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Seismic Settlement Analysis of Soft Soils of Tianjin Z2 Line
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Abstract: The Tianjin Z2 line project is located in the soft soil area, with large risk of seismic settle-
ment. Based on the simplified layer-wise summation method by specification for geotechnical investiga-
tion in soft clay area (JGJ 83-2011), this paper calculated seismic settlement of 98 boreholes along the
Tianjin Z2 line. During calculation the one-dimensional soil layer nonlinear seismic response analysis
program EERA was utilized to calculate the dynamic stress of soil, instead of the empirical formula
proposed by Seed, and the recently modified simplified formula of residual strain potential in soft soil
was employed. The results showed that, the seismic settlement can be ignored in small earthquakes;
seismic settlement below the surface depth of 15m may not be considered in the moderate and major
earthquakes. The seismic settlement is large in the rising section of the tunnel from the underground
line to the elevated line, and prevention and control measures should therefore be taken. The seismic
settlement is mainly caused by the mucky soil layer. The research is valuable for the seismic design of
similar projects.
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Table 1 Soil profile of Tianjin Xingang
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Fig. 1 Tianjin wave
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Table 2 Relationship between modulus ratio, damping ratio and shear strain of soil in Tianjin Xingang

2 4 DR
%7 2
#/m 5X10°° 1X10° 5X10° 1x10" 5X10* 1X10* 5X10° 1X10*
G/ G s 0.997 0.994 0.969 0.940 0.760 0.612 0.240 0.136
L+ 3
A 0.008 0.010 0.011 3 0.017 5 0.062 5 0.092 5 0.175 0.180
G/ Gy 0.997 0.994 0.972 0.946 0.777 0.635 0.258 0.148
A 0.006 0.008 0.010 0.017 5 0.080 0.092 5 0.183 0.225
G/ Gy 0.997 0.994 0.969 0.939 0.755 0.606 0.235 0.133
WL 10
A 0.010 0.013 0.015 0.022 5 0.062 5 0.090 0.205 0.260
G/ G 0.997 0.994 0.970 0.942 0.763 0.617 0.244 0.139
e 50
A 0.008 0.010 0.0126 0.020 0.060 0.090 0.215 0.270
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Table 3 Surface seismic settlement of Tianjin Xingang

