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A B S T R A C T

The aim of this paper is to show that damage mechanisms can account for the response

of lamellar bone to nanoindentation tests, with particular regards to the decrease of

indentation stiffness with increasing penetration depth and to the loss of contact stiffness

during the unloading phase of the test.

For this purpose, indentation experiments on bovine cortical bone samples along axial

and transverse directions have been carried out at five penetration depths from 50 to 450

nm; furthermore, a continuum damage model has been implemented into finite element

analyses, which are able to simulate indentation experiments.

Experiments along the axial direction have shown a decrease of about 20% of the

indentation modulus with indentation depth; a similar trend was found along the

transverse direction. All unloading branches of the force–displacement indentation curves

exhibited relevant stiffness loss (curve concavity). The numerical model with damage was

able to correctly predict the indentation stiffness and hardness at 300 nm penetration depth

along both axial and transverse directions. Furthermore, stiffness loss during unloading

was simulated with both qualitative and quantitative agreement with experiments. A final

validation has been provided by simulating axial indentation experiments at the remaining

penetration depths using the same set of constitutive parameters as those used to simulate

the experiments at 300 nm depth.

These results support the hypothesis that damage plays a relevant role in themechanics

of lamellar bone and should be taken into account when studying bone mechanical

properties at multiple scales.
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