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Appendix A. The components of the transformed elasticity matrix


Here, the components of the transformed elasticity matrix, including a rotation  about the z-axis, are considered in the context of Timoshenko beam theory with the shear correction factor  as follows:




where, due to an arbitrary rotation θ about z axis,  and .
Appendix B. Element matrices and vectors

The variables are expressed within an element using the interpolation functions, e.g., , where the superscript “e” denotes the element number. The subscripts i and j represent the node numbers of the element.  denotes the length of the finite element. The mixed FEM is derived via , and , as follows:


where
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