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Seismic failure characteristics of long — span station hall structure of
new type of high — speed railway station under vertical earthquake excitation

YU Zhi-swu'?> WU Liang' > GUO Wei'’

(1. School of Civil Engineering Central South University Changsha 410075 China;
2. National Engineering Laboratory for High Speed Railway Construction Changsha 410075 China)

Abstract: The station hall of new type of integrated building — bridge high — speed railway station usually possesses
long — span steel trusses as its main structural feature. Considering this point the station hall of Tianjin West
Railway Station was referred and adopted to extract the main structural unit select multiple vertical strong earth—
quake records adopt taken as an example elastic — plastic methods synthetically. Then the failure characteristic
and yielding mechanism of typical station hall structure under vertical earthquake excitation were systematically
studied. In addition by comparing with dynamic elastic — plastic calculating results of station hall the advantages
of multiple modal Pushdown method in seismic performance assessment of long — span structure were further vali—

dated.

Key words: integrated building — bridge structure; station hall structure; vertical earthquake; yielding mecha—
nism; failure characteristics
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Table 1 Site seismic parameters of Tianjin West Railway Station R
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3 Table 4 Vertical mode analysis of region II of station hall
P-M2-M3
/
0, 9 ’ /Hz
0.2408 % 0.2368 %
3 0
1 0.2282 4.3829 5.249 2 3.648 6
2 0.2236 4.4718 7.1337 5.5650
3 0.2183 4.5811 9.349 7 7.818 4
4 0.2143  4.6653 10.985 5 9.4818
5 0.2124 4.707 5 11.782 4 10.292 2
2 ~4
9 2
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Fig. 2 Structural analysis model of region Il in station hall 1.7% - 4 9
of Tianjin West Railway Station
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Fig. 3 Structural analysis model of single truss unit of sta—

tion hall
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Table 2 Analysis results of vertical modes of single truss unit

/s /Hz
1 0.2408 4.1529 703.905 3 0.600 0
2 0.1420  7.0428 -210.9397 0.054 1
3 0.1109  9.014 1 290.655 5 0.100 0
4 0.0723 13.8350 206.714 9 0.0519
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Table 3 Analysis results of vertical modes of 9 truss units

Is /Hz
1 0.2572  3.8881 -672.768 0 0.067 5
2 0.2368  4.2238 -2008.795 4 0.600 0
3 0.1890  5.2907 327.508 4 0.016 0
4 0.1380 7.248 4 449.357 3 0.030 1
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Table 5 Natural frequencies, translational mode participation fac—

tors and modal mass participation ratios of the core unit

/s
1 0.2607 889.95 0 0 0.96 0 0
2 0.2557 0 -875.19 0 0 0.93 0
3 0.2408 0 0 703.91 0 0 0.60
4 0.168 2 0 -166.13 0 0 0.03 0
5 0.1680 0 0 0 0 0 0
6 0.1420 0 0 -210.94 0 0 0.05
7 0.1159 -43.73 0 0 0 0 0
8 0.1123 0 24.35 0 0 0 0
9 0.1109 0 0 290. 66 0 0 0.10
10 0.0837 0 0 0 0 0 0
11 0.0771 -2.63 0 0 0 0 0
12 0.0723 0 0 206.71 0 0 0.05
5 3 .6 9
.12
0.6000 0.054 1 0.1000 0.0519 4
0.806 0
o 4 Pushdown
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Table 6 Modal vertical displacement of monitoring point

/mm
1 3 -2.192
2 6 -2.171
3 9 -0.603
4 12 2.173
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Fig. 4 Curves of elastic — plastic Pushdown analysis corre—

sponding to several vertical modes
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Table 7 Performance points based on elastic demand spectrum

of frequent earthquake and capacity spectrum

/mm

(0.008 9 0.238 2) -13.70

6  (0.0118 0.2382) 5.40
( )

( )

9 0.001 3 0.238 2 -0.26
12 0.003 6 0.238 2 1.60
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Table 8 Performance points based on elastic — plastic demand

spectrum of rare earthquake and capacity spectrum

/mm
-26.90
10.7

(0.017 5 0.468 0)
2 (0.023 3 0.468 0)
3 9 (0.0025 0.468 0) -0.44
4 12 (0.007 1 0.468 0) 3.20
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Fig. 5 Plastic hinges when the total displacement of monito—

ring point reaches 112.91 mm
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Table 9 12 vertical seismic records and corresponding seismic parameters
PGA /g /km
1 IMPERIAL VALLEY 5/19/40 04:39 EL CENTRO ARRAY #9 UP ( USGS STATION 117) 0.205 12.99
2 MORGAN HILL 04/24/84 04:24 COYOTE LAKE DAM SW ABUT UP ( CDMG STATION 57217) 0.388 24.55
3 IMPERIAL VALLEY 10/15/79 23:16 BONDS CORNER UP ( USGS STATION 5054) 0.425 6.20
4 COYOTE LAKE 08/06/79 17:05 GILROY ARRAY # UP ( CDMG STATION 57382) 0.387 7.67
5 WESTMORELAND 04/26/81 12:09 FIRE STATION UP ( CDMG STATION 5169) 0.838 7.02
6 NORTHRIDGE EQ 1/17/94 12:31  CANOGA PARK - TOPANGA CANYON UP ( USC STATION 90053) 0.489 4.85
7 MORGAN HILL 04/24/84 04:24 GILROY ARRAY # UP ( CDMG STATION 57382) 0.408 37.25
8 SUPERSTITION HILLS 11/24/87 13:16 EL CENTRO IMP CO CENTER UP ( CDMG STATION 01335) 0.128 35.83
9 WHITTIER 10/01/87 14:42 SANTA FE SPRINGS - E JOSLIN UP ( USC STATION 90077) 0.206 11.73
10 LOMA PRIETA 10/18/89 00: 05 GILROY ARRAY #3 UP ( CDMG STATION 47381) 0.338 31.40
10 %83k EAFR T %82 Pushdown ik 55 A2 3k 31 Hodh B b4k
Table 10 Accuracy comparison of multi — mode Pushdown and time history method under frequent earthquake
Pushdown 1 2 3 4 5 6 7 8 9 10
/mm 34.82 40.58 27.73 26.83 26.25 20.78 32.73 24.29 57.33 26.9 41.25 32.467
1% 0 16.54 20.36 22.95 24.61 40.32 6.00 30.24 64.65 22.75 18.47 6.76
. Pushdown + Pushdown B
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Table 11 Accuracy comparison of multi — mode Pushdown and time history method under rare earthquake

Pushdown 1 2 3

4

5 6 7 8 9

10

49.14 62.53 35.02 34.11

/mm

1% 0 27.25 28.73 30.59

32.9
33.05

21.59
56.06

46.3  28.85

41.29

97.14 34.24 63.9

30.04

45.658

5.78 97.68 30.32 7.09
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