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Abstract 

The finite element method (FEM) is developed to analyze general 2D boundary value problems 

in size-dependent piezoelectric, elastic solids with cracks. The size-effect phenomenon in 

micro/nano electronic structures is described by the strain-gradient effect. The electric field-

strain gradient coupling is considered in the constitutive equations of the material and the 

governing equations are derived with the corresponding boundary conditions using the 

variational principle. The FEM formulation is subsequently developed and implemented for 

strain-gradient piezoelectricity. The path-independent J-integral is also derived for fracture 

mechanics analysis of such solids. Numerical examples are presented to demonstrate the 

vericity of the formulations. 
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1. Introduction 

Advances in technology have resulted in the development of small microelectronic components 

and devices. In classical piezoelectricity, the relation between electric polarization and strain in 

non-centrosymmetric dielectrics is defined at the macro-scale (Cady, 1964). A number of 

experiments have shown, however, a size-effect phenomenon of piezoelectric solids and linear 

electromechanical coupling in isotropic materials (Shvartsman et al., 2002; Buhlmann et al., 

2002; Cross, 2006; Harden et al., 2006; Zhu et al., 2006; Baskaran et al., 2011; Catalan et al., 

2011). They occur when the dimensions of the component are comparable to the material length 

scale. It is also well-known that classical continuum mechanics neglects the interaction of 

material microstructure and the results are size-independent. Thus, it is necessary to employ 

a more appropriate and reliable size-dependent theory of piezoelectricity in which higher 

gradients of deformation are considered. Wang et al. (2004) have developed a size-dependent 
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