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1-3 piezocomposites are made by embedding piezoelectric fibres/rods in
polymeric matrix materials. This class of materials is used in a variety of engineering
applications such as ultrasonic transducers, underwater hydrophones, and structural
actuators due to their sensing and actuation capabilities. Their performance and
reliability are governed by interaction between the piezoelectric phase and surrounding
matrix material. It is then important to know the coupled electromechanical behavior of
a piezoelectric fiber—-matrix system to design composites with enhanced properties. In
this research project, two classes of problem are examined. The first problem studies
the electromechanical load diffusion from a piezoelectric fiber into a surrounding
transversely isotropic elastic matrix due to an axial load and electric charge applied to
the fiber. The fiber-matrix interface is assumed to be either mechanically perfect or
imperfect, and either electrically open- or short-circuited. The second problem focuses
on fracture analysis of the interface cracks in a 1-3 piezoelectric composite by using the
displacement discontinuity method (DDM). The study starts with the derivation of
analytical solutions for piezoelectric fiber and the transversely isotropic elastic matrix
under various loading cases by using Fourier integral transform. These solutions are
used to formulate the boundary-value problem of the load diffusion problem and served
as a fundamental solution for the DDM in the analysis of interface crack problem. The
results for the fiber axial force, electric fields, interfacial stresses and fracture
parameters are investigated for representative 1-3 piezocomposites. It is found that the
coupled electro-elastic response in piezoelectric fiber-reinforced composites is very
complicated and significantly influenced by the properties of the fiber and the matrix,
the electrical boundary conditions, and the interface conditions such as imperfect fiber-
matrix bonding and the presence of interface cracks. The results from this study
provides a fundamental understanding of the coupled electromechanical response from
the fiber—matrix interaction in a 1-3 piezocomposite, which are useful for a better
design of smart composite materials. In addition, the approach presented in this report
can be extended to study more complicated problems such as the investigation of the
fiber-to-fiber interaction and the determination of the effective properties of
piezoelectric fiber-reinforced composites.
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