
We identify network measures (e.g., the local clustering 
coefficient) that are able to distinguish between physically 
plausible and unphysical spatial-network models. We find that 
there are significant differences in the distributions of certain 
network measures in two and three dimensions.
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We study the ability of 13 different network 
diagnostics to distinguish between different types 
of granular networks (including both physical and 
unphysical ones; see Fig. 1). We find that 
measures of local transitivity are able to 
distinguish between different models of granular 
networks (see Fig. 1) and corresponding 
experimental data (see Fig. 2). 

Results

Several measures from network analysis have 
been applied to granular networks (i.e., network 
representations of granular materials) to gain 
insights into their transport and failure-propagation 
mechanisms. Selected network diagnostics have 
been applied to granular networks, and it is 
desirable to more systematically calculate a 
variety of network measures on them.

Introduction

We consider a variety of common network 
measures (e.g., the local clustering coefficient and 
various notions of centrality) and study their ability 
to characterize several simulated and empirical 
granular networks in 2D and 3D. We identify 
network measures that are able to distinguish 
between physical granular networks and 
unphysical networks that consist of randomly 
embedded and connected particles. The physical 
granular networks are based either on 
experimental data or on simulations that produce 
physically reasonable networks.

Methodology

Granular Networks
–  We begin with a random geometric graph (RGG)
 

–  For each particle k, we then update its position xk 

according to xk → xk + εdk , where dk is proportional 
to the force from particle overlap and ε is a scaling 
factor

Synthetic but “physical” granular 
networks
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Fig. 1 Different models of bidisperse granular networks in two and three dimensions. We qualitatively characterize the 
different models in terms of their resemblance to physical granular networks. A random geometric graph (RGG) is an 
unphysical model of a granular network (e.g., it has overlapping particles), whereas a force-modified granular network 
better resembles experimental granular networks.
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Fig. 2 An experimental realization of a 
granular packing from which we extract a 
corresponding granular network.

Increasing resemblance to physical granular networks
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