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SEISMIC FRAGILITY ANALYSIS OF LOW-DUCTILE RC FRAME
ACCOUNTING FOR THE INFLUENCE OF MAINSHOCK-AFTERSHOCK
SEQUENCES

. 12 1,2
HAN Jian-ping ~, LI Jun>
(1. Key Laboratory of Disaster Prevention and Mitigation in Civil Engineering of Gansu Province, Lanzhou University of Technology, Lanzhou 730050, China;

2. Institute of Earthquake Protection and Disaster Mitigation, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Under the action of mainshock-aftershock sequences, the aftershock can cause additional damage to a
damaged structure by the mainshock, or even cause it to collapse, especially for a low ductility structure.
Currently, the analysis and evaluation of aseismic performance of low-ductile structures under the
mainshock-aftershock sequences are not sufficient. According to the failure characteristics of a low-ductile
reinforced concrete (RC) frame, the shear failure of beam-column joints, the flexure-shear failure of column, the
strength and stiffness degradation, and the bond-slip failure of longitudinal reinforcement at the end of beam were
taken into consideration for the numerical simulation of a low-ductile RC frame. The refined analytical model of a
6-story 3-span low-ductile RC frame structure was established via OpenSees finite element software. The real
mainshock-aftershock sequences and the mainshock-aftershock sequences based on repeated method were
selected. The effects of aftershock directionality and the number of aftershocks were also considered. Taking
different mainshock-aftershock sequences as input, the dynamic analysis of the low-ductile RC frame model was
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carried out and the seismic fragility curves corresponding to different damage states were obtained. Then the
effect of different mainshock-aftershock sequences on its aseismic performance was analyzed. The results show
that the refined analytical model of a low-ductile RC frame presented can simulate the degradation of stiffness and
strength of beam-column joints due to shearing actions. Comparing with the mainshock input only, the exceedance
probability of the damage state of the low-ductile RC frame under the influence of the mainshock-aftershock
sequences is higher, and with the increase of the damage extent under the mainshock, the increase is much more
obvious. The exceedance probability of the corresponding damage state under the influence of the
mainshock-aftershock sequences based on the repeated method is higher than that under the influence of the real
mainshock-aftershock sequences. The different direction of aftershock has certain influence on the exceedance
probability of corresponding damage states. Increasing the number of aftershocks will also increase the
exceedance probability of corresponding damage states.

Key words: mainshock-aftershock sequence; low-ductile reinforced concrete frame; seismic fragility analysis;

numerical simulation; seismic performance evaluation
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Table 1 Summary of the selected real mainshock-aftershock sequences

Eq.1

Eq.2
Eq.3

Eq.4
Eq.5

Eq.6
Eq.7
Eq.8

Eq.9
Eq.10
Eq.11
Eq.12
Eq.13
Eq.14
Eq.15
Eq.16
Eq.17
Eq.18
Eq.19
Eq.20
Eq.21
Eq.22
Eq.23
Eq.24
Eq.25

