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Introduction: The work we present here is an ex-
tension of the SPH (Smoothed Particle Hydrody-
namics) formalism for modeling material failure
and fracture in [1], which was developed for mod-
eling impacts and cratering on small solar system
bodies. Our techniques have been benchmarked
against a number of laboratory experiments, some
of which are discussed below. In a separate pre-
sentation we discuss the application to modeling
mega-cratering on the Martian moon Phobos.

(a) SPH

(b) ASPH

Figure 1: SPH vs. ASPH models of a steel rod un-
dergoing tension, colored by damage.

ASPH: Adaptive Smoothed Particle Hydrody-
namics (ASPH, see [3] & [4]) differs from SPH in
the choice of sampling volume. SPH associates a
scalar smoothing scale with each SPH point (usu-
ally denoted as hi for point i), representing the res-
olution scale around that point. This scale is usu-
ally evolved inversely with the mass density in or-
der to keep a roughly constant number of neighbor
points within each sampling volume. This approx-
imation breaks down however as the local point
density begins to evolve anisotropically. ASPH re-
places hi with a symmetric tensor Hαβ

i , corre-
sponding to a unique elliptical (2D) or ellipsoidal
(3D) sampling volume for each ASPH point. Hαβ

i

is evolved such that each point keeps the same
number of neighbors in each direction within its
local sampling volume. This can be very important
in avoiding numerical failure in materials under-
going stress, as demonstrated in Fig. 1. Here we
model a steel rod being stretched in the horizon-
tal direction – SPH’s inability to preferentially in-
crease the smoothing scale in that direction causes
the SPH rod to preemptively fall apart numerically,

while the ASPH model successfully follows the
deformation of the material until it fractures at the
points indicated by the damage model.

Damage modeling: We have augmented the dam-
age models described in [1] (based on the statisti-
cal fragmentation theory of [2]) in a few important
ways. First we have extended the concept of the
damage to a tensor formalism (Di → Dαβ

i ), which
gives us directionality in the damage on each node.
We have also developed a pair-wise limiter based
on the gradient of the damage to determine when
a given pair of ASPH nodes should apply dam-
age to their interactions. Our changes are designed
to focus the damage into evolving fractures and
relieve strain on the bulk of material more effec-
tively, avoiding a common failure mode where the
computational damage becomes too wide-spread
(the most extreme form of these problems result
in all the material becoming damaged and turning
into an undifferentiated dust). We have found these
handful of extensions very helpful in demonstrat-
ing convergence of the models and successfully
matching experiments.

(a) Experiment

(b) Calculation (damage)

Figure 2: Simulated damage vs. the experimental
photograph in the gas gun experiment.

Experimental comparisons: We have applied our
modeling methodology to a series of laboratory
experiments in order to test their validity. In one

1

1047.pdf44th Lunar and Planetary Science Conference (2013)

mailto:mikeowen@llnl.gov


example [5] a steel tube (5cm long by 1.27cm di-
ameter) is fitted to an anvil on a gas gun. Half the
length of tube is filled with a plastic plug, while a
similar plastic plug is fired into the open end of the
tube at ∼ 2km/sec. When the projectile impacts
the plug in the tube the two expand outward, frac-
turing the surrounding steel. Fig. 2 compares the
experimental photograph to the simulated tube at
35 µsec. We have been able to successfully match
quantities such as expansion velocities, fragment
mass statistics, and fragment morphology in ex-
periments such as this.

(a) Materials 0.1 sec after impact

(b) Fractures in solid core

Figure 3: 2D simulations of 2m Al slug impacting
a 50 m radius idealized asteroid.

Small body results: We are applying our method-
ology to understand the response of small solar
system bodies to attempts to divert them, such as
kinetic impactors or nuclear devices. Fig. 3 shows
a 2D calculation of a 2×1m Al slug traveling at 12
km/sec impacting a 50 m radius granite asteroid,
consisting of a 40 m radius solid core surrounded

by 10m of strengthless regolith. Our model cap-
tures the disruption of the regolith layer, pulver-
ization of the solid core near the impact point, and
radiating fractures through the core outside of this
fully damaged region. Fig. 3b plots our fracture de-
tection switch used to decide which ASPH points
should decouple, demonstrating the effectiveness
of this switch at picking out the macroscopic frac-
tures. It is important to capture these sorts of dif-
ferences for our applications in order to predict
both the deflection due to material which is ejected
and results in deflection of the bulk material, as
well as the fragmentation state of the remaining
body. This has implications both for the practical
considerations of deflection and/or disruption, as
well as the fundamental science in determining the
fate of interacting small solar system bodies and
their resulting characteristics after numerous im-
pacts such as these.
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