
Equilibrium figures 

•  Historical aspects 
– Collisions + reaccumula7on 
– Rubble piles ‐ Agrégats gravita7onnels 
– Long spin period, elongated bodies, LASPA 
•  Stars, planets and satellites spheroidal 
•  Asteroids tri‐axial ellipsoids, some7mes very elongated 

– What size barrier for rubble piles? 



Gravity 
•  Different cases in this school 

•  small g  
–  the granular systems on Earth,  
experiments and natural 

•  micro μg  
–  granular and regolith on surface 
close to spin barrier v_esc, or not so close 

•  capital G   
–  self gravita7ng bodies 
body scale > grain scale 



Equilibrium figures 

•  Observa7ons 
•  Shape models 
– Farinella 
– Magnusson 
– Holsapple 

•  Spin barrier 
– Rubble piles 
– Other forces in play ? 



Shapes from LC 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NB: shape, but no size! 



•  Hydrosta7c equilib. (incomp. fluid)  
not valid 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Iinferred density of Ausonia 



Mohr‐Coulomb 

Equilb. +stability 



Farinella et al. 1982  
Asteroids as outcome of catastrophic collissions 

– rubble piles – 



•  shape not of interest in 
original simula7ons 

Michel et al. (2001) 

? 

Richardson et al. (2005) 

•  Spin‐up + mas loss 

•  Final result of re‐accumula7on? 



Equilibrium figures 
•  Binary asteroids 
– Detec7on, study, not easy 
– MBB, TNB, NEB, Trojans and Centaurs 

•  Origin ‐ can be diverse 
–  Fission (in two) 
–  breakup 
–  Re‐accumula7on 
– Others (capture, …) 
–  « The story of the black sheep » 



Equilibrium figures 
Dobrovolskis (1982) stresses in tri‐axial bodies 
 
Shear stress 
Tresca   

 |τ|max = (σ1‐σ3)/2 > So 
 

Fric7on 
 |τ|= So – tan(𝛟) σ 



Canup (2005) 
giant impact + reaccumula7on 



Nesvorny et al. (2008‐2010) 
gravita7onnal collapse 



Walsh et al. (2008) 
Spin‐up  



Equilibrium figures 

•  Binaries  
– Mass + volume => density 
–  (hydr. equil.) spin+shape => density 
=>Test 
 
–  Spin+shape + J2  
=> interior 
 
–  Evolu7on, 7des ? 
–  Porosity is uncertain (meteorite analogue) 



Shapes  &  Case studies 

•  What interior ? what behavior to 
solicita7ons (forces, torques, stresses, heat,...) 

•   What influence of history (7des, collisions, ...) 
•  Ranges of size different model ? 
– 100m — 10km — 100km 

 
 
–  0.1 Pa  to  100 Mpa, pressure at centre 
– visco‐plas7c and/or visco‐elas7c ? 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Conclusion 
1. bad weather on Wednesday 


