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Numerical Simulation of Concrete Damage Detection

Based on Piezoelectric Sensor

QI Baoxin, ZHANG Yu, LI Jianuo, JIA Lianguang
(School of Civil Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract; Based on the ABAQUS finite element software, a numerical analysis model of mechanical-electrical
multi physics field for piezoelectric ceramics and concrete is established in this paper. A numerical simulation study
on the concrete cracks detection and elastic modulus determination by the wave propagation method is carried out,
and the mechanism of damage identification by piezoelectric wave method is investigated. The C3DSE piezoelectric
elements are used to simulate the piezoelectric ceramic (PZT), and the C3D8R elements are used to simulate the
concrete beam. The three-dimensional visco-elastic artificial boundary in time domain is adopted to eliminate the re-
flection of the stress wave on the boundary. The simulation results show that the stress waves excited by the embed-
ded PZT patch are composed of the longitudinal wave and shear wave. The amplitude of the shear wave is larger
than that of the longitudinal wave, and the propagation velocity is slower than that of the longitudinal wave. The
relative energy of signal (D;) is used as the discriminant factor of damage degree., and its value decreases as the
depth of the crack increases. The relative energy of signal (D;) and the dynamic modulus of elasticity (E,;) of the
concrete obtained by numerical simulation are compared with the experimental data, and the results are in good a-
greement, indicating that the finite element method can effectively solve the problem.

Key words: piezoelectric material; ABAQUS; numerical simulation; wave propagation method; damage detec-

tion; elastic modulus
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