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Introduction:  Rubble-pile bodies, which are con-

structed from rocky boulders accumulated gravitation-
ally, are common in the history of the solar system [1]. 
It is important to evaluate the effect of the rubble-pile 
structure on the impact disruption in order to clarify 
the collision process of the solar system bodies. In par-
ticularly, the impact strength QD

* is the most important 
parameter for the collisional evolution of planetary 
bodies [2]. Then, we carried out high velocity impact 
experiments using several types of rubble-pile targets 
constructed from glass beads, and we examined the 
disruption condition of these rubble-pile targets.  

Experimental method: Impact experiments were 
conducted by using a two-stage light gas gun set in 
Kobe Univ. and ISAS/JAXA. A nylon cylindrical pro-
jectile with the mass of 200 mg (mp) was impacted at 
the velocity (vi) from 2 to 6 km/s. A rubble-pile target 
was made of glass beads with the size of 7mm and the 
number of the beads was changed from 4 to 1000 cor-
responding to the mass from 1.8 to 550 g (Mt). The 
beads were assembled by a weak bond with the struc-
ture of a close-packed one. We are interested in the 
number of disrupted glass beads and the effect of the 
disruption on the ejection velocities of other intact 
glass beads. Thus, we used a high-speed video camera 
to observe the impact disruption and measured the 
fragment mass distribution. 

Experimental results: We found that a lot of un-
broken beads (intact beads) of rubble-pile targets were 
ejected very slowly compared to the fine fragments of 
disrupted beads around the impact point. When we 
compare these velocities with the antipodal velocity 
obtained for the single bead experiment, the intact 
beads velocities of the rubble-pile target were several 
times smaller than the antipodal velocity of the single 
bead at the same energy density (Q=1/2mpvi

2/Mt). This 
means that the projectile kinetic energy was effectively 
dissipated around the impact area and the rest of the 
area of the rubble-pile target did not receive the kinetic 
energy from the projectile enough. In order to discuss 
the degree of disruption, we defined the total mass of 
the small fragments Mfsum as a new parameter of im-
pact disruption for rubble-pile targets, and calculated 
the crater volume for rubble-pile targets using this pa-
rameter, the crater volume is defined by the region 
where the beads are broken catastrophically. We com-

pared them to that formed on a homogeneous basalt 
targets by using Pi-scaling [3] and found that the crater 
on rubble-pile targets was larger than that on basalt 
targets. We calculated the energy fraction f defined by 
the kinetic energy of the projectile transferred into the 
kinetic energy of the intact beads and found that the 
energy fraction f is from 0.001 to 0.01 for rubble-pile 
target (Fig.1). This extremely small value of f indicates 
that most of the projectile kinetic energy is transferred 
into the kinetic energy of the fine fragments generated 
by the disruption of the beads near the impact point.  

Discussion: From these results, we estimated the 
QD

* of rubble-pile bodies from the re-accumulation 
condition of the dispersed intact constituents. As a 
result, it was found that QD

* for rubble-pile bodies be-
comes larger than that estimated only from the gravita-
tional potential energy. Therefore, the re-accumulation 
of intact rubble-pile constituents is easy to occur. This 
indicates that rubble-pile body is a very strong body 
against the impact disruption by high velocity impacts.  
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Fig.1. Relationship between f and Q for rubble-pile targets 
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