Northridge-01,06 6.69 5.28 1 1994 LA-Century City CC North
Northridge-01,03,06 6.69 5.2,5.28 2 1994 Castaic-Old Ridge Route
Northridge-01,06 6.69 5.28 1 1994 Inglewood-Union Oil
Northridge-01,04,05 6.69 5.93,5.28 2 1994 Elizabeth Lake
Northridge-01,02,03,06 6.69 6.05,5.2,5.28 3 1994 Palmdale-Hwy 14 and Palmdale
Northridge-01,04 6.69 5.93 1 1994 Moorpark-Fire Sta
Northridge-01,03,06 6.69 52,528 2 1994 Santa Monica City Hall
Northridge-01,06 6.69 5.28 1 1994 LA-Hollywood Stor FF
Northridge-01,06 6.69 5.28 1 1994 LA-Baldwin Hills
Managua Nicaragua-01,02 6.24 5.2 1 1972 Managua-ESSO
Northridge-01,06 6.69 5.28 1 1994 LA-116th St School
Northridge-01,05,06 6.69 5.13,5.28 2 1994 AnaverdeValley-City R
Chalfant Valley-01,02 5.77 6.19 1 1986 Benton
Chalfant Valley-01,02,04 577 6.19,5.65,5.44 3 1986 Bishop-LADWP South St
Chalfant Valley-01,02,03 5.77 6.19,5.65 2 1986 Bishop - Paradise Lodge
Chalfant Valley-01,02, 04 5.77 6.19,5.65,5.44 3 1986 Zack Brothers Ranch
Mammoth Lakes-01,02 6.06 5.69 1 1980 Mammoth Lakes H.S
Mammoth Lakes-01,03 6.06 591 1 1980 Convict Creek
Mammoth Lakes-01,03,04 6.06 591,5.7 2 1980 Long Valley Dam (Upr L Abut)
Chi-Chi-01,02,06 7.62 5.9,6.3 2 1999 CHYO024
Chi-Chi-01,03,06 7.62 6.2,6.3 2 1999 CHYO025
Chi-Chi-01,02,04 7.62 5.9,6.2 2 1999 CHYO036
Chi-Chi-01,03,04 7.62 6.2,6.2 2 1999 CHY082
Chi-Chi-01,02,04,06 7.62 5.9,6.2,6.3 3 1999 CHY101
Chi-Chi-01,06 7.62 6.3 1 1999 HWAO011
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Eq.26 Chi-Chi-01,05 7.62 6.2 1 1999 HWAO037
Eq.27 Chi-Chi-01,02,06 7.62 5.9,6.3 2 1999 HWA041
Eq.28 Chi-Chi-01,04,06 7.62 6.2,6.3 2 1999 HWA043
Eq.29 Chi-Chi-01,03,06 7.62 6.2,6.3 2 1999 HWA045
Eq.30 Chi-Chi-01,04,05 7.62 6.2,6.2 2 1999 KAU088
Eq.31 Whittier Narrows-01,02 5.99 5.27 1 1987 Altadena-Eaton Canyon
Eq.32 Whittier Narrows-01,02 5.99 5.27 1 1987 Downey-Co Maint Bldg
Eq.33 Whittier Narrows-01,02 5.99 5.27 1 1987 Inglewood-Union Oil
Eq.34 Whittier Narrows-01,02 5.99 5.27 1 1987 LA-116th St School
Eq.35 Whittier Narrows-01,02 5.99 5.27 1 1987 LA-Hollywood Stor FF
Eq.36 Superstition Hills-01,02 6.22 6.54 1 1987 Imperial Valley Wildlife Liquefaction Array
Eq.37 Coalinga-02,03,04,05 5.09 5.38,5.18,5.38 3 1983 Burnett Construction
Eq.38 Coalinga-01,02,05 6.36 5.38,5.38 2 1983 Pleasant Valley P.P-yard
Eq.39 Coalinga-02,04,05,07 5.09 5.38,5.77,5.21 3 1983 Coalinga-14th & Elm (Old CHP)
Eq.40 Coalinga-04,05 5.18 5.77 1 1983 Oil Fields Fire Station-FF
Eq.41 Coalinga-02,04,05 5.09 5.38,5.77 2 1983 Palmer Ave
Eq.42 Coalinga-04,05 5.18 577 1 1983 Oil Fields Fire Station-Pad
Eq.43 Coalinga-02,04,05, 5.09 5.18,5.77 2 1983 Skunk Hollow,
Eq.44 Coalinga-02,05,07 5.09 5.77,5.21 2 1983 Sulphur Baths (temp)
Eq.45 Coalinga-04,05 5.18 5.77 1 1983 Transmitter Hill
Eq.46 Irpinia-01,02 6.9 6.2 1 1980 Auletta
Eq.47 Irpinia-01,02 6.9 6.2 1 1980 Bagnoli Irpinio
Eq.48 Irpinia-01,02 6.9 6.2 1 1980 Bisaccia
Eq.49 Irpinia-01,02 6.9 6.2 1 1980 Bovino
Eq.50 Irpinia-01,02 6.9 6.2 1 1980 Brienza
Eq.51 Irpinia-01,02 6.9 6.2 1 1980 Calitri
Eq.52 Irpinia-01,02 6.9 6.2 1 1980 Mercato San Severino
Eq.53 Irpinia-01,02 6.9 6.2 1 1980 Rionero In Vulture
Eq.54 Irpinia-01,02 6.9 6.2 1 1980 Sturno (STN)
Eq.55 Irpinia-01,02 6.9 6.2 1 1980 Tricarico
Eq.56 Livermore-01,02 5.8 5.42 1 1980 Antioch-510 G St
Eq.57 Livermore-01,02 5.8 5.42 1 1980 APEEL 3E Hayward CSUH
Eq.58 Livermore-01,02 5.8 5.42 1 1980 Del Valle Dam (Toe)
Eq.59 Livermore-01,02 5.8 5.42 1 1980 Fremont-Mission San Jose
Eq.60 Livermore-01,02 5.8 5.42 1 1980 San Ramon-Eastman Kodak
Eq.61 Livermore-01,02 5.8 5.42 1 1980 San Ramon Fire Station
Eq.62 Imperial Valley-06,07 6.53 5.01 1 1979 El Centro Array #6
Eq.63 Imperial Valley-06,07 6.53 5.01 1 1979 El Centro Array #10
Eq.64 Imperial Valley-06,07 6.53 5.01 1 1979 El Centro Differential Array
Eq.65 Imperial Valley-06,07 6.53 5.01 1 1979 Holtville Post Office
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Fig.8 Comparison of fragility curves of the investigated low-ductile RC frame under different mainshock-aftershock sequences
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