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We introduce concepts to predict and experimentally validate elasto-plastic cry-
stal mechanical problems using multiscale models which proceed in part from
the level of quantum mechanics.
The presentation starts with an introduction to crystal plasticity finite element
modeling with examples from small and large scales. Concerning the use of quan-
tum mechanical models two main examples will be presented thereafter. The first
one is the study of the effective elastic properties of polycrystals using a quantum
mechanical approach in conjunction with different types of continuum-based
mechanical homogenization schemes (Hershey; fast Fourier transform approa-
ches; finite element method). The predictions are compared to experimentally
observed elastic constants considering measured crystallographic textures and
microstructures. As example materials we use a set of beta-Ti-Nb alloys (BCC)
with different composition and Zener anisotropy ratios.
In a first step the elastic single crystal constants are for all alloys (BCC crystal
structure) calculated using an ab-initio approach based on density functional
theory (DFT) in the generalized gradient approximation (GGA-PBE96). In the
second step these constants are used as input data for the calculation of the
effective polycrystal stiffness using different homogenization methods.
As second example we propose a hierarchical model for the prediction of the
elastic properties of mineralized lobster cuticle using ab initio calculations.
The prediction of the elastic properties of chitin and the ensuing hierarchical
homogenization are performed in a bottom-up order in order to identify the cu-
ticle properties at all hierarchy levels. The mechanically relevant parts of lobster
cuticle consist of planes reinforced with chitin-protein fibers embedded in a ma-
trix consisting of calcium carbonate nanoparticles and proteins. The planes are
stacked over each other and gradually rotate along the normal direction of the
cuticle to form a twisted plywood structure. In addition, the cuticle has a canal
pore system which pierces it through its thickness. The canals have the shape
of twisted ribbons with elliptical cross section and are arranged in a hexagonal
array so that the cuticle resembles a honeycomb-like structure. We compare the
model predictions to experimental data for the Young moduli and the Poisson’s
ratios of wet lobster endocuticle. It is found that the dominant factors determi-
ning the cuticle stiffness are the mineral content, the specific microstructure of
the mineral-protein matrix and the in-plane area fraction of the pore canals.

1


