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The deterioration of the aging infrastructures has become a global problem in recent
decades, which threatens the public safety. To solve the above problem, researches on
structural health monitoring (SHM) and structural damage detection (SDD) have been
carried out all over the world. Researchers have made large amounts of efforts in the
development of vibration-based SDD methods based on the theories of dynamics and signal
processing.

In this thesis, an attempt on SHM has been made on a ballasts concrete railway bridge. By
performing a series of vibration experiments, obvious variations on modal parameters have
been found. The variations on the modal parameters show difficulties of SHM, which need
to be overcome. The difficulties can be summarized as follows: (1) the effects of
environmental variation and other uncertainties to the structural dynamic behavior, (2) low
efficiency of using the large amounts of monitoring data.

In recent years, the rapid development of Deep Learning technology shows obvious
advantages in many fields, such as object detection, medical science, and so on. Firstly, it is
a pure data-driven method. By using Deep Learning technology, functions can be generated
to link the input data to the results automatically, with no need of any domain knowledge.
Secondly, large amounts of data can be used efficiently in the process of training a network.

Therefore, in this thesis, a vibration-based structural state identification method by using
1-D convolutional neural networks (CNNs) has been proposed. The proposed method aims
to overcome the difficulties as introduced in the second paragraph by adapting the Deep
Learning technology in the civil engineering field to solve the SHM problems.

By using the proposed 1-D CNNs, functions linking the raw vibration data and structural
states can be established. Those 1-D CNNs are developed to identify tiny local structural
changes, and are validated on actual structures. Databases of structural vibration response
are established based on a T-shaped steel beam (in lab), a short steel girder bridge (in test
field), and a long steel girder bridge (in service) to validate the performance of the proposed
1-D CNN. The complexities of data in above 3 databases increase progressively. The raw
acceleration data are not pre-processed and are directly used as training and validation data.




The well-trained CNNs almost perfectly identify the locations of the small local structural
changes, demonstrating the high sensitivity of the proposed CNN to tiny changes in actual
structures. The capacity of determining the boundary between data in different structural
states is also shown clearly.

Subsequently, to explore the mechanism of the proposed 1-D CNN, the convolutional
kernels and outputs of the convolutional and max pooling layers are visualized and
analyzed. The effectiveness of the CNN is also proved by visualizing the variation of data
structure in each layer of the CNN by the T-SNE method.

Furthermore, to examine the capacity of identify untrained structural changes of the
proposed CNN, two rounds of robustness tests of the CNN models are carried out. The
results show low capacity of the classification CNN model to identify local structural
changes in untrained locations.

Finally, to improve the robustness of the CNN identifying local structural changes in
untrained locations, a regression CNN model is proposed with the updated encoding of the
label and the output layer of the CNN. Comparing to the classification CNN models, higher
robustness is obtained in the regression CNN model. Moreover, a deep network with
multi-convolution blocks and multi-task outputs is proposed to further improve the
robustness of identifying local structural changes in untrained locations. The results show
obvious increase in the accuracies of the network to identify untrained local structural
changes.

Overall, the expected contributions will be two-folds. For academy, the results of the
study demonstrate the feasibility and rationality of using Deep Learning technology to solve
SHM and SDD problems in civil engineering field. The potential of developing new
Deep-Learning-based SHM and SDD schemes are also shown. For the society, the proposed
research will boost the development of technology that guarantees human’s daily safety.
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