Numerical investigations of the effects of radiation and induced heat on
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ABSTRACT

The need for long-term predictions of the performance of old nuclear power plants concrete shielding
all over the world has recently relaunched the issue of predictive modeling of the deterioration
mechanisms associated to irradiated concrete, both theoretically and numerically.

The present work aims at proving the soundness of a coupled thermo-hydro-mechanical model
conceived for unreinforced concrete when subject to prolonged nuclear radiation. Concrete is
modelled as a viscoelastic material undergoing creep, shrinkage and damage in a HTM (humidity-
temperature-displacement) approach and at the mesoscale level. The model is formulated in
agreement with the theory of unsaturated multiphase porous media [1, 2] and with the major
phenomenological findings on cementitious materials for the necessary constitutive laws, included
those related to irradiated concrete at medium-to-high temperatures [3].

The overall study allows to obtain a fairly good agreement in terms of radiation-induced volumetric
expansion affecting aggregates and mass loss, specifically due to the dehydration of cement paste
encountered on specific experimental campaigns [4, 5]. The performance of the model is discussed
also in relation to the primary neutron field and the one generated by secondary gamma-radiation and
the conditions in which their contribution to dehydration can be neglected are disclosed.
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