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Abstract
Recent mechanical experiments on graphene have revealed that its stress-strain
constitutive relationship is nonlinear under finite deformation. Graphene can
roll into carbon nanotubes, and theoretically, the stress-strain relationship of
large-diameter single-walled carbon nanotubes is identical to that of graphene.
In this study, based on the nonlinear constitutive relationship of graphene, a
novel Euler-Bernoulli beam model for single-walled carbon nanotubes is devel-
oped. Subsequently, for the case of simply supported ends, the static bend-
ing and forced vibration of single-walled carbon nanotubes under uniformly
distributed loads are investigated using the Galerkin method and multiscale
method. The results show that in static bending, the nonlinear terms in the
constitutive relationship induce a stiffness-softening effect on the carbon nan-
otubes. In forced vibration, the nonlinear terms modify the location of the
amplitude bifurcation point. Therefore, the significant influence of the nonlin-
ear terms in the constitutive relationship on the mechanical properties of carbon
nanotubes cannot be overlooked.
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