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Fig. 1. Rocking buckling restrained braced frame: left is
configuration and right is deformed shape under seismic forces
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Structure Story Columns Beams Ties Conventional braces BRB core area (in®) BRB ductility cap.
4 WI10X68  W10X68 W8X48 W8X58 4 12.07
4-story 3 WI10X68  W10X68 W10X68 W8X58 4 12.13
2 W12X136 W12X106 W10X68 W10X77 4 12.59
1 W12X136 W12X106 - W10X88 5.5 12.57
8 W14X82  W10X68 W10X77 W8X48 3 13.17
7 W14X82  W10X68 W10X77 W8X48 3 13.17
6 W14X145 W12X120 W12X96 W10X68 3 13.17
8-story 5 W14X145 W12X120 W12X96 W10X68 3 13.49
4 W14X176 WI12X136 W12X96 W10X68 3 13.93
3 WI14X176 W12X136 W12X96 W10X68 4.5 13.94
2 W14X257 W12X136 W12X96 W10X77 5 13.85
1 W14X257 W12X152 - W12X106 5.5 13.61
12 W14X82  W10X68 W10X77 W8X58 3.5 13.34
11 W14X82  W10X68 W10X77 W8X58 3.5 13.34
10 W14X132 W12X9%6 W12X106 W8X58 3.5 13.34
9 W14X132 WI12X9%6 W12X106 W8X58 3.5 13.34
8 W14X176 W12X136 W12X106 W10X68 3.5 13.34
12-story 7 WI14X176 W12X136 W12X106 W10X68 3.5 13.97
6 W14X257 W12X136 W12X106 W10X77 3.5 14.48
5 W14X257 W12X136 W12X106 W10X77 3.5 14.95
4 W14X311 W12X152 W12X106 W10X88 3.5 15.08
3 W14X311 W12X152 W12X106 W10X88 4.5 15.03
2 W14X398 W12X170 W12X106 W10X88 5.5 14.86
1 W14X398 W12X170 - W12X106 6.5 14.57

Table. 2. Member sizes of the RBRBF structures
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Fig. 3. Modeling method used for RBRBFs

ol a4 S b 55 slaesle ol slacsls Ol & Jgder

T, (sec)

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

Table. 4. First mode periods of the structures

61 BRBF il b ot 51 ailas Ky s sl sblia ¥ Jgr

4.5,:.19 VY )/\ & ‘5Lha)l..u

Structure Story Columns Beams BRB (.:Oge
area (in%)

4 W10X45 W14X38 1.5

A-story 3 W10X45 W14X38 2.5
2 W10X77 W14X38 3
1 W10X77 W14X38 35
8 W10X45 W14X38 1
7 W10X45 W14X38 2
6 W10X77 W14X38 3

8-story 5 W10X77 W14X38 35
4 W12X106  W14X38 4
3 W12X106  W14X38 4
2 W14X145  WI16X45 45
1 W14X145  WI16X45 45
12 W10X45 W16X40 2
11 W10X45 W16X40 2
10 W10X77 W16X40 3
9 W10X77 W16X45 3.5
8 W12X106  W16X45 4

12-story 7 W12X106  W16X50 4.5
6 W14X193  W16X50 5
5 W14X193  W18X55 55
4 W14X233  W18X55 55
3 W14X233  W18X55 5.5
2 W14X311  W18X55 5.5
1 W14X311  W18X55 55

Table. 3. Member sizes of the BRBF structures
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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)
1 Valparaiso (Chile) 1985 El Almendral 1 78 638 022 18.3 Chalfant Valley-02 1986 Zack Brothers Ranch 360 6.2 7.6 04
2 Valparaiso (Chile) 1985 Liolleo L 78 418 0.33 19.4 Livermore-02 1980 San Ramon-East. Kodak 180 54 183 0.28
3 Valparaiso (Chile) 1985 Laligua 200 7.8 440 0.13 19.3 Mammoth Lakes-02 1980 Convict Creek 90 57 9.5 0.16
4 Valparaiso (Chile) 1985 San Fernando EW 7.8 750 034 12.6 Gazli, USSR 1976 Karakyr 0 6.8 55 0.7
5 Maule (Chile) 2010 Angol EW 88 656 07 30.2 Irpinia, Italy-01 1980 Brienza 0 6.9 226 022
6 Maule (Chile) 2010 Constitucion L 88 386 054 318 Managua, Nicaragua-01 1972 Managua, ESS50 90 6.2 4.1 0.36
7 Maule (Chile) 2010 curico NS 88 651 047 372 Coalinga-01 1983  Parkfield - St. Corral 3E 90 64 340 011
8 Maule (Chile) 2010 Hualane T 8.8 500 045 337 Santa Barbara 1978 Cachuma Dam Toe 250 59 274 0.1
9 Maule (Chile) 2010 Papudo L 88 1162 0.3 20.1 Lytle Creek 1970 CedarSprings Pmp. 126 53 239 0.06
10 Maule (Chile) 2010 Vinadel Mar EW 8.8 664 034 18.9 San Fernando 1971 Lake Hughes No.1 21 6.6 274 0.15
11 Tohoku (japan) 2011 Miyakoji EWwW 9 64.0 0.84 67.6 Parkfield-02, CA 2004 Parkfield-Cholame 5W 90 6 6.9 0.25
12 Tohoku (japan) 2011 Takahata EW 9 122.0 02 81.7 Coyote Lake 1979 Gilroy Array No4 360 57 57 0.25
13 Tohoku (japan) 2011 Fukushima EW 9 99.0 032 772 Friuli, Italy-02 1976 San Rocco 0 59 145 0.06
14 Tohoku (japan) 2011 Twanuma EwW 9 850 026 70.3 L Aquila, Ttaly 2009 Celano NS 63 214 0.09
15 Tohoku (japan) 2011 Tsukidate EwW 9 75.1 1.25 56.6 Imperial Valley-06 1979 Compuertas 15 6.5 153 0.19
16  Tohoku (japan) 2011 Sakura NS 9 1223 049 28.6 Tabas, Iran 1978 Dayhook L 74 139 0.32
17 Tohoku (japan) 2011 Haga EwW 9 95.1 0.24 30 Parkfield 1966 Cholame-Shandon No.12 50 62 179 0.06
18  Tohoku (japan) 2011 Chiba EW 9 1384 0.14 43.6 San Francisco 1957 Golden Gate Park 10 53 137 009
19 Tohoku (japan) 2011 Hirata NS 9 737 035 64.7 Hollister-03 1974 Hollister City Hall 181 51 115 0.09
20 Southern Peru 2010 Moquegua EwW 84 767 03 222 San Fernando 1971 Pasadena-CIT Ath. 0 6.6 272 0.1
21 Southern Peru 2010 Arica Casa NS 84 1428 028 10.4 Imperial Valley-06 1979 Coachella Canal No.4 L 65  50.1 0.12
22 Chi-Chi (Taiwan) 1999 CWB ALS NS 7.6 108 018 13.6 Irpinia, Italy-02 1980 Bisaccia 0 62 163 006
n 36.8
4 22.6

