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Nonlinear mechanical response (ensemble averages)	


  	




Cooling rate-dependent mechanical response 	


slow	


fast	




Mechanical Response to Pure Shear	


γ=0.2	


Athermal, quasistatic “pure shear” at constant pressure	




Kob-Andersen binary Lennard-Jones mixtures	
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εAA=1.0,  εAB=1.5,  εBB=0.5	


σAA=1.0,  σAB=0.8,  σBB=0.88	


T(t) = T0 - Rt	
 10-6 < R < 1	
Tf=0	




Stress Tensor	



σ =

σ xx σ xy σ xz

σ xy σ yy σ yz

σ xz σ yz σ zz

!

"

#
#
#
#

$

%

&
&
&
&

U =
1
N

U rij( )
i< j
∑


Fi =

∇iU rij( )

σαβ =V
−1 rijα

i< j
∑ Fijβ





ΔU(γ)	


Particle Rearrangement Events	


D γ( ) =

R γ + dγ( )−


R γ( )J dγ( )
N

N=250	

N=2000	




“Tuned critical avalanche scaling in bulk metallic glasses,” J. Antonaglia, X. Xie, G. Schwarz, M. Wraith, J. Qiao, Y. Zhang, 	

P. K. Liaw, J. T. Uhl, and K. A. Dahmen, Scientific Reports 4 (2014) 4382. 	




rearrangements	
 softening	




Rearrangements	


σloss	


Uloss	




Softening	


G0-G(γ)	
 σ’loss	


U’loss	

dU’loss/dγ	




elastic	




Rc=10-6	


Rc=10-1	


Rearrangements	

dσ loss

dγ
=
dσ loss

dNr

dNr

dγ
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Softening	
fast	


slow	




rearrangements	


softening	
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Extracting elastic segments	
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System-size scaling of rearrangements	


yielding	
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yielding	


Weak syste-size	

dependence	


Weak syste-size	

dependence	




Athermal, quasistatic simple shear at constant pressure 	

in granular materials	
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“Jamming by shear,” D. Bi, J. Zhang, B. Chakraborty, and R. P. Behringer, Nature 480 (2011) 355.	




Shear stress of jammed packings from isotropic compression	


simulation	




Jammed packings generated using isotropic compression	




Jammed packings generated through simple shear	




isotropic	

compression	


simple 	

shear	




   	




Conclusions	


•  Nonlinear mechanical response stems from rearrangement- and 	

softening-induced losses	

•  Both are small below yield stress and increase rapidly near 	

yielding	

•  Both contributions remain finite in large system limit	

•  Identified several signatures of yielding transition	

•  Develop ability to theoretically predict yield stress for a given 	

 preparation protocol	




Reversibility	


Reversible	
 Irreversible	
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reversible,	

elastic	


irreversible	
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…but the critical strains still tend to zero in large-system limit.	

Can we increase strain range over which system is reversible? 	




Cyclic shear can increase strain over which system is reversible	


# of cycles required to reach steady state	


yield	




Finite region of strain where system is reversible 	

in large-system limit	




Application to high-Q metallic glasses	




Brittle-Ductile Continuum	








Ratio of shear to bulk moduli	




U(r)	




ΔU	


Add energy drops prior to yield	




Conclusions	


•  Identify precursor events that relieve stress/energy	

and make system less prone to failure.	

•  How do we make simulation samples brittle?  Do we 	

need much larger samples?  	



