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Abstract

The effects of natural and anthropogenic risks are often taken into account in the design of 

concrete safety structures, in order to deal with prediction of concrete structure response 

under severe loads such as impact. These impacts often induce phenomena of high 

deformation, cracks or fracturing, or even fragmentation. A dynamic impact can generate 

mean pressures around 1 GPa, but the characterization of a material response, in a 

homogeneous state of stress, can only be achieved through quasi-static tests. The aim of this 

work is to model the mechanical behavior of concrete under triaxial compression at the 

mesoscopic scale. At this scale concrete can be seen as three phase material composed of

aggregates, mortar and pore. The more general scope of this study is to use the modeling of 

concrete behavior to better understand the damage mechanisms that create the failure of the 

specimen for high stress level.

Modeling concrete at the mesoscopic level, as a composite of an aggregates phase, mortar 

phase and porosity phase, permits to see the effects of heterogeneity. An experimental study 

of the behavior of each phase was performed. Axial compressive test, hydrostatic and triaxial 

at high confinement tests were realized. The parameters of a constitutive model that couples 

plasticity with a damage law are identified from these tests. This model is able to reproduce 

the damage behavior of concrete under uniaxial tension or compression, and plasticity under 

high confinement. Using these experimental results a discrete element model has been 

realized. To have a correct description of the concrete, tomographic scan have been done. 

Thanks to this we are able to reproduce numerically the concrete matrix.
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