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oart I: de-hydration induced instabllities
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Water evaporates both
from walls and cavity

M. Curatolo, G. Napoli, PN, S. Turzi: Dehydration-induced mechanical instabilities in active elastic spherical shells”. Submitted, 2021
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standard instabillity de-hydration instability
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balance equations

divSys=0 S;= Sd?l

fd

N Bd
¢ =—divhy hg=MV(i+Qp)
the constitutive eqns for stress and
chemical potential come from Flory-
Rehner thermodynamics
displacement field
:Bd><7'—>8, local VC
(Xa,7) = u(Xg,7),[ul =m AV, dv = J;dV; AVy — dVig = QecgdV;
molar liquid concentration = +

e Ja_

Jy = detFg = det(I+ Vuy) = 1 + Qcg =: Jy(cq)

A. Lucantonio, PN, L. Teresi: J Mech Phys Solids 61, 2013; ...; M. Curatolo, PN, L. Teresi: Soft Matter 14, 2018; M. Curatolo, PN, L. Teresi: Mech. Soft Mater. 2(13), 2020.
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e = Ly Water

Pe = Patm = 0

boundary conditions

Sym=t and u=p.
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He — Hq
Pe = Patm = 0

y

Water

Water evaporates both
from walls and cavity

Air

volumetric constraints

pi = Qpi(t) and  p; = pi(t)

global VC
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a first glance at mechanical instabillities/ |
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a first glance at mechanical instabllities/2
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a first glance via stablility analysis

* purely mechanical model based on 3D
Wesolowski model for the spherical shell
(Arch.Mech.Stosow.19(1), 1967)

* liquid diffusion is frozen at the onset of
instability (red circle) which occurs
instantaneously with respect to the
diffusion time

* deformations are purely radial

r=r(R), =0, ¢=& and r* =J,R*

* shell stays spherical until the onset of
instability
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the O-chemo-mechanical solution

Jo =14 Q¢ r?r’ = R*J,

divSy =0 PoR +2GqQo(—1 4+ JoQ3)?* — GqQaJ R = 0 Qo(R) = R/r(R)
: 2

divhg=20 R*hgo, = Ch,

0.1 = ] - Where the external
negative positive chemical potential
pressure pressure suddenly drops to its

5.1072 | plateau value and the
/ pressure rises at nearly
constant cavity volume
@ 0 the static solution cannot
~ B reproduce the numerical
S()RR (Rd) 0 < values
u(Ra) = fie 5.1072
2
M(RC) + QQO(RC)SORR (RC) =0 01L_ | | |
- —0.3 —0.2 —0.1 0
g—1
Bi= -
Uco
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the incremental chemo-mechanical problem

step 1 step 2 iIncremental bulk equations
spherical solufion  incremental unknown fields J = Jotr(FalF —1)
X(R,0) = r(R)er + €(u(R, ©)er + v(R, ©)eo) divS; =0 with Sy =—JopiFy" — JipoFy" + JopoFy ' F1F T + GaF,
p(R,0) =po(R) + ep1(R, O) divhy =0 with h; = -MoVu — M1V
Ji(R,©) = Jo(R) + eJ1(R, ©)
step 3 Incremental boundary conditions

* the analysis of the global volume constraint

step 4 AIEE 2 O T SOl shows that to first order the perturbation of
00 the cavity volume vanishes for any
u(R,0) = ZUZ(R)PZ(COS O) Z Vi(R)0e[P(cos ©)] incremental displacement field and the
— pressure fields of the enclosed liquid remains
0 unchanged up to the first order
p1(R,0) = Z Pi(R)P;(cos ©) Z Ji(R)P;(cos ©)
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a sketch of the solution
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Critical modes and crifical profile mode corresponding to the solution of the first order incremental problem
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open issues/work in progress

the change of de-hydration across the thickness of the shell delivers a spontaneous curvature and @
frustration which may be caught by 2D shell models

occurrence of cavitation instability is also inferesting (and here is not considered, by assuming that
adhesion energy density is infinite)

D.P. Holmes, J.H. Lee, H.S. Park, M. Pezzulla, Physical Review E 102(2), 2020.
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oart Il: the bar mechanism

MoSS Lab@Boston University
(under the supervision of D.P. Holmes)
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the 3 phases of the bar mechanism

phase | phase 2 phase 3

compression phase buckling phase catapult phase
A/@ /Cé:\/‘aj-u\"a—
v s i T %/ o /
== =0 t=a =-q, =0 Z=a x=-q, =0 x-a
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compression phase

0 A \LF
4 e
7 ' e De_
T=-Q. ?—=0 L=

elasto-capillary length

buckling phase

| =
s:—}’ +
/) 2 i S=lfe
//, ! D
Z =2 e
T=-Q. =0 L=

0(0) =0  even symmetry

9(S)=0  continuity

k[0 (9))* = 2w

S
a:/ cosfdS + = — S
0 2

the energy of the bar

catapult phase

P @ _ c«g:ra_lura,
AN
/

7/
T=-Q_ /=0

energy of the buckled region

energy of the adhered region

transversality condition

L
global constraint

1.J.W Wagner, D. Vella, Soft Matter 9, 2013; G. Napoli, S. Turzi: PRSA 471(2183), 2015; G. Napoli, S. Turzi: Meccanica 52, 2017.

SAPIENZA

UNITVERSITA DI ROMA

Zizs POLITECNICO
27, DI MILANO



open issues/work in progress

2K B € I —9
Whuek = 5 |27 — 2 2 2 1 _ a
=i [0 (2 gy )| et o .

%% 20?2 €
T T 4T [(16660)2(1 + 6) — ] VS WCO = ()
K,/CL lec 1 — cos (9() — 1,.=0.33
§ l.=0.4
N 1, =0.8
. L — =2
* the pattern is not monotonic with lec; . . |
* to each value of lec, it corresponds a value of ‘ | — 1,.=20
co which makes the catapult realizable; L ____ — ‘
* for co=0, we can't have the catapult -3 —2 —1 0 / 2 3
mechanism as W never goes beyond the 0O Co

energy level

work in progress. relate the change of de-hydration across the thickness of the beam to the spontaneous curvature, analyse the
buckled problem and the role of the key parameters, study possible different catapult mechanisms
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