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PLASTICITY AND 
FRACTURE IN GLASSES 

AND CRYSTALS 



CRACKING	GLASS 



BRITTLE	DUCTILE	TRANSITION 



SIZE-DEPENDENT	BRITTLE	DUCTILE	TRANSITION 

2016 



FLUID-LIKE	SURFACE	LAYER 

2016 



MOLECULAR	DYNAMICS	
	SiO2	glass	deformation 

2018 

Bonfanti et al. 



D= 2.5 nm D= 12.5 nm 
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EDGE	EFFECTS 
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OPEN	AND	CLOSED	BC 



THERMAL	EFFECTS 



DAMAGE	ACCUMULATION 

D= 2.5 nm D= 15 nm 



DAMAGE	ACCUMULATION 



AVALANCHES	AND	STRESS	DROPS 



DISORDER	AND	DAMAGE	IN	FRACTURE 



PERCOLATION	SCALING 

Clusters: 

Avalanches: 

In the limit β =0 the model fails as a percolation process 



PERCOLATION	SCALING 



FINITE-SIZE	CRITICALITY 



AMORPHOUS	PLASTICITY 

Shear band image from: 
Sun et al. Appl. Phys. Lett. 98, 201902 (2011) 



AVALANCHES	IN	METALLIC	GLASSES 



AVALANCHES	IN	COLLOIDAL	
GLASSES 

Images thanks to: Peter Schall 
 

Non affine deformations 
(Chikkadi PRL 2011) 

Free energy drops 
during aging 
(Zagar PRL 2014) 

Shear of  
granular 
packings 
(Denisov et al.  
Nat. comm 2016) 



Mesoscale	tensorial	model	for		
amorphous	plasticity	in	2D	and	3D 
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Barriers for slip 

Z. Budrikis, D. Fernandez-Castellanos,  
S. Sandfeld, M. Zaiser, SZ 

⌃̂ > ⌃T



Shear	bands	depend	on	loading 



Universal	(non	MF!)	avalanches	
 



Scaling	functions 



MARGINAL	STABILITY	
AND	EXCITATION	SPECTRA 

X ! 0
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Excitation	spectrum 



Clusters	of	activity 

Experiments: Colloidal glasses 

MD simulations Mesoscale model 

 A Ghosh, Z Budrikis, V Chikkadi, A Sellerio. SZ, P. Schall PRL 2017 



Clusters	of	activity 

MD simulations Mesoscale model 

 A Ghosh, Z Budrikis, V Chikkadi, A Sellerio. SZ, P. Schall PRL 2017 

Experiments 



Percolation	Scaling 

MD simulations Mesoscale model 

 A Ghosh, Z Budrikis, V Chikkadi, A Sellerio. SZ, P. Schall PRL 2017 

Experiments 





D. M. Dimiduk et al.,  
Science 312, 1188 (2006). 



DISLOCATION	DYNAMICS 

2D	 3D	



2D	DISLOCATION	DYNAMICS 

MODEL VARIANTS: 
1)  Continuum time model  

 
2)  Cellular automaton: extremal update 

 
3)  Cellular automaton: random update 
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EXTRACTING	SPECTRA	FROM	
DISLOCATION	DYNAMICS	(2D) 



2D	EXCITATION	SPECTRA 

All dislocations 
mobile 

one dislocation 
mobile 



3D	AVALANCHES 



INTEGRATED 
DISTRIBUTIONS 

STRESS RESOLVED 
DISTRIBUTIONS 



STRESS	INCREMENTS 



EXTRACTING	SPECTRA	FROM	
DISLOCATION	DYNAMICS	(3D) 



3D	EXCITATION	SPECTRA 



SUMMARY 



Thanks 
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