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Softening of concrete can be explained by two different mechanisms [1] : the formation of
micro-cracks and the macro-crack bridging. To capture numerically those mechanisms, a
fine description of crack initiation and propagation must be achieved.

Discrete Elements Models (lattice models or particle models) are designed to describe
discontinuous mediums. Therefore, those models are suitable to simulate and study the
failure mechanisms of quasi-brittle materials such as concrete.

The model used here combines the lattice approach and the particle approach [2]. Lattice
models have been used to study the brittle and quasi-brittle behaviour in tension but
cannot describe the fracturing process in compressive and shear mode. Particle models
have been proposed to study the behaviour of granular assemblies in contact under com-
pression or shear and cohesion can added to study tensile behaviours but the framework
leads to much higher computation time than lattice models. Therefore, a combination is
used to correctly reproduce the failure pattern for compressive or tensile simulations with
reasonable computational costs.

In this beam-particle model, heterogeneities are introduced by assigning random values
for the breaking thresholds. The choice of the probability distribution allows to model
discontinuous crack growth.

The confrontation with two complex test cases of mixed-mode failure [3] is performed to
give us further insights in the ability of our approach to capture the complex behaviour
of concrete during failure.

REFERENCES

[1] E. Schlangen and J.G.M. van Mier. Experimental and Numerical Analysis of Mi-
cromechanisms of Fracture of Cement-Based Composites. CCC, 14:105-118, 1992.

[2] M. Vassaux, C. Oliver-Leblond, B. Richard, and F. Ragueneau. Beam-particle ap-
proach to model cracking and energy dissipation in concrete: Identification strategy
and validation. C'CC; 70:1-14, 2016.

[3] A. Carpiuc-Prisacari, M. Poncelet, K. Kazymyrenko, H. Leclerc, and F. Hild. A
complex mixed-mode crack propagation test performed with a 6-axis testing machine
and full-field measurements. Engineering Fracture Mechanics, 176, 2017.



