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ABSTRACT

Variational techniques have proven to be a powerful tool for material modeling. They have
successfully been applied to, e.g. plasticity, damage modeling, and phase transformations. Several
different variational techniques originate from Hamilton’s famous extremal principle. In our work,
we apply this principle to the “inverse damage problem” and derive a model for structural growth and
remodeling [1]. A non-convex underlying Hemlholtz free energy penalizes the so-called gray
solution in which a distinct identification of mass is difficult. This non-convexity has the drawback of
numerical instabilities which manifest in the checkerboard phenomenon. To resolve this humerical
artifact of the ill-posed mathematical problem, we perform a regularization that operates only at the
element level and neglects gradients over element boundaries [2]. Finally, the model possesses a
structure known from material modeling which can be solved at the Gaul} point (or material point)
level in a finite element scheme. Introducing a Lagrange parameter allows for the direct control of
mass generation yielding even finer structures [3]. In this contribution, we present an additional
material non-linearity by accounting for the material orientation. To this end, we make use of the
Euler angles describing the local coordinate system and the local material stiffness. The general
scheme is adapted from [4] and gives additional evolution equations for the Euler. Finally, the
density field and the Euler angles describing the material orientation are no additional field
unknowns and can be calculated locally which strongly reduces the calculation effort. We present
solutions of structural growth for different boundary problems to show the potential of our model.
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