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We study the evolution of crease in an elastomer under three different loading conditions. Two-

dimensional finite element analysis is performed by combining a non-linear perturbation approach

to find a bifurcation solution for the flat surface in a metastable state. A generalized plane strain

element is used to impose plane strain, uniaxial, and equibiaxial conditions on the elastomer. The

solution is the deformation path for crease evolution, and the path ends at the critical strain for

creasing &c. The depth and self-contact length of the creases, which are indicators of crease evolution,

are described as functions of powers with constants and scaling exponents, which are expressed as

linear functions of the crease interval.
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Fig.1 Schematic illustrations and a finite element model of an
elastic block. (a) Undeformed state of an elastic block with height
H and length L. (b) Crease state on a bifurcated path at the global
compressive strain ;. The crease depth § is an indicator of
crease evolution. (¢) Boundary conditions and finite element mesh
for half of the elastic block. The global compressive strain &g is
defined as €g = —2u/L. The mesh resolution N means that the
elastic block is divided into a square mesh with side lengths of
H/N (the sample case for N = 20 is shown here).
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Fig. 2 Results obtained by the finite element analysis. (a) Crease
depth 6/H as a function of the global compressive strain &g. (b)
Critical strain for creasing &¢ under plane strain (PS), uniaxial (U),
and equibiaxial (EB) conditions for various values of the mesh
resolution N.
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Fig. 3 The crease deformation path under the plane strain condition.
(a) Crease depth §/H and self-contact length d/H as a function
of g for N =640 and L/H = 4.0. The red and blue plots
denote the crease depth and self-contact length, respectively. (b)
Deformation shape obtained at &g = 0.36,0.42,and 0.5. The
regions of self-contact caused by creasing are highlighted in pink.
The distributions of & are depicted using the local compressive
strain in the same direction as &g.
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Fig. 4 The crease deformation path under the uniaxial condition. (a)
Crease depth §/H and self-contact length d/H as a function of
£g. The red and blue plots denote the crease depth and self-contact
length, respectively. (b) Deformation shape obtained at e; =
0.46,0.52,and 0.6. The regions of self-contact caused by creasing
are highlighted in pink. The distributions of & are depicted using
the local compressive strain in the same direction as &g.
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Fig. 5 The crease deformation path under the equibiaxial condition.
(a) Crease depth 6/H and self-contact length d/H as a function
of &;. The red and blue plots denote the crease depth and self-
contact length, respectively. (b) Deformation shape obtained at
& = 0.26,0.32, and 0.4. The regions of self-contact caused by
creasing are highlighted in pink. The distributions of & are
depicted using the local compressive strain in the same direction as

&g-
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Fig. 6 Comparison of the results obtained by finite element analysis
(FEA) and theoretical equations for (a) crease depth §/H and (b)
self-contact length d/H under the plane strain (PS), uniaxial (U),
and equibiaxial (EB) conditions. The symbols O, [J, and X
denote the FEA results obtained under PS, U, and EB conditions,
respectively. Solid lines shown in (a) and (b) indicate the results
obtained using Equations (2) and (3), respectively. The results are
presented for the crease intervals L/H = 5.0 (red), 4.0 (blue), and
3.0 (green).
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Fig. 7 Constants and scaling exponents as a function of the crease interval. (a,b) Constants (a) Cs and (b) Cq determined from the results
shown in Fig. 6 are plotted as a function of the crease interval L/H. (c,d) Scaling exponents (¢) ks and (d) k; obtained from the results shown
in Fig. 6 are plotted as a function of the crease interval L/H. Symbols O, [, and X denote the values under plane strain (PS), uniaxial (U)
and equibiaxial (EB) conditions, respectively. The dotted lines show the linear approximation.

Table 1 Coefficients as 4, bs g4, isq,and js, in Equations (4) and (5) determined under PS, U, and EB conditions.

as aq bs by is lq Js Ja
PS 0.55 0.60 0.48 -0.13 0.055 0.07 0.38 0.51
U 0.43 0.45 0.25 -0.13 0.065 0.075 0.31 0.48
EB 1.15 1.35 -0.4 -1.23 0.08 0.09 0.31 0.51
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