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Introduction:  The details of impact fragmentation 

and ejection are critical for understanding secondary 
impact cratering, the formation of planetary regolith, 
and the ejection of meteorites from the terrestrial plan-
ets. Smooth Particle Hydrocodes (SPHs) give robust 
estimates of fragment sizes especially in lower velocity 
collision [eg. 1], but so far SPHs have not achieved the 
resolution necessary to resolve fast ejecta produced by 
hypervelocity impacts. Recent modeling [2] shows that 
high velocity ejecta comes from very near the projec-
tile where the point source approximation used in 
Lagragian hydrocodes and analytical models may not 
be valid [3,4]. Here we detail steps toward implement-
ing the Grady-Kipp fragmentation model [5] into an 
Eulerian hydrocode. In the future we may consider 
other fragmentation models [6]. Although our end goal 
is to model the formation of fast ejecta and gain valua-
ble insight into the processes outlined above, here we 
focus on reproducing results from laboratory scale 
impact experiments to validate our numerical methods. 

Methods:  In this work we use the 2D version of 
the iSALE shock physics code [7-9]. We model basalt 
impactors striking spherical basalt targets at vertical 
incidence while matching the target mass, projectile 
mass, and impact velocity from laboratory experi-
ments. Fracture area and damage are calculated in the 
code following [5]. As clearly demonstrated by [10], 
the constant threshold strain for failure used by [5] is 
not hydrodynamically self-consistent. Thus, we use a 
randomly seeded threshold strain similar to [10] but 
still calculate fracture area according to [5] rather than 
making cracks and their growth explicit as in [10]. To 
fit the experimental data, we held the Weibull parame-
ter m=9.5 constant while varying the k parameter. 

Tensile strength and failure are determined by the 
Grady-Kipp model [5] where ‘shear’ failure is deter-
mined by [8] however we include a strain rate harden-
ing term such that the yield stress is  

𝑌 = 𝑌# 1 + &
&'

(
)	    [6]. Where 𝑌# is the yield stress 

without the added term, 𝜀 is the equivalent strain rate, 
and 𝜀# is a material constant.  

Results: The color scale on Figure 1 is truncated at 
a fragment size of ~3 cm, comparable to the radius of 
the target.  Material with these low fractures areas rep-
resent fragments that are actually resolved in the mod-

el. As expected, the smallest fragments are located 
under the point of impact and large spalls are located 
along the entire free surface. With our relatively high 
resolution (as compared to [5]) of 20 cells per projec-
tile radius and a self-consistent definition for the 
threshold strain, we are able to resolve the observed 
‘intact’ inner core of material [11] whereas [5] was 
unable to reproduce this feature. 

 

 
Figure 1: Tracers colored according the logarithm of 
final peak fragment size (50 µs after impact) for 
Weibull parameters k=1037 and m=9.5. This is a model 
of a 1.00 x 10-2 kg basalt sphere striking a 0.410 kg 
basalt sphere at 599 m/s similar to experiment #820520 
of [11]. 
 

Although we are working on producing a reliable 
algorithm to calculate the size of these resolved intact 
fragments, without estimates of their size we can only 
speculate on how they might change the large end of 
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the calculated fragment Size Frequency Distribution 
(SFD). Figure 2 shows some estimates of the fragment 
SFD where the dashed curve simply uses the method 
of [5] and effectively ignores these intact fragments, 
which account for a large fraction of the target mass 
(Fig. 1). The solid lines assume all tracers with peak 
fragment sizes more than two times larger than the 
largest fragment given by the previous method make 
up a single large fragment. This assumption is also 
clearly problematic as there are many resolved frag-
ments (Fig 1.). Based on the average cell mass re-
solved fragments may contribute to the SFD at normal-
ized fragment masses exceeding 1.3x10-4. Although 
Weibull parameter k and m vary significantly with 
material, our best-fit to experiments occurs close to 
experimentally derived estimates of k=1.59x1038 and 
m=9.5 for Dresser basalt [5, 13]. Another potential 
problem with all current fragmentation models and an 
area for future exploration is the fact that fracture area 
is not accumulated during shear failure.  

There is clearly much work to be done, but our ini-
tial models represent an important first step toward a 
better understanding fast ejecta fragments, secondary 
cratering, and the ejection of meteorites. Because we 
are able to directly resolve large fragments, this model 
may help determine the size of spall plates without 
significant modifications. 
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Figure 2 (below): Comparison of cumulative fragment 
size frequency distributions for the impact conditions 
from Figure 1 to laboratory measurement (blue dia-
monds) and previous estimates from Lagrangian hy-
drocodes (red triangles). The black curve represents a 
separate run with different Weibull parameters. 
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