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Seismic Vulnerability Simulation Analysis of
Urban Rail Transit Large-span Concrete-filled
Steel Tube Column Station

LI Shiyao

Abstract To improve the functionality of urban rail transit
station design, the use of CSFT ( concrete-filled steel tube)
column with increased column spacing is a common approach.
The seismic vulnerability of a large-span CSFT column station
needs to be studied, and the stress characteristics and seismic
performance of CSFT columns need to be compared with con-
ventional reinforced concrete columns. Taking an urban rail
transit station with CFST column in southern China as proto-
type, a 3D calculation model is established using Midas GTS
NX software, and its seismic vulnerability is studied. The stat-
ic pushover analysis method is used to determine the station

structure damage indexes. 10 natural seismic waves are select-

ed, and IDA (incremental dynamic analysis) is performed to
obtain the relative displacement angles of the station under vari-
ous seismic actions. The results of the IDA are fitted to a loga-
rithmic normal distribution to obtain the seismic vulnerability
curve of the station. Results show that when the peak seismic
acceleration is 0.8 g (g as the gravitational acceleration) , the
probability of slight damage to the CFST station structure is
83.46% , the probability of severe damage is 15.21% , and the
probability of collapse is 4. 26% . Compared with a common
concrete frame structure station, CFST column station demon-
strates better seismic performance.

Key words urban rail transit; station; large-span concrete-

filled steel tube column; seismic vulnerability ; simulation anal-
ysis
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Fig.1 Profile diagram of an urban rail transit station
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Fig.2 Relation curve of CEST column station structral base
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Tab.1 10 seismic motion basic information for IDA

R g HuR2 I 4 P ape/ (cm/s?)
N1 Arequipa (1970-05-31) 278.38
N2 Compuertas (1979-12-21) 186.31
N3 Enola (1982-07-05) 177.73
N4 Nahanni (1985-11-09) 248.41
N5 Puriscal (1991-04-22) 140.23
No6 Grevena (1995-05-15) 62.38
N7 Gopeshwar (1999-03-28) 87.46
N8 Tonalapa (2000-07-21) 378.25
N9 Pahala (2003-08-27) 265.45
N10 Katashina (2013-02-25) 211.36
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Tab.2 A

motion input condition

A RIS A SAF TSR0 A /M

of station structure under N1—N5 seismic

max

/8 N1 N2 N3 N4 N5
0.1 0.0331 0.0549 0.0334 0.0443 0.0446
0.3 0.0662 0.1098 0.0668 0.0886 0.089 3
0.3 0.0992 0.1647 0.1002 0.1329 0.1339
0.4 0.1323 0.2196 0.1336 0.1776 0.1789
0.5 0.1654 0.2745 0.1670 0.2219 0.2236
0.6 0.1984 0.3294 0.2004 0.2662 0.2682
0.7 0.2315 0.3839 0.2338 0.3095 0.3128
0.8 0.2646 0.4388 0.2672 0.3548 0.3575
0.9 0.2976 0.4937 0.3006 0.3992 0.402 1
1.0 0.3307 0.5486 0.3340 0.4435 0.447 1
1.1 0.3638 0.6035 0.3674 0.4878 0.4917
1.2 0.3968 0.6584 0.4008 0.5321 0.5364
1.3 0.4299 0.7133  0.4345 0.5764 0.581 1
1.4 0.4630 0.7682 0.4679 0.6207 0.6257
1.5 0.4964 0.8208 0.5013 0.6650 0.6703
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Tab.3 A

motion input condits

A S A ST TSI A, /m

of station structure N6—N10 under seismic

max

Q
=3
3
N
oo

N6 N7 N8 N9 NI10
0.1 0.0678 0.0364 0.0423 0.0331 0.0179
0.3 0.1356  0.0724 0.0847 0.0662 0.0357
0.3 0.2034  0.1088 0.1270 0.0992 0.0536
0.4 0.2708  0.1448 0.1693 0.1319 0.0714
0.5 0.33836 0.1812 0.2117 0.1650 0.089 3
0.6 0.4064 0.2176 0.2540 0.1981 0.107 1
0.7 0.4739 0.2537 0.2963 0.2312 0.1250
0.8 0.5417 0.2900 0.3386 0.2642 0.1429
0.9 0.6092 0.3260 0.3806 0.2973 0.160 7
1.0 0.6750 0.3624 0.4229 0.3304 0.1786
1.1 0.7256  0.4653 0.3989 0.3631 0.196 4
1.2 0.766 9  0.5076 0.4349 0.3962 0.2143
1.3 0.7983 0.5500 0.4712 0.4293 0.2325
1.4 0.8410 0.5923 0.5076 0.4623 0.250 4
1.5 0.8816 0.6343 0.5437 0.4954 0.2682
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Fig.3 Station structure vertex displacement under

