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We propose a Deep Learning methodology for damage detection in bridge structures using
monitoring data. We employ an unsupervised learning approach based on autoencoder
neural networks [1]. An autoencoder reconstructs the measurements at its output, and
the reconstruction error measures the discrepancy between an original measurement and
its corresponding reconstruction. We propose a particular architecture that contains two
branches: a linear and a nonlinear one. The linear part applies affine transformations to
compress and expand the data, analogous to the traditional Principal Component Analysis
(PCA) technique [2]. The nonlinear term allows learning more complex relationships
hidden in the data. With this modular architecture, we can deactivate the nonlinear
terms for simpler cases, contributing to the explainability of the network [3]. We train
the network using long-term monitoring data from the healthy state of the bridge. We
expect the reconstruction error to be small for new measured data coming from the healthy
(reference) state and large for data affected by any damage. By establishing a threshold
value for the reconstruction error, we design an alert system to early infer the presence
of malfunctions in the structure from newly acquired measurements. We validate the
methodology in two bridge structures: the Infante Dom Henrique bridge in Porto and the
Beltran bridge in Mexico. We investigate the damage detection ability of the proposed
method by simulating damage in a finite element model. We compare the performance
of the linear and the nonlinear approaches and observe that for complex datasets, the
nonlinear autoencoder excels the results of the linear one, which coincides with the PCA.
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