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ABSTRACT 

Bone is characterized by a hierarchically organized microstructure, exhibiting “universal” 
organizational patterns. The volume fractions of the components within those patterns, however, vary 
between different species, organs, and anatomical locations - resulting in a great variety of 
mechanical bone properties. The complex internal structure leads to a need to take into account all 
the different hierarchical components - some of which behave plastic - in order to explain the overall 
elastoplastic response of bone.  

Building on an earlier micromechanical explanation of bone strength [1] as well as on recent 
advances gained in the mechanics of crystalline structures [2] we developed an extended elastoplastic 
multiscale continuum micromechanics model for bone, based on the concept of concentration and 
influence tensors for eigenstressed microheterogeneous materials [3]. The model, comprising six 
homogenization steps, is used to predict a sample-specific bone strength and is based on tissue-
independent mechanical properties of bone’s three elementary constituents: mineral, collagen and 
water. Within the model, the sole source of elastoplasticity lies in mutual sliding between the mineral 
needles, which are characterized by non-associated Mohr-Coulomb elastoplasticity, while the 
collagen fails in a brittle manner, according to a Rankine criterion. Upscaling of these processes from 
the nano- to the macroscale was made possible by a novel iterative variant of the so-called return-
map algorithm.  

By considering sample-specific bone compositions in terms of porosity and extracellular mass 
density, the model is able to accurately predict sample-specific strength values and thereby explain 
the great variety in the mechanical properties of bone.  

The model predictions are validated with experimentally determined strength values of bone tested in 
uniaxial tension and compression. Furthermore, the sequence of plastic events and the stresses and 
strains can be determined across all hierarchical levels, illustrating the specimen specific influence of 
the different components on the overall mechanical behavior of bone. 
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