The physics of thin sheets:
membranes and wrinkling



Membranes in nature

Membranesareassembliesoraggregatesofmolecules(atoms)whichhavetheformofvery thin sheets
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Bacterial Biofilms

Assay
I

Liquid culture

Confocal microscopy. Michael Porter, NSW Lab, Dundee



Wrinkles are a commmon feature

B. subtilis Agrobacterium Vibrio fischeri Pseudomonas Candida albicans

tumefaciens fluorescens
Congo red



Why do wrinkles form?
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Wrinkles can
provide an
enhanced system
for nutrient and
waste transport.

Thanks to Alan Prescott
Sofia Ferriera

D.A Matoz-Fernandez et al. (2019)



The physics of thin-membranes

Neutral surface representation

Consider a piece of material

neutral surface

compression

stretching

There is a surface which neither

stretches nor compresses, the so- - 37
called neutral surface (blue dashed - - -
line) and is clearly exactly in the V=0,

middle of the sheet.




The physics of thin-membranes

Neutral surface representation

At each point of the surface, we can assigh a metric of
the surface

g;=0r of
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The physics of thin-membranes
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The physics of thin-membranes

Elastic Energy

: . , , , E,=E, y
The elastic energy density dependson the straintensor, i.e., on the metric, e (g’/)-
If the strain is small, we can expand E.; i, powers of Ujj

around the target configuration (§  una U;=0,

=~ OE y .
Fu~E & i) + utj+ Yijurou (3
N i) + 3g- j jurou(3)
/ U=
Vanish that only depends on the deformationgradient Elastic Tensor

Eel - E (g_if) = %‘Aijk[u[juk['FOU(B )



The physics of thin-membranes

Elastic Energy tor a volumetric material

1 .
Etor = _[ %A‘/k[u,-juk,dv
V

pik = Ag'g! + i (g"g" + g'g in

~ uBA+2u )
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V= —2(AF)

Material properties

How we can go to a thin material?



The physics of thin-membranes

Elastic Energy tfor a volumetric material

1 .
Etor = _[ %A‘/k[u,-juk,dV
V

1. The body Is In the state of plane-stress, I.e., stress normal to the surfaces parallel to
the neutral surface can be neglected.

2. Points which lie on a normal to the neutral surface in the reference configuration
remain on the same normal in the deformed configuration.
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Elastic Energy tfor a volumetric material
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The physics of thin-membranes

Elastic Energy tfor a volumetric material

1 .
Etor = _[ %A‘/k[u,-juk,dV
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The physics of thin-membranes

Elastic Energy tfor a thin material
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Elastic Energy tfor a thin material
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How can we solve this?



Elastic Energy for a thin material

How can we solve this?




Elastic Energy for a thin material

How can we solve this?

1
E2R = 5 2k(-10)+kgd( - ni -n))
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Streaching




Thins sheet: Wrinkling and growth

Growth rate

—_—

Daniel Matoz, et al. Physica Review Research 2020



Thins sheet: Wrinkling and growth
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