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ABSTRACT

The interaction of rod- or beam like structures with three-dimensional continua (solids) can be
found in a variety of different physical problems, for example in classical engineering applications
(e.g. reinforced concrete, fiber-reinforced composites). Well-established numerical methods exist
to model the beams and solid as a combined homogenized structure. Although highly efficient
and widely used, this approach cannot give detailed insights into complex interactions between the
fibers and the surrounding solid structure. In [2] a novel beam-to-solid volume coupling method
was proposed, which employs state-of-the-art mortar methods to embed explicitly modeled 1D
fibers (i.e. beam finite elements [1]) into 3D solid volumes (i.e. classical solid finite elements).
The beam-to-solid volume coupling approach couples the fiber centerline displacements to the
underlying solid displacements, while neglecting shear and torsion (i.e. rotational) coupling of the
fiber cross sections. For many relevant applications this is a valid assumption. However, in certain
cases rotational coupling has to be considered to accurately model beam-to-solid interactions. This
contribution will therefore present an extension of the beam-to-solid volume coupling method,
which also accounts for rotational coupling the fully nonlinear realm.

One of the topics that will be addressed in this talk is the definition of a suitable orthonormal triad
at each material point of the deformed three-dimensional solid. The definition of this triad is not
straightforward and has to be carried out in a careful manner to avoid locking effects for certain
deformation modes, e.g. shear, of the solid. Another important topic is the variationally consistent
derivation of the coupling terms between the fiber cross section and the solid triad. Both undergo
finite rotations, which requires a suitable objective variational formulation of the cross section
interactions. Finally, selected numerical examples will be presented which illustrate the necessity
of rotational coupling to ensure physically meaningful solutions in certain applications.
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