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Collapse-resisiting evaluation of Y-eccentric braced steel frames

under severe earthquake
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Abstract: Four Y-eccentric braced steel frames with various stories were designed and complying with the response
modification factors of 3. 4. Based on incremental dynamic analysis with 44 far-field ground motions recommended
by ATC, the collapse fragility analyses of all structures were carried out. At the same time, the collapse
probability of these structures under rare earthquake and huge earthquake was evaluated according to the
performance evaluation method based on collapse margin ratio. Results show that the collapse safety increase with
total storey number and the collapse probability of all frames under rare earthquake ranges between 5% ~10%,
which means that the suggested response modification factors of 3.4 for Y-eccentric braced steel frames can meet
the prescribed collapse performance objective i. e. 10% conditional collapse probability under rare earthquake.

Therefore, the R of 3.4 is acceptable for Y-eccentric braced steel frames in performance-based seismic design.
Key words: Y-eccentric braced steel frames; response modification factors; fragility analysis; collapse margin ratio;

collapse probability; performance evaluation.
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Fig. 2 Configuration of the 12-storey model (unit: mm)
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Tab.1 Cross section size and material strength

HMHE A 1~4 2. H350X300X10X14; 5~8 & H350X300X10X12
) . 1)2. H550X500X22X28; 2 J2: H500X 500X 16X 20; 3~5 J2: HA50X 400 X 14 X
T HERE -
20; 6~8 J2: H400X 350X 10X 16
8- )2
( K) —— 1~2 J2: H500X 200X 18X 18; 3 J&: H500X 200X 16X18; 4~5 J&: H450X 200X 14
Q235 e E
X18; 6 )2; H400X200X14X16; 7 J2; H350X200X12X16
R 1~4J2: H350X250X8X16; 5~8 J&: H350X250X8X 14
B H350 350X 10X 14
AMHE AE 1~6 J2: H400X 300X 12X 18; 7~12 2. H400X 300X 10X 14
) X 1)2: H600X550X20X26; 2~3 J2: H600X500X20X26; 4~6 J2: H500X 400X 16
XS HE R _
X245 7~9 J2: H450X 350X 12X 20; 10~12 J&: H350X 350X 10X 14
12-2 1~2 J2: H550X200X 14X 18; 3 J&2: H550X 200X 12X 18; 4 J&: H450X 200X 14 X
(Q345) FERE B 18; 5 J2: H400X 200X 14X 18; 6 J&: H450X 200X 12X 16; 7~8 J&: H400 X 200 X
12X165 9~10 J2: H350X 200X 12X 14; 11 J&2: H300X 200X 10X 14;
R 1~6J2: HA50X20X 10X 145 7~12 J2: HA450X 250X 10X 12
B 1~6 J2: H350X350X14X16; 7~12 J&: H350X350X 12X 14
AMHE AE 1~8 J2: [J400X18; 9~16 J2: []350X 18
) . 1~2 2: [J650X30; 3~6 J2: [J550X26; 7~9 J2: [J400X24; 10~12 2 [1350X
TR
203 13~16 2. []350X 16
1~2 J2. H600X200X18X22; 3 J2: H550X200X18X22; 4 /2. H550X 200X 16 X
18; 5 J&2: H550X 200X 16X 18; 6~7 J&: H500X 200X 16X20; 8 J&: H450 X 200 X
16-JZ FEAE T By 16X 205 9~10 J&. H400X 200X 16X 20; 11 J&: H400X 200X 14X 18; 12 J&: H350X
(Q345) 200X 14X 185 13 J&2: H350X 200X 12X 163 14 J&: H300X 200X 12X 16; 15 2 H300
X 200X 10X 16
o 1~4 J2: H450 X 250X 10X 14; 5~8 J&2: H450X 250X 12X 14; 9~12 J&: H450 X 250
.
X14X16; 13~16 J2: H450X 250X 12X 14
- 1~8 J2: H350X350X20X20; 9~12 J&: H350X 350X 18X 18; 13~16 J2: H350 X
BHE
350X 16X 16
. 1~5J2; [1450 X 18; 6~10 J2: [J450 X 165 11~15 J2: [1400 X 165 16 ~20 )2
HMEAE
[]400 X 14
1 )2: [1750X30; 2~3 J2: [J700X28; 4~6 J2: [1650X24; 7~9 2. [1550X22; 10
XIS HEAE ~12 J2: [1450X 24; 13~15 J2: [J450 X 22; 16~18 J2: [J450 X 20; 19~20 2.
[]400X 18;
1~2 J2: H650X200X 18X 20; 3~4 J2: H600X200X 18X 18; 5 J2: H550X 200X 18
20-)2 X185 6~7 J&2: H500X 200X 18X 18; 8~10 J&: H500X 200X 16X 18; 11 J&: H450X
(Q345) FEAE R Y 200X 16X 18; 12 ~13 J2: H400X 200X 16X 18; 14 J&2: H350X 200X 16X 18; 15 J2:
H350X 200X 14X 18; 16~17 J2: H350X200X12X16; 18 J&: H300X 200X 12X 16;
19 J2: H300X200X10X16;
o 1~5 J2: H450X 250X 10X 16; 6~10 J&2: H450X 250X 12X 18; 11~15 J&: H450 X
.
250X 12X 20; 16~20 J&: H450X 250X 10X 12
- 1~5 J2: H450X350X 16X 24; 6~10 J&: H450X 350X 16X 20; 11~15 J&: H450 X

