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ABSTRACT

Thin, flexible fabric-like structures interacting with fluids (parachutes, airbags, biological skins etc.)
have behaviors that are not representable as simple membranes that conventionally work only in
stretch and shear. As very often observed in fact, these structures can form wrinkles (and folds) that
are due to small and medium resistances to out-of-plane bending and to micro-buckling in shear and
compression in the tangent plane of the structure [1, 2]. In the classical Finite Element Methods, this
passage between membrane forces and out-of-plane is done with models of shells and plates which
connect the rotations of the edges of a surface element with the flows of internal membrane forces,
via functions of interpolation and derived from the elastic strain expression. In a networked Mass-
Spring-Damper System (MSDS), there is no longer such interpolation features. Being proven that the
flexural strength of these structures has an important role in the interaction with the surrounding
fluids, it is impossible with these MSDS to represent these relations between bending and membrane
effect without additional corrective internal forces (or moments). The problem is that, depending on
the method used to take these compensating forces into account, differences of force fluxes (i.e.
equivalent stresses) in the response of the structure are obtained. As a prerequisite for the optimal
identification of parameters from intrinsic effective values, this communication aims at presenting
comparisons between different strategies based on MSDS [3-9] in order to subsequently propose an
adapted choice. Our numerical investigation notably shows the location and amplitude of the bending
moments generated by the addition of out-of-plane internal forces which can lead to overestimating
the forces in common areas of tissue, or to underestimating them in the connection areas, and which
could mislead designers or induce unrealistic coupling reactions in Fluid Structure Interaction
simulations.
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