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A structural design algorism to find superior solutions for steel buildings associated with buckling restrained braces (BRB) is 
proposed. The strengths and locations of BRBs in addition to the section sizes of structural members are considered as discrete 
design variables. The steel volume including BRBs is minimized as an objective function under various practical design 
constraints. The superior solutions of a seven-story office building are derived. They satisfy serviceability and limit-state 
constraints, taking into consideration the seismic energy dissipation effect of BRBs using the calculation of resistance and 
limit-state (CRLS) method. Their rationale is validated with response history analyses.    
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A structural design algorism to find superior solutions using the multiple start local search (MSLS) method for steel buildings 
associated with buckling restrained braces (BRBs) is proposed. The strengths and locations of BRBs in addition to the section 
sizes of structural members are considered as discrete design variables. The steel volume including BRBs is minimized as an 
objective function. The superior solutions satisfy serviceability constraints under the allowable stress design against sustained 
and moderate earthquake loads, as well as limit-state constraints under the “calculation of resistance and limit-state” (CRLS) 
for large earthquakes. The limit-state is defined as the maximum inter-story drift ratio of 1.5 %. The BRBs and main frames 
remain elastic under the moderate earthquake load with the base shear coefficient of 0.2. In addition to these constraints, 
standard design constraints such as the width-to-thickness ratio, strong column weak beam conditions and 0.5 % of the lateral 
drift ratio constraint under the moderate earthquake load are also considered. Applying the proposed method, the entire 
seismic resisting systems of the buildings composed of the main frames and BRBs are designed taking into consideration the 
seismic energy dissipation effect of BRBs using CRLS.  
 
The superior solutions of a seven-story office building in the space frame system (SFS) and perimeter frame system (PFS) are 
derived, where the columns are square hollow structural sections and most of the beam-to-column connections are moment 
connections in SFS, and the columns are I-shaped sections and the moment connections are limitedly used in the perimeter 
frames in PFS. The steel volume in the superior solutions with PFS is 5 % lower than that with PFS. The total steel volumes 
including BRBs in both systems are lower than the statistics and the location of BRBs is obtained in a checkered pattern, 
which is rational for avoiding axial force concentration in columns under lateral forces.  
 
The ratios of seismic lateral forces carried by BRBs in the elastic state are approximately 70-100 %, which is higher than the 
standard design. Most of the BRBs yield slightly over a moderate earthquake load and it is seen that the hysteresis seismic 
energy dissipation effect is maximized. The maximum ductility factors of BRBs and beams in large earthquakes are 
approximately 8 and 2, respectively, and the most columns remain elastic. The predicted responses by CRLS reasonably agree 
with the simulated responses by response history analyses under simulated seismic ground motions for large (Level 2) 
earthquakes. The key values in simulations of the superior solutions such as the inter-story drift ratio and cumulative 
ductility factors of the main structural members (columns and beams) and BRBs are within the standard practical design 
criteria. It is confirmed that the superior solutions are successfully designed satisfying almost all of the practical structural 
design constraints. Through these evaluations, the efficiency of the proposed MSLS algorism is validated. 
 
The ultimate lateral strengths calculated by pushover analyses are slightly lower and close to the code required ultimate 
lateral strength. The rationale of the three design procedures against earthquakes, CRLS, response history analyses and 
ultimate lateral strength calculations is confirmed for the steel buildings associated with BRBs through the evaluations of the 
obtained superior solutions.  
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