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Seismic Performance Evaluation of Steel Moment and Eccentrically Braced Hybrid
Frames with Post-Tensioned Self-Centering Connections
F. Bahri, Sh. Tavousi Tafrsehi, N. Fanaie

Abstract

Special Moment-Resisting Frames (SMRFs) are widely adopted in seismic-resistant steel structures due to their
notable ductility. However, they often exhibit significant residual drifts following major earthquakes, which can
compromise the structural serviceability and increase repair costs. On the other hand, Post-Tensioned Self-Centering
(PTSC) systems, designed using prestressed steel tendons, generate restoring forces that enable the structure to return
to its original configuration. Despite this advantage, PTSC systems typically show low energy dissipation capacity and
may experience considerable drifts under strong ground motions due to their elastic behavior.

To leverage the strengths of both systems, this study investigates several hybrid configurations combining SMRFs,
PTSC frames, and Eccentrically Braced Frames (EBFs). Twelve one-story, three-bay steel frames were modeled and
analyzed under cyclic loading using Abaqus finite element software. The novelty of the research lies in proposing a
hybrid system that achieves balanced seismic performance, enhanced lateral stiffness, and reduced residual drift.
Results indicate that integrating SMRFs with PTSC systems can reduce residual drift by up to 35%. Moreover, reducing
the post-tensioning force of tendons led to a 2.5-fold increase in the equivalent damping ratio. Combining EBFs with
PTSC frames further increased the damping ratio up to 6% at 2% drift levels.

Keywords

Post-Tensioned Self-Centering Frame (PTSC), Special Moment-Resisting Frame (SMRF), Finite Element Method (FEM),
Cyclic Loading, Damping, Energy Dissipation
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