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Damage Detection for Timber Structure Joints Based on
Piezoelectric Sensing Technology
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Abstract: The digital simulations for intact and failure conditions of common timber structure joints of
tenon-mortise joints and bolted joints were conducted based on the piezoelectric sensing technology.
Specifically, the horizontal movement, rotation, and defects of tenons were considered as the failure load
cases for tenon-mortise joints, while the relaxation of pre-tightening force was considered as the failure
load case for the bolted joints. Then the failure index, which is the sum of signal energy for different
frequency bands decomposed based on wavelet packet analysis, was used to quantitatively evaluate the
degree of damage severity. Finally, the experiment of bolted joints was implemented to verify the
digitalsimulation results. Both of the digital and the experiment results indicate that the signal energy
received by piezoelectric plates gradually decreases with the increase of damage severity. The
piezoelectric sensing technology can efficiently detect the local damage at the timber joints, which
provide a reference for the engineering practice.
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Tab.1 Material parameters of the piezoelectric sensor
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Tab.2 Parameters of the different damage conditions
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Fig.4 Excitation signals in sine waves modulated with a
Hanning window
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Fig.5 The contours of stress wave propagation
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Fig.6 The signals of received waves by piezoelectric sensor
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Fig.7 Energy variation under different damage conditions
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Fig.8 Energy variation in the bolt connection experiment
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