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a b s t r a c t

Stability of imperfect elastic cylindrical shells which are subjected to uniform axial compression is ana-
lyzed by using the finite element method. Multiple interacting localized axisymmetric initial geometric
imperfections, having either triangular or wavelet shapes, were considered. The effect of a single localized
geometric imperfection was analyzed in order to assess the most adverse configuration in terms of shell
aspect ratios. Then two or three geometric imperfections of a given shape and which were uniformly dis-
tributed along the shell length were introduced to quantify their global effect on the shell buckling
strength. It was shown that with two or three interacting geometric imperfections further reduction of
the buckling load is obtained. In the ranges of parameters that were investigated, the imperfection wave-
length was found to be the major factor influencing shell stability; it is followed by the imperfection
amplitude, then by the interval distance separating the localized imperfections. In a wide range of param-
eters this last factor was recognized to have almost no effect on buckling stresses.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Thin shells are used in many fields of civil and mechanical engi-
neering such as structural components: silos, tanks. Whatever the
manufacturing process is used for these structures, the final geom-
etry is never perfect. Geometrical defects disturb always the ideal
desired nominal form of the assembled shell. Control and optimi-
zation of manufacturing processes of shells make it certainly pos-
sible today to decrease imperfections amplitudes, but they could
never eliminate them completely. Even if, at first guess, the geom-
etry seems to be perfect, precise measurements enable to detect
always small geometric imperfections with magnitudes having in
general the same order of scale than shell thickness.

During their service life, shell structures may be subjected to
various kinds of loadings, such as axial compression, external/
internal pressure, flexure or torsion. For cylindrical shells under
axial compression, stability is an important design factor, (Gaylord
and Gaylord, 1984; EN 1993-1-6, 2007; EN 1993-4-1, 2007). Calcu-
lation of the buckling load as it could be affected by the presence of
various kinds of geometric imperfections constitutes an essential
task. The European standard on shell buckling (ENV 1993-1-6,
2007) and the recent ECCS Recommendations on Stability of Shells

(2008) require that when a geometrically nonlinear shell analysis
with explicit representation of imperfections is used for design, a
range of potentially damaging imperfection forms should be
explored.

Several studies have been reported in the literature which deals
with the effect of imperfections on buckling strength of thin shell
structures. Arbocz and Babcock (1969) have studied experimen-
tally buckling of cylindrical shells subjected to general imperfec-
tions. They have shown that huge reduction of the buckling
critical load could be obtained. Koiter (1982) has given a review
study about the effect of geometric imperfections on shell buckling
strength. Other extensive investigations have considered the prob-
lem of shell buckling where analysis of the effects of distributed or
localised imperfections on reduction of the buckling load has been
performed (Yamaki, 1984; Arbocz, 1987; Bushnell, 1989 and God-
oy, 1993). Kim and Kim (2002) have considered a generalised ini-
tial geometric imperfection having a modal superposition form.
By using Donnell shell theory, (Donnell, 1934, 1976), they have
studied the buckling strength of cylindrical shells and tanks sub-
jected to axially compressive loads on soft or rigid foundations,
they have found that the buckling load decreases significantly as
the amplitude of initial geometric imperfection increases.

The above mentioned references have assessed, in all cases, that
imperfections reduce drastically the buckling load of elastic cylin-
drical shells when subjected to axial compression. The obtained
reduction depends on the nature of initial geometric imperfection
that was considered. In general, reduction of the buckling load was
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