350X 16X18; 16~20 JZ: H450X350X14X16
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Tab.2 S,(T,) of far field ground motion records recommended in ATC for all models’ gal

. . . 8-storey: 12-storey: 16-storey: 20-storey
i HWE AT Wk WEIR PGA
S.(Tv) S.(Tv) S.(Tv) S.(Tv)
1994 Beverly Hills- NORTHR/ MUL009 0.416 0.695 0.193 0.158 0.073
1
Northridge Mulhol(USC) NORTHR/ MUL279 0.516 0.719 0.180 0.134 0.062
1994 Canyon Country- NORTHR/ LOS000 0.41 0.223 0.291 0. 160 0.078
2
Northridge WLC(USC) NORTHR/ LOS270 0. 482 0.318 0. 146 0.098 0.068
1999 DUZCE/ BOL000 0.728 0.373 0. 267 0.193 0.138
3 Bolu( ERD)
Duzce, Turkey DUZCE/BOL090 0.822 0.594 0.288 0. 098 0.093
1999 HECTOR/ HEC000 0. 266 0. 367 0.099 0.066 0.050
4 ; Hector(SCSN)
Hector Mine HECTOR/ HEC090 0.337 0.503 0. 202 0.107 0. 068 (median)
1979 Delta IMPVALL/ H-DLT262 0.238 0.179 0.170 0.158 0.148
5
Imperial Valley (UNAMUCSD) IMPVALL/ H-DLT352 0.351 0.309 0.212 0.149 0.119
1979 El Centro Array IMPVALL/ H-E11140 0. 364 0.265 0.114 0.088 0.071
6 i
Imperial Valley #11(USGS) IMPVALL/ H-E11230 0.38 0. 287 0. 236 0.163 0.132
1995 KOBE/ NIS000 0.509 0. 200 0.165 0.131 0. 049
7 Nishi-Akashi( CUE)
Kobe, Japan KOBE/ SHI090 0.503 0.218 0.174 0. 104 (median) 0. 054
1995 KOCAELY DZC180 0.243 0.357 0.123 0.130 0.071
8 Shin-Osaka(CUE)
Kobe, Japan KOCAELY DZC270 0.212 0. 326 0.103 0. 062 0. 036
1999 KOCAELY ARC000 0.312 0.249 0.318 0. 144 0.224
9 ) Duzce(ERD)
Kocaeli, urkey KOCAELY ARC090 0. 358 0. 665 0. 364 0.156 0. 094
1999 LANDERY YER270 0.218 0. 094 0.041 0.045 0.046
10 ‘ Arcelik(KOERI)
Kocaeli, Turkey LANDERS YER360 0.149 0.129 0. 068 0.073 0.061
1992 Yermo Fire Station  LANDERSY/ CLW-LN 0.245 0.549 0.166 0.124 0.095
11
Landers (CDMG) LANDERY CLW-TR 0.152 0.335 0.114 0. 091 0. 081
1999 LOMAP/ CAP000 0.283 0. 144 0.058 0.038 0.041
12 Coolwater(SCE)
Landers LOMAP/ CAP090 0.417 0.439 0.111 0.062 0.037
1989 LOMAP/ G03000 0.529 0. 642 0.138 0.095 0.045
13 . Capitola(CDMG)
Loma Prieta LOMAP/ G03090 0.443 0. 247 0. 096 0. 052 0. 031
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- ) 8-storey: 12-storey: 16-storey: 20-storey:
g WEAT Wik WEieF PGA . . .
S.(Ty) S.(Ty) S.(Ty) S.(Tv)
1989 Gilroy Array MAN]JIL/ ABBAR-L 0. 555 0.135 0.075 0.056 0.061
14
