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Fault Detection Method for Beam Structure Using
Modified Laplacian and Natural Frequencies
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Department of Architectural Engineering, Namseoul University
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Abstract The application of health monitoring, including a fault detection technique, is needed to secure the structural
safety of large structures. A 2-step crack identification method for detecting the crack location and size of the beam
structure is presented. First, a crack occurrence region was estimated using the modified Laplacian operator for the
strain mode shape obtained from the distributed local strain data. The crack location and size were then identified
based on the natural frequencies obtained from the acceleration data and the neural network technique for the
pre-estimated crack occurrence region. The natural frequencies of a cracked beam were calculated based on an
equivalent bending stiffness induced by the energy method, and used to generate the training patterns of the neural
network. An experimental study was carried out on an aluminum cantilever beam to verify the present method for
crack identification. Cracks were produced on the beam, and free vibration tests were performed. A crack occurrence
region was estimated using the modified Laplacian operator for the strain mode shape, and the crack location and
size were assessed using the natural frequencies and neural network technique. The identified crack occurrence region
agrees well with the exact one, and the accuracy of the estimation results for the crack location and size could be
enhanced considerably for 3 damage cases. The presented method could be applied effectively to the structural health
monitoring of large structures.

Keywords : Modified Laplacian operator, Natural frequency, Strain mode shape, Crack identification, Neural network
technique
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Fig. 1. Node for modified Laplacian operator.
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Table 1. Natural frequencies (Hz)
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