Histograms of Strength and Static Fatigue Lifetime

Calibration: Strength cdf
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Welbull modulus for lifetime:

m, =m/ (n+1)
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Metals on micrometer scale: same pdf, same size effect in
Poly-SI MEMS devices as concrete on meter scale

Size effect on histograms
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Tall Strength Probability
of Biomimetic
Architectured

Nacreous Materlals:

FISHNET STATISTICS
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- a form of CaCO3



ldealization of Nacreous Nano-Architecture

https://en.wikipedia.org/wiki/Nacre https://en.wikipedia.org/wiki/Nacre
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New way to look at
fallure probability T -

— Prob. of survival:
Union of disjoint sets = a sum:

Increasing CoV of Strength — more terms
—
(Ps, > P, » Ps)

1 — Ps(o) :jSVO(J) —l—]j'gl(a) + sz\(a) + e

N\
with 0 falled ink  with 1 falled link  with 2 failed links

/

The first term represents the
weakest-link statistics

(b)
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/o _, vy links with redistributed stress nél)a
N=mxn | ' '
. — U
Fishnet — o o
Two-Term

: N — v; — 1 links with original stress o
Fishnet Model Stress redIstribution: solved via Laplace equation

one link
Ps,(c) = [1 — Pi(o)]" =joint prob. of survival (intersection of sets)

Ps,(0) = NPi(0) [1 = Pi(o)]¥ 771 [1 - Pl(”?fllig)]yll
Anyone of Nlinks ~ sunival of eaining N-inks . b VST
must already have failed Joint probability

W Luo, ZP Bazant, 2017. Fishnet Statistics for Strength Scaling of Nacre-Like Imbricated Laminar Materials. JIMPS, p.264
In brief:  PNAS 2017, 12900



Three-Term Fishnet Model No longer negligible when
the tail of P; is thick or

1 — Ps(c) = Ps,(0) + Ps, (0) + Ps,(c) COVhigh

1.0

Same as before os- P1(0) of a single/link
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2 Cases: Ps, :/}3921 + ?322 ;3:0.4-_ G&ﬂ%ﬁlaﬂ
The second failure, if S o.z_F \Meabiull
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mdependent fail f link . b. with val ‘i;’fMF’a ning link
choices allure ofr two links — jOIn'[ pro . With survival o remaining Inks
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Ps,, = Ny {Pl( WP (1,

Ps,, = %N(N — vy~ D[Pi(0)]?-[1 = Pi(0)]V=2172.[1 — Pi(p'P0))

o) - §[P1<a>]2} - Pﬂ@]”y\Q L= P (o))"

Pg, > Ps_ . second damage occurring far away from the first

33
W Luo, ZP Bazant, 2017 Fishnet Statistics for Strength Scaling of Nacre-Like Imbricated Laminar Materials, PNAS & JMPS



Pf Weibull Scale

NOTE: Enormous safety gain at tail
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Enormous effect of fishnet architecture on safety:

Weakest-Link Model 1.8 6.05 29.5x 10°°

Two-Term Fishnet 1.8 6.05 1.19 x 10°©

— 25-fold decrease of failure
probability P; at cdf tail!

(and more for more terms and higher scatter)
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