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Abstract: Taking the Tianjin Z2 line as an example, the longitudinal seismic analysis of the shield
tunnel is carried out by the response deformation method. The ABAQUS finite element analysis
software was used to establish a 3D beam-spring model for seismic analysis. According to the ac-
tual tunnel bolt connection, the ring-ring joint is simulated by springs. The maximum free-field
horizontal displacement amplitude under earthquake is applied by sine-wave mode in the axial and
lateral directions of the shield tunnel. By adjusting the displacement amplitude with 1/0.85 or
0.85/1 between the axial and lateral directions of the shield tunnel, the coupling effect between
the axial and lateral directions are considered. The internal forces and joint opening of the shield
tunnel for 4 coupling cases are obtained., and some conclusions valuable for engineering design are

presented.
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Table 1 Material parameters

g R/ (kg s m ™) PR /GPa JARA L
C50 R &+ 2 500 34.5 0.2
[Y: 7 800 210 0.3
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Table 2 Nonlinear parameters of foundation spring stiffness for longitudinal section 1

[R5 & E PN

35 3 7 16 J1/N fi¥/m J1/N fi#/m J1/N fi#s/m
—10 275 000 —0.01 —6 153 000 —0.01 —3 477 000 —0.01

i 0 0 0 0 0 0
10 275 000 0.01 6 153 000 0.01 3 477 000 0.01

—3 425 000 —1 —2 051 000 —1 —1 159 000 —1
W4 —3 425 000 —0.01 —2 051 000 —0.01 —1 159 000 —0.01
3425 000 0.01 2 051 000 0.01 1159 000 0.01

3 425 000 1 2 051 000 1 1 159 000 1
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Table 3 Nonlinear parameters of foundation spring stiffness for longitudinal section 2
TH N iz PN

A T5 18] J1/N fi#%/m J1/N fL#/m J1/N fi#%/m
—6 047 000 —0.01 —3 006 000 —0.01 —711 800 —0.01

NS 0 0 0 0 0 0
6 047 000 0.01 3 006 000 0.01 711 800 0.01

—2 016 000 —1 —1 002 000 —1 —237 300 —1
W) —2 016 000 —0.01 —1 002 000 —0.01 —237 300 —0.01
2 016 000 0.01 1 002 000 0.01 237 300 0.01

2 016 000 1 1002 000 1 237 300 1
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Fig.1 Profile of longitudinal section of tunnel and soil layer
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Fig.2 Time history curves of bedrock ground motions
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Fig.3 Two-dimensional finite element model diagram
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Fig.4 Model meshing and tunnel axis position
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Table 4 Structure response peak (longitudinal section 1)

W1 T4 T (gl 1.0) 1T i 1.0, %l 19] 0.85) I g 1.0, % ) 0.85) IV Cilr ey 1.0)
N KE 6.275E405 6.275E+05 5.336E405 -
/(N%I:‘l N R 1.975E+05 1.975E+05 1.674E+05 -
INRE 5.627E+04 5.627E+04 4.780E+04 -
o N 7.635E+03 7.635E+03 6.787E+03 -
gjzf hE 2.403E+03 2.403E+03 2.048E+03 -
/N 6.905E402 6.905E402 5.848E+402 -
K& - 3.606E+06(—8.934E+07) 4.243E+06(—1.028E+08) 4.175E+06(—1.028E+08)
ﬂfﬁ R - 1.137E+06(—3.084E+07) 1.338E+06(—3.628E+407) 1.337E406(—3.628E+07)
INE - 3.251E+05(—9.315E+06) 3.825E+05(—1.096 E+07) 3.825E+05(—1.096E+07)
[iig K 0.046 0.927 1.192 1.082
/mm g 0.014 0.301 0.376 0.375

RS EHMEIEERE (YETHE2)

Table 5 Structure response peak (longitudinal section 2)

Wi T T (1) 1.0) IT i i) 1.0, 5l 1A 0.85) Il Cil i 1.0, 4% 1) 0.85) IV ) 1.0)
. K& 9.528E405 9.546E+05 7.934E+05 -
/<A\1ﬁ. i, ChE 2.528E405 2.497E+05 2.150E+05 -
INRE 7.202E404 7.148E+04 5.914E+04 -
. N 1.349E+04 1.349E+04 1.146 E-+04 -
gfzf R 3.509E+03 3.459E403 2.983E+403 -
N 9.884E+02 9.751E+02 8.395E+02 -
W) PN - 3.251E+06(—3.203E+07) 5.339E+06(—3.253E+07) 3.536E+06(—3.224E+07)
N R - 1.345E+06(—3.187E+07) 1.583E+06(—3.749E+07) 1.577E+06(—3.749E+07)
/ N - 3.844E+05(—1.029E+07) 4.522E+05(—1.201E+07) 4.525E+05(—1.207E+07)
[ ig K& 0.0648 0.908 0.994 0.981
/mm i 0.0179 0.376 0.448 0.442
prospect of seismic analysis methods for tunnel structure[ J].China
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