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compression is essentially non-linear, and there is a sharp decrease in load-carrying capacity after the

peak value of load has been reached. They were able to simulate the main features of shell buckling by

means of experiments on a simple model column that was laterally restrained by a slightly non-linear

spring that represented the `stretching' behaviour of the shell; see Calladine (1983) for a modern

account. Not long afterwards Koiter (1945) developed a general non-linear theory of elastic stability,

which is capable of determining the stability of equilibrium at or near the bifurcation buckling point. He

found that cylindrical shells under axial compression exhibit unstable postbuckling, and that the

maximum load-carrying capacity is in¯uenced by the presence of initial geometric imperfections: a small

imperfection disproportionately reduces the buckling load. These concepts of `non-linearity' and

`imperfection-sensitivity' go some way towards providing an explanation for the shell-buckling paradox.

However, extensive studies based on precise measurements of geometrical imperfection in physical shells,

manufactured in various ways, have had less than complete success in predicting buckling load: see

Arbocz and Babcock (1969), Arbocz (1974) and Arbocz and Hol (1991). Therefore, it is reasonable to

claim that there must be some crucial factors involved in the mechanisms of shell buckling which have

been missing hitherto from analytical investigations.

The present paper reports on simple experiments on the self-weight buckling of some small-scale, thin,

open-top, ®xed-base silicone rubber cylindrical shells. The shells with the highest value of t=R buckled at

almost the heights predicted by the `simple classical theory'. But in general the buckling heights were

found to be proportional to �t=R�1:5, compared to �t=R�1:0 as in the classical theory. Moreover, the

Fig. 1. Distribution of buckling test data for cylinders with closed ends subjected to axial compression, from Brush and Almroth

(1975), and supplemented (see Section 6) by ranges of data from Lancaster et al. (1999) on a particular cylinder without (solid bar)

and with (open bar) deliberately introduced imperfections. The data are normalised to the predictions of the classical theory of

buckling, Eq (1).
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Fig[ 7[ Equilibrium paths of an imperfect cylindrical panel\ the imperfection amplitudes considered are 9[90\ 9[94\ and
9[0[ The fundamental equilibrium path and the bifurcated equilibrium path of the perfect structure are shown in solid
lines[

the unconservative side#\ and for the leading order asymptotic result the accuracy is within 19)
"on the conservative side#[ These errors are not large\ compared to what might have been incurred
by failing to pick the worst shape of imperfection[ For a number of design situations\ larger
imperfections can occur\ and in such circumstances it is still advisable to complement the asymptotic
analyses by full analyses of the system[ Nevertheless\ the asymptotics are still valuable in identifying
the worst shapes of imperfection\ and gaining an improved overall understanding of the behavior
of the structure[

2[4[ Example 1] Cylinder with two closely spaced modes under axial load

By slightly modifying the dimensions of the cylindrical panel of the preceding example\ one
obtains a system with two closely!spaced buckling modes[ More speci_cally\ the changes made are
such that point A in Fig[ 1 remains on the Koiter|s circle[ Thus the axisymetric mode remains at
the minimum buckling load of l0[ However point B "in Fig[ 1# moves away from Koiter|s circle\
and therefore corresponds to a mode with a higher buckling load of l1 � 0¦a\ say[ In this case
the reduced equilibrium equations for the perfect system can be written as "see Kheryrkhanan\
0884#
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120 lignes

1100 lignes

(II) (III)

Base de données

Routines élémentaires

M.A.N.

dont

suivi de
points limites

2700 lignes

Elément Buchter

+ calcul rigidité
matrices élémentaires

+ calcul forces internes
+ calcul contraintes

Seconds membres

 1270 lignes

détection :  
suivi : 
matériau NL : 

750 lignes
130 lignes

180 lignes

M.A.N.
détection de

points singuliers

1600 lignes

matrice tangente

50 lignes

augmentée

Total : 8225 lines supplémentaires

Code EVE original : 7100 lignes

Elément DKT

(I)

routines d’interface
pour

l’élément Buchter

105 lignes

MAN calcul de courbes d’équilibre + seconds membres : 670 lignes
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