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ABSTRACT

We propose a procedure to investigate local stress intensity factors at the scale of the osteons in human
Haversian cortical bone. The method combines a specific experimental setting [1] for three point bend-
ing milimetric specimen and a numerical method using the eXtended Finite Element Method (X-FEM)
[2,3]. The interface between the experimental setting and the numerical method is ensured through an
imaging technique that analyses the light microscopy observations to import the geometrical hetero-
genity of the Haversian microstructures and boundary conditions into the numerical model. The local
mechanical elastic moduli are measured by nanoindentation and an imaging technique of the stress-
strain fields. The model is able to access three scales of measures: the macro scale of the material level
(mm), the micro scale inside the Haversian material for stress-strain fields (10-100 µm) in Figure 1,
the sub-micro scale for the crack opening profiles (1-10 µm) in Figure 2 and fracture parameters (stress
intensity factors) in Figure 3. The model is applied to several patients at different aging stages and
compared to literature values at the micro scale [4].
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Figure 1: 1,2 (a) light microscopy observations of w06003 Haversian cortical bone samples under load-
ing, 1,2 (b) ε22 strain field obtained by the X-FEM-imaging model where the displacement field is
prescribed at each mesh point from CorrelmanuV data, 1,2 (c) ε22 strain field obtained by our X-FEM
model that reconstruct the explicit microstructure where the experimental displacement field is pre-
scribed along the edges.
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Figure 2: 1,2 (a) light microscopy observations of w03006 Haversian cortical bone samples under load-
ing, 1,2 (b) ε22 strain field obtained by the X-FEM-imaging model where the displacement field is
prescribed at each mesh point from CorrelmanuV data, 1,2 (c) ε22 strain field obtained by our X-FEM
model that reconstruct the explicit microstructure where the experimental displacement field is pre-
scribed along the edges.

Figure 3: Local stress intensity factors in three cortical Haversian bone microstructure


