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Exact Static Element Stiffness Matrix of Shear Deformable
Nonsymmetric Thin-walled Elastic Beams
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ABSTRACT

Derivation procedures of exact static element stiffness matrix of shear deformable thin-walled straight
beams are rigorously presented for the spatial buckling analysis. An exact static element stiffness matrix
is established from goveming 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 member force-displacement relationships. The buckling
loads are evaluated and compared with analytic solutions or results of the analysis using ABAQUS’ shell
elements for the thin-walled straight beam structure in order to demonstrate the validity of this study.
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¥ 1. Flexural-torsional buckling load under axial load P [N]

at shear center at centroid at (x3,x9)=(—5,7)
mode | pregent Analytic Present Analytic Present Analytic
study solution study solution study solution

1 184.528 184.528 261.338 261.338 242.156 242.156

2 742.641 742.641 960.533 960.533 2511.28 2511.28

3 3061.37 3061.37 153755 15375.5 9066.84 9066.84

32 HEYH BEF=X

2 dAcde vy @dE e Agdy e w3z gl AFHNS St 1Y

Fiol EAo #83te ol L =200 omQ ALely Bz @i BdFy gon, dumge of
et 2o

3,[
10 em X.

2
P
&§ - 0.5 cm
fe—

-
L=200cm

v
[F—

(a) Cantilever beam under an axial load (b) Nonsymmetric channel section

2% 1. Cantilever beam with nonsymmetric channel section

E=230000.0 N/cm?, G=11500.0 N/cm®, A=8.0 cm?, J=0.6667 cm®, L =200 cm
I, =114.872cm®, I;="7.54463 cm’, I,=408.333cm®, I,y = 182.413 comd®, I, = 18.9757 cm®
0 =0.00785 kg/cm®, B=15.3021 cm?, B,=0.57706 cm, B3="5.93192 cm
fo=5.28221, fa=1.79271, C,=0.01766

£ 2. Flexural-torsional buckling loads for cantilever under axial load at centroid [N]

mode With shear deformation | Without shear deformation ABAQUS
1 13.789 13.800 14.001
2 111.84 11255 113.10
3 191.16 191.84 190.08
4 255.10 258.54 256.67
5 406.28 414.76 408.53
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