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ABSTRACT

Special concentrically braced frames (SCBFs) are used as the primary lateral force
resisting systems (LFRSs) in buildings located in high seismic regions. However, past
studies have shown that these systems may collapse prematurely due to the occurrence
of soft-story mechanism, low-cyclic fatigue fracture of braces or failure of gusset plate
connections or failure of foundation of braced frame columns. Hence, there is a need for

further research to improve the seismic performance of the SCBFs.

This study is focussed on the performance evaluation and improvement of
braced frames at the local (component/ sub-assemblage) and global (system) levels.
Nonlinear finite element (FE) analysis has been conducted to predict the overall cyclic
response and low-cyclic fatigue fracture of hollow square (HSS) and circular (HCS)
braces. Both slenderness ratio and width (or diameter)-to-thickness ratio of braces have
been varied in this study to compare their cyclic response and ductility. Slow-cyclic tests
have also been carried out on three HSS and six HCS brace specimens to evaluate their
cyclic response and to validate the numerical study results. A relationship between the
limiting values of brace slenderness ratio and width (or diameter)-to-thickness ratio has
been proposed to achieve the desired displacement ductility of the HSS and HCS braces.
Both numerical and experimental studies have been conducted on the brace-gusset plate
assemblies for varying values of brace slenderness ratios and linear clearance in gusset
plate detailing. Based on these studies, an optimum value of linear clearance in the

detailing of middle gusset plates has been proposed.

In order to avoid the soft-story collapse of SCBFs, the current seismic design
procedure has been modified in this study using different design approaches. These
modified design procedures are based on quantifying the force demands in the
components in the post-elastic stages of SCBFs. Nonlinear static and dynamic analyses
have been conducted on the modified-designed SCBFs for varying frame heights and
brace configurations. The modified design procedures resulted in improved seismic
performance without any soft-story failure of SCBFs. Finally, the efficacy of the
staggered braced frames has been investigated in order to eliminate the foundation
failure of braced frame columns. Based on the findings of this study, recommendations

are also provided for the design of braced frames in the Indian context.
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