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The internal structure of asteroids must limit their possible shapes and rotation rates.  These equilibrium shape constraints are well-known for fluid bodies, but there have been no corresponding results for a solid body.

Presented here are analyses and results that give exact analytical results for the internal stress states, maximum aspect ratios, and maximum spins for asteroids with a rubble-pile structure.  The analysis assumes a cohesionless Mohr-Coloumb material model, and uses the limit-load approach of elastic-plastic theories.  The classical results for fluids of Newton, Maclaurin, Jacobi and Roche are determined in closed form as special cases.  For the more general solid model, a much broader range of shapes and spins is possible.

The database of existing asteroid shapes and spins is compared to the analytical results.  In almost cases, the observed spins and shapes are within the limits for reasonable values of the friction angle for rocky assemblages.

