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Fig.l1 A cracked piezoelectric strip subjected to anti-plane stress and electric field
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AN EXACT ANALYTICAL SOLUTION FOR A MODE-III CRACK
IN A PIEZOELECTRIC STRIP

Li Xianfang  Fan Tianyou®*
( College of Science, Hunan Normal University, Changsha 410081, China)
“{ Research Center for Matertals Science, Beijing Institute of Technology, Beifing 100081, China)

Abstract The problem involving a mode-II1 crack in a piezcelectric ceramic strip of infinite
length is analyzed in this paper. A mode-III crack is assumed to be situated at the mid-plane of
this strip in the woy-plane, where the woy-plane is the isotropic plane of the piezcelectric ceramic
and the z-axis is the polarizing direction. The situation that the strip is subjected to four cases of
combined electromechanical loadings at the boundary surfaces is mainly considered. Making use of
the integral transform technique, by introducing an auxiliary function the mixed boundary value
problems are converted into a system of simultaneous dual integral equations for the auxiliary
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function. With the aid of the known results of dual integral equations, the exact analytic expres-
sions for the electric and elastic fields along the crack line are obtained. Moreover, the formulae
for calculating the stress intensity factors strain, and electric displacement, and the energy release
rate near the erack tip are given in explicit form. The obtained results reveal that the stress inten-
sity factor and the energy release rate are independent of electric loadings for a piezoelectric strip
of stress-free boundary, but they depend on both mechanical loadings and electric loadings for a
piezoelectric strip of clamped boundary. Also, the energy release rate is identical to the mechanical
strain energy release rate, which implies that these two important parameters characterizing the
driving force of a erack from different standpoints in the fracture mechanics of piezoelectric mate-
rials agree with each other for the problem considered in this paper. As compared with existing
numerical solutions, the present results are given in closed-form and the solutions are exact.

Key words piezoelectric ceramics, infinite strip, electroelastic field, mode-II1 crack, exact ana-
Iytical solution



