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ON HOW TO SCALE DISRUPTIVE COLLISIONS; D.R. Davis and E.V. Ryan (Planetary 
Science Institute); P. Farinella (Universita di Pisa) 

Computer simulations of large scale impacts, such as those that occur in the asteroid belt or those 
that are responsible for disruption of outer-planet satellites to form ring systems, depend upon reliable 
scaling laws to extrapolate laboratory scale results to bodies that are hundreds of kilometers in diameter. 
Understanding the scaling laws has been a major thrust in the field of impact physics in recent decades, 
and particular emphasis has been placed on scaling of catastrophic disruptive several events (as opposed 
to the smaller scale cratering events) in the past years. In a recent paper, Davis et al. [I] used three 
proposed scaling laws for shattering impacts, namely those impacts energetic enough to fracture at least 
50% of the mass of the target body, in a numerical simulation of the collisional evolution of asteroids. 

(The specific energy, i.e., the collisional energyltarget mass, needed to shatter a body is Q,'). However, 
to collisionally destroy a large body, the impact must be sufficiently energetic not only to break the material 
bonds, but it must also impart enough kinetic energy to the fragments so that they can escape the gravity 
of the target body. We refer to the latter process as dispersion and the associated specific energy for 

dispersal is Q;. For small bodies, where self-gravity is negligible compared with the strength of the 
material, a collision that shatters the body will also disperse the fragments. However, for large bodies, 
where gravitational forces exceed the material strength, significant energy over and above that needed to 
shatter the body is required for dispersal. In this abstract, we present a scaling algorithm for the collisional 
energy needed to disperse fragments based on results from a numerical hydrocode that includes finite 
strength effects [Z, 31. We compare this scaling algorithm with one that has been widely used in recent years 
for studies of asteroid collisional evolution [4]. 

A major paradox exists with regard to the velocities of fragments from disruptive impact 
experiments: laboratory experiments produce fragment speeds on the order of tens of meters/second, 
implying an f, value of around 1-2% in most cases, while the astronomical data from asteroid families 
indicates that fragment velocities must be hundred of meters/second with corresponding f, values of 
10-20%. How to reconcile these observations is one of the major problems in asteroid collisional studies. 
One possible solution is rooted in the observation that mean fragment speeds vary with the specific energy 
Q of the collision [7, 81. So, if Vmm -Qb, then f, will vary as Q%', i.e., for values of b >0.5, f, will 
increase with increasing Q. It is generally accepted that the impact strength for a given material increases 
with the size of the body due to gravitational self-compression [9,10]. Hence, the Q needed to shatter a 
body to a given degree will increase with the size of the body, i.e., Q needed to shatter 90% of the mass 
of a 100 km diameter carbonaceous asteroid will be larger than that required to shatter 90% of a 10 km 
diameter carbonaceous asteroid. Such an effect certainly works in the right direction to resolve the above 
described dilemma, the only question is does it quantitatively resolve the problem. From laboratory 

experiments, b is found to be approximately 3/4, so in this case, f, would scale as a. This would require 
a strength increase of a factor of 100 in order to increase f, by a factor of 10, the sue of the gap between 
the laboratory experiments and the asteroid family data. This is substantially bigger than the increase 
predicted by any scaling law over this sue range [ll].  So, it would seem that other effects in addition to 
this gravitational self-compression are needed to account for the "f, gap." 

What do numerical studies of collisional fracture and dispersal say about how Q; varies with body 
size? The specific energy needed to disperse fragments as a function of the sue of the target body is shown 
in Fig. 1 for a) hydrocode simulations, and b) a simple energy partitioning model. The latter algorithm is 
based upon two tenets: First, that a fraction of the collisional kinetic energy, f,, is partitioned into the 
kinetic energy of the fragments. Note that with this algorithm we are not claiming that we are accounting 
for all of the collisional energy, but only that a certain fraction of the impact energy is transferred to the 
motion of the shattered fragments. The second assumption is that of Gault et al. [5], who gave a 
formulation of the mass-velocity relationship as: 
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Here, f(>v) is the fraction of the ejecta mass moving faster than speed v, v, is a parameter which varies 
with the energy of the collision and k is an experimentally-derived exponent -914. A more refined version 
of the mass-velocity relationship has been proposed by Petit and Farinella [6], however, this refinement is 
accompanied by a more elaborate mathematical formulation and it is beyond the scope of this abstract to 
present results from that algorithm. 

Using the above simple analytic model, the Q*, is given as: 

where K is a numerical wnstant independent of the type of target material. 
As we see from Fig. 1, the hydrocode results give an different size dependence than does the 

analytic model of Eqn. 2. The hydrocode results can be fit with the following equation: 

which is for an assumed impact speed of 5.8 kmlsec. Hence the lower exponent for the size of the target 
body (1.5 vs. 2.0) can be interpreted in terms of the analytic framework as being a size dependency of the 
f, parameter. The fact that the hydrocode slope is shallower than the analytic one means that the 
hydrowde result implies an increasing value off, with increasing target size. Precisely what is needed to 
resolve the velocity dilemma. 
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Figure 1. The critical specific energy (Qi )  
needed for the dispersal (i.e., not simply 
shattering) of a basalt target body is shown as 
a function of radius in the gravity regime. The 
solid line is the result of 2-D hydrowde 
calculations, where the impact velocity is 
5.8 M s .  The dashed lines wrrespond to 
predictions from a simple energy partitioning 
analytical model (Eqn. 2) where f, is assumed 
to be 1% and 10% for the two cases. These 
cases are shown only for comparison with 
hydrocode results. 
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