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Increasing evidence indicates that dislocation nucleation plays a key role in the deformation of 
nano-structured and nano-dimensioned metals. Yet, our understanding of the nucleation process, 
whether it is from a free surface, grain boundary, or stress concentration, has remained clouded.  
For instance, atomic simulations of these materials often show an excessive amount of twin 
nucleation and/or non-successive partial emission compared to experiment.  In this work, we 
resolve this discrepancy by considering the thermally-activated nature of dislocation nucleation.  

We first use a multiscale simulation technique that permits long-time atomic simulations of 
crack tip behavior and shows that in Al there is a transition from twinning at very short times and 
high applied loads to dislocation slip at longer times and lower applied loads. Twinning in Al is thus 
very rare, in agreement with experiments. We then develop an analytic model for the 
twinning/dislocation-slip competition that predicts dislocation slip to become the preferred mode of 
deformation with a lower activation energy at lower load levels, corresponding to longer times or 
slower loading rates, and/or higher temperatures, in agreement with our simulations. Moreover, this 
transition in mechanism is predicted to occur in all FCC metals, and the difference between 
materials then lies in the activation energy at which the transition occurs. For Al, Ni, and Pt, the 
transition occurs at very low activation energies, so that dislocation slip is strongly preferred in 
these systems except at very low temperatures or extremely high rates. For Ag, Ir, and Pb, the 
transition occurs at much higher activation energies so that twinning is preferred at room 
temperature and/or moderate deformation rates. Our ranking of FCC materials with respect to 
twinnability matches experimental trends, and captures both the temperature and loading-rate 
dependence that has been absent in prior models. 
 

Derek Warner  is an Assistant Professor in the School of Civil and Environmental Engineering 
at Cornell University. Prior to this he was a Postdoctoral Research Associate in the Division of 
Engineering at Brown University, where he worked in the Mechanics of Solids Group. He received 
his Ph.D. in Mechanical Engineering from Johns Hopkins University in 2006. In 2008, Warner was 
a Visiting Scientist at the Army Research Lab and received the Office of Naval Research Young 
Investigator Award. His research is aimed at understanding the underlying physical mechanisms 
that control the deformation and fracture of engineering materials. 

Co-sponsored by the CEOE Department 
 


