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Introduction:  The morphological and mechanical 
properties of asteroids may play a significant role in 
determining the feasibility of deflection strategies for 
potentially hazardous objects on paths towards Earth.  
Here we use a Lagrangian hydrocode to simulate the 
disruption of a model asteroid due to a standoff blast.  
Each simulation is designed such that micro and macro 
scale porosity and material strength can be compared 
between different scenarios.  The results of these simu-
lations may also be relevant to impact scenarios onto 
loosely consolidated objects. 
 
Background:  A recent report by the National Re-
search Council suggests that a standoff nuclear explo-
sion is a viable method to deflect potentially hazardous 
asteroids (PHAs) [1].  This strategy is recommended 
for large asteroids (with a diameter > 1km) with warn-
ing times greater than several years and for smaller 
objects with little time to impact Earth.  Nuclear sub-
surface explosions have also been considered for dis-
ruption of objects with diameters ranging from 270m 
to 1km [2].  It was found that to reduce the impact of 
these two asteroid sizes down to the level of energy 
deposited during the Tunguska event [3] would require 
300kT and 1MT nuclear disruption missions with 20 
and 200 days between the disruption event and Earth 
impact, respectively [2].   

Though these findings provide a frame of reference 
for deflection feasibility, the identification and quanti-
fication of the salient morphological and mechanical 
properties of PHAs and their effects on any hazard 
mitigation approach is not well understood.  For exam-
ple, asteroids such as Itokawa [4], Mathilde [5] and 
Castalia [6] fall into the category of gravitational ag-
gregates, which can have bulk porosity levels of 40% 
or more.  In contrast, asteroids similar to Eros are clas-
sified as fractured consolidated bodies, which typically 
have bulk porosity levels between 10% and 30%.  The 
difference between the two cases is where the porosity 
resides: within the bulk material (microscopic porosi-
ty) or between the aggregates (macroscopic porosity).  
It is well known that microporosity can affect shock 
propagation through a bulk material, but the effects of 
macroscopic porosity  are defined by morphological 
features of the aggregates and will significantly effect 
energy absorbtion and subsequent  disruption [6]. 

In this investigation we focus on modeling deflec-
tion and disruption of aggregated rock masses with 
similar properties to known asteroids by standoff ex-

plosion.  We will compare the velocity distribution and 
estimate the reduced threat level for several scenarios 
where porosity and  strength are varied as well as dif-
ferent heterogeneous internal structures.   

 
Object Morphology:  Figure 1 shows a sectioned 
view of a (a) gravitational aggregate and (b) fractured 
consolidated object.  Each object is composed of 2400 
aggregates packed within a 500m diameter sphere.  In 
Fig. 1(a) each aggregate is composed of a spherical 
mesh containing 500-3000 tetrahedral finite elements.   
This mesh is then stretched towards its Voronoi 
boundary leaving gaps at the edges and corners of the 
Voronoi cell.  This results in a macroporosity of 
21.4%.  In  Fig. 1(b) the same aggregate centers are 
used from Fig. 1(a) except that the Voronoi cells are 
meshed exactly.  The resulting macroporosity is very 
near 0% after small edges are removed.  

 
Figure 1: Sectioned view of a simulated (a) gravita-
tional aggregate and (b) fractured consolidated object. 
 

It is well known that size distributions resulting 
from fragmentation processes naturally follow a power 
law distribution [4,7].  The size distribution of the ag-
gregates in Fig. 1 come from a power law distribution 
with an exponent of 3 (see Fig. 2).  A reasonable de-
scription of Lunar and asteroid morphology consists of 
a layered composition from regolith at the surface to 
fractured rock at the center [8].  Similarly, the mor-
phology presented here consists of a particle size dis-
tribution that is weighted such that larger particles are 
arranged toward the center of the object (see Fig. 1).  

 
Consistent Comparison: In each scenario, the diame-
ter of the object is 500m.  A constant value of porosity 
is used that will be partitioned between the micro and 
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macro scales.  For example, the solid material shown 
in Figs. 1(a) and (b) have 8.6% and 30% microporosi-
ty, respectively.  The overall density is fixed at 1.876 
g/cc, which is the nominal value for Phobos [9].  A 
total energy of 5.4kT is deposited into a regolith “cap” 
mesh which is shown in the inset of Fig. 2, which pro-
vides the initial condition for each scenario.     

The solid density is a function of the object mor-
phology since experimental data usually provides 
composition and bulk density measurements. We have 
developed a generic strength model for dry jointed 
rock masses which is a nonlinear thermo-mechanical 
model that scales the strength using a reference density 
[10].  The scaling laws used here are similar to those 
matching limestone and sandstone data. 

 
Figure 2: Aggregate size distribution according to 
power law distribution with α=3.  The cutaway view of 
the asteroid show a regolith cap with a colormap of the 
energy deposition profile (5.4kT deposited). 
 
Preliminary Results: By fixing the total mass, energy 
and overall size along with the ability to scale mechan-
ical properties as a function of material porosity, we 
will present comparisons that will highlight the effects 
of morphology on potential disrutption of these ob-
jects. Figure 3 shows the early time (0.7s after explo-
sion) damage distribution within the object shown in 
Fig. 1(a).  The blast impulse has traveled more than 
halfway across the object (not shown) indicating that 
the development of damage is delayed.  After the im-
pulse has traversed the entire object, dispersion esti-
mates address the potential threat reduction similar to 
[2].  The difference in response of graviatational ag-
gregates and fractured consolidated objects depends 
greatly on the vast difference in contact area between 
aggreagates.  A lower specific contact area may result 
in slower impulse propagation across the object and 
increased localized damage.  It is important to consider 
the aggregate dispersion due to impact since the ar-
rangement of the aggregates will play a major role in 

determining impulse and energy distribution meaning 
the energy deposition method may play a minor role. 

 
Figure 3: The damage (white) distribution is shown 
after the first passage of the impulse through the gravi-
tational aggregate object.  Note that the damage is lo-
calized within 125m from the object surface.  Ablated 
material (i.e. blowoff) is apparent. 
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