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ABSTRACT 

Anisotropic damage is quite relevant to describe the cracking pattern and the failure 
conditions of quasi-brittle materials and structures. In concrete, a state of micro-cracks 
orthogonal to the loading direction in tension and parallel to it in compression is easily 
described by a second order damage variable. Based on Mazars and coworkers [1, 2] 
idea of a damage rate governed by the positive extensions, an anisotropic damage model 
has been proposed, in either a local or a nonlocal formulations [3]. The low number of 
material parameters introduced (5 including the elasticity parameters) and the model 
abilities for computations of 3D concrete, reinforced (RC) and pre-stressed concrete 
structures [4] makes it potentially efficient for impact applications. 

The anisotropic damage modeling is extended here to high loading rates by introducing 
visco- or delay-damage in the tensile loading cases only. Different delay-damage laws 
are considered (power, exponential, Weibull) and directly identified from the tensile 
strain rate effect. Computations on Hopkinson bars dynamic tension are performed in 
both the local and the nonlocal formulations. The validity domain of the different 
regularizations (viscosity only, nonlocal only, combined viscosity/nonlocal) is 
discussed. Applications on impacted RC-beams illustrate the model ability to describe 
the different dynamic failure modes usually encountered. 

 

REFERENCES 

[1] J. Mazars, Application de la mécanique de l'endommagement au comportement non 
linéaire et à la rupture du béton de structure, Thèse d'Etat Université Paris 6, 1984. 

[2] J. Mazars,Y. Berthaud, S. Ramtani, The unilateral behavior of damage concrete, 
Eng. Fract. Mech., Vol. 35, pp. 629-635, 1990. 



 

[3] J. Lemaitre, R. Desmorat, Engineering  Damage Mechanics : Ductile, Creep, 
Fatigue and Brittle Failures, Springer, 2005. 

[4] R. Desmorat, F. Gatuingt, F. Ragueneau, Nonlocal anisotropic damage model and 
related computational aspects for quasi-brittle materials, Eng. Fract. Mech., Vol. 
74, pp. 1539–1560, 2007. 

 


