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Non Smooth Fracture Dynamics (NSFD)

V. Acary 1 , F. Dubois 2,4 , Y. Monerie 3,4 We present in this work a modeling approach and an associated numerical strategy both devoted to complex mechanical surface interactions. This approach together with the dedicated numerical strategy are referred as Non Smooth Fracture Dynamics (NSFD).

From an applied point of view, this work concerns the comprehension, the prediction and the numerical simulation of dynamic fracture for a wide variety of materials and structures. The main contribution is the ability to predict an entire fracture process: crack initiation, growth, propagation of microcracks, coalescence, propagation of a microcrack, final rupture and post fracture behavior (e.g. frictional contact between created fragments after fracture).

The NSFD approach is based on three main features:

1. a surface-volumetric multibody approach using mixed boundary conditions between each volumetric finite elements and/or rigid bodies, 2. the development of a generic formulation of cohesive zone type models coupled to various physical phenomena as wear or dry friction, and 3. a specific nonsmooth dynamical framework associated to implicit time-stepping schemes. In particular, this last feature allows a convenient numerical treatment of nonsmooth events such as impacts and unilateral constraints and permits larger time-steps when dealing with nonsmooth mechanics.

The associated mathematical formulation is based on pioneering works of [START_REF]Unilateral contact and dry friction in finite freedom dynamics[END_REF] and [START_REF] Jean | The non-smooth contact dynamics method[END_REF] (see [START_REF]Numerical Methods for Nonsmooth Dynamical Systems: Applications in Mechanics and Electronics[END_REF] for further

Figure 1 :

 1 Figure 1: A masonry dome on 4 pilars under gravity load

details) and the coupling with cohesive zone type models derives from the method proposed in [4,5]. The numerical strategy rests on algorithms and code architecture proposed by [6].

The efficiency of the NSFD approach is illustrated on static or dynamic fracture of non linear homogeneous materials (elasticity, viscosity, plasticity and coupling) as well as heterogeneous materials. Research of equivalent fracture properties can be done extending this approach to periodic homogenization [7]. The fracture of functionally graded materials and the surface damage in a large collection of bodies as masonry belong to the scope of the method [8,9].