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In this work, we study high velocity impact in-

duced dynamic fragmentation process of brittle materi-
als. The process of hypervelocity impact and dynamic 
fragmentation finds application in planetary formation, 
satellite design for micrometeorite impact damage mit-
igation, armor design and crater formations. We im-
plement the ideas of Continuum Damage Mechanics 
(CDM), which borrows its core from plasticity and 
introduces a fictitious undamaged configuration using 
a damage deformation tensor [1-4].  

The damage formulation is implemented on an ex-
isting computational framework, AMROC (Adaptive 
Mesh Refinement in Object oriented C++) capable of 
adaptive mesh refinement, operating on a fixed com-
putational grid [5-7]. This approach avoids problems 
associated with conventional solid mechanics simula-
tions such as grid entanglement and re-meshing ob-
served under large deformation processes. AMROC 
solves conservation laws in full finite deformations 
using deformation tensors and overcomes problems 
associated with small strain approximations of large 
deformations. Further the framework employs a level 
set configuration that tracks the motion of sharp inter-
faces. This provides greater resolution of interfaces 
and doesn’t require diffusing interfaces over computa-
tional cells. This framework has been used in the past 
to study ductile materials [8] and even Richtmyer-
Meshkov instabilities [9-10]. 

We use this framework to perform fragmentation 
simulations on brittle materials with different geome-
tries. A damage sensitive equation of state is devel-
oped for hyper-elastic materials that depends on the 
damage deformation tensor. To restrict the analysis to 
dynamic fragmentation, the damage deformation ten-
sor was expressed purely as a function of a damage 
variable D, the volume fraction of micro-cracks in the 
brittle material. Here D represents the degradation of 
the material, and acts by lowering material moduli. A 
modified, thermodynamically consistent Grady-Kipp 
fragmentation model [11-12] is used that evolves dam-
age at the points of tensile eigenvalue stresses. The 
evolution law involves an effective damage-Mandel 
stress and a static strength that depends on Weibull 
parameters and bulk crack speed. The Weibull parame-
ters connect the macroscopic strain to the number of 
flaws and their size on a microscopic scale. Further, 
the brittle material is capable of undergoing brittle-
ductile phase transition.  

We study damage propagation in simplified ge-
ometries such as sphere-on-sphere and sphere-on-plate 

impact processes with combination of ductile and brit-
tle materials at different impact speeds. Contributions 
of various processes like strain-hardening, melting, 
rate-dependent plasticity and pressure dependent yield 
strengths are studied in the fragmentation process. We 
validate our calculations with existing literature. This 
work promotes development of damage laws in con-
text of fracture energy dissipation using a novel 
framework capable of studying finite deformations in 
materials. 
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