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Abstract:

Corrosion is one of the most serious problems affecting old infrastructure. Evaluation of the residual performance
of corroded structures is important for the maintenance of existing infrastructure, but where corrosion is present
the non-uniformity of the damage presents a more difficult situation. The local nature of such damage means that
structural capacity can vary with location. Moreover, cracking damage resulting from local corrosion is unsuitable
for analysis by the smeared crack concept.

The aim of this study is to develop a numerical model based on discrete analysis, which is more suitable for this
three-dimensional (3D) corrosion problem. A numerical system for predicting post-corrosion structural behaviour
and residual capacity at the meso scale is developed using the discrete analysis method known as the
Rigid Body Spring Model (RBSM). Model development is based on experimental data on surface crack width and
corrosion percentage obtained from actual corroded reinforced concrete members. The simulation scheme is
divided into two components: a corrosion damage simulation and a mechanical loading simulation. This corrosion
model consists of algorithms for expansion damage, reduction in rebar effective cross-sectional area, and bond
deterioration. A model for the interface between corroded rebars and concrete is developed based on rebar
pull-out experiments.

Using the new model, beams with different corrosion patterns are simulated and analysed. The simulation results
are then compared with previous experimental results in order to verify the applicability of developed model.
Good agreement is obtained, and the model is able to simulate the residual capacity and stiffness reduction of
corroded beams appropriately. Cracking patterns similar to those seen in the experimental results are obtained.

In the real structures, however, corrosion level in the concrete is difficult to estimate that causes the difficulty of
evaluation of the structural performance. Therefore, it becomes important to capture the surface damage
condition efficiently and estimate the inside. Here, new technology to detect the surface damages, delamination
and rebar exposure, from images by Fully Convolutional Network (FCN), one of Deep Learning technics, is
introduced. Also, an attempt to estimate the inside corrosion level from the surface cracking condition by
3D RBSM and the future perspective are presented in the seminar.
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