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Abstract: Reinforced concrete (RC) frame is predominant of China’s seismic-resistant building systems. The
credibility of its fragility model directly affects the accuracy of earthquake risk assessment. Although significant
advances have been made in seismic fragility modeling of RC frames, the results are mostly based on numerical
simulations, lacking systematic integration and validation. This study developed a machine learning-driven cleaning
method. Based on a database comprising fragility curves from Chinese literature, the mapping relationship between
structural parameters and spectral acceleration Sam(771) was firstly established by machine learning models, which
corresponds to a 50% exceedance probability in the fragility curve. A sensitivity simulation was performed to
identify disqualified samples and qualified samples within the fragility curve database with greedy algorithm. An
analysis of distribution characteristics in the sample space was performed combined with SHAP (Shapley Additive
Explanations) and engineering experience. The differences between the fragility curves fitted by this paper's model

and the curves provided by disaster assessment software were discussed with the examples of classical RC frame
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structures in HAZUS. The results indicate that the engineering parameters of the RC frame prototype structure in
available Chinese literature are non-uniform. Fragility curves given in current Chinese literature for RC frame
structures are mostly credible. The comparison with HAZUS benchmarks demonstrates that the machine learning
models show advantages in parametric dimensions and material coverage with more applicability to single structure.
A visualization platform based on research has been developed for evaluating the credibility of existing fragility
curves and automatically generating structure-specific fragility curves for RC frame systems rapidly.

Keywords: RC frame structure; seismic fragility; machine learning; support vector regression; incremental dynamic

analysis
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Table 4 Comparison of the input parameters of

mid-rise RC structures between HAZUS and this paper

[ g SRR
BB K Moderate-Code
H
Yy D2
A
[T hE (472
z
One BRAE 0.0058 0.04
U
PGAmus/g 0.21 0.89
S
B 0.64 0.64
HTEAEAR 2010 fRPLFL
BZE VIR (0.2¢) P71
] 18
PN
SFAE JE 34/s 0.35-0.45
p'a
VR E T BR C30-C50
1
L 4-7
25K E/m 14.4-25.2
JRIEAEE 0.005-0.04
B 0.4 0.4

S<H ASCE7-16 MUV HIE, HEZREEH) 1A

HIRHY, AR (5D 55

T, =0.02h%"

b, b AL, BRAh, ZHE AR BT
A 12 )%, HAJRJZ MR T 3 m HLi 2 Al i
TE IR HIREZE, AR AR AR T
A& M LA (16):

T,=0.1n (16)
b, 0 WA ALESOT R,
BT (15), R (16) T4 R 5 5 15 b 2

KRR ZRAN,  HATT I e AR SR A S 4 B
AN 12 B, HEEESKRT 3 m KHESEL
¥y, BIEA SRR (16) SFexd kA 7 7 45 #y 3k
K IREAT LA 5

MR R T,<T<S5Ty B, M
Sam( TN PGAmen 14258 (17):

T,Y 225
PGA“ _(?] Sam (Tl)

MEMMERE N 0.1<T<T, i, M
Sam( T A PGAmen FTHZ (18):

2.25
PGAH 772 Sam (Tl)
X, BUEN 1y BUEH 0.9,

Ak, HAZ-China', fERGFROEHRAH T
EHTHE RC HESZZEH IR B TR R,
T& S5, K6Fim.

& 5 EATHE RC ERGHWNESZIREERE (HAZ-
China)

,Tg <Tl<5Tg (17)

,0.1<T1<Tg (18)

Table 5 Seismic Fragility matrix for Chinese
RC frame structures (HAZ-China)
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X 0 1.97 173 5851 2221
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Table 6 Seismic Fragility matrix for Chinese
RC frame structures (CEDPC)
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14

it lA, ARG HAZ-China #%) RC HE
RGERITE R EREIRIRS T 500k BN 25t 9211
TEAE IR EBUE PGAmuc N 0.507g, BN 0.459,
BIREINIRZS T 1 PGAmpc N 1.69 g, BN 0.435;
S A, FEREEN O RC HESRLE I



TEHF IR T 5000 B 25 X 97 fr b [ V68 2
I FEEBUE PGAmce N 0.431g, BN 1.242, IR
IR T ) PGAmer 9 1.903 g, B4 1.338
Moderate-Code 552§ T /1= RC HEZE L5 #) 55
(DS2) FIBEIR (DS4) P AR S5 2 A e B Y
S GRS HAZUS SR EOLE 5
1k 28 & HAZ-China. 75 [ 08 5 PG
(1) 25 45 14 T ZRAE R b2 ol 18, & 19

7,]_\‘0
10—~
08 | ( 4
!
1
B 06 ;
2 %o
04 AR
! HAZ-China
02| 7/ P
! HAZUS
0 / | " qzi/}j%%
0 02 04 06 08 10
PGA/g
18 HAERIR SR Zy 451 il 2 0] EE
Fig.18 Comparison of DS2 fragility curves
10 — =
08 | 7
'l
'I
/
§06» /
5 04 7 / AR
j HAZ-China
02t ek se
HAZUS
o L | == iR
0 08 16 24 32 40

PGA/g
19 SRR SR 2 5 453 1% ih 2 0] EE
Fig.19 Comparison of DS4 fragility curves

K18, K19+, fEFSERIA (DS2) H%IA
(DS4) WIRSER T, AU E PGAn BUEHT
FRME. EFBRM{E. 5 HAZUS 4111 PGAmus BUE
Jo HAZ-China. J= B 0 52 3 0 B 406 1)
PGAnenRMERI TRESHEINTR 7. K 8FR.

R 7HE RC HRERHER P SR HERF

AR
Table 7 Comparison of the fitting results of mid-rise RC
structures between HAZUS (HAZ-China, CEDPC) and
this paper
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Table 8 Comparison of the fitting results of mid-rise RC
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Fig.20 Credibility assessment and prediction program for

fragility curves of RC frame structures
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