
SRR RVELS]. Abst: PEEST T AL, 2010.

(117 2L, AP JERRE G 78 B0E AR T I]. 2
5538, 2007, (5): 176 —178



