Building an explainable artificial neural network for estimating severity of corrosion in
steel rebars under marine conditions
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With the estimated cost of S8 billion, corrosion-related infrastructure issues in Australia can lead to
loss of functionality, maintenance-related problems, and catastrophic failures causing injuries. The
corrosion in steel rebars occurs without visible signs of attack. Currently, regular destructive
inspections, ad hoc repairs, and maintenance are used to control severity of corrosion. For monitoring
corrosion of steel rebars, deployed sensors could provide some indirect indication of factors
contributing to corrosion such as chloride concentration, pH, conductivity/moisture content and
temperature. Combining the historical field data, laboratory results and expert opinion can be used to
classify the severity of corrosion.

Such corrosion-diagnostic data were used in various genres of Artificial Neural Networks (ANN) to
model stages of atmospheric, marine and pipeline corrosion and for estimating corrosion initiation in
steel embedded in reinforced concrete. ANN’s low error rates (usually less than 30%), could not win
practitioners’ confidence for: absence of explainability and, post hoc justification of inferences. We
therefore posit that the process of learning and analysing features in ANN’s needs to emulate human
learning and interpretation of knowledge. This requires associating visual information with textual
descriptions by adding a concept layer in an ANN .

We demonstrate how an eXplainable ANN (XANN) enables modelling and estimating corrosion
severity of steel in reinforced concrete and emulating human estimation process. The XANN is
implemented by modifying the ANN structure for aptly associating the visual features with textual
descriptions. Overall, the XANN presents a new technique of conveying corrosion severity information
to various stakeholders.



