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Introduction: This work presents initial results of a 
collective validation and benchmarking effort from the 
impact cratering and explosion community. When 
properly benchmarked and validated against observa-
tion, computer models offer a powerful tool for under-
standing the mechanics of impact crater formation. We 
are following our first benchmarking tests with simple 
validation tests of a glass sphere impacting water and 
an aluminum sphere impacting aluminum.  
The Validation and Benchmarking Project:  The 
Validation and Benchmarking Project brings together a 
collective expertise in numerical modeling of impact 
and explosion events, continuum mechanics and com-
putational physics in an unprecedented effort to en-
hance, compare, validate and benchmark the computer 
models (“hydrocodes”) used to model solar system 
impact events. We have identified a two-part base of 
standards for comparing and validating hydrocodes. 
The benchmark component identifies a set of hypo-
thetical explosive and impact events of varying com-
plexity that must be run by the impact codes to com-
pare the different numerical and physical models em-
ployed in the codes. Simulations are divided into two 
classes: early time, focusing on the early stages of the 
dynamic explosion process (shock pressure and its 
decay) and late time, focusing on the crater final mor-
phology (crater collapse and stress/strain fields). Initial 
results of our first benchmarking tests (Al into Al) 
were presented at the 38th Lunar and Planetary Confer-
ence [1]. The validation component defines a set of 
well-documented laboratory and field experiments 
over a wide range of event sizes, geological materials 
and problem types as type-cases that must be repro-
duced in detailed and systematic code simulations. 
Laboratory tests are useful because they are conducted 
under well-known conditions, although scale may in-
fluence the results. Field explosion tests are comple-
mentary in that they provide important data over a 
much larger range of sizes. A set of experimental tests 
were selected to encompass as many observables as 
possible and to sample a wide a range of experimental 
conditions. They include tests in simple materials such 
as water and metal, and in more complex materials 

such as soil and rock. All the simulations will test a 
range of physical mechanisms involved in impact 
events.  

The final objective of this study is to provide the 
test informations and results to the scientific commu-
nity to help prevent the incorrect and misinformed use 
of the codes and to provide a set of rules and test cases 
to follow to properly benchmark and validate hydro-
codes to come. 
Impact Hydrocodes: Some codes were originally 
developed for specific applications, but they all con-
tain the fundamental physics needed to model high-
energy impact/explosion events, and can all be used to 
model general impact/explosion cratering. The hydro-
codes currently used in this validation project include: 
ALE3D [2], AUTODYN [3], CTH [4], RAGE [5], 
iSALE/SALEB [6,7], SOVA [8], SPH [9], ZEUSMP2 
[10]. Each code has been extensively tested individu-
ally, but no collective benchmarking and validation 
has ever been carried out.  
The Validation Testing: The first validation tests 
chosen for this project include relatively simple mate-
rials like water and aluminum. 

Water tests: Simulations of impacts and explosions 
in water do not need a strength model and gravity only 
needs to be included to model the late stages of crater 
growth. Our first validation test consists in reproduc-
ing the Boeing quarter space laboratory experiment of 
a glass sphere, 2 mm in diameter, impacting water at 
4.64 km/s [11]. This experiment used a quarter-space 
rectangular box made from 1-25 cm thick Al, 
76cm×38cm×23cm in size (a thick plexiglass window 
was inserted close to the impact point for viewing 
purposes). The container was not affected by the test 
(no visible signs of deformation). Ambient chamber 
pressure was around 1-2×10-4 dyn/cm2 (above the 
vapor pressure). Diagnostics measured during the 
experiment were crater profile at given times (up to 83 
msec), and ejection velocities of a few small glass 
beads floating on the surface.  

Aluminum is another simple material that has been 
used in many experiments and has well known 
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Fig. 2: Crater radius over time for a 7 km/s impact of 

an Al sphere into Al 6061-T6. 

properties. Our second validation test consists in 
reproducing laboratory experiments of an aluminum 
sphere (Al-2017), 6.35 mm in diameter, impacting at 7 
km/s aluminum alloy cylinders (few tens of 
millimeters in thickness and diameter) of varying 
strength [12]. For this test we chose two alloys, 1100-
O, which has a strain rate dependent strength, and 
6061-T6, whose strength is insensitive to strain rate. 
The diagnostics of the experiment were crater radius 
and depth over time. 
Validation Results: Simulations are carried out as-
suming a full impact simulation. Fixed input condi-
tions include the projectile size, impact velocity/angle, 
shape and material (glass or Al), target material (water 
or Al), and mesh size. Technical details (including 
resolution), material models and relative parameters 
for the materials were chosen by individual modelers. 
This is an important difference from benchmark test-
ing, which focuses on comparing code performances 
given well-constrained simple tests. One important 
component of validation testing consists in testing the 
modelers identification and use of the proper material 
models. One of our goals in this context is to verify 
how modelers’ choices can affect the output results. 
Water Test: In the early stages of the water impact all 
the codes appear to follow the experimental data quite 
closely. The evolution of crater radius and depth with 
time (e.g., Fig. 1) indicates a variability in results, 
compared to the experiments of less than 15%. CTH, 
ALE3D,  iSALE, and AUTODYN simulations appear 
to follow the experimental data quite closely, with a 
maximum deviation of at most 8%. The RAGE simula-
tion was affected by problems due to the choice of 
boundary conditions (reflecting boundary causing the 
shock to be reflected back into the mesh at later times) 
and low viscosity. At this time, only a preliminary 

SOVA simulation is available, clearly affected by a 
limited mesh size (boundary too close to the opening 
crater). Simulations with ZEUSMP2 (heavily modified 
to model impact cratering) seem to develop instabili-
ties beyond 2 msec. Possible reasons for the instabili-
ties are problems with boundary conditions, problems 
at free surfaces and material interfaces. 
Aluminum Test: Few code results are available at this 
time for Al 6061-T6 and Al 1100-O targets. Each 
simulation has been carried out with varying resolution 
(from AMR in CTH to 10 cppr in RAGE and 
AUTODYN) and varying strength model (Johnson-
Cook in CTH, Von Mises in iSALE, Steinburg-Guinan 
in AUTODYN and RAGE). Overall, the code results 
are in relatively good agreement with the experimental 
data. For the impacts into Al 6061-T6 targets the nu-
merical codes tend to slightly underestimate the crater 
radius (Fig. 2) and overestimate the crater depth. For 
impacts into an Al 1100-O target, the AUTODYN, 
CTH and RAGE simulations are in very good agree-
ment with the experimental data. 

 
  Fig. 1: Crater radius versus time for a 4.64 km/s impact 

of a glass sphere into water. 

Further results of our first validation test will be 
presented at the meeting.  
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