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Exact Dynamic Stiffness Matrix of Nonsymmetric Thin-walled
Beams Subjected to Eccentrically Axial Forces
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ABSTRACT : Derivation procedures of exact dynamic stiffness matrices of
thin-walled straight beams subjected to eccentrically axial forces are
rigorously presented for the spatial free vibration analysis. An exact dynamic
stiffness matrix is established from governing equations for a uniform beam
element with nonsymmetric thin-walled cross section. First this numerical
technique is accomplished via a generalized linear eigenvalue problem by
introducing 14 displacement parameters and a system of linear algebraic
equations with complex matrices. Thus, the displacement functions of
dispalcement parameters are exactly derived and finally exact stiffness
matrices are determined using element force-displacement relationships. The
natural frequencies of nonsymmetric thin-walled straight beams are evaluated
and compared with analytical solutions or results by thin-walled beam
element using the cubic Hermitian polynomials and ABAQUS’s shell elements
in order to demonstrate the validity of this study.
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3 0.707 0.709 0.707 0.696
4 1.074 1.076 1.075 1.074
5 4.859 4.880 4.860 4.766
6 7.186 7.232 7.189 7.083
7 18.22 18.45 18.24 17.95
8 20.15 20.26 20.16 19.36
9 24.39 24.73 24 .42 23.58
10 47.34 48.77 47.54 46.52
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