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ABSTRACT: In this paper the effect of random geometric imperfections on the limit loads of isotropic, thin-
walled, cylindrical shells under deterministic axial compression is presented. Therefore, a concept for the
numerical prediction of the large scatter in the limit load observed in experiments using direct Monte Carlo
simulation technique in context with the Finite Element method is introduced. Geometric imperfections are
modeled as a two dimensional, Gaussian stochastic process with prescribed second moment characteristics
based on a data bank of measured imperfections. (The initial imperfection data bank at the Delft University of
Technology, Part 1. Technical Report LR-290, Department of Aerospace Engineering, Delft University of
Technology). In order to generate realizations of geometric imperfections, the estimated covariance kernel is
decomposed into an orthogonal series in terms of eigenfunctions with corresponding uncorrelated Gaussian
random variables, known as the Karhunen–Loéve expansion. For the determination of the limit load a
geometrically non-linear static analysis is carried out using the general purpose code STAGS (STructural
Analysis of General Shells, user manual, LMSC P032594, version 3.0, Lockheed Martin Missiles and Space
Co., Inc., Palo Alto, CA, USA). As a result of the direct Monte Carlo simulation, second moment characteristics
of the limit load are presented. The numerically predicted statistics of the limit load coincide reasonably well
with the actual observations, particularly in view of the limited data available, which is reflected in the
statistical estimators.
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ABSTRACT: The state of the art in the capability to predict the stability behavior of shell structures refers to
areas such as asymptotic analysis [69] and general nonlinear analysis (see e.g. [16, 30]). In both approaches, the
solution of equilibrium equations under variation of a number of parameters such as load level, imperfection
magnitude etc., is necessary. Of paramount interest is the determination of the so-called critical points. Two
fundamental problems have to be distinguished in the field of structural stability: the buckling problem and the
collapse or snap-through problem, respectively. The corresponding critical points are denoted as bifurcation
points and limit points. By definition a bifurcation point describes the equilibrium state of a structure where
distinct non-interacting solutions are possible. The limit point on the other hand characterizes the local
maximum of the load-deflection curve. Contrary to perfect structures, imperfect structures do not show a clear
separation of response modes. Instead, the response is a combination of all excited modes. Depending on the
magnitude of the imperfection, it is possible that bifurcation points may vanish.
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ABSTRACT: In this paper, the effect of random geometric imperfections on the critical load of isotropic, thin-
walled, cylindrical shells under axial compression with rectangular cutouts is presented. Second moment
characteristics of geometric imperfections are estimated by data of available measurements, a simulation
procedure based on the Karhunen–Loève expansion is applied for generating realizations of geometric
imperfections. Nonlinear static finite-element analyses are carried out for the calculation of the response
statistics of the critical load of the cylindrical shells. Cumulative distribution functions of the critical load as
obtained by direct Monte Carlo simulation are presented. Furthermore, the individual and combined effects of
random boundary and geometric imperfections on the limit loads of isotropic, thin-walled, cylindrical shells
under axial compression are also treated. Again, second moment characteristics of these imperfections are
estimated by data of available measurements of imperfections, a simulation procedure also based on the
Karhunen–Loève expansion is applied for generating realizations of both boundary and geometric
imperfections. A nonlinear static finite-element analysis using the general purpose code STAGS [C.C. Rankin,
F.A. Brogan, W.A. Loden, H.D. Cabiness. STAGS (STructural Analysis of General Shells) User Manual,
LMSC P032594, Version 3.0. Lockheed Martin Missiles and Space Co., Inc., Palo Alto, CA, USA, 1998] is
carried out for the calculation of the buckling response of the cylindrical shells. Finally, the cumulative
distribution functions of the limit load using direct Monte Carlo simulation are shown.