£5 $H7LZ2Q3CZI6 BB
Table 5 Settlement parameter of borehole Z2Q3CZ16

b 25X iR A E / cm R T S, Cs Ss C, S,
0.6 210 1 ESi R —0.14 0.84 069 0.15 0
0.7 _— 2 ¥MEE+  —0.185 0.386 0.367 0.141 0
3 WIRFEEE L —0.188 0.376 0.356 0.14 0
0.753 8.09 o ‘ )
4 WREFE —0.17 043 039 0146 0
0.8 11.60 5 WWEE L —0.158 047 041 0.152 0
0.9 23.40 6 WA —0.155 048 0425 0.155 0
7 WEE L —0.14 089 0.72 0.16 0
8 b —0.1 1 1 018 0.05
2 HESH 9 ML  —013 1116 084 022 0
10 Wb —0.1 1 1 018 0.05
21 +tEHESHEHZEE 11 At —0.15 1 075 0.16 0
12 BmE#it+  —0.13 113 084 0.22 0
724 T AR ML N G M 28 3 98 A4k FL , &5 B fL + 13 it —013 113 084 0.22 0
BESHIEE T 72 28 S0 5 R R 2 PR 4 R 14 #EE+ 013 113 084 022 0
SEURH SRR L2~ TR T
= = : ° 16 Bm#+  —0.13 113 084 0.22 0
i T B, 3 L LSS H B L Z22Q3C 716 HAR S8, Wk 17 ME®L —013 113 084 022 0
4~7, 18 e —0.1 1 1 018 0.05
F4 $H7L722Q3CZ16 LEHEER 19 mEHL —013 113 084 022 0
Table 4  Soil profile of borehole Z2Q3CZ16 20 Bt —015 1 075 016 0
— — 21 wans  —o0.1 1 1 018 0.05
Fe gy ES WWRGES O ®E L 22 Bt —013 113 084 022 0
m (mes™) (kgem™)
1 ZEE 10 104 1850  0.44 6 Tl 22Q3CZIHHESH
5 N 07 108 1850 0.44 Table 6 Duncan parameter of borehole Z2Q3CZ16
3 WREEL 10 107 1840 044 FE X kKPa . ¢/O) C/kPa R
L ORREELE 18 - | gon 04 1 R+ 1500 0.5 23.85 50  0.664
2 MEFE+ 1500 0.5 23.85 50  0.664
5 EHE L 1.0 116 1900 043 3 WBEEL 1237 0465 12 20 0.678
6 IMEREEL 3.0 118 1800 0.45 4 WREF L 1237 0465 12 20 0.678
7 BE#HL 7.0 161 1960 0.42 5 WRIRFE L 1237 0465 12 20 0.678
8 kb 0.9 196 1960  0.42 6 VB 1237 0465 12 20 0.678
9 BEEE 2.6 208 2080 0.39 7 ¥EEE 1500 0.5 23.85 50  0.664
0 B 2.0 229 2050 0.40 8 Uil 9600 0.6 40 0 089
1 0 20 998 1950 0.42 9 #EEEL 1500 0.5 23.85 50  0.664
o 10 Wy 9600 0.6 40 0 085
12 #E#F#FL 15 212 1970  0.42 1 ot 5500 06 23 o 0.603
13 it 3.0 223 1870 0.44 12 BEE+E 1500 0.5 2385 50  0.664
4 BEEE 37 240 2020 041 13 B+ 1500 0.5 2385 50 0.664
15 . 3.0 244 2010  0.41 14 BEE+E 1500 0.5 23.85 50 0.664
16 Mzt 94 336 2 040 0.40 15 o+ 3500 0.6 33 22 0.693
17 WA 1 21 361 1990 0.41 16 By Ak 1500 0.5 23.85 50 0.664
18 B 9.4 268 1990 041 17 ﬂﬁi%ﬁi 1500 0.5  23.85 50  0.664
" 18 11p72 9600 0.6 40 0 085
19 ﬁ]fﬁ\%i 24 969 2060 040 19  #EF+ 1500 05  23.85 50  0.664
20 Bt 0 426 2100 0.39 20 ¥t 3500 0.6 33 22 0.693
21 w4l b 8.1 483 1780 0.45 21 4 9600 0.6 10 0 085
22 it 3.7 500 2035 041 22 Bt 1500 0.5  23.85 50  0.664
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Table 7 Relationship between modulus ratio, damping ratio and shear strain of soil in borehole Z2Q3CZ16

v PRy
/m 5X10°° 1X10° 5%X10°° 1x10* 5%X10°* 1x10°° 5X107° 1Xx10°°?

G/ Gy 0.999 4 0.997 1 0.994 3 0.972 0.945 6 0.776 6 0.634 8 0.257 9
STEApTE T 5
A 0.022 5 0.0355 0.043 1 0.067 6 0.081 6 0.1217 0.1399 0.171

G/ G 0.996 8 0.9937 0.969 2 0.940 3 0.759 0.6116 0.239 5 0.136

2 0.0271 0.0339 0.0567 0.0703 0.1106 0.1292  0.1606  0.167 4
G/Gme  0.9964  0.9929  0.9654  0.9331  0.736 0.5823  0.218 0.122 4
b 27
2 0.0407  0.0479  0.0695 0.0812 0.1123 0.1251 0.1451 0.1491
G/Grwe  0.9963  0.9926  0.964 09305 07281 0.5725 0.2112  0.1181
ot 30.8

A 0.020 6 0.026 4 0.046 5 0.058 8 0.0957 0.112 6 0.140 1 0.145 8

G/ G 0.997 0.994 0.970 6 0.942 9 0.767 6 0.622 9 0.248 3 0.1417

AL+ 35.7
h 0.0259  0.0322  0.0533  0.0658 0.1027  0.1197  0.149 0.1554

G/ G 0.996 5 0.992 9 0.9657 0.9337 0.738 0.584 8 0.219 8 0.123 4

R 4 45.7
A 0.0269  0.0333 0.0544 0.0667 0.1021 0.1178 0.1432  0.1485

G/G,.. 0.996 0.992 09611 09251 0.7118 0.5526  0.1981  0.1099
bRy 45.8
2 0.0194 0.0253 0.0464 0.0597 0.1002 0.1187 0.1486  0.1547

