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Exact Static Element Stiffness Matrix
of Nonsymmetric Thin—-walled Elastic Curved Beams
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ABSTRACT

In order to perform the spatial buckling analysis of the curved beam element with
nonsymmetric thin—-walled cross section, exact static stiffness matrices are evaluated using
equilibrium equations and force-deformation relations. Contrary to evaluation procedures of
dynamic stiffness matrices, 14 displacement parameters are introduced when transforming the
four order simultaneous differential equations to the first order differential equations and 2
displacement parameters among these displacements are integrated in advance. Thus
non-homogeneous simultaneous differential equations are obtained with respect to the
remaining 8 displacement parameters. For general solution of these equations, the method of
undetermined parameters is applied and a generalized linear eigenvalue problem and a system
of linear algebraic equations with complex matrices are solved with respect to 12 displacement
parameters. Resultantly displacement functions are exactly derived and exact static stiffness
matrices are determined using member force—displacement relations. The buckling loads are
evaluated and compared with analytic solutions or results by ABAQUS’s shell element.
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E=10000.0 N/em?, G=5000.0 N/em?, A =30.0 em”, L=100.0cm,
I, =100.0 em*, ; =800.0 cm", I, = 150.0 cm®, J=10.0 cm®, p = 0.00785kg/cm’,
ey = 6.0cm, e3 = 10.0cm, 3y =5, B3 =— 10

¥ 1. Flexural-torsional buckling loads [/V]

The axial load °F; The axial load °F; The axial load °F;
at shear center at centroid at ( x,, x3)= (=5, 7)
mode
Present Analytic Present Analytic Present Analytic
study solution study solution study solution

n=1 186.523 186.523 279.897 279.897 263.490 263.490
n=2 986.960 986.960 1308.45 1308.45 4693.29 4693.29
n=3 7895.68 7895.68 36513.6 36513.6 15447.9 15447.9
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E=30000.0 N/cm?, G'=11500.0 N/cm?®, A =8.0 cm™, t = 0.5cm
I, = 114.812 em®, I, = 7.6048 cm, I, = 70.9687 cm®, J= 0.6667 cm’,
ey = 1.5894cm, e5 =— 2.5723cm, 3, = 5.6617, B3 = 11.0599, 3, =— 0.5586,

0 =0.10906rad, L = 200.0cm
2cm
e
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(a) Cantilever beam (b) Unsymmetric channel section(A-A)

29 2. Cantilever beam with unsymmetric channel section
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3 2. Flexural-torsional buckling loads under axial load at the centroid [N]

mode Present Study ABAQUS
1 13.902 13.983
2 112.80 114.81
3 191.74 193.94
4 257.24 265.82
5 411.01 421.44
6 529.42 526.81
7 571.69 573.23
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