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ABSTRACT

Buckling restrained braced frames (BRBFs) may have damage concentration in one or few
stories during severe seismic excitations, because buckling restrained brace (BRB) yields
in a certain story and the stiffness of that story is significantly reduced. Drift concentration
is undesirable because it can lead to general instability resulting from the P-4 effects or
residual drift. For controlling damage concentration in one or few stories and achieving a
uniform distribution of drift in all stories, a new system entitled rocking buckling
restrained braced frame (RBRBF) is used. RBRBF system generates uniform story drifts
over the height of structure and prevents the damage concentration in one or few stories.
Unlike conventional or suspended zipper braced frames, the braces on one side of the
braced span along with the adjacent columns and ties are part of a vertical truss system
that is hinged at the base and designed to remain elastic until the near collapse limit state
is reached. This vertical truss system works as a strong support for preventing damage
concentration in one or few stories of the braced frame. The braces on the other side of the
braced span are BRBs and are designed to provide energy dissipation. RBRBFs are
designed according to a displacement-based design approach. The novelty of this paper is
investigating the seismic collapse of this new structural system under the effect of
subduction ground motion records, which have higher significant duration compared with
crustal ground motion records. For this purpose, the considered structures are assumed to
be located in Seattle, which is subjected to both subduction and crustal ground motions. In
this study, the seismic response of RBRBFs is assessed by performing incremental dynamic
analyses using crustal and subduction ground motion records, and the results are
compared with those for BRBFs. The results indicate that RBRBFs can effectively reduce
drift concentration using the displacement-based design approach and under both crustal
and subduction ground motion records have significantly better performance in terms of
seismic collapse compared with BRBFs. In addition, all structures under subduction
records have lower collapse capacity values compared with crustal records.
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o5l aib OFw o Lly ol Jgosa (i) BRB
4 W10X68 W10X68 W8X48 W8X58 4 12.07

3 W10X68 W10X68 W10X68 W8X58 4 12.13

story 2 WI2X136 ~ WI2X106  W10X68 W10X77 4 12,59
1 WI12X136  W12X106 - W10X88 55 1257

8 W14X82 W10X68 W10X77 W8X48 3 1317

7 W14X82 W10X68 W10X77 W8X48 3 1317

6 W14X145 ~ WI2X120  W12X96 W10X68 3 1317

5 W14X145 ~ WI2X120  W12X96 W10X68 3 13.49

Etory 4 W14X176 ~ WI2X136  W12X96 W10X68 3 13.93
3 W14X176  WI2X136  W12X96 W10X68 45 13.94

2 W14X257  WI2X136  W12X96 W10X77 5 13.85

1 W14X257  W12X152 - W12X106 55 1361

12 W14X82 W10X68 W10X77 W8X58 35 13.34

11 W14X82 W10X68 W10X77 W8X58 35 13.34

10 W14X132  W12X96  W12X106 W8X58 35 13.34

9 W14X132  W12X96  W12X106 W8X58 35 13.34

1z-story 8 W14X176  WI12X136  WI12X106  WI10X68 35 13.34
7 W14X176  WI12X136  WI12X106  WI10X68 35 13.97

6 W14X257  WI2X136 ~ WI12X106  WIOX77 35 14.48

5 WI14X257  WI2X136  WI12X106  WI1OX77 35 14.95
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4 W14X311 W12X152 W12X106 W10X88 35 15.08
3 W14X311 W12X152 W12X106 W10X88 4.5 15.03
2 W14X398 W12X170 W12X106 W10X88 55 14.86
1 W14X398 W12X170 - W12X106 6.5 14.57

b Y g A F Glaojlw 515 BRBF obls 1yl poivwew 1 dilas oS o Lac! ablio Y Jous

BRB wiwe coluw

o5k adb Oy (in?)
4 W10X45 W14X38 15
3 W10X45 W14X38 25
rstory 2 W10X77 W14X38 3
1 W10X77 W14X38 35
8 W10X45 W14X38 1
7 W10X45 W14X38 2
6 W10X77 W14X38 3
sony 5 W10X77 W14X38 35
4 W12X106 W14X38 4
3 W12X106 W14X38
2 W14X145 W16X45 45
1 W14X145 W16X45 45
12 W10X45 W16X40 2
11 W10X45 W16X40 2
10 W10X77 W16X40 3
9 W10X77 W16X45 35
8 W12X106 W16X45 4
7 W12X106 W16X50 45
12story 6 W14X193 W16X50 5
5 W14X193 W18X55 55
4 W14X233 W18X55 55
3 W14X233 W18X55 55
2 W14X311 W18X55 55
1 W14X311 W18X55 55

o jlw g 3ladoe -Y

20908 Sq 93 55 (Bl )b Slapiac izes g wiies o)lEe 5 plate (Db )3 0ud (b laojle o5 cnl s @

Ao ez 5l SO ek cpay cwl ol solaiul sum 90 sl Jae l eojle giladaw gl s S is glacl glls oo
oad (s3lwas (IDA) Poanll Solus sla Julow plxil cqa [YY] OpenSees lsla 5 5l oolizal LY jgme gz 50 (o, b
a) Cel Jglaie (el 5 1o 1) 5e8 50 oal ools = ,8 Lyl a5 Sleosle sl (gum 90 sledaws 5l oolaiul a5 coul (S5 a4y a3Y .ol
2 BEASS g S giladoe b (B slagygie P-A Sl il sad ools lis ¥ S 0 a5 jsbalen ([YY 5 V] aiges lsie

* Incremental Dynamic Analysis (IDA)
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" Truss Element

