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Abstract:

As part of the assessment of the seismic safety of industrial installations, which is an integral
part of the probabilistic safety studies conducted on these installations, it is necessary to charac-
terize the fragility of civil engineering structures. This characterization is often expressed in the
form of fragility curves, which represent the conditional probability of failure of the quantity of
interest as a function of a parameter representative of the intensity of the seismic excitation [3],
[4]. These curves must integrate all the uncertainties related to seismic loading (so-called random
uncertainties), structural behaviour and design methods (so-called epistemic uncertainties). They
can be evaluated by Monte Carlo numerical simulations by propagating random and epistemic un-
certainties via a numerical code or, to reduce the number of calculations, by means of parametric
models or meta-models. Whatever the method used, the development of a fragility curve requires
a good knowledge of the ”extreme” behaviour of structures which is, in most cases, a non-linear
behaviour. Numerically, the complexity of mechanical models comes from soil-structure interac-
tion, behavioural non-linearities (damage) and structural non-linearities (e. g. contact-friction).
In addition, for both tests and numerical computations, it is necessary to have accelerograms that
can be real (measured on site) or artificially generated when the number of real seism is limited.

Unfortunately, numerical simulations of mechanical structures are often costly in terms of com-
putation time. In this context, it is crucial to develop experimental design methods to gain the
maximum information with the smallest number of numerical code evaluations. We proposed
and implement a methodology based on adaptive importance sampling as in [1] and [2], in order
to minimize the asymptotic variance of the training loss. We show by asymptotic analysis and
numerical simulations that it allows fast convergence of the estimated fragility curve to the true
fragility curve.
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