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in multiple scale

Lamoureux et al., Nature Comm. (2015)
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| 109m

Dias, et al., Soft Matter (2017)
Rogers et al., Science (2010)

W. Wang, et al., Advanced Functional Materials (2017)
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School of Engineering Mechanics of a single cut

Dias, et al., Soft Matter (2017)
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THE UNIVERSITY of EDINBURGH Programming shapes & motion
School of Engineering Kll'lgaml actuators

Lift—Displacement along z-axis Yaw—Rotation about z-axis

Roll—Rotation about x-axis Pitch—Rotation about y-axis

Dias, et al., Soft Matter (2017)
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Stretch
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& Holmes, Phys. Rev. Materials (2018)
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Indentation Test for
the Bistable Unit Cell
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Building blocks

(all about e-cones)

Fuentealba ef al., PRE 91, 032407 (2015)
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-2 g /4 » r} 2 K
— Symmetric stable equilibria

- -- Symmetric unstable equilibria
Anti-symmetric unstable equilibria
(isometric solution)
Anti-symmetric unstable equilibria

"7 (creased solution m = 100)

A
Souhayl Sadik Martin Walker
Postdoc Collaborator
Aarhus University University of Surrey
7
Sadik, Walker, & Dias, in preparation (2021) VILLUM FONDEN 3< VELUX FONDEN

Sadik & Dias, in preparation (2021) Grant No. 00023059
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Back to fundamentals:

Sadik & Dias, JMPS (2021)

Stretch

Seffen, PRE, (2016)

Guven, et al., JoP A (2008)
Miiller, et al., PRL (2008)
Guven, et al., JoP A (2011)
Guven, et al. EPJE (2013)
_________________________ Efrati, et al. PRE (2015)
Seffen, PRE, (2016)
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e-cones — Kinematics

Sadik & Dias, JMPS (2021)

P(R,®) = (R,0(P), 6(®))

w|>1

am=%,¢wﬂ=%—%,9@=w%> ,
6'(0) =sin(ny), sin[0(27)] 0 (27) = sin(n,)
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Sadik & Dias, JMPS (2021)

, _h ) 2 HA i 2 _ h? _ 2 A 2
W = 1{#\“ [(C—G) ] tory o (C—Gg}—p.(C—G)—I—E {;6 [(@—B) ] t o [tr(@—BE}
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Stretching =0 Inextensibility Bending
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I bility C = G not, [TV
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Sadik & Dias, JMPS (2021)

The surface traction, shear, and moment fields on the surface

fr=

h3 (N + ) % K2(®)+a (@) + (In(R) + 1)'(D) + fo
3(\ + 2u) R2 R?

(n)dn ()]

(A + p) 5R7(P
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P [a(@) +$2(R)b(<b)} -

R3 (N + 1) k(D) B 2 (N + i) &' (®)
= E S —]
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]
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mp =
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Reconstruction

Sadik & Dias, JMPS (2021)
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Sadik & Dias, JMPS (2021)

Lips' Moment

-m/2 -wl4 0 /4

Lips' Rotation
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Sadik & Dias, JMPS (2021)
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Sadik & Dias, IMPS (2021)

Lips' Normal Curvature
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THE UNIVERSITY of EDINBURGH More on the
Sehool ot Engineering deformation motifs

Chaieb, et al., PRL (1998) E. Efrati, et al., PRE (2015)
Cerda & Mahadevan, PRL (1998) Chopin & Kudrolli, Soft Matter (2016)

d-cones e-cones
K. Seffen (2016) K. Seffen (2016)

s K. Seffen (2016) K. Seffen (2016)

f-cones:
Farmer & Calladine,
IIMS (2005)

Seffen, PRE (2016)

Andrade, Adda-Bedia,
Dias. PRE (2019)

18



THE UNIVERSITY of EDINBURGH
School of Engineering

Origamising e-cones

m panels/creases (left)

m panels/creases (right)
@

ul o = by = (cos(v/2) —sin(1/2) 0)"
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K. F. Gauss, Disquisitiones generales circa superficies curvas (1828)

Definition of Gaussian curvature at a point on a surface:

Gauss map

il

\_

Then the curvature K of the surface at Pis

lim Area i.n I’
r-r Areain I'

K=

T. Hull (2016)
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Sadik, Walker, & Dias, in preparation (2021)

n = —m/4

<
I
3
Shape

Gauss map
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= 7/5

‘‘‘‘‘‘ }‘._..J U L ‘

m = 10 = 50 = 100 Isometric sol. m = 10 m = 50 m = 100 Isometric sol.

Jn= —7/8

.‘“ / I‘. )\'_—/L “I KI.
7 /R o\

m = 10 m = 50 m = 100 Isometric sol. m = 50 m = 100 Isometric sol.

n = 37 /40




THE UNIVERSITY of EDINBURGH Ol‘igamising c-Cconces

School of Engineering

Stretching is back
m—1
W= IHE [+ 6] + 07}
i=1 ‘
: :
___BR dteos(f) | (R Ehm? |(R2 - R?)” +4R2R? |log (&
kb—12<1_y2) (%—Fsin(%))ln(Ri) b — [ T [ <R >} ]
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Sadik, Walker, & Dias, in preparation (2021)
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Behaviour close to the

instability point

Sadik, Walker, & Dias, in preparation (2021)
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Sadik, Walker, & Dias, in preparation (2021)
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Sehool of Enginearing . Final remarks on Kirigami

Kirigami

Stretch ) ! l

Local behaviour Global behaviour

l Homogenisation l
" .
Macroscopic
response
Mechanics and form

l l

Fundamental contributions Constitutive laws for non-
to new motifs in mechanics simply connected plates
of thin sheets and shells

Stress localisation
crack-crack interactions

Dias, et al., Soft Matter (2017) Sadik & Dias, JMPS (2021)
Yang, Dias, & Holmes, Phys. Rev. Materials (2018) Sadik, Walker, & Dias, in preparation (2021)
Kaspersen, HInes, Moore, Rasmussen, & Dias, DIS *19 (2019) Sadik & Dias, in preparation (2021)
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