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Many solid mechanics problems
must take material microstructure into
account. Examplesare armour penetra-
tion or explosive propagation of multiple
interacting cracks in a pressure vessel.
Inevitably multi-scale approach is
needed. Therepresentative time and
length scales are: phase transformation
(10ps, 10nm), dislocation nucleation and
propagation (50ps, 50nm), twin forma-
tion (1ns, 1nm), interaction of disloca-
tions (100ns, 100nm), secondary micro-
crack nucleation in the process zone
(10ns, 100µm), adiabatic shear (10µs,
100µm), component failure (1s, 1m).

Popular multi-scale methods
include coupled discrete dislocation and
continuum plasticity,1 Voronoi polyhedra
FE,2 X-FEM,3 element-free Galerkin
(reproducing kernel particle),4 etc.

Many multi-scale codes are seem-
ingly abandoned as soon as the results
have been achieved and the articles pub-
lished. Oftenthe code sole purpose was
to solve a particular single scientific task.
As a result, multi-scale codes are often
badly written, with poor portability, per-
formance, flexibility, documentation and
continuity. There’s little opportunity for
others to use these codes.

What is needed now is a generic
frameworkfor building multi-scale solid
mechanics models.
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The framework must beflexible
andexpandableto be useful for a wide
range of problems. It must be centred
around clearly defined and documented
API, so that each part of the framework
can be replaced by another implementa-
tion, as long as the interfaces are match-
ing. Theframework must not not be
linked to any particular FE code or any
particular microstructure model. The
aim of the framework is to allow
researchers to combine their micro- or
mesa-scale models with a variety of con-
tinuum mechanics FE solvers. This
opens opportunities for code replacement
and interoperability.

The framework must allow for
concurrentsimulation at all scales, with
a two way information exchange.5

The framework must allow for
implementinghomogenisationandlocal-
isation(upscaling/downscaling) algo-
rithms, e.g. using the representative vol-
ume of material (RVE)6 or nested
homogenisation-localisation.7

Such framework will make com-
parison of different multi-scale models
and of different modelling results more
rigorous and fair. This will produce a
step change to the current state of the art,
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where developments are often so dis-
parate that comparison is not possible.

Multi-scale models are large. The
framework must be aimed atpetascale
(current) andexascale(future) systems.

Below is a simulation of a cleav-
age crack propagation in poly-crystalline
bcc iron (top image). The macro-crack
emerges as cleavage cracks in individual
grains join up after crossing grain bound-
aries. Greencracks are on {110} planes,
yellow are on {100} planes. Cleavage
modelling is done on meso-scale with
cellular automata (CA). The process is
driven by the FE stress fields on the
macro-scale (bottom image). These
results were achieved with the ParaFEM8

FE and the CGPACK9, 10CA libraries.

Similar CAFE multi-scale models
have been used for solidification11 and
recrystallisation.12
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