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ABSTRACT

A recently proposed orthotropic hyperelastic material model [1-2] for the geometrically
nonlinear simulation of woven textile membranes is extended to become the basis of a new
approach for structural simulations of improved accuracy. The model is polyconvex and
benefits from anisotropic metric tensors in the construction of structural tensors [3].
Anisotropic metric tensors enable various couplings and interactions between principal
material directions which are essential in the case of woven fabrics [1]. The proposed nonlinear
model is a competitive replacement for the commonly used, however, oversimplified linear
elastic formulation. The model contains only 3 effective material properties for glass-PTFE or
4 parameters for PES-PVC fabrics [2]. Following the basic ideas in [4], the nonlinear model
parameters can be initially identified and fixed for general groups of fabrics, e.g., glass-PTFE
or PES-PVC. For each particular material type, the remaining linear material parameters will
be uniquely identified via a convex optimization problem for the given set of experimental
data.

To improve the accuracy of the model response in structural simulations we propose a new
framework to identify and modify material parameters based on the stress ratio locally varying
within the structure. To this end, in the first step, the material parameters are separately
adjusted to rather classical biaxial tensile tests with load ratios e.g., 1:0.5, 1:1, etc, and further
rather uncommon load ratios 1:0.25, 1:0.125, etc. In the second step, an iterative simulation
procedure will be applied, where, according to the resulting, locally distributed stress ratio,
the corresponding parameters value will be updated at the integration points in the discretized
structural problem. For this purpose, suitable interpolation schemes will be applied to identify
the parameters at load ratios in between the experimentally considered ones. The iterative
scheme will be repeated until the overall parameter change on all points becomes negligible.
The efficacy of the proposed method will be assessed by comparing results using the new
approach with the results obtained from fixed parameters.
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