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What governs the growth and coalescence of voids under shock loading?

Model to Further Investigate Experimental Findings: 
using ABAQUSTM Codes 
Completed Work: 
• Obtained approximate strain rate for void growth from CTH codes 

utilizing curve fitting in MATLAB (Figure 5)
• Constructed 1/4th size tetrahedral plate/void assembly in SOLIDWORKS 

(Figure 6)  
Current Work: Using symmetry, model the tetrahedral shape of the voids 
as purely swelling in size to analyze the impact on strain gradient and 
behavior of copper crystal around the swelling void, with an appropriate 
gradient in mesh size to refine data collection (Figure 7) 

Future Plans: Expansion of double void models to complete parametric 
studies of  factors that may impact coalescence including initial distance 
between voids and add anisotropy 

Shock Wave: a traveling 
discontinuity of pressure, 
temperature, and density in a 
continuous medium 

Spall Failure: fracture of materials 
due to cavitation process induced by 
high tensile pressures (forces that 
travel through a material and rip it 
apart from the inside out) 

Motivation to Study Spall Failure:  
• ASU is collaborating with Los Alamos 

National Laboratory (LANL), to perform 

shock loading experiments and 

simulations on metallic materials to 

study their dynamic behavior and 

failure

• Results are of interest to a wide range 

of dynamic events such as ballistic 

impacts, automobile crashes, 

earthquakes, and meteoroid-space 

vehicle impacts (figure 1). 

Fig. 3: Original Electron spectroscopy
Image and pair of tetrahedral voids  

Fig. 1: Dynamic event, affected by dynamic material 
strength

Fig. 5: Volumetric Strain Rate Graph 
with Curve Fit on Linear Portion 

Fig. 4: Kernal Angle Misorientation Image 
with Same Pair of Tetrahedral Voids 

Analysis of Experimental Findings:
Experimental Procedure: 
• Gas gun propels flyer plate at stationary copper target at ~ 200-300 m/s
Shock Propagation Process: 
• Shock wave propagates from contact surface through flyer and target to the 

opposite free surfaces
• The wave returns from the free edges as a tension wave and where the two 

tensile waves meet ( in the target material, near the center thereof) is where 
voids nucleate due to concentrated tensile stresses 

OIM and ImageJ Analysis of Findings: 
(Figure 2) Voids were found to be octahedral and spherical in shape, significant 
amounts of plastic strain around the voids.
• ImageJ was used to gather data concerning the orientation of sliver of 

material between voids to compare against crystallographic orientation of 
the structure. 

• Note the rounding of the tetrahedral void edges : crystal plasticity 
components cannot account for the void interaction behavior seen in Figures 
3 and 4, which is the base for the FEA Swelling void analysis shown in Figures 
6 and 7 

Fig. 6: Void-In-Plate Model with 
Mesh Refinement Partition 

Fig. 7: Tetrahedral Mesh on Tetrahedral 
Void in Plate with Gradient 


