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Abstract
This lecture will review the development of continuum mechanics principles for comminution – the
process of grainsize variations through crushing and grinding. To examine confined systems, where
particles crush without substantial mass flow, the lecture will start by detailing the mathematical
building blocks of the breakage mechanics theory (BMT). Before this continuum theory most other
comminution models were either largely empirical or based on large computer simulations that followed
the motion and fragmentation of every single grain in a system. Such simulations can normally cope with
less than a handful of sand particles, more than a billion times less than most real problems in
geotechnology and mineral processing. On the other hand, using BMT one can directly predict the
coupling between comminution and mechanics by solving differential equations that require significantly
less computational power than discrete approaches so are solvable for realistic system sizes. A few
examples for large-scale solution will be reviewed, including the bearing capacity of piles in sand and
block cave mining. BMT is idealised for closed granular systems and does not apply to open systems,
which involve particle mixing and segregation fluxes from neighbouring volumes. So comminution in
problems such as grinding in mineral processing and landslides need to follow an alternative approach.
To this end, my group and I have recently pioneered a new theoretical paradigm to handle grain crushing
in open systems. The breakthrough was our notion of multi-scale heterarchy, which allows us to retain
the grainsize fabric from first principles without violating grainsize-dependent conservation laws. The
lecture will conclude by highlighting the advantageous of this new general approach.
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