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ABSTRACT

The damage evolution in technical materials is a process that simultaneously proceeds on multiple
length scales. Based on this knowledge the crack initiation and propagation as source of damage
progress can be investigated in detail following a multiscale strategy. Therefor, we propose a hierar-
chical multiscale concept that transfers successively damage information from representative volume
elements (RVE’s) on lower scales to new material models on higher scales. Figure 1 illustrates the
length definition of the micro, meso and macro scale in our concept. The current research is focused on
metallic polycrystalline materials and, especially, crack growth along grain boundaries is investigated
as the main source of damage evolution in these materials.
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Figure 1: Multiple length scales are defined to investigate the damage evolution in a multiscale process.

In order to take into account that the physical process of damage starts on micro scale we investigate
the atomic debonding along grain boundaries by application of an atom continuum model. The atom



continuum model is based on the idea of representative atoms that was introduced by Tadmor et al.
[1] in the course of the quasicontinuum method. Based on atomistic energy laws, this method allows a
reproduction of atomic debonding as the source of micro crack initiation in zones of localized damage.
In undamaged model regions conventional continuum mechanical formulations are applied to calculate
the structural response. During the simulation, zones of atomistic resolution are adapted following the
progress of damage. Therewith, the method allows a significant reduction of degrees of freedom com-
pared to pure atomistic methods and ensures a high accuracy on the atomic level at the same time. After
the first version of the quasicontinuum method was limited to quasistatic calculations at zero tempera-
ture, some further developments were proposed to extend the method either to finite temperature [2] or
to include the dynamics of the atoms [3]. Our three dimensional atom continuum model combines the
dynamics of the atoms and application at finite temperature with the aim of a more realistic calculation
of atomic debonding along grain boundaries on the micro scale.

On the meso scale we analyse the damage evolution along grain boundaries by using a polycrystal
model, wherein the polycrystalline material structure is described by a three dimensional Voronoi cell
diagram. Therein, each cell represents a single crystal and an orthotropic linear elastic material model is
assigned to the crystals. In the analysis both, crystal orientation and material properties of each crystal
are distributed by stochastic fields. The grain boundary decohesion process on the meso scale in the
form of crack initiation and propagation is simulated by using a coupled cohesive zone model (CCZM)
that is applied in the interfaces between single crystals. In the CCZM the peak strength depends directly
on the missorientation between neighbouring crystals. Previous publications [4,5] show the application
of the polycrystal model to analyse the crack initiation and propagation in statically loaded three di-
mensional RVE’s of aluminium on the meso scale without necessity of any initial damage definition.
In a further development the currently used CCZM of the meso scale model shall be substituted by
an improved interface law that is derived from homogenized atom continuum simulation on the micro
scale. A nontrivial problem concerning the homogenization has to be solved for the non-periodic dam-
age situation in the micro scale RVE. Therefor, the classical approaches of homogenization cannot be
applied and new algorithms are necessary.

In the future work it is planed to capture the accumulating damage on macro scale by an anisotropic
damage tensor. Following the concept of hierarchical multiscale models the parameters of the damage
tensor shall be evaluated by homogenization on RVE’s of the polycrystal model on meso scale.

Acknowledgement: This research is supported by the German Research Council (DFG), which is grate-
fully acknowledged by the authors.

REFERENCES
[1] E.B. Tadmor, M. Ortiz and R. Phillips. “Mixed Atomistic and Continuum Models of Defor-

mation in Solids”. Langmuir, Vol. 12, 4529–4534, 1996.
[2] V. Shenoy, V. Shenoy and R. Phillips. “Finite Temperature Quasicontinuum Methods”. Mul-

tiscale modelling of materials, 465–472, 1999.
[3] L.M. Dupuy, E.B. Tadmor, R.E. Miller and R. Phillips. “Finite Temperature Quasicontin-

uum: Molecular Dynamis without all the Atoms”. Physical Review Letters, Vol. 95, 2005.
[4] T. Luther and C. Könke. “Multiscale Strategies for Simulating Brittle Fracture in Metallic
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