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Motivation

The interaction of beam-like structures with three-dimensional objects 
(1D-3D) can be found in a variety of di�erent applications. Mechanically, 
the inteaction can be divided into three di�erent types:

Beam-to-Solid ...

volume coupling surface coupling contact

Beam-to-solid volume coupling can be considered the most fundamental 
of the three cases and will be investigated in detail here.

Di�erent methods exist to model embedded beams in volumes. The pro-
posed approach [1] aims to �ll the gap between homogenized and full 3D 
models by coupling e�cient 1D beam elements [2] to 3D solids.

homogenized 3D model of beambeam-to-solid mesh tying

Problem Description
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In the beam-to-solid volume mesh tying case the displacements of the 
beam surface are coupled to the solid, via

Using a mortar method [3] to discretize the coupling constraints leads to 
the following coupling contributions to the global weak form, where 
are the coupling tractions, i.e. the Lagrange multipliers

The evaluation of the surface integrals is computationally expensive. To 
circumvent this problem, the integrals over the beam surface are approxi-
mated with integrals over the beam centerline. This changes the coupling 
from a surface-to-volume coupling to a line-to-volume coupling.
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Discretization
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The primary �eld variables are approximated with a �nite element discretization

The discretized coupling terms follow as
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with

The discrete mapping            of the solid shape functions on to the beam results in strong      and 
weak     discontinuities,  which has e�ects on the accuracy of the numerical integration. Two 
integration algorithms are compared, element- and segment-based integration [4].
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simple algorithm
low accuracy across
discontinuities
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complex algorithm
accurate even with low 
number of Gauss points
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Numerical Examples
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Patch test are only ful�lled for 
segment-based integration.

element-based segment-based
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Spatial convergence is optimal for rea-
sonable beam to solid element size ratios.

Reinforced pipe under pressure
This system can not be modeled 
with a homogenized approach. The 
solid is discretized with isogeomet-
ric elements.

Composite plate
The �bers in the plate are modelled as indi-
vidual beams. Comparison with a homoge-
nized model shows excellent agreement.


