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Defining Buckling Modes

* For the majority of open-section thin-walled
members the relevant buckling modes can be
broken into 3 groups:

— Local
— Distortional
— Long
« Defining these buckling modes relies on an
understanding of the role of the buckling
— mode (shape), and
— half-wavelength




L ocal Buckling

Half-Wavedength

Local buckling minima occur at half-
wavelengths that are less than the
largest characteristic dimension of the
member. In the example to the right,
thisimplies the minimum must be at
half-wavelengths < 9in.

M ode Shape

Local buckling involves ONLY
rotation, NOT trandation at the fold
lines of the member. Local buckling
involves distortion of the cross-
section.

Complications

Local may be indistinct from
distortiona buckling in some
members.

Local buckling may be at half-

wavel engths much less than the
characteristic dimension if
intermediate stiffeners are in place, or
iIf the element undergoes large tension
and small compressive stress.
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Local buckling half-wavelength criteria

« Local buckling of a simply supported plate in pure
compression occurs in square waves, I.e., it has a half-
wavelength that is equal to the plate width.

* |f any stress gradient exists on the plate, or any
beneficial restraint is provided to the edges of the plate,
the critical half-wavelength (mode 1 minimum) will be at
a half-wavelength less than the plate width.

 Therefore, local buckling, with the potential for stable
post-buckling response, is assumed to occur only when
the critical half-wavelength is less than the largest
potential “plate” in a member. If the half-wavelength is
longer - the mode is not local buckling.



Distortional

Half-Wavedength

Distortional buckling occurs at a half-
wavelength intermediate to local and
Long mode buckling. The half-
wavelength istypically several times
larger than the largest characteristic
dimension of the member.

M ode Shape

Distortiona buckling involves BOTH
trandation AND rotation at the fold
line of a member. Distortional
buckling involves distortion of a
portion of the cross-section and
predominately rigid response of
another portion.

Complications

Distortiona buckling may be indistinct
(without a minimum) even when local
buckling and long half-wavelength
buckling are clear.

The half-wavelength for distortional
buckling is highly dependent on the
loading and the geometry.
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Half-Wavedength

Thetraditional “Euler” long column
buckling modes: flexural, torsional,
flexural-torsional occur asthe
minimum mode at long half-
wavelengths.

M ode Shape

Long buckling modes involve
trandation (flexure) and/or rotation
(torsion) of the entire cross-section.
No distortion existsin any of the
elements in the long buckling modes.

Complications BUCKLING CURYE

Flexure and distortional bucklingmay 4
interact at relatively long half-
wavelengths making it difficult to
determine long column modes at
certain intermediate to long lengths.
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Finite strip analysis assumes simply
supported ends. When long column 10
end conditions are not simply

supported, or when they are dissimilar 0
for flexure and torsion, higher modes 10
may need to be considered, or classical halFwavelength
long column cal culations performed.
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Why define buckling modes?

CUFSM and the finite strip analysis provide only the
elastic critical response of a member

elastic critical buckling Is a good input for design, but it
IS not the design itself - thin-walled members have
Important post-buckling behavior that is not considered
In this elastic buckling analysis

Engineers have found that different failure
characteristics and strength exist in the different
buckling modes - thus design rules have been
developed that are unique for each mode. To use these
design rules the different definitions of the elastic
buckling modes are necessary.




Understanding Higher Modes

 Consider classic long column bucking. For thin-walled
members this generally includes the possibility of
flexure (weak and strong direction), torsion, and
flexural-torsional buckling

« Assume for a given unbraced length that flexural-
torsional buckling has the lowest stress, I.e., it Is the 15t
mode. This implies that the other modes are higher
modes: the 2", the 3" and so on.

* Now, if long column buckling has a 2" (and a 3'9) mode
then it should stand to reason that local and distortional
buckling have higher modes as well. In fact many higher
modes exist and can be viewed using CUFSM.
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Utilizing Higher Modes

 Knowledge of higher mode response benefits

— Long column buckling determination when effective
length (KL) Is different for different buckling modes

— examination of indistinct buckling modes and
understanding of switching between buckling modes
as a function of half-wavelength

— determination of member response If restraints were
In place (e.g., connecting the lips of the members
would change distortional buckling to anti-symmetric
distortional buckling)



“KL” and Higher modes
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At agiven L (half-wavelength) flexural-torsional is lower than weak-axis flexure, but considering the bracing

situation given, and examining KL (the effective “pin-pin” length) we find that P_,<P,,, and weak-axis flexure

would control for the imagined column end conditions. In this case P, = P..



Handling Indistinct Modes

« Examples
— Local and distortional combine
— No distinct distortional mode



L ocal and distortional combine

load factor

No local mode existsin (1), unlipped channels and members with small stiffeners may have distortional only!



No distinct
distortional mode

Consider the SSMA 600S200 - 033 of
Tutoria 2 with adlightly reduced lip
length (lip length = 0.46 in.)

The analysisresults are given to the
right.

Distortional buckling clearly occursin
the first mode as is shown at a half-
wavelength of 19.3 in. However, no
distinct minimum exists for
distortional buckling, so why not use
one of the lower valuesto the |l eft?

How can one determine where local
buckling ends and distortional
buckling beginsin this case?
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Boundary Conditions and
Equation Constraints

Modd 1 - Base model

Model 2 - Pinsare enforced at all fold
lines. This allowslocal buckling, but
retards all other modes - thus curve 2
uniquely describeslocal buckling.

half-wavelength = 19.3 load factor = 025073 mode = 1

Model 3 - Equation constraints are
enforced such that the rotation at the
flange/lip juncture must equal the

rotation at the flange/web juncture - as
Isthe case in distortional buckling.

These constraints provideaminimum 0.5
in distortional buckling as shown to
theright. 0.4

filerumber = 1 filename = G005 200-033-reducedlip. mat

The minimum bounding curves of 2
and 3 provide distinct boundaries
between local buckling and
distortiona buckling of the member.
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Solution Accuracy

« Number of elements
« Number of lengths



buckling stres

Number of elements

(simply supported plate 10 in. x 0.1 in., E=29500ksi, v=0.3)

Pure compression « Pure bending
114 74
113 —e— Finite Strip 72 —eo— Finite Strip
11.1 *gi)
11 £ 68
10.9 e
2 66
10.8
64
10.7 - 7 ®
10.6 , 62
1 2 3 4 1 2 3 4 5 6 7 8
number of dements number of elements
Conclusion:

At least 2 elements are needed in the compression region of any member flat for reasonable accuracy. This
can generally be insured by always having at least 4 elementsin any flat portion of a member.



CUFSM, .

Number of lengths
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Consider the results for the 0.5
default C in bending with only a
few half-wavelengths and with
100 evenly spaced points.
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Thefirst analysisresults are
clearly inadequate. The
minimums are not identified with 0.1
confidence due to the poor

50.0,0.34

resolution of the measured .

response. However, in this case
errorsin the estimated half-

half-wavelength

wavelength are much greater &
than the errorsin the load factor.

08
The second analysisis superior

to the first, but is finer than = 06
required. Since the minimums are

of primary interest an efficient = 0.4
analysis will use more half- B
wavelengths near these areas. 0.2
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