Soft Solids

PLATES (and shells)
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1) stretching energy
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1) stretching energy
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2) Bending energy

RECAP : curvature for a line in 2D
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what is curvature for a surface?



2) Bending energy
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2) Bending energy
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2) Bending energy &hwkﬁ/(“t
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2) Bending energy

at s=0 (in M)
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2) Bending energy
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2) Bending energy
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2) Bending energy

Updivg = K (lathe) + Bl
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3) Mechanics of tearing

Holding
Point

(2)

O'Keefe Am.J. Phys. 62 (4), April 1994
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Griffith’s criterion

H propagation
dW =dE.; + G tds

energy cost for crack propagation

' thickness ¢ Ge:energy / unit surface
( ~ surface tension)

propagation

dW — dFE,
L — gl@la,
tds E

Energy Release Rate Fracture
energy
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values for a sheet of paper

Ustretch ™~ EhL2 ™~ 1O5J

Ufracture ™~ GchL ™ 10_1J
Upeng ~ Eh® ~107°J



The sheet Is
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«inextensible fabricy model
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2D analog of a string



«inextensible fabricy model

(Oth order approximation)

The sheet Is

- Inextensible
- Infinrtely bendable

NO ELASTIC ENERGY

propagation

AW — K, :G:E

Energy Release Rate Fracture
energy

2D analog of a string









AW = F(dl; + dis) N
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dW = F(dly + dls)
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Which direction ?

independent of previous path
iIndependent of material property



Which direction ?

pulling with a given force F
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Which direction ?

propagation
Maximum of |[Energy Release Rate
G
(0)
"0
F
G(0) = ~ cos(f) | = |G,

Energy Release Rate Fracture
energy
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Maximum Energy Release rate : bisector
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| Bending & Stretching for plates
1) stretching energy
2) Bending energy
3) Mechanics of tearing

Il Geometry of surfaces

1) Gauss theorem

2) crumpling

3) adhesion on a sphere
4) Actuation of thin sheets



1) what to expect (small slope eq. for beams)
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1) what to expect (small slope eq. for beams)
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2) plate equations
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2) plate equations

T "31
.D Aw ~ [ Nx % '33
| o
WhvHen
iﬁ? (:: ui{: mm(-r u.\rw'm\
(L‘fl“"' 5«3)
dynamics




3) A geometrical coupling
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3) A geometrical coupling

GEOMETRY




3) A geometrical coupling

Ng bAaw? - /NE—?*’) rp=0
XX dypundo o £ — on v
when is this geometrical coupling important? A

W
Al T b Ty )

o L

: Puog B o WOk
plvg Shang BRI & BT O
. W/Ae\ . (}wv?&l!. W r\»\h« l

’ \M Z( & — ahﬂ% M\’\" OA s PD E ( Foppl-von Karman equations,

[Wi.WbL W sweloee,



| Bending & Stretching for plates

1) stretching energy
2) Bending energy
3) Mechanics of tearing

Il Small slope equations for plates

1) what to expect (small slope eq. for beams)
2) plate equations
3) A geometrical coupling




1) Gauss theorema egregium
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courbure de Gauss

G <0

périmetres « longs »
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Mapping a sphere...

difficult
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avec les "bons” angles




alles

avec les “bonnes”
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Frank O. Gehry, Walt Disney Concert Hall
1987-2003
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2) crumplina
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3) Actuation of plates




Swelling bilayers

residual solvant
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natural curvature:

R() ~ h/€0

in 2D ?



Thick bilayer

(Gaussian curvature

Pezzula et al 2016



Thin bilayer: frustrated rolling

M.Pezzulla, P. Nardinocchi & D.Holmes (2016)




Transition to rolling

Two scenarios

stretching/compression : ?
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No stretching/compression,
but bending lost in one direction:
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from a plane to a sphere : stretching
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from a plane to a sphere : stretching

a R} relative excess




Transition to rolling

Two scenarios

Bending OK, but stretching/compression:
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No stretching/compression,
but bending lost in one direction:
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Transition to rolling

Z/[b ~ EhCLQé‘(Q)

>

e. ~ (h/a)* €0
deflection 0. ~ h

A general result : avoiding stretching dominates when large deflection



bilayer actuation : only cylinders !




going further?



blooming



courbure G modifiée = croissance différentielle




In-plane differential growth
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Drying slice of fresh wood

diametre : 40 cm

vimeo.com/144342962 Aurélie Vissac (Amaco) & Pascal Oudet






going further?

mess up with the in-plane distances (metric) !



Baromorphs

polvmere de moulage

Canaux

moule dessus coté




Can we overcome Gauss’ theorem ?
for shape morphing : change distances !

Concentric channels

non-isotropic expansion

Pressure p

perimeter < 2pi R !!
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Application : soft robotics
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