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Much industrial interest has been directed at predicting the response to dynamic loading of structures which 
have uncertain properties, and in recent years a number of analysis methods have been derived to address 
this issue. The underlying uncertainties (for example, uncertainties in material properties, loading conditions, 
and fabrication details) could be described by probabilistic (parametric, non-parametric or a combination of 
both) or non-probabilistic uncertainty models (for example, intervals, convex and fuzzy descriptions) and 
used in conjunction with a computational model of the system to compute the effects of the uncertainties on 
the response.  
 
The most direct approach to modelling uncertainties is to describe system parameters by means of a 
probability density function (pdf). This parametric probabilistic description requires a large amount of data if 
the pdf is constructed using a frequentist view or a high level of confidence on the assumed pdf specified by 
the analyst, if the pdf is interpreted as statement of belief. However, a limited set of data or vague 
information are often available, therefore specifying a single pdf for describing the uncertain variable 
becomes a very challenging task and it may significantly influence the prediction of the output quantities of 
interest. This has led to the widespread of several uncertainties frameworks which introduce uncertainties in 
the probabilistic assignments by considering sets of probability distributions instead of a single distribution 
(for example P-boxes, belief functions and possibility distributions and more recently by using a pdf with 
bounded parameters derived from inequality constraints on statistical expectations). However the application 
of these approaches to structural dynamics is very limited, mainly because of the computational burden 
associated to their propagation through the equations of motion. Alternatively, non-parametric models of 
uncertainty have been used to predict the response statistics of random structures by exploiting the fact that 
at high frequencies the statistics of the natural frequencies and mode shapes of the system components can 
approach certain universal distribution. These models are used in Statistical Energy Analysis (SEA) method 
and in the Hybrid Finite Element/SEA method and avoid the need for a detailed description of the underlying 
random physical parameters and the use of Monte Carlo Simulations (MCS) to propagate the uncertainty. 
Some other non-parametric uncertainty models (such as Random Matrix theory and the local 
modal/perturbation method) have been also developed for treating the low- and mid-frequency ranges 
allowing efficient MCS of the response. 
	  
This talk will give a general overview of uncertainty models currently applied in structural dynamics with 
particular focus on recent advances on the use of imprecise probability models.  


