A systematic approach for torsion of a circular composite bar with coated fibers
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In this paper, the Saint-Venant’s torsion problems of a circular composite bar are solved by a systematic manner. The inclusion in the composite bar is not a homogeneous material but consists of a thin coating and a circular cylindrical fiber. In order to fully employ the property of circular geometry, the Fourier series expansion and the degenerate kernel in terms of the polar coordinates are introduced to cooperate with the integral equation. The problem of a composite bar containing coated inclusions is decomposed into three parts by using the technique of taking free body. One is a circular bar with multiple holes, another is the annular coating, and the other only consider the circular inclusion. By collocating the observation points on the each boundary to match the boundary conditions and interface conditions, a linear algebraic system is constructed to determine the unknown Fourier coefficients. The approach can be seen as one kind of meshless and semi-analytical methods since error only attributes from the number of truncation of Fourier series expansions. Finally, several numerical examples of a circular composite bar with coated inclusions are given to show the validity and feasibility of our approach. Not only the warping function but also the torsional rigidities are provided to compare with the available results in literature. 
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