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ABSTRACT 

In order to realistically investigate the mechanical behaviour of concrete, it is essential nowadays to 
treat it as a heterogeneous material; in specific in the present work as a composite material at the 
mesoscale, in which coarse aggregates (here calcareous grains are adopted) together with cement paste 
are explicitly represented, while the finer aggregates are included in the latter component, which is 
treated as homogeneous.  
The novelty of the present study lies in a strict comparison between the experimental and numerical 
results of cubic samples in compression. For this purpose, numerical models with exactly the same 
shape as the aggregates of the experimental samples and their exact distribution are needed. 
Realistic solid models of the samples tested at the mesoscale can be obtained through the use of 
industrial Computed Tomography; this technique allows in fact an exact reconstruction of the external 
geometry of the aggregates and the exact reproduction of their positioning and orientation within the 
matrix, a fundamental aspect to capture the effect of local confinement due to the interaction between 
the aggregate and the cement matrix. 
To numerically study the mechanical behaviour under compression, an elasto-plasto-damaged 
formulation is considered for cement matrix [1,2] consisting of the combination of a 3-invariant non-
associated plasticity model [3,4], to take into account permanent deformations that retain inside the 
deteriorated material, and a scalar isotropic damage model [5], to model the degradation of the elastic 
stiffness properties; in this case a non-local integral type regularization technique is included. For 
calcareous coarse aggregates an elasto-plastic constitutive model, based on a series of experimental 
tests in compression, is adopted. 
Comparisons between numerical and experimental results confirm the accuracy of the constitutive 
approach here proposed to evaluate the brittle fracture behaviour of cementitious materials and to 
satisfactorily simulate damage triggering under generic 3D stress states.  
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