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Figure 1-3. Proposed dual system with BRBF paired with gravity columns: (a) plan view all vertical elements 
are part of the lateral force resisting system; (b) 2-D model of BRBFs paired with gravity columns on right; 
(c) gravity columns are active in response to constraint at one or more elastic stories[7].  

 

The research presented in this thesis investigated different configurations of elastic 

stories to determine the optimal location and size of elastic stories to best reduce drifts in BRBF 

buildings. Specifically, the effects of elastic stories were investigated on 4-, 6-, 8-, 12-, and 16-

story buildings. For each of these buildings, various locations and sizes of elastic stories were 

explored. Additionally, differing sizes of gravity columns were explored to identify effective 

ways to help reduce residual and maximum drifts.  

1.2 Outline 

This thesis is organized into five chapters. This chapter has introduced the topic while 

Chapter 2 presents related studies from the literature. Topics reviewed include, residual drifts, 

buckling restrained braced frames, self-centering systems, and dual systems. Chapter 3 describes 

the methods used to complete this research, including frame and building design, frame 

modeling, procedures for analyses, and outputs from analyses. Chapter 4 presents results of this 

research. General trends are discussed for specific buildings analyzed (4-story, 6-story, etc.). 

Finally, chapter 5 summarizes overall conclusions and trends evident from this research.
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Figure 2-5. Examples of bi-linear and flag-shaped hysteretic systems compared by Christpoulos et al. [22] 
(figure from Boston [31]).  

 

These SDOF systems were investigated and compared through time history analyses [22]. 

Results indicated that the seismic response of flag-shaped hysteretic systems was qualitatively 

similar to the elasto-plastic hysteretic systems. However, by adjusting values of α and β a flag-

shaped hysteretic system can perform better than an elasto-plastic system in terms of 

displacement ductility. Specifically, after adjusting α and β values the flag-shaped hysteretic 

systems had higher absolute acceleration, less absorbed energy and no residual drifts as 

compared to the elasto-plastic systems. The elasto-plastic systems had lower values of absolute 

acceleration, more absorbed energy, and residual drifts in all systems. For elasto-plastic systems, 

residual drifts were the largest in systems with low strength and short periods; flag-shaped 

hysteretic systems had no residual drifts due to their self-centering capability. 

 Self-Centering Moment Frames 2.3.1

Post-tensioned (PT) moment connections have been developed for use in moment 

resisting frame (MRF) systems as an alternative to welded MRF connections. The development 

of PT connections is largely due to the unexpected premature connection fractures that occurred 

in welded MRF connections during the 1994 Northridge earthquake. Post-tensioned connections 
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Figure D-15. Average & 85%tile residual drifts for 10× ES at level 2&6, 6S. 

 
Figure D-16. Average & 85%tile maximum drifts for 10× ES at level 2&6, 6S. 

D.3 Elastic Story at Level 1 

 

 
Figure D-17. Average & 85%tile residual drifts for 2× ES at level 1, 6S. 

 

 
Figure D-18. Average & 85%tile maximum drifts for 2× ES at level 1, 6S. 
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Figure D-19. Average & 85%tile residual drifts for 3× ES at level 1, 6S. 

 

 
Figure D-20. Average & 85%tile maximum drifts for 3× ES at level 1, 6S. 

 

 
Figure D-21. Average & 85%tile residual drifts for 4× ES at level 1, 6S. 

 

 
Figure D-22. Average & 85%tile maximum drifts for 4× ES at level 1, 6S. 
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Figure D-23. Average & 85%tile residual drifts for 10× ES at level 1, 6S. 

 

 
Figure D-24. Average & 85%tile maximum drifts for 10× ES at level 1, 6S 

D.4 Elastic Story at Level 2 

 

 
Figure D-25. Average & 85%tile residual drifts for 2× ES at level 2, 6S. 

 

 
Figure D-26. Average & 85%tile maximum drifts for 2× ES at level 2, 6S. 


