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A Study on an Extended Model of Hooke’s Law to 3D
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A Study on an Extended Model of Hooke’s Law to 3D
Yohei Inaba

Hooke’s law, which is one of the most important laws in the field of mechanics, states that
stress and strain are proportional to each other. The physical meaning of Lamé’s first constant
A, however, has not been clarified. The use of an equation whose physical interpretation is
unknown poses a major obstacle to examining the theory further; utmost effort should be made
to give the equation some physical interpretation.

In this study, a method of constructing a model using the one-dimensional Hooke’s law was
proposed to theoretically extend the law to two and three dimensions. The results were then
used to examine the physical meaning of A and to propose the internal hydrostatic stress
hypothesis. In order to validate the hypothesis, the failure criteria were derived from the
internal hydrostatic stress hypothesis, and the theoretical strength of perfectly brittle materials
was obtained. Also, the validity of the hypothesis was verified by comparing theoretical and
experimental strengths.

The study revealed the following possibilities:

1. The concept of internal hydrostatic stress can be applied to isotropic materials. This is called
the internal hydrostatic stress hypothesis concerning Hooke’s law.

2. The internal hydrostatic stress hypothesis predicts the presence of tensile stress generated
by internal hydrostatic stress in the transverse direction even in uniaxial compression.

3. It was confirmed that the failure criteria derived from the internal hydrostatic stress
hypothesis can be used to explain the actual failure of brittle materials.
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