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¥4 Shell buckling

— The most recent and least understood
stability issue of structural engineering

— Thanks to FEM technology, we do not have
to deal with complicated shell theory ?

niversity of Oulu



\l/

NNNSNAAAAAAAAARA R RRTEE

NN AA A AA AR T

\
‘\c"

34
“
"' A

5
A

The first theoretical investigations were
performed by Timoshenko in 1910

Early tests [Flugge, 1932] showed that real
cylinders buckle at loads much lower than
the classical buckling load (15...50%)

For carefully manufactured specimen,
experimental critical loads in the range
40...90% of the classical buckling load have
been reached
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7 Imperfection

sensitivity
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A real shell has geometric and other
imperfections which are equivalent to pre-
buckling deformations

In principle, geometrically nonlinear
analysis can be used to attack the problem,
but...

Linearized stability analysis can be used
together with knock-down factors

For every elastic structure, the reduction
factor is proportional to either 2/3 or the 1/2
power of the imperfection magnitude
[Koiter 1945]
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7 Requirements for structural design

Design Structural Structural
Standard Analysis Mechanics
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—  “Shell theory attempts the impossible: to
I:I'\:l”:I S h e I I th e o ry provide a two-dimensional representation
of an intrinsically three-dimensional
phenomenon.”

[W. Koiter & J. Simmons]

— The mathematical models take the form

A )+1>B) =f onQ C R?

— Tensor calculus may be used in the general
description
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7 Linear Buckling

-~ Displacement field: u = (u, v, w)
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o Analytical buckling modes

— Shell stability equation:

Ed® ., Edod'w o [ O*w
A"w + + AgA“ | — | =0
12(1 — 1?) R ox* 0x?

— Assuming pinned supported with w = O atx = 0,L,
buckling modes can be sought e.g. in the forms:

- () _ Mimx
w(x,y) ~ sin
Y L

. mumx \ . ny
2° w(x,y) ~ sin sin | —
o ( L ) <R>




f\'\“lﬁ Critical Load for Case 1

— Defining M = mnR/L, we get

_ Ed m , Ed
1201 R2 M2

> M {/12(1 2) \/ﬁ & ) Ed”
— —U°) - — qg =
’ d " B0 =17)

Aq

University of Oulu



f\'\“lﬁ Critical load for Case 2

nlL
_ Defining N = —, we get
TR
(m? + N?)? 122°m? L?
Ag = -+ , 2=—V1—-v
m? nt(m? + N?)? Rd

1/2
(12Z2)1/4 , Ed2
= N= m-—m & g =
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1 Remarks about
the buckling
modes

— Both types of modes yield the same critical
load

— The results are valid for moderately long

cylinders, L > 1.69\/Rd\4/ 1 —0?

— Assuming L ~ R ~ 1 (unit length) and
denoting 1 = d/R (dimensionless
thickness), we have:

1° m ~ — (# of axial half-waves)
[
m
2° n2 ~ 7 — m2
[
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7 Length-scales of
the buckling
modes

1° L ~t12 ]~
2 a)l o~ 1, [~

1/4
b) I, ~ [, ~ 1




\l/

i

AJJEKCEN BACHJIBEBHUY IIOI'OPEJIOB

U3r'nBAHUA ITIOBEPXHOCTEH
U YCTONYHMBOCTL OBOJIOYEK

«HAYKA», MOCKBA, 1986

TRANSLATIONS OF MATHEMATICAL MONOGRAPHS
VOLUME 72

Bendings of Surfaces
and Stability of Shells

A. V. POGORELOV

American Mathematical Society - Providence - Rhodelsland

By considering special isometric
transformations of the cylindrical surface,
Pogorelov suggests the value

0.16Ed®  Aepsicd
trogod = = 7375

(v = 0.3)

for the critical load.
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r - Numerical example  — EN199316
' oy 0,62 i
3355 Wlth ’ 1+191(Aw, /1)"* Awk=§ ?'t
d = 5 mm

— EN elastic knock-down factor:

R=3m
L =6.86m

0,32/0,21/0,14

— Progorelov knock-down factor: 0,27
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Concluding
remarks | |

. — The buckling modes fall into the
reg a rd [ n g S h el I intermediate category of shell deformations
buckling

— The buckling modes may vary in the length
scales

L ~ t1/4...t1/2

— Determination of the knock-down factor
still seems slightly occultistic
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