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Collisonal fragmentation experiments have been limited to target sizes of several cm or less, and 
have therefore been restricted to a regime in which the outcome of the collision is determined by the 
strength of the target material. This contrasts with asteroid or satellite fragmentation events, which 
may be dominated by self-gravity rather than strength. A partial solution to this problem was obtained 
by performing fragmentation experiments in a pressurized environment (Housen et al. 1991). Gas 
overpressure was used to simulate the average lithostatic confining pressure that exists within an 
asteroid of a given size of interest. For reasons of practicality, shallowly-buried explosive charges 
were used t o  fragment the targets. The present study presents an improved technique, which allows 
impacts to be conducted at  elevated pressure, thereby removing the uncertainties associated with the 
use of explosive charges to simulate impacts. 

EXPERIMENTAL APPARATUS 

The explosive fragmentation experiments were conducted in a cylindrical chamber, rated to a 
working pressure of 6000 psi. The same chamber was used in the present study, but was modified to 
provide a small opening in the top of the chamber. The opening is just large enough t o  accept the end of 
the barrel of a two-stage light-gas gun. A thin ( 7 6 ~ )  mylar film diaphragm over the opening allows the 
chamber t o  be pressurized. Upon firing the gun, the projectile ruptures the mylar and enters the 
pressurized chamber. An O-ring seal between the chamber and the barrel prevents loss of pressure 
after the diaphragm is ruptured. The velocity of the projectile is determined from two gates of 
breakwires that the projectile passes through. 

An experiment was conducted with a spherical target made of the weakly-cemented basalt 
described by Housen et al. (1991). The target was 14.7 cm in diameter and had a mass of 4427 g. Static 
strength measurements were made on cylindrical specimens a t  the time the experiment was 
conducted. Two cylinders exhibited compressive strengths of 92 and 119 psi (0.63 and 0.82 MPa) 
respectively. Two additional cylinders exhibited tensile strengths of 15.0 and 27.8 psi (0.10 and 0.19 
MPa). 

The chamber was lined with foam rubber to minimize breakage of any fragments striking the 
walls. After placing the target in the chamber, the chamber was pressurized with nitrogen to 76 psi. 

The impactor was an aluminum cylinder with length and diameter of 0.632 cm, a mass of 0.535 
gm and a velocity of 3.6 kmls. 

RESULTS 

The impact produced a significant crater, but left the bulk of the target intact. Only 7% of the 
target mass was removed, thereby leaving a largest "fragment" which was 93% of the original target 
mass. Therefore, the specific energy of this collision was well below the value requred for catastrophic 
fragmentation. 

The result of this test contrasts markedly with previous impacts conducted without an applied 
overpressure (see Figure 1). Housen (1993) reported three collisional fragmentation tests under 
conditions identical to those described here, except that the earlier events were conducted at  ambient 
atmospheric pressure. Three tests were performed to estimate experimental reproducibility Each 
resulted in significant fragmentation, with the largest remaining fragment ranging from 21% to  32% 
of the original target mass. These results support the conclusion from explosive simulations that the 
ambient overpressure has a strong affect on the outcome of a fragmentation event. 

Figure 1 compares the results for impacts with those for explosions. At zero overpressure, the 
impact events resulted in more severe fragmentation than did the explosions, suggesting that the 
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explosives should have been buried slightly deeper to provide an equivalence with impact. At present, 
i t  is difficult to tell if this same trend occurs a t  elevated pressure. If so, the specific energy for 
catastrophic fragmentation of large bodies may be somewhat lower than that estimated by Housen et a1 
(1991). This will be addressed in further impact tests a t  elevated pressure. 

The overpressure used here (76 psi) corresponds to the volume-averaged lithostatic compressive 
stress for a 72 km diameter body. On this basis, the effects of gravitational self-compression are 
expected to significantly affect the fragmentation of a 72 km-diameter body, as  long as the body is 
composed of a material whose strength is comparable to, or less than, that of the material used here. 

Weakly cemented basalt was designed to simulate the strength of rock a t  large scales, i.e, rock 
samples whose strength is  degraded by numerous naturally occurring joints and cracks. Centrifuge 
simulations with this material have shown that it's strength (i.e. the strength measure which governs 
crater size) is comparable to that of terrestrial basalt flows in the sense that a centrifuge simulation of 
the SAILOR HAT field cratering test (500 tons of TNT in basalt) provided a reasonable match of the 
field crater profile. If the material comprising rocky asteroids has a strength comparable to, or less 
than, terrestrial basalts, then gravitational effects should be important in the fragmentation of rocky 
bodies with diameters of several tens of km. Additional tests will provide a better estimate of the 
strength/gravity transition and the specific energy required for fragmentation in the gravity- 
dominated regime. 
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Figure 1. The mass of the largest remaining fragment, normalized by the target mass, for 
explosions (Housen et al., 1991) and for impacts. 

References: (1) Housen et al. (1991) ICARUS 9 4  180-190. (2) Housen K.R. (1993) LPSCXXN 675-676. 
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