™ Strain Hardening Ratio
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Subduction Crustal
pair  Earthquake Year Station  Comp. Mag. R(km) PGA(g) D5-75(s) Earthquake Year Station Comp. Mag. R(km) PGA(g) D5-75(s)
1 Valparaiso (Chile) 1985 El Almendral L 78 638 022 183 Chalfant Valley-02 1986 Zack Brothers Ranch 360 62 16 04 26
Valparaiso (Chile) 1985 Llolleo L 78 418 033 19.4 Livermore-02 1980 San Ramon-East. Kodak 180 54 183 028 0.7
3 Valparaiso (Chile) 1985 Laligua 200 78 40 013 19.3 Mammoth Lakes-02 1980 Convict Creek 9 57 95 0.16 2.6
4 Valparaiso (Chile) 1985  SanFernando EW 7.8 750 034 12.6 Gazli, USSR 1976 Karakyr 0 6.8 5.5 0.7 4.6
5 Maule (Chile) 2010 Angol EW 88 656 0.7 30.2 Irpinia, Ttaly-01 1980 Brienza 0 69 226 0.22 4
6 Maule (Chile) 2010 Constitucion L 88 386 054 318 Managua, Nicaragua-01 1972 Managua, ESSO 90 62 41 0.36 49
7 Maule (Chile) 2010 curico NS 88 o051 047 37.2 Coalinga-01 1983  Parkfield - St. Corral 3E- 90 64 340 0.1 54
8 Maule (Chile) 2010 Hualane T 88 500 0.45 337 Santa Barbara 1978 Cachuma Dam Toe 250 5.9 274 0.1 43
9 Maule (Chile) 2010 Papudo L 88 1162 03 20.1 Lytle Creek 1970 CedarSprings Pmp. 126 53 239 006 1.1
10 Maule (Chile) 2010 Vinadel Mar EW 88 664 034 18.9 San Fernando 1971 Lake Hughes No.l 21 6.6 274 015 4.4
11 Tohoku (japan) 2011 Miyakoji EW 9 640 084 67.6 Parkfield-02, CA 2004  Parkfield-Cholame 5W 90 6 6.9 0.25 1.8
12 Tohoku (japan) 2011 Takahata EW 9 1220 02 81.7 Coyote Lake 1979 Gilroy Array Nod 360 57 57 0.25 5
13 Tohoku (japan) 2011 Fukushima ~ EW 9 99.0 032 772 Friuli, Italy-02 1976 San Rocco 0 59 145 0.06 2.8
14 Tohoku (japan) 2011 Twanuma EW 9 8.0 026 70.3 L Aquila, Traly 2009 Celano NS 63 214 009 39
15 Tohoku (japan) 2011 Tsukidate EW 9 75.1 1.25 56.6 Imperial Valley-06 1979 Compuertas 15 65 153 019 12.1
16 Tohoku (japan) 2011 Sakura NS 9 1223 049 28.6 Tabas, [ran 1978 Dayhook L 74 139 032 6.7
17 Tohoku (japan) 2011 Haga EW 9 951 024 30 Parkfield 1966 Cholame-Shandon No.12 50 62 179 006 14.3
18  Tohoku (japan) 2011 Chiba EW 9 1384 0.4 43.6 San Francisco 1957 Golden Gate Park 10 53 137 009 1.1
19 Tohoku (japan) 2011 Hirata NS 9 73.7 0.35 4.7 Hollister-03 1974 Hollister City Hall 181 5.1 1.5 009 37
20 Southern Peru 2010 Moquegua  EW 84 767 0.3 22.2 San Fernando 1971 Pasadena-CIT Ath. 0 66 272 0.1 6
21 Southern Peru 2010 Arica Casa NS 84 1428 028 10.4 Imperial Valley-06 1979 Coachella Canal No.4 L 6.5 50.1 0.12 47
22 Chi-Chi (Taiwan) 1999 CWB ALS NS 7.6 108 0.18 13.6 Irpinia, Italy-(02 1980 Bisaccia 0 6.2 163 0.06 9.6
n 36.8 48
4 22.6 34
min 10.4 0.7
max 81.7 14.3

OpeNSees ,33le 5 31 oolic!l b ool Cawy oud aid,F L5 13 gbrojlu shol glis yloj dumlio :F Jou

T, (sec)

Structure RBRBF BRBF
4-story 0.61 0.96
8-story 1.33 1.83
12-story 2.12 2.59

axfllo 590 o jlw gloj P (Wi 599 2L, -F
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@lawgy sy cou T Lo B0 0 (i 8 Jleil cuized 5 7T b5 59,8 wildle gl (niSile polie I Saisls sla e

(IDA) susg 38! Sanoliv s b Judxi 3l ool Cawny sl sxio @

O Sy )0 S las 5l yiores g oals ploul Sa(T1) Moad asw 5l eslawl b IDA sl Jdoxw gl oo ,ys5 ) (050 (wlide
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™ Fragility Curve
™ Mean annual frequency of collapse
™ Probability of collapse in 50 years

3 Intensity Measure (IM)
35 Maximum Interstory Drift Ratio (MIDR)
36 Engineering Demand Parameter (EDP)
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Structure Records
RBRBF BRBF

Subduction 3.45 (0.28) 1.29 (0.47)

4-story
Crustal 3.98 (0.37) 1.71(0.42)
Subduction 1.36 (0.36) 0.46 (0.25)

8-story
Crustal 1.65 (0.40) 0.6 (0.30)
Subduction 0.66 (0.42) 0.25 (0.38)

12-story
Crustal 0.74 (0.43) 0.29 (0.34)
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Structure Records RBRBF BRBF CMRRrgrer/CMRgrer

Subduction 2.65 1.56 1.70

4-story
Crustal 3.07 2.07 1.48
Subduction 2.28 1.06 2.15

8-story
Crustal 2.77 1.38 2,01
Subduction 1.76 0.82 2.15

12-story
Crustal 1.98 0.93 213
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