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Synthetic and natural micro-architectures occur frequently (e.g. MMC foams, bone, etc.) and 

multiphase functionally graded composites are becoming increasingly popular for applications 

requiring optimised/tailored material properties. When dealing with such materials 

computationally, one issue which immediately arises is the analysis of the mechanical 

properties of macroscopically inhomogeneous multiscale structures. 

 

The bulk response of these structures can be determined by performing a ‘full’ finite element 

analysis with the entire geometry discretised at a resolution high enough to accurately model 

the smallest length scale of interest. However, these full models may easily exceed hundreds 

of millions, potentially billions, of degrees of freedom, and solving problems of this 

magnitude may only be possible with the use of supercomputing facilities. In the present 

project, a novel two stage approach to solving such large problems by performing element by 

element homogenisation of the micro-structure followed by solving the global problem with a 

coarser mesh as outlined in Figure 1 was explored. 

 

 

 
Figure 1: (a) High resolution scan of proximal femur (b) coarse tetrahedral finite element 

discretisation of femur-element properties are assigned based on finite element based 

homogenisation of tetrahedral sub domain. 
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The approach taken effectively relies on creating a coarse tetrahedral/hexahedral discretisation 

of the domain using traditional volume meshing techniques, and assigning appropriate 

material properties obtained from a finite element homogenisation based on a high resolution 

mesh at the micro-structural level of the macro tetrahedra or hexahedra. In effect, two length 

scales are decoupled by computing effective properties using the finite element approach for 

each macro-element. 
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