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Th?oretical development and applications for swelling-induced buckling analysis of
gels
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In this study, we performed finite element analysis of swelling-induced pattern
transformation of gel films with a square lattice of holes, to simulate diamond plate patterns observed
in experiments and then to explain the mechanism and the dependence on prestrains. We used an
inhomogeneous field theory for polymeric gels in finite element analysis. It was found that buckling to
form diamond plate patterns starts locally and then propagates until homogeneous transformation is
achieved. It was further found that prestrains in tension delays the onset of pattern transformation and
different patterns appear as transitional states during the transformation.
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Fig.3 Deformation process finalizing the
homogeneous transformation into the
diamond plate pattern for Random models
R10; (a) macroscopic stress as a function
of the average deviation from roundness,

and  (b), (¢)  and (d)  deformed
configurations (displacement 2x) and
normalized concentration distributions
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Fig.4 Deformed configurations and
normalized concentration distributions at
equilibrium swelling.
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Fig.5 Young’ s modulus at equilibrium
swelling as a function of swelling ratio.
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Fig.6 Osmotic pressure at equilibrium

swelling as a function of swelling ratio.
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