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ABSTRACT 

Nowadays identifying the conditions that lead to concrete deterioration is the object of a new 

worldwide attention in the field of nuclear plants. The radiation damage process seems to be not well 

understood yet, as well as a unified approach to the practical and predictive assessment of irradiated 

concrete, which combines both physics and structural mechanics issues, appears to be missing. The 

comprehension of radiation effects on concrete was largely based on Hilsdorf and coauthors’ curves 

compiled in 1978 [1] up to a few years ago. Recently, Field et al. [2] expanded this data collection to 

later experimental campaigns on neutron-irradiated concrete and mortars. Many authors [3,4] agree 

on the main role of aggregates in the development of neutron irradiation-induced swelling, also 

addressed in recent literature as radiation-induced volumetric expansion (RIVE), recently confirmed 

by Maruyama et al. [5]. On the other hand, the cement paste undergoes shrinkage due to (i) the 

radiolysis process under gamma radiation and (ii) the evaporation of pore water under radiation heat. 

Hence the mismatch in the volumetric change of concrete components (aggregates expansion and 

mortar shrinkage) may cause damage at the interface between the two phases. RIVE particularly 

involves siliceous aggregates. Eventually, the conversion of crystalline quartz into distorted quartz 

has a twofold consequence: (i) microcracking due to a differential volume change within the 

composite and (ii) higher reactivity to certain aggressive chemicals, e.g. calcium hydroxide 

responsible of alkali-silica reactions (ASR) in concrete [6]. 

In this work a coupled thermo-hydro-mechanical research code has been used and upgraded to model 

radiation damage and RIVE phenomenon on irradiated concrete by specifically taking into account 

the radiation field, and a validation is proposed based on the experiments reported in [3]. 
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