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Introduction:  The internal structure of an asteroid 
has a significant effect on how it responds to collisions 
[e.g. 1-3].  Conversely, repeated collisions signifi-
cantly affect an asteroid’s internal structure and 
strength. Each impact event introduces damage in re-
gions near the impact point, similar to that noted in 
impact cratering [4,5], and perhaps in regions further 
removed from the impact, due to tensile reflections of 
the shock from the free surfaces.  This could affect 
asteroid collisional lifetimes, for two reasons. 

First, repeated sub-catastrophic collisions weaken a 
body, thereby reducing the specific energy needed to 
shatter it.  In fact, experiments have shown that re-
peated low-energy impacts are about as effective in 
disrupting a target as a single collision of equal total 
energy [6, 7].   Calculated collisional lifetimes based 
on a single catastrophic event are therefore too long.  

Second, impact damage may have a significant ef-
fect on the lifetimes of rapidly rotating asteroids.  A 
rocky, strength dominated asteroid remains coherent 
only if its rotation rate is below the stability limit, 
where the tensile stresses due to rotation are smaller 
than its global tensile strength.  Suppose that an aster-
oid, spinning well below its stability limit, experiences 
an impact that would be subcatastrophic to a similar, 
but nonrotating body.  If the impact reduces the 
strength of the asteroid sufficiently, the spin state is 
now above the stability limit and the asteroid is dis-
rupted.   Impact weakening could therefore dramati-
cally reduce collisional lifetimes of rotating asteroids 
[8]. 

 Consequently, it is important not only to under-
stand how the mechanical properties of an asteroid 
affect its response to collisions, but also how collisions 
affect its mechanical properties. This abstract reports 
on preliminary experiments directed at the latter ques-
tion. 

Experiments:  The basic idea behind the experi-
ments is to measure the global post-impact tensile 
strength of a target body.  The Brazilian test provides a 
convenient way to measure the quasi-static tensile 
strength of a brittle specimen. In this method, a com-
pressive loading is applied to a cylindrical specimen 
along an axis perpendicular to the axis of symmetry.  
The tensile strength is then calculated from dimensions 
of the specimen and the load at which failure occurs. 

In order to make use of the Brazilian test, the ex-
periments use cylindrical targets machined from 
specimens of Columbia basalt.  The cylinders are cored 
from a slab ~34 cm thick and then machined on a lathe 
to diameter = 6.3 cm, length =6.8±0.1 cm and mass = 

630±10 gm.  A flat face of a cylinder is impacted by a 
2024-T4 aluminum cylinder having diameter=0.63 cm, 
length=0.63cm and mass=0.54 gm.  Various impact 
velocities (0.73 to 1.6 km/s ) are used to induce vary-
ing degrees of damage in the target.  The targets rest 
on thin foam supports in a chamber that is evacuated to 
a pressure of ~130 mm Hg.   The chamber is lined with 
soft foam to preclude damage to any fragments striking 
the chamber walls.  Following an impact event, the 
largest (largely cylindrical) remaining fragment is col-
lected and a hydraulic test machine is used to measure 
its tensile strength.   

Results:  Scaling arguments are used to provide a 
simple method for analyzing the results.  In the present 
experiments, the impactor is small comprared to the 
target, so that it is appears as a point source.  Hence, 
the impactor is represented by a coupling parameter, C, 
which is itself a function of the impactor properties 
(size, speed, etc.) [9, 10].  By expressing the post-
impact tensile strength, Y,  in terms of C and the target 
dimensions and material properties, one can show that 

Y/Y0 = f(Q/Q0
*) 

where Y0 is the pre-impact target strength, Q is the 
specific energy of the collision (impactor energy/target 
mass), and Q0

* is the specific energy needed to shatter 
the target via a single collision.  That is, the fractional 
reduction in target strength depends only on the ratio 
of Q to the shattering specific energy, and is otherwise 
independent of the target properties, impact velocity, 
scaling exponents, etc.1 

Previous impact experiments with the same basalt 
used here show that Q0

* is approximately 1.2x107 
erg/gm [11]. 

Table 1 summarizes the results of seven experi-
ments.  Three of the specimens were not used in im-
pact events, but were instead used in Brazilian tests to 
determine Y0.  The static tensile strength was found to 
be 1.39±0.05x108 dyn/cm2.   The four remaining speci-
mens were impacted at increasingly large specific en-
ergies.  Table 1 shows the post-impact tensile strength 
of these targets.  The amount of damage done to the 
targets can be seen qualitativlely in Fig. 1.  

Figure 2 shows the dependence of the post-impact 
target strength on the specific energy ratio.  While 
there is significant scatter in the results, there is a gen-
eral trend toward reduced strength with increasing spe-

                                                                    
1 The only restrictions are that the target shape is constant 
and that strain rate effects are negligible, which should hold 
for the present experiments, but must be accounted for if 
extrapolating these results to asteroid size scales. 
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cific energy, as expected.  Note that the  scatter in the 
strength measurements for the non-impacted targets is 
much smaller than for the impacted specimens.  It is 
likely that the tensile stresses during the impact events 
caused crack growth only in specific orientations.  For 
example, the target from shot 3511 (Fig. 1) shows dis-
tinct cracks visible on the surface.  Therefore, the post-
impact strength measured by the Brazilian test will 
vary depending on the loading direction relative to the 
large flaws.  This is most likely the origin of the scatter 
in the  strength measured for the impacted targets. 

A more clear understanding of strength reduction 
due to collisions will require a larger set of experi-
ments in order to get a better estimate of the statistical 
scatter.  Additionally, the possibility of progressive 

damage due to multiple impacts should also be consid-
ered.  These issues will be addressed in further ex-
periments. 
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Table 1.  Summary of experimental conditions and results. 

 

 
Fig.1.  Largest remaining fragments from the four impact events listed in Table 1. 

 

 
Fig. 2.  Reduction in target strength due to impact damage. 
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