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Concrete is an important material for energy applications, such as thermal energy
storage or nuclear structures. The microstructure of concrete continuously evolves during its
multi-decade service life, responding to changes in exposure conditions and to internal
damage. The unconventional exposure conditions in energy applications (150-600°C daily
cycles in thermal storage units and sustained exposure to 60-90°C high temperature and
neutron/gamma irradiation in nuclear power plants) may exacerbate internal volume changes
and damage from various processes, such as delayed ettringite formation, alkali-silica
reaction, radiation-induced volumetric changes of aggregates, desiccation shrinkage, etc.
Modelling these processes is key for predicting and avoiding the onset of damage, and to
decide how to manage it. This is particularly important today, with the increasing need for
energy storage to manage intermittent renewable sources, and with the ongoing process of
license renewal for nuclear power plants reaching their design service life (ca. 40 years).

There are various, established, engineering models for concrete degradation, but there
is also uncertainty on whether their predictions are reliable for the aforementioned,
unconventional exposure conditions. This uncertainty is due to a scarcity of experimental
data for concrete under high-T cycles, sustained high temperature, and long-term irradiation.
Experimental data exists from accelerated aging tests and from high-flux irradiation in test
reactors; these data are typically used to calibrate the engineering models of concrete
degradation, but can we safely assume that such harsh conditions trigger the same
mechanisms as in actual plants? Addressing this question requires a broader approach to the
modelling of concrete degradation, drawing from more fundamental models at the microscale
and guiding the development of new and bespoke, model-oriented experiments.

This contribution will briefly describe the typical composition and degradation
processes of ordinary concrete, especially at high temperature and under irradiation.
Degradation mechanisms that are relevant to thermal energy storage in concrete (the
experience from the AVATAR project) and to concrete shielding in nuclear power plants will
then be chosen to detail some established micromechanical models and to discuss the range
and nature of the available experimental data. In this context, the issue of predicting the onset
and evolution of damage will emerge and will be addressed by presenting the capabilities of a
set of fundamental models (thermodynamic, atomistic, and coarse-grained) that can inform
the micromechanical ones. This will lead to a discussion of two current challenges: how to
transfer information across physical models at different length scales, and how to perform
model-oriented experiments for calibrating and validating the physical models without
requiring a multi-decade testing time.
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