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Numerical and experimental study on fatigue crack detection of
steel fridge deck using nonlinear Lamb waves

SHEN Wei®, ZHENG Fangtong® . LI Dongsheng®:®

(a. Faculty of Infrastructure Engineering; b. State Key Laboratory of Coastal and Offshore Engineering, Dalian University
of Technology, Dalian 116024, Liaoning, P. R. China)

Abstract: In order to effectively identify the early fatigue cracks of the steel bridge deck under vehicle
loads, the numerical and experimental research on the nonlinear LLamb wave detection of steel plate fatigue
cracks were carried out. Based on the non-linear theory of acoustic contact, three damage indexes were
proposed, which are first wave energy, pseudo sound velocity and nonlinear parameter. Three types of
defects including hole defect, macro crack and fatigue crack were considered in the specimens. Among
them, the fatigue growth crack was generated by the fatigue loading test. In the three-dimensional
numerical model, the " breathing effect” of closed crack is simulated by a zero-length nonlinear spring
element to simulate the local nonlinear interaction process between LLamb waves and fatigue cracks. In the

experiment, the nonlinear lLamb wave stepped scanning was performed, and the harmonic response was
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extracted through a band pass filter. The research results show that the first wave energy and pseudo sound

velocity are sensitive to macro defects, while the harmonic waves energy and nonlinear parameter are

sensitive to fatigue cracks.

Combining the three damage indexes can simultaneously achieve the

identification and location of macro defects and fatigue cracks.

Keywords: steel bridge deck; fatigue crack; nonlinear Lamb waves; nonlinear parameter
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Fig. 6 Numerical results of fatigue crack conditions
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