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Plasticity in Amorphous Solids
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[ Plastic Events }
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sAmorphous solids when strained, the linear elastic branches (before yielding)
have plastic jumps as shown above. Local stabilty is studied by measuring the
distance between two consecutive plastic drops, through Athermal Quasistatic
Shear (AQS) simulations of an atomic glass former (KA binary mixture).



‘Plastic Instabilities:l

Stress Released Energy Dissipated C.Iusters ?f
Active Particles

*The size and structure of plastic drops have been studied in our
earlier work from the statistics of the avalanches and energy drops.

*Here, we focus on the gap of the plastic drops Ay. (First, is there a
relation between the two? Yes. For the steady states. )



Relation between plastic strain interval and drop
size
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@ In the steady flow states:
oy (Ay) V= Uy<A:r>V
= (AU).

* The mean of the input energy density multiplied by the volume during the elastic
rise is dissipated by releasing the stress of Ac.

(In the steady state, mean of the input and the output (dissipated energy) are the
same.)



Relation between plastic strain interval
and drop size

0.9

. . | . | .
- G.‘. JM"/' A7 /’/HA A m/’ln',ﬂ;
0.6F LA
©
0.3 —
0 , | | | |
0 0.05 0.1 0.15 0.2
Y

@ In the steady flow states:
(Ao)

L
— (AU).

o, (Ay)V = oy vV

@ Let's say:
(Ay) ~ NP (AU) ~ N°.

@ Therefore,

a—B=1 We will focus on these
exponents.




Steady State (Flow Regime)
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(We show here the validity of the
relation for the two differently
annealed glasses.)

la=1/3,p=-23 |

Obesrved in 2D and 3D. Universal?
a—0F=1

The behaviour preceding flow is different: (i) Initial plastic

event of isotropic configurations, (ii) events preceding failure.




The First Plastic Events
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(Isotropic Configurations
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@ 3 =0.62for T=1 and 0.72 for T=0.466

o AU, ~ N° No system size dependence.

Consistent with
previous results.

Not universal.



[ The First Plastic Events |
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S. Karmakar, et al.
PRE 82, 055103 (2010)

2D Atomic Glass Former J. Lin, et al.
A AA06 £or o EPL 105, 26003 (2014)
@ ~ 0 for
g(Ay) i 2D and 3D Elastoplastic Model

o 5(89) = 52 () e |~ (%
Well described by Weibull distribution.e Here, 6 =n = —(1+1/3)

n= 0.6/0.4 (2D/3D) for first event, = ¥z Iin the steady state.
What about in between?

n=0.6in2D and 0.4 in 3D



Exponent B as a function of strain
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Hentschel, Jaiswal, Procaccia, and Sastry n = 0 from distributions.
Phys Rev E 92, 062302 (2015)



Exponent B as a function of strain:
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- The exponents changes gradually. i Discont‘inuities at Vfo"' and y=y,,
(Elastoplastic model) (Theoretical result using Fokker-Plank)
Lin, Gueudre, Rosso, and Wyart Hentschel, Jaiswal, Procaccia, and Sastry
Phys Rev. Lett. 115, 168001 (2015) Phys Rev E 92, 062302 (2015)

A prediction of  =-1 in the pre-yield behaviour, with n = 0.



Fokker-Planck Equation Analysis }

Fokker Planck equation for the eigen value of Hessian.
9P [dy = —3[v(h,y)P]/dh + D(y)3* P /32> + jin(A,p).

Saddle-node bifurcation Ay ~ A% np=@-12

j_'l‘ r _? Equation for “velocity” from earlier work.
Y

_1'1n'EP P(i;y) ~ Af

In order to have finite fluxes }'_TE P(h;y) ~ i

Thisleadston=0,=-1



The First Plastic Events (3D)
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The distribution and exponents in 3D consistent with previous results.
Exponent depends on the quench rate of the glass.
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Exponent B as a function of strain
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Behaviour similar to 2D simulations.
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What does this mean? Criticality in the pre-yield regime?

To what extent do these data support the idealized picture of Hentschel et al?



Distribution of A vy
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Summary

Size dependence of strain intervals between plastic
rearrangements exhibits interesting, non-monotonic
behaviour.

Numerical evidence and arguments suggesting finite
probability of zero barrier instability directions in the
sheared state before yield.

Meaning of these observations to approach to yielding
needs further analysis and understanding.



