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Prediction of seismic collapse vulnerability of RC
frame based on pushover analysis method

LU Xinzheng ZHANG Wankai LIU Guohuan

( Key Laboratory of Civil Engineering Safety and Durability of China Education Ministry Department
of Civil Engineering Tsinghua University Beijing 100084 China)
Abstract: The collapse-vulnerability analysis based on collapse probability is the most reasonable method to evalu-
ate the collapse resistant capacity of structures. However currently collapse probability analysis is mostly based on
incremental dynamic analysis ( IDA)  which is difficult to be directly used for engineering design due to relatively
heavy workload and complicated procedure. Therefore it is necessary to develop a new method which is conven—
ient for engineering application. In this paper 18 RC frames are analyzed respectively by using pushover analysis
and IDA. Then the correlation between the results of pushover and those of IDA are studied. The results show that
there are fairly good correlated relations between the collapse margin ratio ( CMR) the collapse probability under
maximal considered earthquake ( MCE) and the displacement margin ratio from pushover analysis. Based on these
relations  the design displacement margin ratio of pushover analysis to meet the requirement of the collapse proba—
bility under MCE is recommended. Nine additional RC frames are used to validate the proposed displacement mar—
gin ratio which shows this method is easy to use and can provide reference for engineering design of regular multi—
story RC frame.
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Table 1  Computational results of different frames
CMR (%) S ( mm) S 4y ( mm) Ky =Su/! Sw
2.8.6.4 2.200 6 69.73 133.00 1.910
2.8.6_6 1.600 19 93.31 110.00 1.180
2.8.6_8 1. 000 48 120. 00* 83.00 0.700*
3.6_6_4 4.800 110.74 320.00 2.890
3.6_6_6 2.700 146.47 230.00 1.570
3.6.6_8 1.500 19 150.00* 143.00 0.950%*
2.8.9.4 2.600 0 128.04 187.00 1.460
2.89.6 1.800 8 165.00%* 164.00 0.990*
2.8.98 2.000 16 161.52 172.00 1.060
3.6.9 4 4.200 2 189.93 358.00 1.880
3.6.9.6 2.200 4 261.53 295.00 1.130
3.6.9_8 1.700 15 238.76 295.00 1.240
2.8_12_4 3.100 4 199.81 280. 00 1.400
2.8_12.6 1. 600 9 290.00* 262.00 0.900*
2.8_12_8 1. 400 21 266.91 271.00 1.020
3.6_12_4 3.100 0 352.11 532.00 1.510
3.6_12_6 1.900 5 530.00%* 480.00 0.910%*
3.6_12_8 1.500 6 419.08 454.00 1.080
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Fig.2 Typical pushover analysis curves
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Table 2 Displacement margin ratio corresponding to the collapse probability under the maximal considered earthquake
(%) 95%
0.50 2.72 3.76 4.07
1.00 2.36 3.27 3.54
5.00 1.53 2.12 2.30
10.00 1.18 1.63 1.77
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Fig.4 Relation curves between the collapse probability under
95% ° design large earthquake and the displacement
margin ratio and validation of proposed method
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Table 3 Validation of proposed method
S S < IDA (2) 95%
d
() (mm) ((mm) (%) (%) (3 (%) (4) (%)
SF1 -7 ! 7 175.7 316.3 1.80 4.00 2.99 7.90 9.63
SF1 -7.5 " 7.5 217.0 715.0 3.29 0.00 0.16 0.97 1.38
SF1 -8 ! 8 269.2 770.3 2.86 0.00 0.38 1.77 2.43
7B 2 7 79.83 302.31 3.79 0.10 0.06 1.95 2.74
7Cc "2 7 87.19  252.06 2.89 1.03 0.36 4.95 6.42
7.5B 12 7.5 99.90 315.82 3.16 0.89% 0.21% 3.73% 4.96
7.5C 2 7.5 118.10 276.87 2.34 5.34 1.03 8.73 10.78
8B 12 8 99.62 375.26 3.77 0.38 0.06 1.99 2.79
8C 2 8 100. 89 327.20 3.24 1.89 0.18 3.43 4.59
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