33 6 Vol. 33 No. 6
2011 12 Earthquake Resistant Engineering and Retrofitting Dec. 2011

1002-8412(2011) 06-0001-07

IDA

( 100084)
DA

IDA ;

P315.9; TU311.3 A

Influence of Three-dimensional Ground Motion Input on IDA-based Collapse Fragility Analysis

Lu Xin—zheng Shi Wet Zhang Wan-kai Ye Lie-ping Ma Yu-hu( Department of Civil Engineering Key Laboratory of Civil
Engineering Safety and Durability of China Education Ministry Tsinghua University Beijing 100084  China)

Abstract: Collapse safety is the most important objective of performance-based seismic design and IDA ( incremental dynamic
analysis) -based collapse fragility analysis is able to quantitatively evaluate structural collapse safety under earthquakes. In this paper
it is illustrated that IDA considering single horizontal component of ground motion will over-estimate structural collapse safety through
examples of an 8-storey RC frame structure and a 20-storey RC frame-core wall structure. More collapse modes may be appear with
three-dimensional ground motion input so that more potential seismic vulnerability is clearly exposed. Therefore IDA considering
three-dimensional ground motion input should be adopted for collapse safety evaluation.
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Table 1 Far-field ground motion records proposed by FEMA P695 report for IDA-based collapse analysis
((km) (PGA) (PGA) ( (PGA) ()
1 6.7 | 1994 Northridge Beverly Hills-Mulhol 17.2 0.632 0. 805 1.000
2 | 6.7 | 1994 Northridge Canyon Country-WLC 12.4 0.661 0.851 1.000
3 7.1 | 1999 Duzce Turkey Bolu 12.0 0.246 0. 885 1.000
4 | 7.1 | 1999 Hector Mine Hector 22.5 0.446 0.789 1.000
51 6.5 | 1979 Imperial Valley Delta 13.5 0.413 0.677 1.000
6 | 6.5 | 1979 Imperial Valley EI Centro Array #11 25.2 0.367 0.964 1.000
7 ] 6.9 | 1995 Kobe Japan Nishi-Akashi 28.5 0.728 0.987 1.000
8 | 6.9 | 1995 Kobe Japan Shin-Osaka 15.4 0.242 0.871 1.000
9 | 7.5 | 1999 Kocaeli Turkey Duzce 13.5 0.638 0.872 1.000
10 | 7.5 | 1999 Kocaeli Turkey Arcelik 23.8 0.392 0.685 1.000
11 7.3 | 1992 Landers Yermo Fire Station 20.0 0.555 0.619 1.000
12 | 7.3 | 1992 Landers Coolwater 35.5 0.407 0.679 1.000
13 | 6.9 | 1989 Loma Prieta Capitola 12.8 1.004 0.848 1.000
14 | 6.9 | 1989 Loma Prieta Gilroy Array #3 13.0 0.601 0.661 1.000
15 | 7.4 | 1990 Manjil Iran Abbar 18.5 1.045 0.965 1.000
16 | 6.5 | 1987 Superstition Hills EI Centro Imp. Co. 11.7 0.347 0.725 1.000
17 | 6.5 | 1987 Superstition Hills Poe Road ( temp) 14.3 NA 0.673 1.000
18 | 7.0 | 1992 Cape Mendocino Rio Dell Overpass 15.5 0.356 0.702 1.000
19 | 7.6 | 1999 Chi-Chi Taiwan CHY101 26.8 0.375 0.803 1.000
20 | 7.6 | 1999 Chi-Chi Taiwan TCU045 25.9 0.644 0.926 1.000
21 | 6.6 | 1971 San Fernando LA - Hollywood Stor 15.8 0.648 0.830 1.000
22 | 6.5 | 1976 Friuli Italy Tolmezzo 18.46 0.754 0.895 1.000
0.522 0.805 1.000
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Fig.1 Standard plan layout of the 8-storey RC frame structure
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Fig.2 Collapse fragility curves of the 8-storey TECS '
RC frame structure considering multiple— () TECS
dimensional earthquake ground motion
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Table 2 Collapse probabilities of the 8-storey RC X o
frame structure under MCE level earthquakes 4.2
and mega-earthquakes
5 o
S.(1) 1 S.(1) 1 IDA
SJ( Tl) wer = 1.0 S(.( T]) wer =2.0 (
X 0 45 90 ) .
5.6% 53.5%
19.4% 73.9%
33.1% 77.9% 8 RC
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Fig.3 Three-dimensional FE model of the

20-storey RC frame-core wall structure
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Table 3  Statistics of structure collapse modes under

variant earthquake ground motions
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Fig.4 Three-dimensional FE model of the core wall
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(a) 1=2.0s (b) t=4.5s (c)1=5.1s (d) 1=7.5s
6 10 ( El-Centro )
Fig.6 Collapse process at tenth storey (under El-Centro earthquake ground motion)
\lll-l
(a) 1=0.0s (b) =14.5s (¢) t=15.5s (d) i=16.3s
7 1 ( Kocaeli Turkey )
Fig.7 Collapse process at first storey (under Kocaeli Turkey earthquake ground motion)
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