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Introduction 
Nonlinear computational analysis of materials 
showing inelastic behaviour relies on 
knowledge of their yield behaviour and 
strength under complex stress states. One 
obstacle when dealing with elasto-plasticity is 
the choice of the correct yield surface for the 
given material. Therefore, it is desirable to use 
a formulation that is able to describe a wide 
range of materials while retaining a simple and 
explicit form. A possible class of surfaces is 
the set of convex quadrics. Bone tissue 
changes the shape of its yield envelope 
depending on the length scale considered. The 
aim of this study was to find a general 
formulation able to describe bone on several 
length scales.  
 
Methods 
A generalized anisotropic quadric yield 
criterion is proposed that is homogeneous of 
degree one and takes a convex quadric shape: 

 (1) 
For fabric- and density-based orthotropy, the 
tensors defining the criterion take the form: 
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A fabric- and density-based quadric criterion 
for the description of homogenized material 
behaviour of trabecular bone was identified 
from uniaxial, multiaxial and torsional 
experimental data [Rincon 2009]. Finally, a 
quadric yield criterion for lamellar bone was 
identified based on a nanoindentation study 
from the literature [Carnelli 2011]. 

Results 
A subset of the different possible shapes of the 
criterion in normal stress space is shown in 
Figure 1. 

 
Figure 1: Subset of the possible shapes of the 
proposed quadric  formulation. 
 
The parameters defining a strength criterion 
for homogenized trabecular bone and a yield 
criterion for lamellar bone on the microscale 
are summarized in Table 1 and 2, respectively. 
 

 
Table 1: Parameters defining a quadric strength 
criterion for homogenized trabecular bone. 
 

 
Table 2: Parameters defining a quadric yield 
criterion for lamellar bone on the microscale. 
 
Discussion 
The generality of the formulation is beneficial 
for material identification. If the shape of the 
yield function is not known a priori, a 
minimization using the proposed criterion will 
result in an optimal shape. The quadric yield 
criterion with its ability to take different 
convex quadric shapes is very suitable to 
approximate the yield envelope of bone at 
several hierarchical levels starting from the 
extracellular matrix on the microscale to the 
homogenized trabecular bone at the 
macroscale. 
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