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AN INNOVATIVE SEISMIC RETROFIT TECHNIQUE OF CAST-IN-SITE THICK
HYBRID INFILL WALL INTO RC FRAME
- EXPERIMENTAL INVESTIGATION AND ANALYTICAL APPROACH —
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A seismic retrofit technique of cast-in-site thick hybrid infill wall using additional concrete
sandwiched by steel plates and PC bar prestressing for low-rise to mid-rise RC buildings having either all
bare frames in the first story or partial discontinuity of framed shear wall in the first story or upper stories
is proposed in this thesis. To verify the effectiveness of the proposed technique, the cyclic loading tests
under constant vertical load were conducted for one-sided and both-sided RC wing-wall column members
-as well as for one-story one-bay RC bare frames retrofitted by casting infill wing-walls or panel-wall into
the bare frames. The cyclic loading test was also conducted to ensure the seismic performance recovery of
shear-damaged non-retrofitted standard frame specimen, after applying the emergency retrofit to it.

Experimentally, it was verified that the proposed technique was effective in terms of increasing lateral
strength, stiffness and ductility of shear critical wing-wall column members. Based on the similar retrofit
concept, by installing additional cast-in-site thick hybrid infill wing-walls into the bare frame without
additional reinforcement inside the wing-walls, the lateral strength, stiffness and ductility were also
considerably enhanced. By the enlargement of beam depth with additional longitudinal rebars in it and
also retrofitting like the wing-wall column, the greater increases in lateral force capacity and stiffness
were achieved while maintaining ductility. By installing cast-in-site thick hybrid panel-wall into the bare
frame and by strengthening the top panel-wall-beam connection with casting additional concrete
sandwiched by steel plate and PC bar prestressing up to the beam as well as the bottom connection with
providing stud dowels, the lateral force capacity increased significantly. Since 80% of this lateral force
capacity maintained up to the drift angle of about 2.5%, therefore, in the context of practical design drift
angle (namely, 1%), such retrofit method can be recommended for very large seismic excitations.

To calculate the moment capacity of non-retrofitted and retrofitted, one-sided and both-sided
wing-wall column sections, the simplified equations based on the widely accepted ACI concept of an
equivalent rectangular stress block for concrete in compression are newly proposed for small levels of
axial forces. To calculate the shear strength, the simplified equations based on the arch mechanism
according to the AlJ, and the truss mechanism with assuming the diagonal concrete strut at 45° according
to the ACI are also proposed. Based on the proposed shear strength mechanism, the guidelines for the
selection of steel plate thickness as well as the diameter and minimum number of PC bars are suggested.

In the proposed retrofit technique, steel plates and PC bars can act as formwork and form-ties during
the casting of the additional concrete. After hardening of the post-cast concrete, they can serve for shear
strengthening and confinement. They can also maintain the rigidity and provide protection against the
spalling of cover concrete and the local buckling of longitudinal reinforcement. As columns and
wing-walls are firmly united, they can act as unified members. As a result, shear strength is increased due
to the formation of a large compression strut, and flexural strength is increased by the provision of a large,
unified section with a large lever arm for moment resistance. Another significant point is that the
thickness of the additional cast-in-site wall is the same as the width of the column, and thus the
construction process is easy and effective confinement can be achieved. In this retrofit technique,
essentially no flexural reinforcement is provided inside the wing-wall or panel-wall in either the
longitudinal or transverse direction. Therefore, it may be concluded that the proposed retrofit technique is
simple, convenient, economic and effective.
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