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New understandings on the physical and mechanical properties of materials using computational and experimental 
nanotechnology

Most of the engineering applications involve using materials in discrete and continuum form. For example, particulate 
materials such as powders and grains are discrete in nature whereas natural rock and concrete samples, though comprised 

of strongly bonded grains, is often treated as a continuum material. Discrete and continuum materials areextensively used in a 
wide range of industries, for example in the geotechnical, chemical, mechanical, nuclear, food processing and pharmaceutical 
engineering applications. Industrial manufacturing processed demand for better understandings on how material properties 
at nano and micro scales could be tuned to attain desirable macroscopic and functional properties. This requires using 
multi-scale approaches in studying the functional behaviour of discrete and continuum materials under different loading 
environments. In this workshop, we present our recent research findings on how physical and mechanical properties originate 
at small scales using advanced computational methods including molecular dynamics simulations and discrete element 
method, and a range of experimental methods including photo-stress analysis tomography. We show on how such predictions 
could help to understand the transport properties, stress transmission properties and bulk strength characteristics of discrete 
and continuum materials in engineering applications, for example designing concrete structures using Qatar municipal wastes.  
The results could help to gain a deeper level of understanding on the structure-property relations of discrete and continuum 
materials across length scales. The studies emphasise the advantages of employing multi-scale approaches and nanotechnology 
in unravelling the complexities of materials under realistic process and environmental loading conditions.
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