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Introduction:  Simulating large meteorite impacts 

uses hydrocodes and phenomenological models, gen-
erally combining an equation of state and a so-called 
strength model. Modern equations of state are well 
suited to describe strong shock effects. In practice, 
however, this represents a small volume of the affected 
target. Large and late effects such as readjustment are 
essentially concerned with materials that are not ex-
posed to shock waves. These effects are generally 
dealt with using crude strength models (see e.g. [1-2]), 
although some progress is being made [3]. 

The rapid evolution of computational capabilities 
favors the use of more sophisticated elastic-plastic-
damage-like strength models available to date (such as 
[3] or [4]). Nevertheless they suffer a limitation due to 
the lack of physical link between the model ingredients 
and material response. The macroscopic (or mega-
scopic for large impact) response of the target is driven 
by effects and mechanisms occurring at lower scales in 
the material. To shift from phenomenological to physi-
cal modeling thus implies going downscale to identify 
and quantify the main mechanisms, trans-coding these 
into a mathematical form, then going back upscale. 
The aim of this paper is to show that this so-called 
“multi-scale approach” initiated in the defense com-
munity over a decade ago [5-6], and still under devel-
opment [7-8], can be applied to the study of impact 
craters. 

 
 
 
 
 
 
 
 

Figure 1: Microstructure of the pristine material. 
Low-velocity impacts on energetic materials: 

The defense community is familiar with a vast spec-
trum of impacts, ranging from very low velocity im-
pact of small projectiles to large impact-like craters 
produced by shock waves generated by nuclear events. 
The response of energetic materials to low velocity 
impacts addresses another limitation of large-scale 
impact modeling, i.e. what happens in the area where 
materials are not exposed to a shock wave. As we may 
see, it also demonstrates some striking similarities with 
damages encountered at large impact craters, despite 

the tremendous differences of scale and loading condi-
tions.  

The initial microstructure of the studied explosive 
is similar to that of concrete (Figure 1). Under impacts 
at velocities below 100 m.s-1, such materials may de-
flagrate, and safety issues compel one to understand 
why it does and to build predictive models. 

 
Figure 2: 30 mm wide partial view of a diametral 

cross section of the recovered target. 
For this purpose, the multi-scale approach starts 

with the identification of phenomena involved at 
macro-, meso- and micro-scales, from interpretation of 
effects recorded at the corresponding scales in samples 
recovered from a full scale impact experiment (ground 
truth data supply : Figures 2 and 3).  Then a series of 
well controlled experiments is run on the same mate-
rial in order to separate and to quantify individual 
mechanisms, utilizing the same microstructural charac-
terisation approach as applied to the full event (Figures 
4-5). 

 
 
 
  
 
 
 

Figure 3: Detail of Figure 2. Crystallographic phase 
changes developed along shear localized zones. 
The recovered full-scale target displays a variety of 

features including: i) localized shear deformation (Fig-
ure 2) where solid state phase changes occurs (Figure 
3) to be compared to pseudotachylites produced along 
shear faults, ii) multi-stage plastic deformation similar 
to kink band and planar features (Figure 4), iii) local-
ized state transition with production of vesicular glass, 
injected into open fractures (Figure 5 left), or decorat-
ing frictional microcracks (Figure 5 right), providing 
clues for identifying the physical origins of explosions. 
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Figure 4: Plastic deformation:-kink bands and planar 
features (high pressure slow compression experiment) 

  
 
 
 
 
 

Figure 5: Vesicular glass in fractures (left) and fric-
tional microcracks (right)(dynamic compression) 
Multi-scale modeling: Multi-scale modeling, or 

homogenization, has been the subject of a continued 
effort in mechanics of materials since the 1950s. It has 
been applied to defense issues for roughly 20 years. 
An example is given below [8] (Figure 6), aiming at 
developing a model capable of accounting for fric-
tional microcracks as the physical micromechanism 
responsible for macroscopic plasticity under predomi-
nant shear loading. 

 
Figure 6: The material seen as a population of unit 

cells (left), the idealized unit cell under shear (right). 
A representative volume element is first chosen. It 

is sized according to the microstructure (1 mm3 in that 
case). It is then decomposed into idealized elementary 
cells (the meso-scale), each of which is composed of a 
(cracked) grain embedded in an assumed continuous 
matrix (Figure 6). Then a unit cell model is built, unit 
cells are assembled, the whole resulting in predictions 
giving a quite reasonable approximation of the real 
shear behaviour, including its dependence to pressure. 

Application to large impact craters: One of the 
main purposes of homogenization is to smooth discrete 
objects (cracks, boundaries) into homogeneous behav-
iour. Yet limitation comes when softening occurs, fa-
vouring strain localization (shears bands, faults). In 
this case, either new tools [9-10] or a new upscale step 
are required. At least one or two more intermediate 
stages could be required for modelling large impact in 
order to fill the gap between the microscopic effects in 
rock forming minerals and megascopic effects such as 
readjusting a multi-kilometer cavity.  

Rochechouart-Chassenon “Test-Site”: If the so-
lution clearly requires further laboratory scaled ex-
periments, proper access to ground truth data is critical 
to the whole approach. Those are not accessible to 
experiments. Terrestrial impact structures can then 
substitute, especially when erosion gives access to a 
large portion of the transient crater floor. Although 
such a case is exceptional, it is met at the ca 25 km 
Rochechouart-Chassenon astrobleme [11] (Figure 7). 
Plans will be presented to promote multi-scale model-
ing research in both the meteorite impact and the de-
fense communities, while facilitating access to this site 
for ground truth data “mining” (“Test Site Initiative”). 
Facilities, data and samples will be made available in 
parallel to the settlement of a Research Center and a 
Museum in the structure.  

 
Figure 7: Aerial view of the Rochechouart-Chassenon 

structure-Red lines : transient crater floor limit. 
Conclusions: Further investigation at terrestrial 

impact craters is crucial in providing missing informa-
tion at intermediate scale for multi-scale modeling of 
large impact. More generally, strong similarities and 
common interest clearly exists between meteorite im-
pacts and defense studies on multi-scale modeling. The 
defense community’s knowledge and active research 
in that field are potentially transferable to the impact 
crater community. The interest for combining efforts is 
then obvious. The present paper as well as our in-
volvement in developing a permanent research activity 
at Rochechouart-Chassenon (including the “Test Site 
Initiative”) is a practical attempt in this direction 
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