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Fig. 1

fragility curve of earthquake damage matrix
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Fig. 2 Schematic diagram of fragility exceeding

probability curve in different damage states
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Tab. 1  The correspondence between seismic intensity and

peak ground acceleration and peak ground velocity

. PoA/ RIS/ PGV/ BRI
HERRURE
(m-s72) (m-s72) (m-s~h) (m-s7h)

VI 0.63 0.45 ~0.89 0. 06 0.05 ~0.09
Vil 1.25 0.90 ~1.77 0.13 0.10 ~0.18
VI 2.50 1.78 ~3.53 0.25 0.19 ~0.35
X 5.00 3.54 ~7.07 0.50 0.36 ~0.71

X 10. 00 7.08 ~14. 14 1. 00 0.72 ~1.41
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Tab. 2 Exceedance probability matrix of

civil structure buildings in IIT zone (% )

o BB LS, PEWIR LS, UEBHALS, SR LS,

VI 43 14 2 0
viI 77 46 21 4
VIII 92 82 49 19

IX 99 96 71 50

X 100 100 97 87
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x X PGA/g  HTRWEIR LS, ERIK LS, TREBUA LS, B K LS,
0.01 0. 89 0.01 0.00 0. 00
B3 NRE+tAEHEREEIME 0.10 64. 66 32.78 10.72 1.35
Jﬁl{il‘i@ (a> &ﬁ_if@ (b) 0.20 88.55 70. 40 36. 28 10. 81
Fig. 3 Scatter diagram (a) and histogram (b) of 0-30 93.41 86.66 56.74 25.26
. . .. 0. 40 97. 88 93. 55 70. 51 39.67
damage probability matrix of civil structure
L . 0.50 98.91 96. 67 79.55 52. 06
buildings in III zone
0. 60 99. 40 98. 18 85.54 62. 10
£3 Il REAZHERFERERS FT2SEE 0.70 99. 65 98. 96 89.58 70. 01
SR 0 B 0. 80 99.79 99. 38 92. 36 76. 19
Tab.3 Medianand 6 and standard deviation B of the exceedance 0-90 99- 86 9962 94.30 81.01
1.00 99.91 99.76 95.69 84.76

probability of the civil structure buildings in different

limit states in III zone

g BHEUE SRR CEBIR ORI
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0 0.073 0.137 0.263 0.482
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Tab.5 Damage probability matrix of civil structure buildings based on PGA (% )

PGA/g SEARSELT DS, RIIR DS, ThEEREIR DS, JEE IR DS, 8 IR DS,

0.01 99. 11 0.88 0.01 0.00 0.00

0.10 35.34 31.88 22.06 9.37 1.35

0.20 11.45 18. 14 34.13 25.46 10. 81

0.30 4.59 8.75 29.92 31.48 25.26

0.40 2.12 4.33 23.04 30. 85 39. 67

0.50 1.09 2.25 17. 11 27.49 52.06

0. 60 0.60 1.22 12. 64 23.44 62. 10

0.70 0.35 0.69 9.38 19. 57 70. 01

0.80 0.21 0.41 7.02 16. 16 76.19

0.90 0.14 0.25 5.31 13.30 81.01

1.00 0.09 0.15 4.06 10.93 84. 76
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Fig. 5 Fragility fitting curve of civil structure

