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We analyze the closed form solution (Chree, Quarterly Journal of Pure and Applied Mathematics, Vol. 27, 1895) of a uniform, isotropic, rotating, general ellipsoid as a function of its material properties (e.g., Poisson's ratio ν) and angular momentum. Using the solution, we first verify that classical results for an incompressible material are recovered (as ν 1→1/2), namely that MacClaurin and Jacobi ellipsoids minimize the total strain energy of an ellipsoid (Chandrasekhar, Ellipsoidal Figures of Equilibrium, Yale, 1969).  As the solid becomes compressible (ν decreases from 1/2) we find that MacClaurin-type spheroids are energetically preferred over Jacobi ellipsoids, over all relevant values of angular momentum, although the gradient towards these spheroids is weak, at best. Additional, energy minimizing solutions are also seen (in the space of ellipsoidal shapes) which have no apparent analogue in natural bodies.

Using the solution, we derive a simple failure criterion for an ellipsoid. Under this failure criteria, an ellipsoid rotating at a sufficiently rapid rate will have positive stress in the polar regions.  Curves for this failure theory are derived and compared with estimated asteroid rotation rates and ellipsoidal shape estimates.  We find surprisingly good correspondance for such a simple theory and criterion, with the failure curve delimiting a sharp demarcation that few observed asteroids cross. This research has implications for the shapes and distortions of rubble pile asteroids.  In particular, the theory gives insight into the effects of energy dissipation in a rubble pile asteroid after it has been boosted into a non-minimum energy configuration due to an impact event or a close flyby with a planet.

