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The application of deep learning in structural health monitoring has generated increasing interest in recent years. How-
ever, its application to ship hull structural health monitoring based on vibration signals remains in its infancy. Recent studies
have demonstrated that a properly trained convolutional neural network (CNN) is able to accurately detect both the location
and level of damage associated with cracks in steel plates based on acceleration signals. However, the effects of the aspect
ratio of the plates and crack direction on the detection results have not been considered, and the generality of the proposed
approach is therefore questionable. This issue is addressed in this study by investigating the crack detection performance
of the proposed CNN for five steel plates with different aspect ratios and five crack directions based on nonlinear finite
element models of rectangular steel plates that are simply supported on four sides and subjected to uniform out-of-plane
dynamic loads. The robustness of the CNN method to noise is also presented. The obtained results demonstrate that the
prediction of crack location and damage level by the CNN-based model is relatively insensitive to the plate aspect ratio and
crack direction, and the model provides reasonable accuracy for identifying crack direction.

INTRODUCTION

Crack is one of the most common types of damage in engi-
neering infrastructures (Bhuiyan et al., 2018), and its identifica-
tion is crucial for ensuring structural integrity. Although this issue
has been addressed by the development of various nondestructive
testing (NDT) methods, such as laser-based methods, alternating
current field method, ultrasonic methods, and the eddy current
method, the equipment used for sensing must be close to the crack
location and the crack location must be accessible (Budipriyanto
et al., 2006). Moreover, these methods cannot detect cracks in
real time. Therefore, it is necessary to develop advanced methods
for crack damage detection, particularly for applications to ship
structural health monitoring.

With the development of Industrial Internet of Things and data-
driven techniques, machine health monitoring has fully embraced
the big data revolution (Zhao et al., 2019). As a powerful data-
driven approach, deep learning, which can learn damage features
from big data, has been successfully adopted in machine health
monitoring (Jia et al., 2016; Liao et al., 2016; Zhao et al., 2016).
Moreover, as a deep learning method, CNN has been widely used
for structural damage detection based on image and time-series
data (Khan and Yairi, 2018; Kouzehgar et al., 2019; Ye et al.,
2019; Aslam et al., 2020; Heng and Yunfeng, 2020; Wang et al.,
2020).

Applications of time-series data in the form of vibration sig-
nals have been particularly prominent because CNN-based meth-
ods can automatically extract damage features from vibration sig-
nals, which results in the extraction of more meaningful damage
features, and a reduction in the manpower and material resources
required for manually extracting or handcrafting damage features.
For example, Abdeljaber et al. (2017) proposed a novel one-
dimensional (1D) CNN-based method to detect bolt looseness
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damage using raw acceleration signals. In their work, a 1D CNN
model was trained for each damage location to identify bolt loose-
ness damage. In subsequent work, Abdeljaber et al. (2019) applied
acceleration signals obtained from the inner ring and outer ring of
a bearing as the respective inputs for two compact CNN models
to identify and localize bearing damage. The results demonstrated
that the proposed method was able to detect single and multiple
bearing damage well.

Yu et al. (2019) proposed a CNN-based method to identify the
presence and location of damage in a five-level benchmark build-
ing equipped with an array of acceleration sensors for capturing
vibration signals. This deep learning approach was also demon-
strated to provide better detection performance compared with
commonly used machine learning methods, particularly under
noisy conditions. Jian et al. (2019) proposed a 1D fusion neural
network that combined the Dempster–Shafer evidence theory and
an adaptive CNN with a wide kernel for diagnosing motor bear-
ing faults based on vibration signals with considerably great accu-
racies under variable load cases. Khodabandehlou et al. (2019)
applied a two-dimensional (2D) deep CNN-based model to detect
damage in a reinforced concrete highway bridge based on vibra-
tion signals. They obtained that the proposed method can effi-
ciently detect minor damage and mentioned that the vibration sig-
nals can be obtained by a nonlinear finite element model. Avci
et al. (2018) proposed a structural damage detection system that
combined wireless sensor networks and a CNN-based model. In
their work, triaxial wireless sensors were used to measure the
vibration response, and the CNN-based method can find out the
direction containing the most damage information. Nonetheless,
the application of CNN-based methods to the detection of cracks
within hull plates based on vibration signals remains in its infancy.

An effort has been made recently to address the above-
discussed issue by proposing a CNN-based method for detecting
the occurrence, location, and level of crack damage in steel plates
based on vibration signals (Ma and Wang, 2020). The study was
based on nonlinear finite element (FE) models of rectangular steel
plates that were simply supported on four sides and subjected to
uniform out-of-plane dynamic loads. The CNN was trained and
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