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ABSTRACT

The analysis of uncertain systems is becoming an actual engineering concern.
Frequently it is necessary to compute response quantities (displacement, stress state,
frequencies, etc.) in mechanical or structural systems whose characteristics depend on a
set of not deterministically known parameters (f.i. manufacture errors or inaccuracy in
measurement of system properties). These variations could lead to large and unexpected
excursions of the structural response and may lead to drastic reductions in structural
safety. A probabilistic approach is necessary for adequate reliability analysis. The
problem may be faced by means of Montecarlo simulation, which allows statistical
evaluation after a large number of analyses with different values of the random
parameters. This approach is very computationally expensive, especially when the
phenomena to be investigated are controlled by non-linear equations. For this reason
some non-statistical alternative procedures have been proposed. These alternative
procedures mainly consist in a direct approach using probabilistic, instead of statistic,
theory. This is usually pursued in both static and dynamic setting by using expansion
methods, where the stiffness matrix of the structural problem is split in a deterministic
part (obtained with the mean value of random parameters) and a part which accounts for
the fluctuation of the random variables about its mean value.

In order to evaluate the probabilistic response, Taylor or Neumann or Galerkin
expansions ([1], [2], [3]) are adopted to avoid inversion of matrices depending on the
random parameters. These methods in conjunction with discretization of random fields
using Karhunen-Loeve expansion ([4]) or spectral approach ([3], [5]) allow obtaining
approximate solutions in terms of moments of the response. In this line of research, the
paper aim to offer a method to solve dynamic problems involving parameter
uncertainties. The proposed procedure can be viewed as a conditional analysis where
the dependence of the structural response on the uncertain parameters is modelled by
means of a Galerkin method whose trial functions are chosen among radial basis
functions ([6], [7], [8]). In particular, assuming an equation of motion of a non-linear
system in the following form:

Mi+g(b,x,x)=F(t) 1)



where the mass M, the non-linear function g, and the external forcing process F may
depend on random parameters which can be grouped in the vector b. The solution will
be function of time t and of the vector of uncertain parameters b. Such dependence is
modelled as follows:
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where w(t) are time-dependent coefficients to be determined, while ¢y(b) are the trial
functions chosen among radial basis functions of the random parameters. Each generic
radial basis function is characterised by its centre ¢ and its decay parameter o:

0.(b)=glb—c*) 3)

Main advantages of the considered approach are listed in the following: a) the number
of trial functions can be kept as low as possible by optimization of the radial basis
functions to reduce the computation effort; b) an error parameter can be defined, so that
the quality of the approximating expression (2) can be checked at all instants. The paper
present results of the proposed approach developing some illustrative case studies; on
the case studies is discussed with emphasis the criteria, based on the error parameter, to
accept or reject the obtained solution. Results are then compared by Montecarlo
simulation.
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