THE NUMERICAL ROAD TO DETERMINATION OF FRACTURE ROLE ON
IMPACTS AS SEISMIC SOURCES: FINITE-DISCRETE MODELING OF IMPACTS
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Introduction

Validation and Verification

Traditionally, empirical laws have been used to
determine the seismic efficiency of bolide or
asteroid impacts. However, empirical laws are not
always reliable since they provide seismic
efficiency estimates that vary from 10-2 to 10-5.
Recent developments in numerical methods and
the increase of computing power make numerical
modeling a promising alternative to investigate the
physics of impacts to provide answers to the
outstanding question of seismic efficiency.

Since this is the first time that HOSS is used for
this type of analysis, an extensive validation and
verification effort was conducted based on the
work of Pierazzo et al. [4].
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Objective
Our goal is to understand the dependence of the
seismic efficiency variability on the impactor
characteristics (mass, velocity, angle of attack),
geologic structure of the target medium and the
properties of the ground.
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Figure 3. a) General model setup. Comparison of the HOSS
results for the normal impact at 5km/s (b) and 20km/s (d) and
for the oblique impact (c) against other hydrocodes.

The response obtained from the HOSS code
closely reproduces the results obtained from seven
other hydrodynamic codes, Figure 3 and 4.
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22 hypervelocity impact experiments were
conducted at NASA’s AVGR facility. In a near
vacuum chamber, glass and aluminum projectiles
(1.27cm in diameter) were shot at high velocities
(0.95 to 5.82 km/s) against an unconsolidated
heap of sand or pumice. The shots were
monitored using high sampling rate images, crater
morphology measurements and 15 buried seismic
sensors. This wide range of data will provide a
validation of HOSS results in the framework of a
porous and unconsolidated material. Work is
underway to reproduce shot #22 - 5.82 km/s
impact of an aluminum bead against a pumice
target. The preliminary numerical setup consists in
a 50cm-wide heap of 2.5M elements, from which
stress and velocity waves can be extracted and
compared to the data.
The material models (Figure 6) used for this work
was a combination of:
• a pore crushing solver for the volumetric
response
• a novel hyper-elastic plastic material model for
the deviatoric response. This is a significant
enhancement for the HOSS code allowing for
a more energy-consistent description of the
deformation field

For this analysis we are using an in-house
multiphysics code called HOSS (Hybrid
Optimization Software Suite) which is based on
the combined finite-discrete element method [13], Figure 2.

Figure 8. Sequence of the evolution of the material tracers as
the impact process progressed.

The numerical model contains a series of
monitoring points collocated with those installed
inside the AVGR. Seismic signals obtained from
the seismometers will be used as a comparison
basis for the numerical results, Figure 9.

Figure 9. Seismic signals from AVGR.

Conclusions
Figure 4. Last frames of the 5km/s oblique and 20km/s normal
impacts.

Simulation of AVGR
Experiments

Figure 6. Sand material model – Left: Plot of the volumetric
response. Right: plot of the deviatoric response.

Sequences of the impact-generated stress wave
propagation and tracer evolution are shown in
Figure 7. and 8

The next step in the project is to replicate the
impact experiments conducted at NASA’s Jet
Propulsion Laboratory’s Ames Vertical Gun
Range (AVGR), Figure 5.

• HOSS has been successfully validated against
established numerical tools for hypervelocity
impact under different conditions
• A novel material model based on a hyperelastic plastic formulation was developed
allowing for a more energy-consistent
formulation for this type of problems
• Simulations of NASA’s AVGR experiments are
under way
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Figure 7. Stress wave propagation sequence for the 5.8km/s
normal impact on unconsolidated sand material.
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