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Finite element analysis of seismic settlement of shield tunnel in soft soil

Li Man' Liang Jianwen* Ba Zhenning2 Zhu Yutong2 Zhang Jiuqi2 Zhang Ping2
(1. Tianjin Binhai New Area Construction & Investment Group Co., Ltd., Tianjin 300459, China;
2. Tianjin University, Tianjin 300350, China)
Abstract: The seismic settlement in soft soil area is one of the main causes of earthquake damage, and its
computational problem has always been a matter of great concern at home and abroad. In order to study the
calculation of the seismic settlement of the subway tunnel in the soft soil area, taking the first phase project of the
Tianjin Z2 subway tunnel as an example, combined with the geological survey report and the seismic safety
evaluation report, the finite element analysis calculation method recommended by the “Geotechnical
Investigation Procedures in Soft Soil Areas” (JGJ 83-2011) and the soft modulus theory is used to analyze and
calculate the seismic settlement in soft soil area of the subway tunnel. The calculation results are compared with
those of free field. The results show that the seismic settlement value at the location of the subway tunnel is
larger than that under the free field at the same position, but there is little difference between the two values. The
seismic settlement value of the tunnel can be estimated by the seismic settlement value of the free field. The
scope of the tunnel seismic treatment can be limited to the diameter of the two tunnels around the central axis of
the tunnel. The research has certain reference value for the similar subway tunnel projects in soft area.
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Fig.5 bedrock ground motion time history curve
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Fig.6 Compressive stress-strain relationship curve of
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Fig.7 Tensile stress-strain relationship curve of concrete
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Fig.8 Tensile stress-strain relationship curve of steel
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Table 1 Concrete and bolt material parameters

o B (kg/m’) BB (GPa) AL
C50 VR &t 1 2500 34.5 0.2
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Table 2 Soil layer and mechanical parameters

P JE B ) 8 I

+% HEE V2
5 (m) (m/s) (kg/m®)
1 FHL 3.4 117 1850 0.441
2 JRREMA L 1.6 116 1860 0.439
3 e i Bt 3 120 1860 0.439
4 WA B A L 4 119 1820 0.447
5 i 2 175 2090 0.394
6 Ft 2 232 1890 0.433
7 W+ 2.5 260 2010 0.410
8 i 2.9 212 2060 0.400
9 R E L 6 276 1940 0.423
10 L 2.6 261 1860 0.439
11 & 2 274 1860 0.439
12 R B 1.8 278 2160 0.380
13 i 6.2 310 2160 0.380
14 B 11.2 350 2060 0.400
15 R B 1.6 381 1960 0.419
16 i 4.8 472 1970 0.417
17 i 3.4 494 1950 0.421
18 & 4 431 2100 0.392
19 R E L 4 455 2100 0.392
20 R E L 1.8 465 2100 0.392
21 i) 9.8 518 1950 0.421




