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In this study, we investigate the prestretch dependence and bifurcation property of wrinkle-to-ridge

pattern transformation, which occurs on a film bonded to a prestretched soft substrate. Step-by-step

eigenvalue buckling analysis is used to detect the first bifurcation and the second bifurcation on the

bifurcated path. Post buckling analysis is conducted by an initial imperfection method. The first and

second bifurcations cause wrinkle and ridge pattern transformation, respectively. The critical strain

for the second bifurcation is found to depend on the wavenumber prescribed by the wavelength of

the wrinkle as well as the magnitude of the prestretch. The second bifurcation also has a wave

property (i.e., double bifurcations). The combination of the two bifurcation modes provides the

freedom of the location that forms one ridge in the viewpoint of translational symmetry.
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Fig. 1  Schematic illustrations of wrinkle-to-ridge pattern
transformation on a film bonded to a prestretched soft
substrate. (a) Stress-free state of the film and soft substrate
(L¢ > Lg), (b) Stress-free film bonded to the soft substrate pre-
stretched by A, =L¢/Ls (€& is defined as the nominal
compressive strain obtained by releasing 2,), (c) Wrinkle
evolution from critical strain, & (> 0) , for the first
bifurcation, and (d) Ridge evolution from &,(> ¢;) for the
second bifurcation on the bifurcated path.
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Fig. 4  Bifurcation mode at the first bifurcation and
deformation pattern on the first bifurcated path for 1, = 1.75.
(@) Wrinkle bifurcation mode ¢™ and (b) Evolution of
wrinkle deformation pattern.
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