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At high strain rates, the fragmentation of expanding structures of ductile materials, in general, 
starts by the localization of plastic deformation in multiple necks. Two distinct mechanisms have 
been proposed to explain multiple necking and fragmentation process in ductile materials. One 
view is that the necking pattern is related to the distribution of material properties and defects. The 
second view is that it is due to the activation of specific instability modes of the structure.  
Following this, we investigate the emergence of necking patterns in porous ductile bars subjected 
to dynamic stretching at varying strain rates using finite element calculations and linear stability 
analysis. The computations revealed that, while a random distribution of material defect (initial 
porosity) triggers the necking pattern, it barely affects the average neck spacing, especially, at 
higher strain rates. The average neck spacing obtained from the calculations are in close agreement 
with the predictions of the linear stability analysis. Our results also reveal that the necking pattern 
does not begin when the Considère condition is reached but is significantly delayed due to the 
stabilizing effect of inertia. Intuitively, the onset of necking pattern in dynamic stretching of porous 
ductile bars is also expected to be sensitive to the extent of the plastic compressibility of the 
material. In general, neck retardation will be expected to be beneficial because necking is often the 
precursor to ductile fracture. But for porous materials it is also possible that ductile fracture can 
occur without significant necking. The interaction of porosity and inertia on the dynamics of 
necking and ductile fracture is complicated. This is because necking is highly nonlinear and for 
rate-dependent behaviour, neck development requires the introduction of an imperfection, and the 
evolution of neck depends on the wavelength and the amplitude of the imperfection. Here we 
unravel the interaction of initial porosity and inertia in determining in the onset of necking and 
ductile fracture using finite element calculations of unitary cells with sinusoidal spatial 
imperfections subjected to dynamic stretching and linear perturbation analysis. Our results allow 
for identification of critical wavelength which dictates the interaction of porosity and inertia on 
the dynamics of necking and ductile fracture.  


