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Size and Shape in Biology

T. McMahon, Science (1973)
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The Tesla tree?
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Arbres foréts tropicales
Arbres USA
Arbres Canada
Arbres Australie
Arbres Amazonie
Arbres Asie

100 p

® & » » 9 >

10 t

10 < £ <12 GPa
500 < p < 1000 kg/m?

0.1

0.01

Fabian Brau
1959N1°2)\



s EERAIRTHAZA?

sran: Mg ~ £22°

BH/BEXR: pDl ~ oM




KE (mm)

HiZ
KE

NI ERE?

1Il\1

Elephant

“EEENSREZAFARNFR/IEEL

(Square—cube law)



Hth 2251

2"
3"
4"

{ < D3/2 (EI,/pg)*/4

2d 3d 4d 6d 8d 10d 12d 16d 20d 30d 40d 50d 60d

'H” N NAIRIRIAL

=

U'I

<3
3
I T I I A O |

xQ



2D problem: A far from the threshold problem

Q First consider a thick solid (near-threshold approach):

w(r,0) = w(r) +wD(r)cosmb + ...

Wrinkle
N

Nyj(r,0) = Ny (r) + Ni(jl)(’l“) cosmb + ...

To solve eigenvalue problem with F> o (cf. Euler buckling)
The baseM

U But for an ultrathin solid, the state is far from threshold:

m — oo as t — 0, Up/Us — 0 (many wrinkles in 3D)

m x wM (r) = O(1) so that (Ow/d6)> = O(1)

Dai et al. J. Mech. Phys. Solids (2021); Dai et al. Int. J. Solids Struct. (2022)



Tension field theory

O What happened in the wrinkled region? (R, <r <R)

Wrinkle

~ w® (1) The base
w(r,0) = w(r) + —~ cosmb + ... )

:>j\799 :Ne(é) =i

N mcosm@ 4

Nij(r,0) = Nij(r) +

Only to solve the mean (axisymmetric) shape with N;.. > Nogg

The hoop stress state is relieved completely by wrinkling: Equivalent to h/R > K~1/2

Dai et al. J. Mech. Phys. Solids (2021); Dai et al. Int. J. Solids Struct. (2022)



Thanks!
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