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o Study performed using the commercial finite element modelling software
ABAQUS 6.14, modelled with a fine mesh of S4R elements (Fig. 2);
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o Column is simply supported and axially loaded with a point load applied through

| the centroid,
Centroid v

o Mode interactions are modelled using a combination of linear modes, j
Introduced as Initial geometric imperfections; i
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Fig 2: Mesh of hali-length 5 Models are subsequently solved using the Riks arc length method (Riks, 1979). Fig. 4: Imperfection sensitivity (centre) with half-length under negative (left) and positive (right) global imperfection.

POST-BUCKLING BEHAVIOUR o Under local—flexural interaction, mono-symmetry of channel sections is a significant factor. Direction of
Imperfection puts flanges predominantly into either compression or tension, respectively encouraging or

o L > Ly: global buckling is critical and mode interaction does not influence buckling load P,. Characterised impeding local buckling (Fig. 4a):

by a “neutral” equilibrium, where P, tends to global buckling load P¢; _ _ _ _ _ _ _ _
o Under local—flexural-torsional interaction, combined bending and warping stresses induce predominant

o Ly <L <Ly: mode interaction induces severe instability due to loss of flexural and torsional rigidity local buckling in top or bottom flange. Effect of interaction is independent of imperfection direction (Fig. 4b).
caused by local buckling. Maximum interaction at L = L, illustrated by explosive “snap-back™ In
equilibrium path; CONCLUSIONS

o L < L;: local-buckling is critical and mode interaction is no longer dominant. Stable equilibrium, with B, > o The columns exhibit similar post-buckling behaviour under both types of local—global mode interaction:;

PF such that P, = nP§, where 7 is a reduction factor due to effects of local buckling (van der Neut, 1969). _ S _ _ _ _ _
o The interaction Is prevalent in columns of intermediate lengths: local buckling reduces the stiffness,

causing highly unstable equilibrium,;
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2 05 /L one . S A N P o The severity of both mode interactions increases with the size of initial global imperfections;
= £ T : : : . : : o :
0 1 : . L=Lc 1\ . ' o Effect of local—flexural interaction is highly dependent on the direction of the initial imperfection. Effect
" g [mm) ° L i 0 g?-?d] 04 | i of local—flexural-torsional interaction shows no such dependency.
1 Qf i ! | 1 o :-|= | :| |
el o ~— Ll S ACKNOWLEDGEMENTS
=~ 0.5 ! L = 05 — ' | 5
Pt | | | E“Uﬁ ;-Hn-ﬂ | | — . . . . . .
T oL <L<L, | ) L<L, ° | <L<Ls |/ | | | Rhe BN | would like to thank Professor Ahmer Wadee for hls invaluable help, support and g_wdance during this
% - (IN! Unstable | N!Stable N TEEEEY 0, = /| /Neutral | Unstable ! Neutral!Stable  0-————— research project. | am also extremely grateful for the time and help offered by Elizabeth Liu.
s [mm] / 0 o 10 15 20 ¢ [mm] g [rad] . 0 1 2 3 # [I:HEI] |
1 Le Pe/P Frr/ R REFERENCES
1|
>, Fleaural Local-flexural . Local buckling @ Flexural- Local-fexural- oc ucklin ] ]
=05 ﬁﬁnnlg‘—{ interaction critical S s tordional torsional iiﬁf&lb Kline ABAQUS. 2014. Abagus CAE User's Manual. Version 6.14. Providence: Dassault Systemes.
L> L() e Ly Lq - L>1L critical interaction . ) . . . . .
0T 0 ¢ Lo Ly Riks, E. 1979. An incremental approach to the solution of snapping and buckling problems. International Journal of Solids
- 0 9 [ 03 and Structures 15 (7), 529-551.

van der Neut, A. 1969. The Iinteraction of local buckling and column failure of thin-walled compression members.
Fig 3: Columns under local—flexural (left) and local—flexural-torsional (right) mode interaction, and equilibrium paths of critical lengths. Pages 389-399 of: Heteny, M., & Vincenti, W.G. (eds), Proceedings of the 12th international congress on applied mechanics.



