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Enhancing the resilience of reinforced concrete shear walls using replaceable

buckling-restrained elements
S.Ali Razavi, Ali Mardani

Abstract

Reinforced-Concrete Shear Wall (RCSW) is a common lateral resisting system especially in mid and high-rise structures.
This popularity among engineers is due to high ductility and in-plane stiffness of the RCSWs. RCSWs have shown good
performance as seismic load-bearing systems in past earthquakes. However, the main disadvantage of RCSWs is the
crushing of concrete at the foot of the wall and as a result the buckling of the reinforcement in this area, which makes it
difficult and, in some cases, impossible to repair after the earthquake. As a solution, using Buckling-Restrained Brace
(BRB) as boundary elements at the base of the RCSWs is proposed and investigated in this research. For this purpose,
two sets of 6 and 12-storey structures with conventional RCSW and BRB-RCSW as lateral resisting system were
designed, and their seismic response were assessed through static (monotonic and cyclic), dynamic Nonlinear Time
History (NLTH) and Incremental Nonlinear Dynamic Analyses (NIDA). The results indicate improved structural
performance and an increase of response modification factor from 4.4 in conventional RCSW to 5.47 in RCSW-BRB.
Furthermore, the proposed system prevents the induced damage at the foot of the RCSW while the replaceable BRBs
act as the fuses, increasing the resiliency of the structure. So that the behavior factor of the frame equipped with
buckling-restrained braces increased by 30 percent in the 6-story building and 20 percent in the 12-story building.
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Reinforced concrete shear wall, Resilient, Steel boundary element, Ductility, Replaceable element, Buckling-restrained
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Record Station Year Magnitude Rrup (km) DT (sec) Duration Factor PGA (cm/s?)
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Record DM IM Vb(g;qy;w Vz’kgt)'y) Vb(]fl’vy)"@ Rs Rin Rigep
Northridge 0.02 1.536 2456 4278 1.373 1.74 2.390
Kobe 0.02 1.439 2889 4932 1.615 1.7 2.746
Duzce 0.02 1.242 2785 3845 1.557 1.38 2.149
Manjil 0.02 3.684 4552 1788.338 9650 2.545 2.12 5.396
Bam 0.02 2.2 3129 6651.5 1.750 2.12576 3.719
Kermanshah 0.02 2.075 2890 4587 1.616 1.587 2.565
Imperial Vally 0.02 5.84 4652 5763 2.601 1.239 3.223
Average 1.865 1.70 3.170
o 0.460 0.313 1.032
C.V. 0.246 0.184 0.326

 Incremental Dynamic Analysis
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Record DM IM Vb(lf;qy;w Vz)k%'y) Vb(]fg;@ Rs Rin Rugep
Northridge 0.02 1.948 2917 5779 2.158 1.981 4.276
Kobe 0.02 1.787 2035 4174 1.506 2.051 3.088
Duzce 0.02 1.5 2090 5868 1.546 2.808 4.342
Manjil 0.02 3.476 3542 1351.486 7474 2.621 2.110 5.530
Bam 0.02 2.2 4238 6651.5 3.136 1.569 4,922
Kermanshah 0.02 1.81 2017 3889 1.492 1.928 2.878
Imperial Vally 0.02 5.42 7015 5857 5.191 0.835 4.334
Average 2.521 1.90 4.196
o 1.235 0.553 0.872
C.V. 0.490 0.292 0.208
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Record DM IM Vb(%m Vﬁk%y) Vb(f(DNy;ﬂ Rs Rin Rigep
Northridge 0.02 3.23 3711 7958 3.062 2.144 6.565
Kobe 0.02 1.642 3559 6778 2.936 1.904 5.592
Duzce 0.02 0.775 1661 4615 1.370 2.778 3.807
Manjil 0.02 3 7857 1212111 7876 6.482 1.002 6.498
Bam 0.02 1.374 3979 5987 3.283 1.505 4.940
Kermanshah 0.02 0.908 1749 6660 1.443 3.808 5.495
Imperial Vally 0.02 10.865 4037 8002 3.331 1.982 6.602
Average 3.129 2.161 5.643
o} 1.571 0.842 0.955
C.V. 0.502 0.390 0.169
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Record DM IM Vb(%’m Vé’k%w Vb&;@ Rs R Rigep
Northridge 0.02 3.052 4393 9871 4.044 2.247 9.086
Kobe 0.02 1.571 3515 7172 3.236 2.040 6.602
Duzce 0.02 0.844 2376 4711 2.187 1.983 4.337
Manjil 0.02 2.759 6500 1086.355 6702 5.983 1.031 6.170
Bam 0.02 1.179 4345 6268 4.000 1.443 5.770
Kermanshah 0.02 0.988 3661 6621 3.370 1.809 6.095
Imperial Vally 0.02 10.865 1870 9979 1.721 5.336 9.186
Average 3.506 2.270 6.749
o 1.292 1.308 1.646
C.V. 0.369 0.576 0.244
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