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STRUCTURAL STABILITY OF (469219) Kamoʻoalewa: DEPENDENCIES ON MATERIAL PARAMETERS
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ABSTRACT

The asteroid (469219) Kamoʻoalewa is observed to have high spin rate of ~28 min, which is far beyond the critical spin limit. The state of tension suggests a highly probable interior structure as a monolithic body. However, fractured structures with moderate cohesion cannot be simply excluded because the mean diameter of this asteroid is ~36 m, thus the global cohesion of a normal level can still be sufficient to maintain the fractured structure. In this study, we employed the soft-sphere discrete element method to mimic the dynamical responses of a cohesive self-gravitating rubble pile while it is spun up to the observed high spin rate. The parallel gravitational N-body tree code, pkdgrav, is applied to track the dynamical behaviors of the rubble-pile model. We investigated the parameter space spanned by key mechanical parameters of the granular media, including the density of granular material, particle size, interparticle effective contact area, the friction and so on. For each parameter set, we decrease the interparticle cohesive strength c continuously using the observed spin period, the lower limit of bulk cohesion C that could maintain structural stability is determined at the moment when a global failure occurs. A search over the parameter space confirmed that a moderate global cohesion as determined by previous missions is sufficient to keep a rubble-pile structure stable under the observed spin rate. Then by measuring the effects of single variables, we explored the dependencies of the lower limit of bulk cohesion and the failure modes according to different parameter conditions. 

Our simulations show that the density and particle size have little effect on the lower limit of bulk cohesion, whereas the influence of interparticle effective contact area and the friction are remarkable. The initial shape and size of the rubble-pile body, based on the constraints of radar observation, play the leading factors to affect the magnitude of bulk cohesion. For the same shape and size, the contact mechanical parameters are crucial for the global stability of the rubble-pile structure. Besides, the granular packing also proves to be a key factor to the structural stability.
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