Table. 5. Shallow crustal and subduction ground motion records [20]
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Fig. 4. (a) Comparison between the roof displacement time
history of the Frame 3vb under LA25 ground motion record
obtained from analysis and those reported by Asgarkhani et al.
and Uriz and Mahin, and (b) Comparison between the hysteresis
responses of a BRB obtained using the modeling method
considered in this study and that used by Asgarkhani et al.
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RDMR (Ginsarp

Structure  Records 50 RD=0.5% ( RD)=1% RD=2%
4story _Subduction 0.88(056) 172(0.35) 208(0.28) 2.37(0.27)
RBRBF Crustal  083(057) 157(0.46) 2.33(0.40) 2.80(0.39)
4-story  Subduction  0.37(0.61) 0.70(0.50) 0.87(0.47) 1.07(0.42)
BRBF Crustal  0.26(0.40) 056(034) 092(048) 1.18(0.43)
g-story Subduction 0.67(0.61) 1.28(052) 155(0.47) 181(0.48)
RBRBF Crustal  0.50(054) 1.21(046) 153(041) 1.87(0.46)
g-story _Subduction 0.15(0.53) 033(052) 0.56(0.45) _0.80(0.40)
BRBF Crustal  0.12(058) 030(059) 053(0.55) 0.95(0.32)
12-story _Subduction 0.36(046) 107(044) 131(0.46) 154(0.42)
RBRBF Crustal  028(0.66) 084(0.54) 1.10(0.45) 145(0.41)
12-story _Subduction 0.13(053) 027(051) 0.42(0.41) 0.62(0.34)
BRBF Crustal  0.11(0.76) 023(0.62) 043(0.38) 0.61(0.36)

Table. 6. RDMR and o,5,rp Values of the structures under
subduction and crustal records
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Abstract

Buckling restrained braced frames (BRBFs) are widely used as a lateral force resisting system due to their
advantageous characteristics such as elimination of brace buckling in compression, high ductility and energy
dissipation. 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 significantly
decreases. Drift concentration is undesirable as it can lead to general instability resulting from P-A effects or
residual drift. For controlling damage concentration in one or few stories and achieving a uniform
distribution of drifts in all stories, a new system entitled rocking buckling restrained braced frame (RBRBF)
can be 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 approach. The novelty
of this paper is investigating the residual drift performance of this new structural system under the effect of
subduction ground motion records, which have higher significant durations compared with crustal ground
motion records. In this study, 4-, 8-, and 12-story structures with RBRBF and BRBF systems are considered,
and their residual drift capacity values given four maximum residual interstory drift ratio (MRIDR) levels of
0.2%, 0.5%, 1.0% and 2.0% are computed using incremental dynamic analyses (IDAs). IDAs are performed
on two-dimensional models of the structures using 22 pairs of short-duration crustal and long-duration
subduction ground motion records. After computing the capacity values given these four MRIDR levels, the
residual drift margin ratios (RDMR), and the mean annual frequencies (MAFs) of exceeding different
MRIDR levels (Agp) are obtained. The results demonstrate that all the RBRBFs have better residual drift
performance than the BRBFs. Based on these results, the use of RBRBF dramatically reduces BRBF
weaknesses including the concentration of damage in a certain story and low post-yield stiffness. For
example, the ratios of the total Arp value given MRIDR= 2.0% for the BRBF system to its corresponding
value for the RBRBF system for the 4-, 8-, and 12-story structures are 21.10, 4.06, and 3.21, respectively. In
addition, for most of the structures, as the MRIDR level increases, the ratio of the RDMR value under crustal
records to that under subduction records increases.

Keywords: Crustal and subduction ground motion records, residual drift, damage concentration, rocking
buckling restrained braced frame, incremental dynamic analysis.
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