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Failure across scales
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The weakest link hypothesis

The strength of corresponds to the strength of
the weakest link, the minimum of O;

S1<G)Ef:dxp(x) Survival

Distribution

SN(O):S1(O)N for N links

ON ) If the low stress Sl (0-) ~] —((5/(50)M

\\ tail scales as:

— ~N(olo,)" Weibull
Sylo)=e distribution
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Stress concentration

According to Griffith theory a crack
of length a is unstable at stress:
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Energetic size effect

Z. Bazant PNAS 101, 13400, 2004
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Crack nucleation (largest crack)

With a random micro-crack population, the material
fails when the largest crack becomes unstable.
The distribution of the maximum over N cracks:

PN(CL) ~ 1 — e—NP(a)
1) For an exponential tail we obtain asymptotically
2
Sn (o) ~ exp[—Ne(7e/o)7]
Duxbury-Leath-Beale (DLB) distribution.

2) For power law crack distribution we obtain

Sn (o) ~ exp[—Nco®] Weibull distribution
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Duxbury-Leath-Beale (DLB) 1987, Ray-Chakrabarti 1985, Freudenthal (1967)



Renormalization Group for fracture

(i) Coarse graining:

St(0) = [Spya(0)]”

(i) Rescaling: E> o’

. o'=min(o,)
o= A;ro+ BL}
(iif) Fixed point:

$*(0) = R[S*(0)] =[S*(ac+b)"

Extreme Value Theory is the “free” RG fixed point
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Weibull

Gumbel

C. Manzato, A. Shekhawat, P. K. V. V. Nukala, M. J. Alava, J. P. Sethna, SZ,
PRL 2012



strength: o, [MPa]

0.1

Testing the theories

10

¢ Experimental data

+ extended size effect law
MCFT
- — - "multi-fractal” scaling law
— Weibull law
Bazant law

0.01

0.1 1
sample size: L. [m]

10

Z. P. Bazant and A. Yavari, Engineering Fracture Mechanics 72 1 (2005).
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Modeling fracture with fuse
models

v External current is applied
through the bus bars to a
a resistor network

v Local current are obtained solving
Kirchhoff equations

Zaijm —V;) =0

v Fuses have unit conductivity
and disordered thresholds.

1
1
As the current / is raised, fuses burn
until a spanning crack is nucleated v
de Arcangelis, Redner & Herrmann @B ESEOESEY{I:TEMS
J. Phys (Paris) Lett 46, 585 (1985)



Testing renormalization group
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No visible corrections from interactions: EVT works!
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Testing the largest crack model

Random dilution: exponential crack distribution
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Cracks distribution is exponential: DLB failure distribution
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FRACTURE SIZE EFFECTS
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Fracture of defected graphene

A. L. Sellerio, A. Taloni and SZ. PR Applied (2015)



Fracture of defected graphene
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Failure dlstrlbutlon S|ze effects
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Extreme value statistics?
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Failure distribution: temperature and rate effects

Theory

Effective potential for n RVEs:
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Survival of a single RVEs:

| N NONONONONON |

Survival for n RVEs:
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Non-linear stiffening and fracture

Sea urchin
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3D computational model
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3D computational model
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FRACTURE AND PLASTICITY
IN CURVED SPACE
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Colloidal crystals on spherical shells

1075, /5%
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Method: MD simulations of LJ interacting particles with confining potential
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Curved crystals: Fracture
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Curved crystal plasticity
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Extreme events in
neurodegenerative diseases

Prion disease
Losation: Effuis conical
facrg: censbial atrophy

Micre: sponglosis, PrPf-deposis

""""‘"_1 Franiatamysarml Darants
Lol ™ Location: nontolenped
y b 2 2 !‘-‘_ﬁt_r_ﬂ: :mjwqﬂq’ / x 2 Alzheimer's disease
'_r Micio; tau-deposits. Pick bodes = el e ¥ o | Localon: lempac-parktsl

asrg: esenbral alropiy
IWiero: Ad-plaques, langks

a-synuclein

] Parkingoi's disease

] Location: midbesin

Mncte: palor of SUbS1aRES Figrn
feticro: Lawey Bodies

T Muntingon's disssse
] Location’ basal ganglia
| Macro; neosiialsl avophy
Mlici: relanl lodd, atEes ARt |I
1l

Anpotrophie Lateral Scheosis
Lo 8ion: molor oore, brainslem, tpinal ooad

g

CENTER FOR
i CS\B COMPLEXITY
Bertram and Tanzi, JC!, 2005 & BIOSYSTEMS

University of Milan



Secondary nucleation speeds up
aggregation

Primary nucleation k (k) Elongation (k)
©.0+- 66 ©+60—+ 660
Secondary nucleation ks (kz) A

©+-0— 66 Diffusion k<@

© 60 6660 \

Mean-field kinetics
P(t) = koM (t)m(t)™ + k,m(t)™, Number concentration
M(t) = 2ksm(t)P(t) + nakam(t)™ +ncknm(t)™,  Mass concentration

S. L A. Cohen, S. Linse, L. M. Luheshi, E. Hellstrand, D. A. White, L. Rajah, D. E. Otzen, M. Vendruscolo, C. M. Dobson,
and T. P. J. Knowles, Proceedings of the National Academy of Sciences 110, 9758 (2013).

A. K. Buell, C. Galvagnion, R. Gaspar, E. Sparr, M. Vendruscolo, T. P. J. Knowles, S. Linse, and C. M. Dobson, Proc CENTER FOR
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Fluctuations and size-effects
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Half-time (cumulative) distribution
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Seed aggregation testing

(ins

A B E T T T T I|||| T T T T ||||| Ib)l E
t i ]
0 -

\ \ 3 — Kk, =10 noseced =

( 0000 - C | 10’ w107 _

\ \ = k.=10" noseed 7

ol ¥ ¢ 10°

B — T " — km=10'ﬁ no seed ]

‘&J{ .IU-EE_ - k;]:qu no seed _

i — k107 ]

L NS oneg seed ]

. — _G 1

!/ © 000\5 ./ \h el k=10 one seed

\ 0 \ E — k_w:lU one seed 3

t — — k=10 one seed 1
1 - .

—4 III |||| ||||| i
107
10° 107 10" 107
Y

104_ c|) T T IIIIII T T LI T T T TTTT | T T T IIIII: T T IIIII T T |||| T T T |||| T T IIIIII L) Iclll)lllI
] 7 [ ] -

O one seed q 100%5 & ® g i

i ® no seed ] F ° 1

[ ] F [ ] -

4 10%E 2 =

- oI = =

s F * ]

b . -

gy 2 i . ]
S0t ] 8 1% ® 1=600FP| -
C . o £ ® {=600FN| ]

1 = - ® & 1=S00FP|

i * * |L=500FN

i 1 D.I%E— 1 3

] E ]

2 i1 v el i1 o p el i wional R 001% Lol Ll | TR | R AT
10 5 ) ) 6 R B i
10 10" 10 10° 10 10 10" 10° 107 10" 10

k

ilico)

3



Theory: first passage time
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Present and future directions

From disordered materials to meta-materials
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