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Abstract 

A nonlinear quadrilateral shell element for the analysis of thin structures is presented. Within 
the Reissner-Mindlin theory a three-field variational formulation with independent 
displacements, stress resultants and shell strains is developed. The introduction of 
independent thickness strains allows incorporation of arbitrary nonlinear three-dimensional 
constitutive equations without further modifications. The essential feature of the new element 
is the robustness in the equilibrium iterations. It allows very large load steps in comparison to 
other element formulations. We present results for finite strain elasticity, inelasticity, 
delaminations of thin films on rigid subtrates, bifurcation and post-buckling problems. 
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Abstract 
Fiber reinforced composite materials, which are compressed parallel to the fibers illustrate 
different failure mechanisms. One of these is the buckling of a single or several fibers at the 
micro-level, which also is called micro-buckling. At first the micro-buckling of a fiber in a 
matrix is reduced to the stability behavior of an infinite beam on an elastic foundation. In the 
following a 3D-analytical description of the stability behavior of a single fiber in a matrix is 
presented and finally a geometrically non-linear finite element analysis on a defined 
characteristic cell is employed. Here, some alternative finite element discretizations are 
compared in order to model the characteristic cell in a proper way. Transverse-isotropic 
material behavior is taken into account with respect to some anisotropic fibers. The near fiber 
parallel free surface of the matrix has an effect on the micro-buckling, which has been 
studied. For the case of a periodical fiber arrangement appropriate boundary conditions are 
introduced. The results of the 1D-beam model, the fully 3D-analytical model and the 3D-
numerical investigations are compared qualitatively and quantitatively as well as with 
experiments. 
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