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Abstract of Thesis

This study aims to develop a strengthening method by installing wing walls for reinforced concrete (RC)
exterior beam-column joints with deficient anchorage. In particular, a design concept for the proposed
strengthening method is presented and verified through experiments. The present thesis consists of 7 chapters as
follows:

Chapter 1 introduces the background, objectives, and outline of this thesis. Literature review on previous
studies on the strengthening of RC exterior beam-column joints with deficient anchorage is also introduced in
this chapter.

Chapter 2 describes an investigation on seismic detailing of RC buildings in West Sumatra, Indonesia. This
area had experienced significant damage by the 2009 Sumatra earthquake. The investigation focused on
deficiencies in newly constructed RC buildings. The investigation results showed that substandard materials and
deficiencies of seismic detailing of beam-column joints existed in current construction practice in this area.
The worst detail observed on beam-column joints was straight anchorage of beam reinforcement to the exterior
joint.

Chapter 3 describes the experiments of exterior beam-column joints with deficient anchorage. The study
focused on typical Bangladeshi buildings with low strength concrete using brick chip aggregate. The deficient
anchorage detail combined with poor material specification gives the worst scenario on the vulnerability of
existing beam-column joints. Two exterior beam-column joint specimens: one specimen with deformed bar and
straight anchorage for beam longitudinal reinforcement and the other specimen with plain bar and 180° hooks,
respectively, were constructed and tested. The specimen with deformed bar and straight anchorage failed in
anchorage failure and showed more brittle behavior than the other specimen which failed in shear at the joint.
Therefore, the specimen with deformed bar and straight anchorage was chosen as the benchmark specimen for
strengthening with wing walls.

Chapter 4 describes the pullout tests of post-installed bonded anchors in low strength concrete with brick chips.
The test results contributed to the design of the details of post-installed anchors in installing wing walls,
particularly to find a minimum embedment length of 10 times the anchor diameter for preventing brittle failure of
the anchors.

Chapter 5 describes the experiment on strengthening of an exterior beam-column joint with deficient
anchorage by wing walls. The proposed strengthening method was applied to a beam-column joint specimen
with the same details as the specimen with deformed bar and straight anchorage in Chapter 3. A design concept
was proposed considering the length of wing walls to extend the development length of beam rebar. The
strengthened specimen failed in a beam yielding mechanism and the anchorage failure of the joint was
successfully prevented. Evaluation methods were also presented to estimate the strength and the deformation
capacity of the specimen after installation of the wing walls.

Chapter 6 describes an analytical study on the seismic performance of an RC building strengthened with wing
walls. The results from static nonlinear pushover analysis showed that the application of the proposed
strengthening method improved the lateral strength and deformation capacity of the building.

Chapter 7 summarizes the main conclusions of this study and suggestions for future work.
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