K.A.Dahmen et al., J Material Sci Eng 2012, 1:3
http://dx.doi.org/10.4172/2169-0022.51.002

ﬂMIﬂSﬁOU International Conference and Expo on
contererces Materials Science & Engineering

October 22-24, 2012 DoubleTree by Hilton Chicago-North Shore, USA

Simple models for plastic deformation and slip avalanches: From crystals to bulk metallic
glasses to granular materials

K.A.Dahmen', J. Antonaglia', T. Earnest', N. Friedman', G. Tsekenis'?, M. Wraith', X. Xie?, J. Qiao*, Y. Zhang®, J. R. Greer®, P. K. Liaw® and J.T. Uh'
'University of lllinois at Urbana Champaign, USA

2Northeastern University, USA

*The University of Tennessee, USA

“Taiyuan University of Technology, Peoples Republic of China

*University of Science and Technology Beijing, China

“Caltech, CA

Many slowly sheared solid materials are known to deform in an intermittent way, with the discrete events in the data detected
as, for example, acoustic emission and serrations in the stress-strain curves. In many materials, power laws govern the
statistics of the distributions in the discrete event sizes. A basic micromechanical model with a single tuning parameter (weakening
¢), which describes the distributions of the stochastic deformation signature, is introduced. The model is capable of reproducing
the observed stress-strain curves, acoustic emissions, related power spectra, and power-law statistics of slip avalanches, including
the dependence of the cutoff on the tuning parameter and geometrical properties of slip, with a continuous phase transition from
brittle to ductile behavior. Exact universal predictions for the power-law exponents and scaling functions are extracted using the
mean-field theory and renormalization group tools. The results agree with recent experimental observations and simulations of
dislocation dynamics in nano- and micro-crystals, sheared bulk metallic glasses, and granular materials.
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