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ABSTRACT

Steel-reinforced concrete (SRC) columns are the composite members consisting of
structural steel and plain or reinforced concrete (RC) components that work in tandem to
resist the axial and lateral forces acting on them. The composite encased steel improves
the load-carrying capacity, displacement ductility, and energy dissipation potential of
SRC members, whereas the surrounding concrete protects the structural steel from fire
and local buckling thereby making the components more durable. There is a growing
interest for encased columns in the mid-rise to high-rise structures in the earthquake-

prone regions owing to their inherent enhanced lateral load-resisting properties.

Current code provisions on the design of SRC columns under combined axial and
flexural loadings underestimate the buckling strengths of these members. Past studies
have also shown the premature failure of composite columns due to the spalling of cover
concrete before attaining the code-predicted design strengths. In addition, the
reinforcement detailing of SRC columns to reinforced concrete (RC) beam joints
significantly influence the lateral load-resisting behavior of framed structures. In practice,
the congestion of reinforcing steel bars in the beam-column joints also poses a challenge
in maintaining the continuity of structural steel in SRC columns to achieve the desired
lateral strengths. Therefore, there is a need for further study on the assessment of SRC
columns as well as beam-to-column joints under cyclic loading conditions. The seismic
behavior of SRC columns subjected to combined axial compression and lateral cyclic
loading is evaluated using experiments and compared with that of an RC column. The
reliability of the existing design standards in predicting the axial force-moment

interaction curves of SRC columns is verified from the experimental tests and numerical
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finite element analysis simulations. The behavior of SRC column to RC beam joints under

cyclic loading is investigated experimentally for different detailing schemes.

RC framed structures with weak/soft stories are vulnerable to severe damages or
even complete collapse when subjected to earthquakes of medium or high intensities. In
order to satisfy the amplified lateral strength, displacement ductility and energy
dissipation demand in the weak/soft stories, both cross-sectional geometry and
reinforcing steel of columns in these stories must be increased excessively as compared
to those of columns in other stories. The present study considers the case study where
SRC columns are used in place of the RC columns of the open ground story RC frame to
prevent the soft-story collapse of the structure. The design of the ground story SRC

columns is carried out using a Performance-based plastic design (PBPD) approach.

Numerical modelling of the SRC and RC columns and masonry infill panels is
performed using fiber elements in OpenSees software and their cyclic performances are
validated with the past experimental results. Analytical modelling of beam-to-column
joints is carried out using Modified Compression Field Theory. The developed models
include the effects of axial force-moment interactions, shear degradation response,
pinched hysteresis behavior, bar-slip response, and the fatigue fracture of rebars. Global
models of the multi-story RC frame and the proposed hybrid frame are modelled using
the validated fiber elements and their seismic performances are evaluated from the results
of static and dynamic analyses. Analysis results indicate that the proposed hybrid SRC
frame improves the seismic behavior of the original frame and prevents a soft-story
failure. Numerical investigations are also performed on several frame models to
determine the optimal length of termination of the SRC columns in an SRC-RC hybrid
frame for optimal seismic performance. Finally, design guidelines are proposed in this

study.
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