Loma Prieta #3(CDMG) MANJIL/ ABBAR-T 0. 367(median) 0. 383 0. 283 0.173 0. 085
1990 Abbar SUPERST/ B-ICC000 0.515 0.210 0.181 0.152 0.087
15
Manjil, Tran (BHRC) SUPERST/ B-ICC090 0. 496 0. 307 (median) 0. 440 0.312 0.151
1987 El Centro Tmp. SUPERST/ B-POE270 0.358 0. 441 0.167 0.115 0.066
16
Superstition Hills Co. (CDMG) SUPERST/ B-POE360 0.258 0.308 0.318 0.195 0.098
1987 Poe Road (temp) CAPEMENLY R10270 0. 446 0.316 0. 148(median) 0.138 0.082
17
Superstition Hills (USGS) CAPEMENDY RI0360 0.3 0.245 0.177 0.142 0.101
1999 Rio Dell Overpass CHICHY CHY101-N 0.385 0.442 0.129 0.082 0.039
18
Cape Mendocino (CDMG) CHICHY CHY101-W 0.549 0.314 0. 069 0. 044 0.034
1999 CHICHY TCU045-N 0. 44 0.386 0.522 0.354 0. 289
v CHY101(CWB)
Chi-Chi, Taiwan CHICHV TCU045-W 0.353 0. 282 0.208 0.373 0. 360
1999 SFERN/ PEL090 0.512 0.256 0.148 0.063 0.046
20 o TCU045(CWB)
Chi-Chi, Taiwan SFERN/ PEL180 0.474 0.155 0.110 0.074 0.047
1971 LA-Hollywood Stor ~ FRIULY A-TMZ000 0.21 0.273 0.076 0.083 0.096
21
San Fernando (CDMG) FRIULV A-TMZ270 0.174 0. 083 0.107 0. 045 0. 039
1976 LOMAP/ CAP000 0.351 0.176 0. 060 0.039 0.024
22 o Tolmezzo
Friuli, Italy LOMAP/ CAP090 0.315 0.162 0. 052 0. 034 0.028
4 %%ﬁ?l‘ﬁ %3 REFIHE THHREEMEE(EA: g)
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Tab.3 Median S, (T, ) for all models under RE and HE/ g

R = 12 2 16 |2 20 )2

Bl S, (T)) 0.307  0.148  0.104  0.068
RE FHIH{ S.(T,) 0.435  0.210  0.147  0.097
HE FH#H{E S, (T,) 0.529 0.254  0.178  0.117
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Fig. 3 Fragility analysis of 8-storey model
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Fig. 5 Fragility analysis of 16-storey model
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Fig. 6 Fragility analysis of 20-storey model
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Tab. 4 CMR and collapse probability under RE and HE

=17 8 2 12 )2 162 20

Ser (S.(TV)) 0.916 0.535 0.435  0.319
RE T CMR  2.106 2.55 2.96 3.29
RE FTHIEIEMER /44 0/ 44 0/ 44 0/ 44
HE Fiy CMR  1.732 2.11 2.44  2.725
HE FTHEIEME 244 0/ 44 0/ 44 0/ 44
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Fig. 7 Collapse probability of all models under RE
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