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Asteroid populations have been subjected to a history of catastrophic impacts and re- 
accumulations. A goal of research is to determine the outcome of a given collision: the remaining 
fragment velocity and size distributions. 

The impact of a smaller bodies into a larger asteroid sets up a distribution of stress waves 
propagating into the interior of the asteroid from the region of impact. Those stress waves then 
reflect off the free surfaces and interact until they decay to below the level of the material strength. 
At any location where the stress becomes tensile, primarily because of surface reflection, the 
material will fail if that tensile value is equal or greater than the fracture strength of the material at 
that point. 

Small scale experiments have been used to study this problem. However, an important 
feature of large impacts cannot be matched in small scale. For asteroids of the size of 100 krn or 
greater, the internal pressure due to self gravitation becomes comparable to the tensile strengths of 
the parent material. In these cases, the tensile stress wave must be of sufficient magnitude to 
overcome both the initial compressive state and the tensile fracture strength. In a simple way of 
looking at that effect, the material acts as if its tensile strength is increased by that lithostatic 
pressure, similar to the pre-stress constructed into reinforced concrete structures and tempered 
glass. 

Previously, Schmidt and Housen [I] reported experiments designed to model the effects of a 
pre-stress on the catastrophic disruption of spherical bodies. However, since they could not 
reproduce the radially variable field of the self-gravitation, they superimposed a constant external 
pressure using nitrogen gas. The rock-like spherical body was then subject to the detonation of a 
small buried charge to simulate the impact. They reported large differences when the pressure was 
varied, and further, the results correlated very well using the simple assumption that the pressure 
was equivalent to an increase of tensile strength. 

While unique and useful, that approach leaves open certain questions that are addressed here 
by complimentary code calculations. What difference is there with a constant pressure field 
compared to the variable one for self-gravitation? What is the comparison for disruption using the 
buried explosive compared to an impact? Do the two compare if the energy is the same, or is some 
other measure better? How much of the energy is deposited in the target body? 

Code calculations were designed and implemented to compare to these physical experiments 
and to answer these and other questions, as well as to test state-of-the-art calculations for 
disruption. Shown below are results from two calculations using the CTH wave propagation 
code, and modeling the test #892 of [I]. The geometry and the placement of the charge are as in 
that experiment. A full high explosive detonation model was used for the detasheet explosive, and 
a complete three-phase equation of state for the grout material was generated using the ANEOS 
equatioon of state model. There were over 20,000 zones and each problem has been run to over 
4000 time steps, sufficient for several reverberations of the stress pulse, and sufficient to calculate 
massive damage and disruption. In the first calculation, shown evolving in the first 5 figures, 
there was no external pressure. The evolution and subsequent damage due to the stress waves is 
clearly seen. By the cycle 4000, the target has massive fracture into mm-sized particles, moving 
outward in the orderly pattern of disruption experiments. 

The last figure shows the calculation with the external nitrogen gas (modeled in the code 
using a perfect gas model) at an initial pressure of 10.2 atmospheres (150 psi), as present in the 
shot 892. Note that it is at the same problem time as the 3d figure of the first calculation. The 
pressures and damage are reduced significantly. 

References: [I] Schmidt and Housen, LPSC XXII, pg 1185-6, 1991. 
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