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IMPACT SiTREB- AND ENERGY PARTITIONING IN IMPACTS INTO FINITE 
SOLID TARGETS 
William K. Hartmann. Planetary Science Institute, Tucson, AZ 85719 

In a 1980 LPSC XI abstract on our program of experimental collision 
studies, I described a preliminary result on energy partitioning between 
basalt projectiles and larger basaltic targets during impacts. Our 
program pioneered use of a diagram plotting 

fL = ml/m2 = largest fragment mass/original mass 

as a function of energy density imparted during the collision (Hartmann. 
1978). Using this device. the 1980 abstract concluded that 1/2 the 
impact energy goes into each object. 

Using this diagram, we were also able to define "catastrophic 
fragmentation" and "impact strength" as useful concepts for describing 
results of collisions between finite solid bodies (Greenberg and 
Hartmann, 1977; Hartmann. 1978; Greenberg et al., 1978). Catastrophic 
fragmentation is defined as the specific case of fragmentation when 
fL = 112; i.e. when the largest fragment has half the mass of the 

original body. Impact strength is used here to equal the energy density 
(joules& in S.I. units) required to be imparted into a body to cause 

3 catastrophic fragmentation. (Note that energy volume density (J/m ) has 
the same dimensions as conventional strength.) 

Further work has been accomplished on this problem by compiling my 
results on a variety of different materials. The materials in the 
current data set are of widely different strength: water ice (T.-O°C), 
aggregates of stones weakly glued together, dirt clods, basalt, and other 
igneous rocks. Data from nearly 400 impact experiements by the author 
were tabulated and divided according to the material being broken. 
Figure 1 shows results allowing us to specify energy partitioning 
conditions and impact strengths more precisely than before. 

Figure 1. Relation of largest 
fragment mass (relative to 
original mass) to energy 
imparted to the fragmenting 
body. hta from nearly 400 
experiments are shown for five 
materials (basalt and "other 
igneous rocks" are combined on - 
one graph. 
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The rock data in Fig. 1 were used to study energy partitioning in 
more detail. In these experiements, it was often possible to measure f L 
separately for both the projectile fragments and the target fragments. 
Different test assumptions could then be made about the fraction of 
energy that went into each body (different fixed percentages, 
mass-ratio-dependent percentages, etc.), leading to different diagrams 
with different degrees of scatter. Of the several test assumptions, the 
one that produced the least scatter was that of equipartion. It d e s  
sense to assume that this applies only when the materials are at least 
approximately the same. For example, if a basalt projectile hits a 
basalt target at high speed, half the energy goes into it; but if it hit 
a weak snowball, it could pass on through while absorbing little energy 
from the impact. Only when the target and projectile have at least 
roughly similar mechanical properties does the equipartitioning apply. 

Having established this principle, I plotted Figure 1 by assuming 
that half of the available impact kinetic energy went into each body. 
For the three non-rock materials, the measured body was usually the 
projectile. 

A significant result of the diagram is that when energy density 
(hence velocity) change over the wide range encountered in cosmic 
situations (from cds to Ws), there is a fairly abrupt transition from 
the rebound regime with no breakage to the regime of complete shattering. 
The condition of catastrophic fragmentation marks the transition; the 
resulting measured impact strengths are useful because they allow us to 
predict whether a given kind of material will shatter in collisions with 
similar planetesimals at any specified velocity. 

This work is supported by the NASA Planetary Geology and Geophysics 
program. 

TABLE 1. IMPACT SIRENGl'H PARAEIETERS . 

MATERIAL IMPACT SIRENGrH VELOCITY FOR CATA!TI'ROPHIC 
(joulesflrg) FRAGMENTATION DURING IMPACT 

INTO SIMILAR MATERIAL (ds) 

Dry clods 1.1 (loo) 2 

Water ice (0') 1.3 (lo1) 7 

Glued aggregates 1.4 (10') 7 

Basal t 4 (lo2) 40 

Other igneous rocks 4 (lo2) 40 
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