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Consideration of ground motion uncertainty in regional buildings damage
simulation and probabilistic damage estimation
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(1. China Earthquake Disaster Prevention Center, Beijing 100029, China; 2. Department of Civil Engineering, Tianjin University,
Tianjin 300350, China; 3. Key Laboratory of New Technology for Construction of Cities in Mountain Area, Ministry of
Education, Chongqing University, Chongqing 400045, China)

Abstract; Ground motion has significant uncertainty, and different ground motion response spectra under the same
amplitude have significant differences, which have a significant impact on the estimation of seismic damage to
regional buildings. This study developed a regional building seismic damage simulation program suitable for
multiple-story masonry and concrete frame structures, which can conveniently and quickly simulate regional
buildings seismic damage under set earthquakes, and performed regional building damage simulations and
probabilistic analysis with motion uncertainties. A typical urban region in Chifeng city was selected as the research
area: 30 ground motions were selected to consider their uncertainty, and the ground motions amplitudes were
modulated to the set intensity (0.05 g, 0.10 g, 0.20 g, and 0.40 g). Then seismic damage simulation of regional
buildings under single and multiple seismic inputs were conducted respectively, the impact of seismic uncertainty

on the seismic damage results of regional buildings was analyzed. Based on the seismic damage results under the set
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intensities, a probability density distribution model of regional buildings damage index based on Beta distribution
was established. Results indicate that multiple seismic inputs take into account the uncertainty of seismic motion,
which can more scientifically and objectively reflect the seismic damage situation of regional buildings; The
established Beta distribution model can be used to estimate the post-earthquake damage of buildings in similar
areas. The research results can provide reference for regional buildings safety assessment and seismic fortification.
Key words: ground motion uncertainty ; seismic damage simulation; regional buildings; Beta distribution; damage

estimation
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Fig. 1 Steps for seismic damage simulation of regional buildings
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Table 1  Ranges of inter story drift ratio values for structural damage state
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Fig.3  Distribution of buildings in the research region
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Table 2 Specific information of the 30 selected ground motion waves
o 2 o 1 A =24 lj}iﬂl 2 s 2 b o 1 A =y i 2
%% RSN W= 4 BRI Sy PA/(w/s?) 4% RSN =B 44 BRI ey PGA/(n/s?)
1 12 RSN12 _ KERN. PEL _  7.36 1 0.4138 16 860 RSN860 _ LANDERS _  7.28 1 0.79717
PEL090.AT2 H05000.AT2
2 142 RSN142_TABAS_SED  7.35 1 0.2631 17 862 RSN862 _ LANDERS _  7.28 1T 1.0182
-L1.AT2 INDO00.AT2
3 15 RSN15_KERN_ 7.36 I 1.5571 18 863 RSN863 _ LANDERS _  7.28 I 0.4179
TAF021.AT2 ING000.AT2
4 164 RSNIG4_IMPVALLH_ 653 1 1.6493 19 85 RSN865_LANDERS _ 728 I 0.4147
HCPE147.AT2 116000.AT2
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15 85 RSN85_SFERN_ 6.61 I 0.4240 30 886  RSN886 _ LANDERS _  7.28 I 0.4559
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Fig.5 Response spectra of the 30 selected ground motion waves
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Fig.6 Damage state distribution for all buildings under different seismic intensities
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Table 3  Proportion and quantity of damage to regional buildings under different earthquake intensities

B JLT5ehF B T4 e e

6 I 23(4.76%) 460(95.24%) 0(0%) 0(0%) 0(0%)
7 0(0%) 390(80.75% ) 93(19.25%) 0(0%) 0(0%)

8 i 0(0%) 0(0%) 390(80.75%) 23(4.76%) 70(14.49%)

9 0(0%) 0(0%) 0(0%) 390(80.75% ) 93(19.25%)
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Fig.7 Histogram of simulationed seismic damage for all buildings under different intensities
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Fig.8 Comparison of building damage proportions
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