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FLEXURAL AND TORSIONAL-FLEXURAL BUCKLING OF THIN-WALLED OPEN
SECTION STRUTS

1. NOTATION
A cross-sectional area of strut section 2m in?
E, tangent modulus of elasticity of strut material at stfess N/m? Ibf/in?
f minimum compressive stress at onset of buckling N/m? Ibf/in?
, fr torsional buckling stress N/m? Ibf/in?
o)
a
2 f, Euler buckling stress for flexure abousixis N/ Ibf/in?
3]
©
2 fy Euler buckling stress for flexure abguaxis N/m? Ibf/in?
(@]
(S)
3 G shear modulus of strut material N/m? Ibf/in?
©
]
J’E’ Ip polar moment of inertia of section about shear centre m* in?
(O]
3 l second moment of area of section abeakis m* in®
)
- l second moment of area of section abpakis m* in?
‘©
EJ J torsion constant of section as defined in Data Item No. Structm* in?
g 00.07.00
<
oo I length of pin-ended strut m in
s
§' X distance of shear centre froraxis (see Sketch@sl and2.2) m in
o)
= Yo distance of shear centre frotraxis (see Sketch.1) m in
wl
r warping constant of section as defined in Data Item No. Structn® in®
00.07.00
p polar radius of gyration of section about shear centre m in
v Poisson's ratio of strut material
o(Xx,y) principal axes of cross section
Both Sl and British units are quoted but any coherent system of units may be used.
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2. NOTES

This Item gives the method of calculating the critical compressive dtrasahich buckling of thin-walled

open section struts occurs. The ordinary Euler buckling of a compressed bar does not always occur wher
the section is torsionally weak. The strut may buckle by twisting, or by a combination of flexure and twist.
This Item shows how to determine which mode of instability will be critical and the value of this critical
buckling stress.
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Sketch 2.1 General, unsymmetric, section
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i
Sketch 2.2 Section with symmetry about-axis

For struts of arbiary cioss section the buckling stress may be found from the largest root of the following

cubic in B/f .
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wheref, is the Euler buckling stress defined by

oo Il (2.2)

fy is the Euler buckling stress defined by

f 1'[2I
Y _ Z_V (2.3)
t A

andfy is the torsional buckling stress defined by
f J 2
e — +
t'p

_|
|®

b=
-

(2.4)

m
N

p

If f,, fy andfy differ very widely, the buckling stress will be, in general, only a little smaller than the smallest
of these stresses and the instability will be predominantly in the corresponding mode.

For struts having a cross section with one axis of symmetry, sayakis, the instability occurs either in
pure flexure about thg-axis or in combined flexure about thexis and torsion about the shear centre,
whichever is the lower. For such a strut the flexural buckling stress is given by

£ - = (2.5)

and the torsional-flexural buckling stress is given by the larger Egbt,of the equation

E.f, Efr]  [%o)?
i-vel-vE] - B

Equation(2.6) is a quadratic ifE/f so that
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One of the values dfE; given by the above equation is always less than the smalgrand {/E; and
the other value exceeds the greatefy ¢, andf; /E; .

Data Item No. 7602T3gives curves for the flexural and torsional-flexural buckling of channel section and
lipped channel section struts.

" As afirst approximatiofs may be assumed to be proportionaEgo This assumption will produce a conservative answer. If necessary
a more accurate allowance can be made for the variatiGriroh second approximation.
T Data Item No. 76023 “Buckling of struts. Lipped and unlipped channel sections”.
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