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EFFECT OF SOFT SUBSTRATE THICKNESS ON WRINKLE ANALYSIS OF A GEL FILM
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In this study, we investigate the effect of soft substrate thickness on wrinkle analysis of a gel film.

The film is assumed to be bonded on a soft substrate, which in turn is bonded on a rigid support.

Finite element analysis is performed using the Flory—Rehner model for polymeric gels. The

thickness ratio of the substrate to the gel film is parameterized. Buckling and postbuckling are

analyzed using a step-by-step eigenvalue buckling procedure. Buckling analysis provides

sinusoidal wrinkles and its dominant wavelength, which are in good agreements with the

predictions by the von Karman elastic nonlinear plate theory. The sinusoidal wrinkles consist of

in-plane and out-of-plane deformations. The in-plane contribution increases rapidly as the thickness

ratio is smaller than about 5. Postbuckling analysis demonstrates that the increase of the in-plane

contribution causes surface creasing of the film.
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Fig.1 Schematic illustrations of wrinkle analysis of a gel film,
which is bonded on a soft substrate, which in turn is bonded on a
rigid support. (a) initial state at u = g4, (b) critical state at y = g
and (c) sinusoidal wrinkle as critical buckling mode.
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Fig.2 Finite element meshes of a representative cell with H /
h(eo) = 15 and L / h(14) = 10 as an example.
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Fig.3 Dependence of buckling points on soft substrate thickness.
(a) in-plane compressive stress, (Sj;+S5,)0/(kT), and (b) volume
swelling ratio, J, as a function of chemical potential, .
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Fig.4 Comparison of critical wavelength, L. / h(y;), as a function
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