Validation of contact mechanics models and data analysis approaches
for nanoindentation measurements of soft and biological samples
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We have validated, by means of finite elements simulations and experiments, the application of
Hertzian contact mechanics models and corrections in the framework of linear elasticity, for the
analysis of force vs indentation curves acquired by atomic force microscopy using spherical tips [1].
We have systematically investigated the impact of both large indentations and vertical spatial
confinement (bottom effect) on the accuracy of the nanomechanical analysis performed with the
Hertz model for the parabolic indenter compared to the Sneddon model for the spherical indenter
[2]. We carried out a comprehensive characterization of the corrections for the Hertz model proposed
in the literature [2] in the framework of linearized force vs indentation curves, as well as a validation
of a linearized form of the Sneddon model for the spherical indenter and of the combined correction
for large indentations and bottom effect.

We have also developed a simple protocol to fabricate polyacrylamide samples with a controlled
gradient of thickness; together with finite elements analysis methods, these samples represent a
valuable tool for the validation of contact mechanics models and data analysis approaches.

Our results show that a suitably linearized and corrected Hertz model allows to accurately quantify
the Young’s modulus of elasticity of linearly elastic samples with variable thickness at arbitrarily large
indentations using spherical tips.
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