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Table 1 Comparison of characteristic parameters adopted in vulnerability models of assessment systems at home and abroad
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Table 2 Comparison of division intervals of building height for RC frame structures in different models
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Fig.1 Distribution of building samples of RC frame structures

FKRMPE R INTEE % 7 1989 45, 2001 4EA1 2010 E="MAs, LA 2010 N 3 (£ 15 82%), 2001 it
W2 (i 15%), 1989 it/ (£ 15 3%) (B 2a) o RC HESLEE M (4T i BB Z1 A 78 26 VI-VINE, R VIVVINVI
FEBERT A5 R B S3 0N 250 #R 266 AT 170 #5 (B 2b) o WA AR, Hd o3 bt
33%, A2 67%. IR WI%E 5 0.35s. 0.4s. 0.45s, L5 17%. 41%F1 42% (& 2¢) &

TREELEREA 35 C30. C35. C40. C45. C50, Hr, RHAI C30 M4 i % (&t 67%), C50 )4
SRR, 207% (B 2d) « SHEHDAER 1~12 2, Hid 5~6 EMsitiEns, Sy 47%.
9~10 EMgittiEil, He) 1.3% (K 2e) . SiMmEEF /0 M7E 10~30m, HEFEAR 89% (L
10~20m 5 56%, 20~30m /7 33%) (& 2f) . SMMREREER GBREHE 2 A 582 AR 2 D
HUE ) 73 AR/ 0.005~0.044, H 48 K7 45/ A %0 A 75 0.01~0.03, £ 54549 240 78% (Kl 2g) -

89HLYE C40 C45 C50

(a) ITIMRIRITASE (b) IMERFHEUE (c) It HFIE B HA (d) RELIEBE
350 500 350
300 400 300
250 250
mm 200 mm 300 ]][m 200
/150 & 200 = 150
100
100 100
50 50
0 0
0 12 34 56 7-8 910 11-12 0 10 20 30 40 50 60 0 001 002 003 004 0.05
27 C)=5 4 ZMRE (M)

(e) LAY () FlsE (0) REHEZR



2 RCIERGHMBFHEATES NS

Fig. 2 Statistics of main parameters of RC frame structure building samples
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Fig 3 Fragility curve family of RC frame structure samples in this study (with Sa (T1, 5%) as the ground motion intensity measure)
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Fig. 4 Fragility curve family of RC frame structure samples in this study (with PGA as the ground motion intensity measure)
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Table 6 Seismic damage matrix of RC frame structures in Group 1
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Table 7 Seismic damage matrix of RC frame structures in Group 2
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VIII 30.7 27.9 21.8 12.9 6.7
IX 154 25.4 24.8 19.2 15.3
X 5.8 104 26.7 25.3 31.8
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Table 8 Seismic damage matrix of RC frame structures in Group 3
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Table 9 Corresponding Relationship between Intensity and PGA (2020 Edition)
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Figure 7 Fragility curves fitted from seismic damage matrices
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Figure 8 Goodness-of-fit test for curves fitted from the seismic damage matrix of Group 1
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Figure 9 Goodness-of-fit test for curves fitted from the seismic damage matrix of Group 2
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Figure 10 Goodness-of-fit test for curves fitted from the seismic damage matrix of Group 3
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Figure 11 Seismic fragility curves of Chinese RC frame structures for the GEM model
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Figure 12 GEM fragility curve family with PGA as the ground motion parameter
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Figure 13 Comparison of average fragility curves and fitted fragility curves
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Figure 14 Comparison with the GEM average fragility curve
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Figure 15 Loss rate distribution of single frame structures under different ground motion intensity levels

4.2 S5 R T 5 IR ST S5 R X EE

NIRRT LI GAERISE R, X 7RS40 U RE 25 1V ol LR A1 2 1 2 5 45 P8 ot 2 VF it 45 SR AL L
(E16) . SR AMERWEHEE 2, HEIHIAE “S” AR KAFE. BEE PGA B,
SRR R A R BT R, PGA iL 0.4g My LI BEE PGA RIZKEEHE K, ~FEIHR
B BTN o Ui A BE G ML FE SR EE G K, 686 MREEA RCHEZLZS 1) B A Grai 3l KB — e FE R 5
PATHIRWAMKIBLR, R 686 MRHEZLA K L2 ™ B ARG FL A BOR,  DLA T 7] QR4 475 (1 45 A4 iy 1
R



yan —m— SRR ~
e PGB i

00 1 1 1 1 1 1 1 1 1
00 01 02 03 04 05 06 07 08 09
PGA (@)

& 16 MK ZERE PGA LB R
Figure 16 Variation of average loss rate with PGA
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Table 11 Total economic loss and evaluation difference rate 1
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Figure 17 Seismic disaster loss curve
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Comparative Study of Seismic Fragility Models for Earthquake Disaster
Loss Assessment in China— the Case of RC Frame Structures

REN Hao?!, QU Zhe??

(1. Shaanxi Earthquake Agency, Xi’an 710068, China; 2. Key Laboratory of Earthquake Engineering and Engineering Vibration,
Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China; 3. Key Laboratory of Earthquake
Disaster Mitigation, Ministry of Emergency Management, Sanhe 065201, China )

Abstract: The seismic fragility model of engineering structures is a critical component in probabilistic seismic risk
assessment. Currently, seismic fragility models used for earthquake disaster risk assessment in China often exhibit
oversimplifications in engineering structure classification and key parameter selection, increasingly becoming a
limitation in advancing refined seismic risk assessment practices. To explore the influence of the refinement degree
of fragility models on seismic disaster loss estimation, this paper takes 686 existing reinforced concrete (RC) frame
structures with diverse characteristic parameters in Shaanxi Province as research objects, and calculates their seismic
economic losses by adopting fragility models with different refinement levels under the same seismic hazard
conditions. The refined fragility curve family and average fragility curves of the 686 existing RC frame structures



are established based on the support vector regression method. Three groups of seismic damage matrices for RC
frame structures commonly used in practical seismic disaster loss assessment and the GEM seismic fragility curves
for Chinese RC frame structures are collected for comparative analysis with the refined fragility model proposed in
this paper. The models involved in the comparison are as follows: D A refined fragility model based on support
vector regression that takes eight characteristic parameters of buildings into account; 2 The seismic fragility model
for domestic RC frame structures in the Global Earthquake Model (GEM); @ Three fragility models based on seismic
damage matrices widely used in routine engineering practices in China. The results show that when estimating the
total seismic disaster losses of a large number of buildings in the study area, the calculation results of the refined
fragility model are close to those of its corresponding average fragility model. The maximum difference rate A
between the estimations of the refined fragility curve family and the average fragility curves in this study is merely
3.02%. The fragility models based on seismic damage matrices adopted in domestic engineering practices suffer from
unreasonable damage grade intervals and excessive data dispersion, and their assessment results differ remarkably
from those of the average refined fragility model. The proposed refined fragility model can generate a set of tailored
fragility curves according to the characteristic parameters of each individual structure. It realizes the refinement of
fragility models in seismic disaster loss assessment, resolves the problem of coarse granularity in disaster-bearing
body classification and key parameter selection of conventional fragility models, and further improves the accuracy
and reliability of assessment results.

Keywords: seismic fragility; seismic disaster risk assessment; reinforced concrete frame; support vector
regression; refined assessment