- 244 - + A T B ¥ K 2019 4

k4 TENESHEE k5 TEEMBSHEE
Table 4 Duncan parameter value of soil layer Table 5 The seismic subsidence parameter of the soil layer
i) 2% ks s » c Ry 75 +3% S Cs Se C; S7
1 FIH L 1500 0.5 23.8 50 0.664 1 R+ -0.14 0.84 0.69 0.15 0
2 it 96 i 3 1237 0.465 12 20 0.678 2 TRV R B L —0.159  0.4625 0.406  0.151 0
3 WY TR £ 1237 0.465 12 20 0.678 3 WEREMEE L -0.15 0.5 0.442  0.158 0
4 it iR B 3 £ 1237 0.465 12 20 0.678 4 TRV R B L —0.152 049 0433  0.156 0
5 wi 9600 0.6 40 0 0.85 5 Wb -0.1 1 1 0.18  0.05
6 L 1500 0.5 23.8 50 0.664 6 t -0.13 1.13 0.84 0.22 0
7 T 1500 0.5 23.8 50 0.664 7 bl -0.13 1.13 0.84 0.22 0
8 wi 9600 0.6 40 0 0.85 8 Wb -0.1 1 1 0.18  0.05
9 TR 1500 0.5 23.8 50 0.664 9 W E L -0.13 1.13 0.84 0.22 0
10 + 1500 0.5 23.8 50 0.664 10 + -0.13 1.13 0.84 0.22 0
11 kgt 1500 0.5 23.8 50 0.664 11 kRt -0.13 1.13 0.84 0.22 0
12 K+ 1500 0.5 23.8 50 0.664 12 kRt -0.13 1.13 0.84 0.22 0
13 W 9600 0.6 40 0 0.85 13 Wb -0.1 1 1 0.18  0.05
14 Wi 9600 0.6 40 0 0.85 14 Wb -0.1 1 1 0.18  0.05
15 gk 1500 0.5 23.8 50 0.664 15 kR E -0.13 1.13 0.84 0.22 0
16 Wi 9600 0.6 40 0 0.85 16 Wb -0.1 1 1 0.18  0.05
17 R 9600 0.6 40 0 0.85 17 Eih -0.1 1 1 0.18  0.05
18 gk 1500 0.5 23.8 50 0.664 18 kRt -0.13 1.13 0.84 0.22 0
19 gk 1500 0.5 23.8 50 0.664 19 kR E -0.13 1.13 0.84 0.22 0
20 gk 1500 0.5 23.8 50 0.664 20 kR E -0.13 1.13 0.84 0.22 0
21 R 9600 0.6 40 0 0.85 21 Eih -0.1 1 1 0.18  0.05
H: Siv Se. S7. Con G HRESEL
3 TERIEZESH
Table 3 Nonlinear soil parameters
+% T (m)
B 5x10° 13107 5%107 1x10* 5x10™ 1x107 5x107 1x1072
TR 5 G/GO 0.9970 0.9941 0.9710 0.9436 0.7699 0.6259 0.2508 0.1434
Zh Ad 0.0378 0.0455 0.0693 0.0826 0.1200 0.1366 0.1642 0.1702
BEEL 117 G/GO 0.9964 0.9928 0.9649 0.9322 0.7332 0.5788 0.2156 0.1208
Ad 0.0301 0.0366 0.0572 0.0690 0.1016 0.1156 0.1379 0.1424
" g G/GO 0.9959 0.9919 0.9606 0.9241 0.7089 0.5491 0.1958 0.1086
Ad 0.0218 0.0280 0.0495 0.0627 0.1018 0.1192 0.1469 0.1525
BEEE 283 G/GO 0.9970 0.9940 0.9705 0.9426 0.7667 0.6217 0.2474 0.1411
Ad 0.0303 0.0371 0.0587 0.0711 0.1067 0.1227 0.1498 0.1556
i 14 G/GO 0.9966 0.9932 0.9671 0.9362 0.7459 0.5948 0.2270 0.1280
Ad 0.0250 0.0315 0.0537 0.0671 0.1068 0.1250 0.1554 0.1618
_ 6 G/GO 0.9967 0.9934 0.9680 0.9380 0.7516 0.6020 0.2323 0.1314
Ad 0.0280 0.0344 0.0553 0.0674 0.1021 0.1176 0.1432 0.1486
PEELE 423 G/GO 0.9963 0.9926 0.9638 0.9302 0.7271 0.5712 0.2104 0.1176
Ad 0.0251 0.0318 0.0546 0.0684 0.1090 0.1272 0.1567 0.1628
BEEE 543 G/GO 0.9958 0.9917 0.9600 0.9230 0.7058 0.5453 0.1935 0.1071
Ad 0.0210 0.0270 0.0480 0.0610 0.0996 0.1168 0.1441 0.1495
G/GO 0.9955 0.9911 0.9572 0.9179 0.6910 0.5279 0.1828 0.1006

b 72.8
Ad 0.0188 0.0244 0.0444 0.0568 0.0939 0.1103 0.1359 0.1409
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Fig.10 Small earthquake-maximum dynamic stress with
depth curve
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Fig.11 Moderate earthquake-maximum dynamic stress
with depth curve
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depth curve
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of the tunnel
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