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In a world where sustainable development has become an unavoidable topic, the safety and the
durability of infrastructures are major goals. And the reasons for their degradation are numerous,
especially in relation:
- with aging of materials under the effect of climatic variations and/or under the effect of an
"aggressive" environment (salt or other chemical, freeze-thaw,....);
- with the effects of excessive loadings due to accidental causes (natural or technological risks) or
intentional causes (terrorist attacks).
Having a good control of these different aspects requires both, i/ a good mastery for the design of
the structures and for the manufacture of the materials, and ii/ a thorough knowledge of how
materials and structures react in case of “aggression”.
In such a context, it has been shown that the central phenomenon of non-linearity in concrete is
damage due to micro-cracking. Introduced by Kachanov (1958) to describe the tertiary creep phase
in metals, the concept of damage was first applied to concrete by Mazars (1986). This concept leads
to propose "smeared crack models", now used for many quasi brittle materials: concretes, rocks,
ceramics, composites, masonry, ...
At the theoretical level, damage models are part of the thermodynamics of irreversible processes.
During last decades, many developments have been proposed. In fine, their writing aims to account
for the peculiarities of concrete behavior (tensile-compression dissymmetry, confinement effect,
aging, time effects, strain rate effects, ...) and also to make their computing efficient, especially in the
context of calculations by finite elements.
The resulting tools make it possible to approach
the analysis of the functioning of real structures
under severe loadings (earthquake, blast,
impact,…) and/or their durability.
For this, simplified and enriched procedures are
proposed to allow the resolution of large
problems while ensuring the quality of the
results (Mazars, Grange 2015).
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During the presentation, in order to demonstrate the relevance of the modelling strategy, a variety
of applications will be proposed: the analysis of the behavior of structural elements under complex
loading, the functioning of structures under earthquake or impact (Desprez et al.2014), and also
damage effects analysis at early age when shrinkage is restrained (Mazars et al. 2018).
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