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Robustness Analysis on Progressive Collapse of Isolation Structure

Based on Double Randomness of Structure and Seismic Wave
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Abstract: To analyze the vertical collapse robustness of isolated structures, considering double randomness of
structure and seismic wave, a random robustness index was proposed based on the reliability theory. Through analyz—
ing and contrasting the random robustness indexes of different randomness, the influence of randomness on the verti—
cal progressive collapse robustness of isolated structures was revealed. In addition, the influence of PGA on the ver—
tical progressive collapse robustness of isolated structures was studied. And the following results were obtained: The
random robustness index can be effectively used for quantitative evaluation of the vertical progressive collapse abili—
ty of isolated structures. If only considering random ness of structures or seismic wave, it may overestimate the ability
of the structure. The robustness of the isolation structure decreases with the increase of PGA. Under strong seismic,
isolation structures are more prone to vertical progressive collapse.
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Tab.2 Basic random variables of the bearing
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Tab.3 Seismic wave information
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Imperial Valley-06 6.5 1979 021 17.71 0.09

1

2 Irpinia, Italy-01 6.9 1980 0.05 591 0.13
3 Bam Iran 6.6 1994 0.81 124.12 0.16
4 Kocaeli Turkey 7.5 1999 032 71.88 0.23
5 Duzce Turkey 7.1 1999 0.81 65.87 0.08
6 San Salvador 5.8 1986 053 7299 0.14
7 Denali Alaska 79 2002 0.30 65.96 0.23
8 Northridge-01 6.7 1994 093 76.26 0.08
9 Chi-Chi Taiwan 7.6 1999 0.79 12534 0.16
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11 Duzce, Turkey 7.1 1999 051 84.09 0.17
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14 Chuetsu—oki Japan 6.8 2007 046 89.05 0.199
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16 Loma Prieta 6.9 1989 0.64 5598 0.09
17 Manjil, Iran 7.37 1990 0.14  19.53 0.14
18 Kobe , Japan 6.9 1995 0.30 24.50 0.08
19 Landers 7.3 1992 024  51.09 0.21
20 San Fernando 6.6 1971 022 21.70 0.10
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Fig.5 Random vertical IDA curves(random structures )

A S R AR A R R BRRZS T 7, A 2808
GOBURTTE 15 3 58 0F R A5 4546 ) BE oK BT Y By
St R R, ik 4 s, AU Ay, 113
SEMITIRERE, FEMIS R PR A BEALE B ETRAR,
mE 5 Pn.

x4 Thee s a7 AE( LM REL)
Tab.4 Statistics of performance function

(random structures )
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Tab.5 Random robustness index ( random structures )

T B. B Iy
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Fig.6 Random vertical IDA curves(random seismic )
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Tab.7 Random robustness index( random seismic )
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Fig.7 Random vertical IDA curves(double randomness )
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Tab.8 Statistics of performance function
(double randomness )
T FHEME  ERRE WEEREC VSR REL

SEHFEER 3.073 0.254 0.760 0.217
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Tab.9 Random robustness index( double randomness )
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Fig.8 Robustness comparison of different randomness
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Tab.10 Random robustness index of different PGA

PGA B. B Iy
0.4 9.010 4.730 2.086
0.6 8.157 4.140 2.031
0.8 5.720 2.834 1.982
1.0 3.935 1.790 1.834
1.2 3.166 0.514 1.352
1.4 2.304 0.276 1.136
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Fig.9 Robustness comparison of different PGA
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