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6-8 avenue Blaise Pascal, Cité Descartes, 77455 Champs-sur-Marne, France,

Corr: jeremy.bleyer@enpc.fr

Key Words: Fiber-reinforced materials, Generalized Continuum, Homogenization theory

To overcome the inaccurate estimations of local response near free-edges of equivalent single-layer the-
ories, a collection of layerwise models have been developed by the Navier laboratory in which the in-
terlaminar shear stress is one of the generalized forces [1, 2]. The latest one (SCLS1) with first-order
membrane stresses is considered in this work. The laminated plate is considered as a superposition of
Reissner-Mindlin plates coupled by shear and normal interface stresses. The model ensures an accurate
estimation of the shear stress and respect the free edge boundary conditions.

First the equations of the SCLS1 model are derived from the 3D Cauchy model under the assumption of
piecewise linear membrane stress. The model is then built by satisfying the 3D equilibrium equations.
The problem is numericaly solved by a standard displacement finite element methods. The generalized
displacements are the Lagrange multipliers of each equilibrium equations. A variational damage for-
mulation is then used to predict the initialization and the propagation of the delamination between two
related plies. The delamination is driven by 2n scalar variables which lower the interfacial stress to zero.
In order to manage the evolution of these scalar variables, we postulate that the potential energy is divided
between the strain energy and an interfacial fracture energy Epot(u,d) = EΩ

el (u)+EΓ
F (d)−Wext. The pair

displacement-damage (u,d) is found using an incremental strategy⇒ stationarity of the potential energy
under the constraint of strict growth of the damage variables:

(u,d) = arg min
d; d≥dn

Epot(u,d)

A double cantilever beam problem is considered to evaluate the accuracy of such models. An analytical
solution given by linear fracture mechanics is used to validate our approach. All the simulations have
been implemented using the open source FEniCS platform for solving partial differential equations.
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