buildings damage matrix based on PGA
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Fig. 6 Fitting curves of damage matrix for various types of structure in Sichuan Province
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Tab. 6 The two parameters § (unit: m/s) and 8 based on PGA in different damage states of different structures
I T ey BRI LS, ThAEEIR LS, JUHE IR LS, IR LS,
6 B o B 0 B 6 B
AL 0. 070 0. 696 0. 126 0. 675 0.239 0.732 0. 467 0. 694
P IX. fitt R&5H 0. 083 0.703 0.171 0.739 0.346 0.678 0.784 0.720
(11X) 3L KRG 0. 102 0. 669 0.212 0.726 0.519 0. 848 1.730 0.926
T 45 0. 092 0. 689 0.153 0. 547 0.238 0.613 0. 491 0. 845
AL 0.073 0. 839 0. 137 0. 706 0.263 0.779 0. 482 0.711
rh?'ﬁ;flz Tits K2R 0. 090 0.732 0.185 0.737 0. 365 0. 687 0. 808 0. 707
RN 0. 109 0. 666 0.224 0. 696 0. 558 0. 854 1.750 0. 851
AL 0.073 0. 839 0. 137 0. 706 0.263 0.779 0. 482 0.711
PR AR L X )
(I ) fits AR LR 0. 091 0.723 0. 190 0. 742 0.371 0. 688 0. 825 0. 694
ZEL ARG 0. 105 0.673 0.213 0. 701 0. 542 0. 868 1. 696 0. 853
ERER (R 0.298 0. 599 0.737 0. 624 1. 365 0. 476 1.158 0. 077
BRI (— ) 0.277 0.531 0. 634 0. 595 1.276 0.514 1.134 0.075
WA (kB ) 0. 267 0. 785 0. 540 0. 548 0. 841 0. 506 1. 629 0.558
BIRA (—B) 0.228 0.738 0. 481 0. 584 0. 696 0. 466 1.527 0. 607
WG IR (B 0.176 0. 861 0. 357 0. 734 0. 602 0. 600 1. 624 0. 740
BEBTIEIR (—Espy) 0.139 0. 845 0.292 0. 709 0.510 0. 608 1.372 0. 828
ENrdal 0.119 0.770 0.223 0.623 0.396 0. 660 1.031 0.786
F7 ETFPCVHARSEHMARBIFRETHSIRERENSH 0 (BA: m/s) B
Tab.7 The two parameters § (unit: m/s) and 8 based on PGV in different damage states of different structures
e BRMWEIR LS, PSR LS, JRC 27 VAN IR LS,
0 B ] B 0 B 0 B

AL 0. 066 0.731 0.123 0. 692 0.236 0.728 0. 458 0. 687
[LE S fit R&kH 0. 080 0.737 0. 168 0.747 0.341 0.674 0.769 0.718
(11X) R S| 0.099 0. 700 0.209 0.728 0.510 0. 843 1. 692 0.923
it 25K 0. 089 0.715 0. 151 0. 559 0.236 0. 607 0. 482 0. 839
) ARG 0.070 0. 866 0.134 0.719 0.259 0.775 0.473 0.705
qﬂ?ﬁgg s AR 2K 0. 087 0. 761 0. 182 0. 744 0. 359 0. 684 0. 791 0. 704
3L ARG 0. 106 0. 694 0.221 0. 696 0. 547 0. 850 1.712 0. 849
AL 0.070 0. 866 0.134 0.719 0.259 0.775 0.473 0.705
cf:ﬁqg({sﬁf,;{u@g i AR 2K 0. 088 0.752 0. 187 0. 749 0. 365 0. 685 0. 808 0. 691
AW N7 0. 102 0.702 0.210 0.703 0.532 0. 863 1. 659 0. 851
ERES (i) 0. 294 0.593 0.722 0. 622 1.338 0. 476 1.135 0.077
BRI (—A%RT) 0.273 0.524 0. 622 0.593 1.251 0.514 1. 111 0.075
BIREEH (EiRbi) 0. 262 0. 788 0. 530 0.543 0. 824 0. 506 1. 596 0.558
BTRES (—fBy) 0.225 0.741 0. 473 0.577 0. 682 0. 466 1. 496 0. 606
BB (Rsepy) 0.173 0.871 0. 351 0.729 0. 590 0. 596 1. 590 0.739
WL IR (—Bakpi) 0. 136 0. 854 0.288 0. 704 0. 501 0. 604 1.342 0. 825
KRB B% iR 0.116 0.790 0.221 0.618 0.389 0. 654 1.010 0.784
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Curve Fitting Approach to Obtain Fragility Curve from Building Damage
Matrix Based on the Seismic Ground Motion Parameters

CHEN Bo, WEN Zengping, ZHAO Wenzhe
(Institute of Geophysics, China Earthquake Administration, Beijing 100081, China)

Abstract

Based on the earthquake response of structure subjected to lognormal distribution, we propose a method for
damage probability matrices to be presented by fragility curves, which transforms the damage ratio of existing
building or actual earthquake damage statistics into the fragility curves. First of all, we transform the damage
probability of the buildings in different intensity levels into exceed damage probability. Secondly, combined
with the corresponding relationship between intensity and ground motion parameters, we calculate the mean val-
ues and standard deviation values of fragility functions in different damage limit states by the maximum likelihood
estimation method. Finally, we get structures fragility curves corresponding to different ground motion parame-
ters. Taking the structure damage matrix of Sichuan Province as an example, we give the seismic fragility curve
parameters of various types of structure. It is verified that this method has a high reliability and accuracy and can
provide the basis for building seismic risk assessment and estimation of earthquake insurance.

Keywords: seismic ground motion parameters; intensity; damage ratio matrix; fragility curve; the maxi-

mum likelihood estimation method



