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EFFECT OF PITCH-TO-DIAMETER RATIO ON PATTERN
TRANSFORMATION OF GEL FILMS WITH CIRCULAR HOLES

BAT KV, BEF R, KEFELD

Dai OKUMURA, Taiji ISOMURA, and Nobutada OHNO

In this study, we investigate the effect of pitch-to-diameter ratio on pattern transformation of gel
films with holes in a square array. Pattern transformation is caused by the in-plane compressive
stresses induced by swelling. Finite element analysis is performed using an inhomogeneous field
theory of polymeric gels in equilibrium. Periodic units consisting of 2 x 2 unit cells are analyzed
under a generalized plane strain assumption. Geometrical imperfections are introduced using a set
of randomly oriented elliptical holes. The pitch-to-diameter ratio of holes in a square array (p / d =
2 ~7) and the imperfection magnitude (o =0.01 and 0.05) are parametrized. The small imperfection
magnitude (a = 0.01) predicts the transformation into diamond plate patterns (DPPs) regardless of
p / d, while the large imperfection magnitude (= 0.05) predicts DPPs when p / d < 3 but not DPPs
when p / d > 4. When swelling-induced buckling is dominant, DPPs appear and the transformation

becomes homogeneous, while, when swelling-induced creasing is dominant, the resulting patterns
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depend on initial imperfections and the transformation becomes inhomogeneous.
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Fig. 1 Schematic illustrations of swelling of gel films with holes
in a square array constrained on a substrate.
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Fig. 2 Periodic unit consisting of 2x 2 unit cells; (a) initial
configuration and finite element meshes for p / d =2 and = 0.01
and (b) geometrical imperfections introduced into each hole using
aand 6.
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Fig. 4 Deformed configurations and normalized concentration
distributions v C forp / d =2 and o= 0.01.
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Fig. 6 Deformed configurations and normalized concentration
distributions v C for p / d =5 and o= 0.05.
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Fig. 8 Deformed configurations and normalized concentration
distributions v C for p / d =2 and o= 0.05.
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