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ABSTRACT

Reinforced concrete (RC) frame structures are widely used adopted in India and
other countries in building constructions. These frames are very often infilled with
masonry walls in some or all floors. The discontinuities in the masonry infill walls result
in the arbitrary change in the force transfer path which may lead to the poor performance
under seismic loading. Moreover, the frame members are designed without considering
the lateral load-resisting characteristics of masonry infill walls and are adopted in the
infilled RC frames regardless of their arrangements. Therefore, there is a need to study
the seismic performance of low-to-high rise RC frames with and without masonry infill
walls and also to investigate the effectiveness of some strengthening techniques suitable

for the deficient RC frame structures.

This study is focused on seismic performance of 4-story, 8-story, and 20-story
RC frames, representing the low, medium and high-rise frames, with different masonry
infill configurations over the frame heights. Three different arrangements considered
for each frame are bare frame (i.e., without masonry infill walls), fully-infilled frame
(i.e., with masonry walls in all stories), and open ground story frame (i.e., with masonry
infill walls in all stories except the ground story). The open ground story RC frame also
represents a typical soft/weak-story problem in which the seismic demand is concentred
at a particular story having the smaller lateral stiffness and/or lateral strength. Nonlinear
static and dynamic analyses are carried out to investigate the lateral strength,
overstrength, displacement ductility, failure mechanism, and drift response of all study
frames. Seven spectrum-compatible ground motions are considered for dynamic
analyses of these frames. Later, the collapse performance assessment of these study

frames are carried out in accordance with FEMA P695 (2009) guidelines. The collapse-
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consistent twenty recorded ground motions are normalized and scaled for the collapse
performance assessment of the study frames. Incremental dynamic analyses are
conducted to determine the collapse margin ratios and collapse fragility curves of the

study frames.

The open ground story frames of 4-story, 8-story, and 20-story RC structures
are strengthened using buckling-restrained braces (BRBs) in order to enhance their
seismic performance. These frames are designed for the same design base shear
assuming the BRBs to resist the entire design lateral load. Nonlinear static and dynamic
analyses ae carried out to investigate the seismic performance in terms of lateral

strength, interstory drift response, hinge mechanism and displacement-time response.

An experimental investigation has been conducted on a severely-damaged half-
scale two-story RC frame with open ground story. The shear-damaged ground story
columns are repaired with micro-concrete and later retrofitted with carbon fibre polymer
(FRP) jacketing. The initial lateral stiffness and the modal properties of the retrofitted
frame are evaluated experimentally. Slow-cyclic test is conducted on the retrofitted
frame under the gradually-increasing reversed-cyclic lateral displacements to
investigate its collapse performance. The main parameters investigated are lateral force
vs. floor displacement (hysteretic) response, lateral strength, energy dissipation and
damping potential, and failure mechanism. Both strengthening techniques (i.e., BRB
and FRP wrapping) exhibited the significantly improved seismic performance of the
undamaged and damaged RC frames. Conclusions drawn based on the results of the

numerical and experimental studies are presented.
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