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Abstract: Aiming at the problems that the failure of members can change the stress state of the structure, and the building
may be severely damaged or even collapsed due to aftershock sequences, the effect of aftershock sequences and link failure on
the seismic performance of K-eccentrically braced steel frames (K-EBF) was investigated. Incremental dynamic analysis.
fragility analysis, and collapse-resistant performance evaluations of 12-story and 18-story K-EBF were conducted by using the
maximum inter-story drift as the seismic demand parameter and peak seismic acceleration as the ground motion intensity
parameter. The results show that compared with non-considering the effect of aftershock sequences and link failure, under the
fortification earthquakes, the two factors (aftershock sequences and link failure) make the 6, of the 12-story and 18-story K-
EBF structures increase by 2. 3% and 8.4 %, and the probability of severe damage increase by 0. 6% and 2. 8% , respectively;
Under rare earthquakes, the 6, of the 12-story and 18-story K-EBF structures increase by 21.0% and 42.1% . and the
probability of severe damage failure increase by 11. 6% and 19. 4% ., respectively; In addition, the minimum structural collapse
reserve factor decreases by 32.1% and 31.2% for 12-story and 18-story structures, respectively; Overall, aftershock
sequences will aggravate the structure damage accumulation, and the negative effect on the structure increases with the
intensity of the earthquakes; The failure probabilities of different limit state will further increase after considering the link
failure, which will result in a further decrease with the minimum structural collapse reserve factor; Therefore, the effects
caused by aftershock sequences and link failure should be fully considered in the seismic performance analysis of K-EBF to
reveal the structural real dynamic response under earthquakes. Taking both the damage failure of link failure and the effect of
aftershocks into consideration can comprehensively analyze the seismic performance of K-EBF structures, which provides a

more reliable basis for seismic design.

Keywords: structural designs; eccentrically braced steel structures; main-aftershock sequence; collapse resistance; fragility

analysis; link failure
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Fig. 1 Structural arrangement diagram of K-EBF
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Tab.1 Member section of 12-story K-EBF
Mz HEZRAE HEZR I FEREY XA
12 450X 400X 14X 18 500X 400X 18X 24 220X 180X 8 X 16 200X 200X 10X 14
11 450X 400X 14X 18 500X 400X 18X 24 220X 180X 8 X 16 200X 200X 10X 14
10 500X 400X 16X 22 500X 400X 18X 24 280X 220X 10X 18 230X 230X 12X 16
9 500X 400X 16 X 22 500X 400X 18X 24 280X 220X 10X 18 230X 230X 12X 16
8 500X 450X 18X 24 500X 400X 18X 24 280 220X 10X 18 230X 230X 12X 16
7 500 X 450 X 18X 24 500X 400X 18X 24 350X 250X 12X 18 250X 250X 12X 16
6 600X 450 X 24X 30 500X 400X 18X 24 350X 250 X 12X 18 250X 250X 12X 16
5 600X 450 24X 30 500X 400X 18X 24 400 250X 14X 20 250X 250X 12X 16
1 750X 500 26 X 32 500X 400X 18X 24 400X 250X 14X 20 270X 270X 14X 18
3 750X 500X 26 X 32 500X 400X 18X 24 400X 250 X 14X 20 270X 270X 14X 18
2 900X 600 28 X 34 500X 400X 18X 24 400 250X 14X 20 270X 270X 14X 18

1
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500X 400X 18X 24

400X 250X 14X 20

270 X270 X14X18

VE < A O T A, P 4 BURT S h XX X h AT BE 0 R BGTERE o, NMEARIEEE o FSLEIEHL B

i34k mm,



TR A BB AR M FERE R AR M) ) K-EBF 45 #5052 Pk BE 23 #r

21

2

18 & K-EBF & ¥ #1& &@ £

Tab.2 Member section of 18-story K-EBF
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XfE

450 X400X 14X 18
450 X400X 14X 18
500X400X16X22
500X 400X16X22
550X 450X20X26
550 X450 X 20X 26
600X 450X24X30
600X 450X 24X 30
750 X500 X26 X32
750X 500X26X32
900X 600X 28X 34
900 X 600X 28 X34
900X 600X 28 X34
900X 600X 28X 34
1 000X700X30X38
1 000X 700X 30X38
1 200X 750X32X40
1 200X 750X32X40

500X 400X 18X 24
500X 400X 18X 24
500400 X 18X 24
500X 400X 18X 24
500X 400X 18X 24
500400 X 18X 24
500X 400X 18X 24
500400 X 18X 24
500X 400X 18X 24
500X 400 X18X24
500400 X 18X 24
550 X400 X 18X 24
550X 450 X20X28
550 X450 X20X28
550X 450 X20X28
550 X450 X20X28
550 X450 X 20X 28
550X 450 X20X28

220X 180X8X16

220 X180 X8X16

220X180X8X16
280X 220X10X18
280X 220X10X18
280X 220X10X18
280X 220X10X18
350X250X12X18
350X 250X12X18
350X 250X 12X18
350X 250X 12X18
400 X250 X14X20
400X 250X 14X 20
450 X300 16X 20
450 X300X16X20
450 X300 X 16X 20
45030016 X 20
450 X300X16X20

200X 200X10X14
200X 200X10X14
200X200X10X14
230X 230X12X16
230X230X12X16
230X230X12X16
230X 230X12X16
250X 250X 12X16
250X 250X12X16
250X 250X12X16
250X 250X 12X16
270 X270 X14X18
270X 270 X14X18
270 X270 X14X18
270X 270 X14X18
270 X270 X14X18
270X 270X 14X18
270X 270 X14X18
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Tab. 3 Nominal mechanical properties of steel materials
MR RIEE/(/mm’)  SPERILE E/MPa JHFALL WIRSRIE £, /MPa WRBUFEE £ /MPa  RIRRIE e /%
Q345 7.85x10 " 2.06x10° 0.3 345 470 0.15
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Tab. 4 Natural period of K-EBF
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Fig. 2 Constitutive relation of materials

. 12 2 K-EBF 18 J2 K-EBF
AR5 SAP2000 #i7 ABAQUS #i Rl SAP2000 155 %l ABAQUS #imy
— B /s 1.74 1.75 2.39 2.42
WA/ s 0. 60 0.61 0.82 0.83
=B R/ s 0.34 0.35 0.46 0. 47
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Tab.5 Earthquake records

BB WA e B Twe wmam RE i
S EE /g T EE/ g
1 Chi-Chi HWAO033 0.165 9  Imperial Valley-06 El Centro Array #4 0. 484
2 Chi-Chi TCU122 0.212 10 Imperial Valley-06 Bonds Corner 0. 203
3 Chi-Chi CHY087 0.135 11 Imperial Valley-06 El Centro Array # 11 0.379
4 Northridge-01 LA- Century City CC North 0. 256 12 TIrpinia-01 & 02 BAGNOLI IRPINO 0.141
5  Northridge-01 Moorpark-Fire Sta 0.292 13 Kocaeli & Duzce DUZCE 0.312
6  Northridge-01 Newhall-Fire Sta 0.583 14  Superstition Hills-01&.02 WILDLIFE LIQUEFACTION 0. 135
7 Northridge-01 Northridge-06 0.571 ARRAY
g Imperial Valley-06 El Centro Array #5 0.529 15 Managua-01 & 02 Managua ESSO 0.372
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Fig. 3 Elastic acceleration spectrum of earthquakes Fig.4 Repeated mainshock-aftershock sequences
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Fig. 6 IDA curves considering the effect of link failure
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Fig. 7 IDA curves considering the effect of aftershock sequences and link failure
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