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ABSTRACT 

In the present study an efficient RDO formulation is proposed for the combined 
probabilistic sizing and shape optimization of shell-type structures possessing random 
initial geometric material and thickness imperfections. In particular, the effect of 
combined geometric, material and thickness imperfections on the buckling load of 
cylindrical shells is investigated. For this purpose, the concept of an initial “imperfect” 
structure is introduced involving not only geometric deviations of the shell structure 
from its perfect geometry but also a spatial variability of the modulus of elasticity as 
well as of the thickness of the shell. These combined “imperfections” are incorporated 
in an efficient and cost effective non-linear stochastic finite element formulation of the 
TRIC shell element [13-16] using the mid point method for the derivation of the 
stochastic stiffness matrix, while the variability of the limit loads is obtained by means 
of a brute-force Monte Carlo Simulation (MCS) procedure. All types of imperfections 
are modeled as two dimensional univariate homogeneous stochastic fields (2D-1V) 
using the spectral representation method.  
 
Two objective functions, the material volume of the structure and the coefficient of 
variation of the buckling load of the shell, are used for the description of the RDO 
problem, while deterministic constraints imposed by Eurocode 3 are taken into account. 
Numerical results are presented for a cylindrical panel, demonstrating the efficiency as 
well as the applicability of the proposed methodology in obtaining rational optimum 
designs of imperfect shell-type structures. The solution of the two-objective 
optimization problem at hand is performed with the Nondomination Sort Evolution 
Strategies II (NSES-II) algorithm, which has been proved very efficient. 
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