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Preface 

The Science of Complex Materials is attracting an ever increasing 

interest and participation of researchers from a vast range of disciplines, 

including physics, mathematics, computational science, and virtually all 

domains of engineering. These lecture notes present invited lectures and 

selected contributions from the 20
th
 Canberra International Physics 

Summer School and Workshop on Granular Materials, held at The 

Australian National University in Canberra, between the 4th and the 8th 

of December 2006.  At the meeting, international experts from 21 

different countries gathered together to debate and discuss the latest 

advances in the experimental, computational and mathematical analysis 

of granular materials and other related complex materials such as foams, 

porous media and cellular solids. The contributions in these Lecture 

Notes explore an array of problems reflecting recent developments in 

four main areas:  

 

• Characterisation and Modelling of Disordered Packings;  

• Micromechanics and Continuum Theory;  

• Discrete Element Method; 

• Statistical Mechanics.   

 

The common theme and, indeed, the driving force behind these 

investigations is the quest to unravel the connection between the 

microscopic and the macroscopic properties of complex materials. 

The microscopic structural properties of complex materials and 

disordered packings are introduced in the contribution by Weaire et al. 

which highlights intriguing similarities between granular materials and 

foams. An old unsolved question, “Why spheres poured in a container 

never pack denser than 64% of the total volume?” is addressed in an 
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innovative way by Anikeenko et al. by introducing a set of geometrical 

tools to understand, classify and characterize the structure of disordered 

packings. Structural characterization of granular materials is also 

discussed in the contribution of Blumenfeld by using innovative entropic 

approaches. 

New techniques that have recently emerged from novel amalgams of 

established methodologies in mechanics are explored in several 

contributions. Vardoulakis et al. present a study that adapts “shallow 

water theory” to granular flows. Einav develops a new continuum theory 

on particle comminution in brittle granular materials by using 

thermomechanics and statistical mechanics. Tordesillas presents a novel 

continuum formulation that delivers constitutive laws expressed entirely 

in terms of particle scale properties by weaving together principles and 

techniques from thermodynamics, micromechanics, structural mechanics 

and micropolar theory.  The contribution by Tejchman et al. explores 

size effects in finite element continuum simulations by using stochastic 

techniques. These continuum formalisms rely heavily on particle scale 

information. For this purpose, the effectiveness of discrete element 

method (DEM) remains unsurpassed.  The contribution by Cleary shows 

what can be achieved in DEM simulations for industrial and geophysical 

applications, particularly in the areas of mixing, separation, excavation, 

comminution, storage, transport and sampling of granular materials. The 

contribution from Delaney et al. discusses cutting-edge developments in 

DEM combined with x-ray computer tomography to perform ‘virtual 

experiments’. 

The contribution by Behringer provides an overview of granular 

properties, with a particular focus on the dense granular states. An 

exploration of a range of phenomena, from force chains to non-affine 

motion, is illustrated through a series of experiments. These studies 

deliver new insights on the role of fluctuations at the microscopic and 

mescoscopic levels. Fluctuations are also the core of the contribution by 

Nicodemi et al. where a statistical mechanics approach that enables us to 

predict such fluctuations is constructed. An experimental validation of 

such an extension of thermodynamics to non-thermal systems is 

discussed in the contribution by Richard et al. where the dynamics of 

granular media submitted to gentle mechanical tapping is studied. These 
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studies are crucial to understand the properties of stationary states and 

discuss the validity of such configurations as genuine ‘thermodynamic’ 

states. 

In conclusion, this volume presents a unique multidisciplinary 

panorama of the current research in complex materials. Our aim is to 

encourage open interdisciplinary discussions between physicists, 

engineers, mathematicians and computer scientists, in order to develop a 

common language and achieve complementary objectives. 
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