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Lateral-Torsional Post-Buckling Analyses of
Thin-Walled Space Frames with Non-symmetric Sections
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ABSTRACT : In order to trace the lateral-torsional post-buckling behaviors of
thin-walled space frames with non-symmetric cross sections, a geometrically
non-linear finite element formulation is presented by applying incremental
equilibrium equations based on the updated Lagrangian formulation and
introducing Vlasov's assumption. The improved displacement field for
non-symmetric thin-walled cross sections is introduced based on inclusion of
second order terms of finite rotations, and the potential energy corresponding
to the semitangential rotations and moments is consistently derived. For
finite element analysis, tangent stiffness matrices of thin-walled space frame
element are derived by using the Hermition polynomials as shape functions.
A co-rotational formulation in order to evaluate the unbalanced loads is
presented by separating the rigid body rotations and pure deformations from
incremental displacements and evaluating the updated direction cosines and
incremental member forces.
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38 1. Notation for displacement parameters and
stress resultants
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(a) horizontal end load
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(b) vertical end load
1% 4. Lateral-torsional buckling of straight
cantilever under end load
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(a) Type A (b) Type B
A=45cm*, E=30,000 NNom® , G=11,500 N/cm?
J=0.375 em® ,  ;=1.15033 om ,  L=17.7500 cm’

I;=1.82986 om' , I,=31.33086 cm® , I,=—20.41830 cn®
B1=4.35108 cm? , B;=—10.33038 cm

(c)Section properties of Type A

A=8.0 cm® E=30,000 Nem® , G=11,500 N/ cm?
J=10.6667 cm* , e;=1.5894 cm , e;=2.5723 om
L=114.821 cm! L=7.608 cm',  I,=411.32 om®
Ip=182.4822 cm® , I5=19.5618 cm® , 6=0.10906 rad
£=6.1592 cm* ,  B=0.5171 om , 8;=17.8811 cm

(d) Section properties of Type B

1% 5. Section properties of monosymmetric
and unsymmetric channel section
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¥ 4. Lateral buckling loads of monosymmetric
thin-walled straight cantilver

. thin-walled ABAQUS(shell
buckling loads straight beam element)
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Linear Buckling
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nonlinear buckling (Uz)
nonlinear buckling (Ux)
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% 6(a). Lateral buckling of straight cantilever
under horizontal end load.Load-
displacement diagram
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Linear Buckling
207 por:1.6324

Displacement (em)

8] 6(b). Lateral buckling of straight cantilever
under vertical end load.Load-

displacement diagram
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® 5. Lateral-torsional buckling loads of un-
symmetrical thin-walled straight cantilver

. thin-walled ABAQUS(shell
buckling loads straight beam element)

(PX)er 13.9043 14.023

(Py)er 4.1154 4.1086
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Linear Buckling
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% 7(a). Lateral buckling of straight cantilever
under horizontal end load.Load~
displacement diagram
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2@l 7(b). Lateral buckling of straight cantilever
under vertical end load.Load~
displacement diagram
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a8l 8(a). Lateral buckling of curved cantilever
under horizontal end load
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% 8(b), Lateral buckling of curved cantilever under
vertical end load
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B 6. Lateral buckling loads of monosymmetric
thin-walled curved cantilver
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8] 9(a). Lateral buckling of curved cantilever
under horizontal end load. Load-
displacement diagram

Linear Buckling
Per: 1.6288
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7 9(b). Lateral buckling of curved cantilever
under vertical end load. Load-
displacement diagram
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