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This study develops a comprehensive framework for propagating uncertainty in dynamical systems characterized by both
aleatory and epistemic components. The proposed formulation consistently integrates precise probabilistic, imprecise
probabilistic, and non-probabilistic models, such as the distribution-free probability box (p-box). A key feature of the
framework lies in transforming the original uncertain inputs into an augmented random space, within which the main
challenge becomes the evaluation of the conditional probability density function (PDF) of the response variable
conditioned on epistemic parameters. To address this, the recently introduced decoupled multi-probability density
evolution method (M-PDEM) is employed for the numerical solution of the conditional PDF in complex dynamical
systems. The performance and versatility of the framework are demonstrated through several case studies, including an
illustrative case with analytical solution, a ten-degree-of-freedom (DOF) hysteretic structure subjected to imprecise
seismic excitations; and a crash box.
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