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Abstract 

Using induction heat treatment to increase the yield stress of one half of a steel brace section 
as well as inducing intentional eccentricity along the brace length has been experimentally 
proven to increase the limited post-yielding stiffness exhibited by concentrically braced steel 
structures. The high-post yielding stiffness and controllability of the brace response through
the two material components and eccentricity provides the brace the capability of satisfying 
multiple displacement performance objectives offering a reduced section size. Design
expressions that describe the mechanical behaviour of the bracing system are developed. The 
seismic performance of steel braced frames using the two-component composite steel braces 
with intentional eccentricity is investigated and a direct displacement-based design method 
(DDBD) is proposed in order to support their implementation to building structures. The design
method is validated through a verification study performed on the theoretical design of a 4-
storey office building and seismic performance is assessed through dynamic non-linear time 
history analysis (NTHA). Time-history analysis results demonstrate that a better control is 
achieved with the proposed bracing system for achieving drift and ductility limitations. 
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1 INTRODUCTION

et al.
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2 INTENTIONALLY ECCENTRIC INDUCTION HEAT TREATED BRACES

2.1 Force-Deformation Behaviour

et al.

 

2.2 Effect of eccentricity and induction-heating
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3 PROPOSED MULTI-LEVEL DIRECT DISPLACEMENT BASED DESIGN 
METHOD

3.1 Selection of performance objectives

3.2 Design and yield displacement profiles

et al.
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3.3 Equivalent viscous damping and calculation of base shear

et al.

et al.

4710



 

 

 

 

3.4 Brace design
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3.5 Capacity design rules

 

3.6 Proposed design method flowchart
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4 VERIFICATION STUDY

4.1 Verification case study building

OpenSees

Seismic Record Processing program
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5 RESULTS

5.1 Design summary

OpenSees

Storey
IH-BIE Braces Columns Beams

(kN) D (mm) t (mm) e (mm) (kN) S355 S355
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5.2 Non-linear time history analysis results

4715



4716



et al.

6 CONCLUSION

OpenSees
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