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Summary: A top-shaped asteroid may evolve its 
shape due to global deformation at a fast spin and 
surface mass movements at a slow spin. 

Introduction: Since 2018, two international ex-
ploration missions have observed different target as-
teroids, B-type asteroid (101955) Bennu and C-type 
asteroid (162173) Ryugu. The Hayabusa2 spacecraft 
arrived at Ryugu on June 27, 2018 [1] while the 
OSIRIS-REx spacecraft started proximity remote-
sensing observations of Bennu on December 1, 2018 
[2]. Since then, both of the mission teams have con-
ducted detailed proximity observations and experi-
ments of their target asteroids [e.g., 1-9].  

Their formation and evolution processes are con-
trolled by their initial accumulation phase [10, 11], 
followed by deformation processes at a fast spin [e.g. 
12]. For the rotation-driven evolution, possible shape 
deformation modes of Ryugu and Bennu were dis-
cussed separately [1,5]. Ryugu is in general consid-
ered to have evolved due to global deformation at a 
spin period at ~3.5 hr. On the other hand, Bennu’s 
geomorphological features including long linear 
grooves imply its internal strength [7] while the sur-
face slope fits the spin slope that is potentially mini-
mum at the current spin condition, 4.3 hr [5], imply-
ing that its surface may have evolved even at the cur-
rent spin period. This finding is consistent with the 
finding of active surface modification on this asteroid 
[6]. Here, we use the finite element model (FEM) 
results [1,5] to reduce the gap of this understanding.  

Brief Overview of Structural Analysis: Our 
structural analysis was established based on the use of 
a FEM technique for computing inelastic deformation 
modes of irregularly shaped bodies. In the earlier 
work [1,5,14], we analyzed the structural failure con-
ditions of Bennu and Ryugu to give insights into the 
rotation-driven shape evolution mechanisms of top-
shaped asteroids. This technique develops a FEM 
mesh model from a polyhedron shape model, com-
putes the loadings based on self-gravity and centrifu-
gal forces, and defines the boundary conditions (as a 
numerical artifact). Inelastic deformation is detected 
by using the Drucker-Prager model, which includes 
three physical parameters: cohesive strength, friction 
angle, and dilatancy angle. In this approach, the fric-

tion angle and dilatancy angle are both fixed at 35 
degrees [1,5,14]. 

Results: In this presentation, we consider the 
structural failure conditions of Bennu and Ryugu at 
two spin period conditions from [1,5,14]. The first 
spin condition is the current spin period; Ryugu is 
spinning at a spin period of 7.6 hr while Bennu is do-
ing so at a spin period of 4.3 hr. The second spin con-
dition is that both of these asteroids rotate at a spin 
period of 3.5 hr. At this spin period, the evolution of 
Ryugu’s top-shape was considered to be completed 
[1,14] while surface modifications were also observed 
[3]. Bennu is also expected to experience a similar 
failure mode at this spin period because of the same 
bulk density, 1.19 g/cm3 [5].  

 
Figure 1. Bennu’s failure mode at a spin period of 4.3 
hr. Panel a shows the equatorial plane while Panel b 
gives the top surface. The yellow regions are struc-
turally failed while the green areas are intact. The 
cohesive strength of this case is 0.2 Pa [5]. 
 

 
Figure 2. Ryugu’s failure mode at a spin period of 7.6 
hr. The format follows Figure 1. The cohesive 
strength of this case is 1 Pa [1].  

Figure 1 shows the failure mode of Bennu at a 
spin period of 4.3 hr while Figure 2 describes that of 
Ryugu at a spin period of 7.6 hr. Bennu and Ryugu 
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are both structurally intact inside their bodies. How-
ever, the surface condition is different; Bennu's sur-
face is significantly sensitive to failure while Ryugu's 
is almost intact everywhere. Importantly, Bennu's 
structurally failed regions widely spread in an almost 
axisymmetric way.   

 
Figure 3. Bennu’s failure mode at a spin period of 3.5 
hr. The format follows Figure 1. The cohesive 
strength of this case is 0.8 Pa [5]. 

 
Figure 4. Ryugu’s failure mode at a spin period of 3.5 
hr. The format follows Figure 1. The cohesive 
strength of this case is 3 Pa [14]  

Figures 3 and 4 give the failure modes of these as-
teroids at a spin period of 3.5 hr. The results show 
that the interiors of these objects fail structurally. 
However, while the failed region in Bennu is almost 
axisymmetric, that in Ryugu is not. The asymmetric 
failed region in Ryugu implies that the Western re-
gion of this body may structurally be relaxed due to a 
large scale deformation process that may have oc-
curred in the past [14].  

Discussions: In this work, we compared the FEM 
results for Bennu and Ryugu under the assumption the 
structure is uniform [1,5]. There are two key findings. 
First, at the current spin conditions, Bennu has sensi-
tive surface conditions (4.3 hr) while Ryugu does not 
(7.6 hr). Second, if the structure is uniform, both Ben-
nu and Ryugu should be sensitive to internal failure at 
a spin period of 3.5 hr. However, the structurally 
failed regions in Ryugu is more asymmetric than 
those in Bennu. 

Ryugu's asymmetric failed region may be indica-
tive of a global deformation process that may have 
occurred at a short spin period [1] and caused struc-
tural relax in the Western region [14]. This argument 

comes from the fact that even small structural hetero-
geneities in a body can induce axisymmetric defor-
mation processes [17]. However, applying this hy-
pothesis to Bennu does not explain its symmetric 
failed regions. If Bennu’s top-shape has evolved due 
to global failure, we should see asymmetric structure 
in this asteroid as it may be difficult for it to experi-
ence axisymmetric deformation beautifully.  

We consider that Ryugu's shape may have mainly 
been developed due to global, asymmetric defor-
mation at a fast spin (~3.5 hr) while Bennu’s may 
have been driven by frequent surface mass move-
ments at shallow depth at the current spin period (4.3 
hr). Deformation at a fast spin can occur globally in a 
short timescale, change the spin period, and modify 
the shape significantly. This may explain the almost 
perfect circularity of Ryugu’s equatorial ridge as flu-
idized materials may settle within the Hill sphere uni-
formly [1]. On other hand, surface mass movements at 
shallow depth at a relatively slow spin can occur lo-
cally but frequently, inducing the shape change grad-
ually. This supports earlier reports that the surface of 
Bennu is active currently [6, 7]. Also, this explains 
the imperfect circularity of Bennu’s equatorial ridge 
[7] and the observed slope variations [5]. 

In summary, top-shaped asteroids may evolve at a 
wider spin period range than thought with different 
deformation mode. In this scenario, immediately after 
the initial accumulation stage of rubble pile asteroids, 
many may start evolving to become top-shapes even 
at relatively slow spin conditions. This hypothesis 
supports that the majority of asteroids in the solar 
system have top-shapes. 
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