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Abstract of Thesis

This study aims to investigate and present a practical seismic performance evaluation for reinforced
concrete (RC) exterior beam-column joints with deficient anchorage of beam longitudinal rebar. The research is
particularly relevant to Bangladesh, where construction practices often involve the use of low-strength concrete
and inadequate rebar anchorage, leading to significant seismic vulnerabilities. The thesis consists of the
following seven chapters:

Chapter 1 describes the motivation for this study, arising from the frequent inadequacies observed in RC
structures in developing countries. It also introduces that Bangladesh, situated in a seismically active zone,
faces considerable risks due to the prevalent use of brick aggregate concrete resulting in low-strength concrete,
use of low-quality construction materials and sub-standard construction practices.

Chapter 2 provides a comprehensive review of the existing literature on the seismic behavior of RC beam-
column joints, focusing on failure modes, influencing factors and anchorage requirements. It discusses the
prevalence and consequences of sub-standard anchorage of beam longitudinal rebar in RC buildings in
developing countries, particularly in Bangladesh.

Chapter 3 describes the development and application of a nonlinear finite element model to analyze the
behavior of RC beam-column joints with deficient beam rebar anchorage. The model incorporated detailed
material characteristics, bond-slip relationships and loading conditions to accurately reproduce the seismic
behavior of these joints. The analysis results were validated against the experimental data, showing good
agreement. The analysis revealed that bond strength played a key role in the seismic performance of such joints.

Chapter 4 describes the experimental test program. Four 70% scaled specimens representing typical
Bangladeshi construction were prepared, incorporating low-strength concrete made with brick aggregates.
These specimens featured different embedment lengths for the beam's longitudinal rebar and two different
methods for measuring rebar strain. Specimens were subjected to quasi-static cyclic loading to simulate seismic
conditions. The experimental tests revealed that the presence of inadequate anchorage in exterior beam-column
joint led to premature brittle pullout failure and that the observed maximum strength of the specimens was
lower than the theoretical design estimates.

Chapter 5 describes the quantitative bond strength evaluation of brick aggregate concrete from the
experiments. Utilizing Fiber Bragg Grating (FBG) sensors embedded in optical fiber, bond stress at the instance
of pullout failure was measured without hampering the bond condition between rebar and concrete. A
comparative analysis was conducted to evaluate the effectiveness of various existing bond strength equations.
The findings clarified that the equation provided by the Architectural Institute of Japan (AIJ) design guidelines
offers conservative estimation of bond strength with practical safety margins.

Chapter 6 integrates the key results from the finite element analysis, experimental tests and bond strength
evaluation to provide a comprehensive method for evaluating the seismic performance of RC buildings with
deficient beam-column joints. The proposed method was based on an alteration of the seismic performance
evaluation of standard buildings. The proposal was demonstrated through application to two actual buildings
in Bangladesh, identifying their impact on seismic resilience.

Chapter 7 summarizes the main findings and conclusions of the study. Recommendations for future

research are also provided.
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