G/Gue  0.9975  0.9951  0.9758  0.9527  0.8013  0.6685  0.2874  0.1678
L 4 62.7

2 0.0204 0.0258 0.0443  0.0556  0.0907 0.1097  0.14 0.147 6
G/Gy  0.9969  0.9938  0.9699  0.9416  0.7633  0.6173  0.2439  0.1389
Wb 76.7
2 0.0204  0.0259  0.045 0.0567 0.0923 0.1091 0.1383  0.1447
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Fig.2 Bedrock earthquake motion
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Fig.6 Seismic settlement at the bottom of tunnel in each

Table 8 Average value of seismic settlement in Tianjin Z2

P 6 i HIL 37 vl i B o i R Ak 2 I

borehole from Airport station to Gaoxinlu station

xR8 XEILEERTHE

line P cem
g, CEERHLY N — RV — g
m N & K s
0 11.713 0.334 6.823 0.219
5) 4.396 0.126 4.291 0.139
10 0.416 0.023 1.107 0.055
15 0.226 0.017 0.383 0.024
20 0.181 0.014 0.335 0.020
25 0.144 0.012 0.294 0.017
30 0.107 0.009 0.242 0.013
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Fig.7 Seismic settlement at the bottom of tunnel in each

borehole from Haipinglu station to Ninghailu station
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Table 9 Ratios of seismic settlement at different depths to

the surface seismic settlement in Tianjin Z2 line

Yl %
ppye,  EHEHLE— W T B — i B o

m PN iy N iz
0 100 100 100 100

5 37.53 37.72 63.03 63.67
10 3.55 7.02 16.56 25.10
15 1.93 4.97 5.80 11.12
20 1.54 4.31 5.09 9.10
25 1.23 3.50 4.46 7.58
30 0.92 2.65 3.67 5.93
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Table 10 Settlement for different soil at Airport station

+2% PR /m K /cm H15% /em
Fii+ 0~2.1 0.001 6 0.002 5
WREF L 2157 o0 U2
(78.1%) (90.8%)

¥R+ 5.7~17.5 0.0358 0.009 0
i 17.5~20.5 0.0018 0.000 0
R E 20.5~27.6 0.043 9 0.003 5
B+ 27.6~30 0.001 3 0.000 0

®11 SFBBEAELTEERE

Table 11 Settlement for different soil at Gaoxinlu station

+2 HIR /m K% /cm H15% /cm
it 0~4.3 0.246 1 0.004 2
WRFE L 4.3~ 93899 0171
(93.4%) (85.3%)

b agsig 9~18.3 0.158 3 0.003 5
i 18.3~23 0.014 5 0.000 3
KT+ 23~30 0.069 5 0.007 6

x12 BERBEABLEERE
Table 12 Settlement for different soil at Haipinglu station

+2% R /m K /cm & /cm
ES N 0~1.8 0.0319 0.000 8
QA= 1.8~6.7 127994 00911
(77.7%) (55.9%)

¥+ 6.7~7.4 0.0148 0.000 2
WREF L 7.4~131 34605 00200
(21.0%) (30.6%)

i 13.1~16.8  0.008 2 0.000 5
W+ 16.8~22  0.0184 0.003 6
i 22~23.8  0.0011 0.000 1
F+ 23.8~30  0.0276 0.007 1

R13 THBEARLEERE
Table 13 Settlement for different soil at Ninghailu station

+2% MR /m K& /cm % /cm
FeI A+ 0~2.2 0.0128 0.007 3
gk 2.2~5.1 0.264 6 0.015 8
bRy 5.1~6.6 0.032 2 0.003 1
—— 66138 2.078 5 0.105 8
(75.5%) (70.2%)

o R 4 13.8~20.1 0.068 4 0.006 5
¥ 20.1~23.2 0.027 4 0.0017
it 23.2~30 0.107 0 0.005 2
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