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ABSTRACT
Fiber Reinforced Polymer(FRP) materials have become an attractive alternative for reinforced
concrete(RC) beam retrofit and rehabilitation, because of their outstanding strength, light
weight and versatility. The goal of this study is to develop a nondestructive evaluation (NDE)
technique that can detect debonding between the FRP layer and the host RC beam. Because
the thickness of the FRP layer and the wavelengths of the guided waves are much smaller
than that of the RC beam, it is expected that the Rayleigh wave belonging to guided waves
will be generated in the FRP strengthened RC beams. In order to suggest the theoretical
approach for prediction of the wave propagation in this structure, we will extract a feature that
is sensitive to debonding between layers with significantly different thicknesses.

INTRODUCTION
Recently, new structural health monitoring (SHM) techniques based on active sensors or
MEMS technology have widely been applied in the civil engineering field. In this study, a
damage detection method by using smart-active-sensors and its applicability to civil
structures have been investigated. An assessment of bonding condition between FRP and the
host media using guided waves generated by the active sensors will be presented.

GUIDED WAVES
The waves generated by the active sensors attached on the surface of FRP would propagate in
vertical and horizontal directions accompanied by their reflection and refraction waves. The
governing equation of the propagation is expressed as a partial differential equation that is in
terms of the displacement of the waves, which is “Navier equation” as shown in equation (1.)
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The guided waves can be distinguished from bulk waves by which they need boundary
conditions in the elastic continua. The wave dispersion equations and curves can be achieved
by applying the boundary conditions as follows.
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PROBLEM DEFINITION AND RESULTS
In order to investigate the guided waves’ propagation, numerical and experimental tests were
conducted with a steel plate layered aluminum beam in advance. Based on the guided waves’
propagation theory in a thin-layered half media, we could extract a feature that is sensitive to
debonding between significantly different thicknesses.
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Figure 1. Problem definition
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Figure 2. Numerical and experimental results
In this study, we could verify that the velocity of guided waves is a sensitive feature to the
bonding condition between two layers and demonstrate the fact through the numerical and
experimental tests.
REFERENCES
1. Viktorov, I. Rayleigh and Lamb Waves, Plenum Press: New York, 1967.
2. . Fung, Y.C. Foundation of Solid Mechanics, Prentice-Hall, INC.,Englewood Cliffs, NJ, 1965.
3. Dosch, J.J., Inman, D.J. and Garcia, E. "A Self-Sensing Piezoelectric Actuatorfor Collocated
Control," Journal of Intelligent Material Systems and Structure, Vol. 3, 1992. pp.166-185
4. Rose, J.L. Ultrasonic Waves in Solid Media, Cambridge University Press 1999.