each seismic motion
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Fig.4 Station structure IDA curve under each seismic motion
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Tab.4 A, of station structure under N1—N5 seismic

motion input condits

A [l B A S T 5B App/ %

ap/8
N1 N2 N3 N4 N5

0.1 0.1102 0.1830 0.1113 0.1477 0.14838
0.3 0.2205 0.366 0  0.2227  0.2954 0.297 6
0.3 0.3307 0.5490 0.3340 0.4431 0.4464
0.4 0.4409 0.7320 0.4453  0.5920 0.5963
0.5 0.5512 0.9149 0.5566 0.7397 0.7452
0.6 0.6614 1.0979 0.6680 0.8873 0.8940
0.7 0.7716  1.2798 0.7793 1.0318 1.0428
0.8 0.8819 1.4628 0.8907 1.1828 1.1916
0.9 0.992 1 1.6457  1.002 0 1.3305 1.3404
1.0 1.102 3 1.8288 1.1133 1.478 3 1.490 3
1.1 1.2126  2.0117 1.2247 1.6259 1.6391
1.2 1.3228 2.1948 1.336 0 1.7737 1.788 0

1.3 1.4330 2.3778

—_

.448 4 1.9214  1.9369
1.4 1.5432  2.5607

[a—

.559 8 2.0690 2.0856
1.5 1.6546  2.7359

L6711 2.216 8 2.2344

FzS5 N6—NI10 HEMANFE T EHLEHN Ay
Tab. 5

Ay, of station structure under N6—N10 seismic
motion input condits
NI M 5E B AR R Z5HI B Arp/ %

an/8
N6 N7 N8 N9 N10

0.1 0.226 0 0.1213 0.141 1 0.1102 0.059 5
0.3 0.4519 0.2414 0.2822 0.2205 0.1190
0.3 0.6779 0.3626  0.4233 0.3307 0.178 6
0.4 0.902 8 0.482 8 0.5644 0.4398 0.2381
0.5 1.128 8 0.604 1 0.705 5 0.5501 0.297 6
0.6 1.3547 0.7253 0.8466  0.6603 0.357 1
0.7 1.5796 0.8455 0.9876 0.7705 0.4167
0.8 1.8056  0.966 7 1.128 8 0.8808 0.4762
0.9 2.030 5 1.086 8 1.268 8 0.9910 0.5357
1.0 2.249 9 1.208 1 1.409 8 1.1012 0.5953
1.1 2.418 6 1.5510 1.3295 1.2103 0.654 8
1.2 2.556 3 1.692 1 1.449 6 1.3206 0.7143
1.3 2.660 9 1.8332 1.570 8 1.4309 0.7749
1.4 2.803 2 1.974 2 1.692 1 1.5411 0.8345
1.5 2.938 7 2.114 2 1.8123 1.6513 0.8940
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tion structure under each horizontal seismic motion
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Tab.6 pu,,,and o, , under A, logarithmic normal

distribution fitting

apg/g M D A

0.1 -6.655 1 0.346 8
0.3 -5.962 3 0.346 7
0.3 -5.55617 0.346 7
0.4 -5.269 2 0.3470
0.5 -5.0459 0.346 9
0.6 -4.863 6 0.346 9
0.7 -4.710 0 0.346 5
0.8 -4.576 0 0.346 6
0.9 -4.458 5 0.346 5
1.0 -4.3532 0.346 1
1.1 -4.260 3 0.341 8
1.2 -4.176 5 0.3359
1.3 -4.100 2 0.328 1
1.4 -4.028 2 0.324 0
1.5 -3.9617 0.3195
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Tab. 7 Summary of exceedance probability of station

structure under various horizontal seismic mo-

tions
P

an,/8

0.1 0 0 0

0.3 0.001 2 0 0

0.3 0.0317 0.000 1 0

0.4 0.152 4 0.001 2 0.000 1
0.5 0.3509 0.008 6 0.001 1
0.6 0.556 7 0.031 8 0.005 4
0.7 0.721 1 0.078 6 0.017 5
0.8 0.834 6 0.1521 0.042 6
0.9 0.905 2 0.2455 0.083 3
1.0 0.947 1 0.350 1 0.1400
1.1 0.971 9 0.453 0 0.205 4
1.2 0.985 8 0.551 4 0.278 5
1.3 0.993 4 0.642 4 0.356 2
1.4 0.996 8 0.723 0 0.4399
1.5 0.998 5 0.790 5 0.5219

#x8 WERRIHMBEFERMESBIERLEN
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Tab.8 Mean value and standard deviation of seismic vul-

nerability curve of CFST column metro station

i H ¥ifE Frife22
2R 0.570 7 0.345 6
JEE IR 1.154 5 0.337 0
A3 1.452 1 0.329 4
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