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Fig. 1 A carbon nanotube in the Cartesian coordinate system under transverse load
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Shear Deformable Bending of Carbon Nanotubes
Based on a New Analytical Nonlocal
Timoshenko Beam Model

YIN Chun-song, YANG Yang
( Department of Engineering Mechanics, Kunming University of Science and Technology ,
Kunming 650051, P.R.China)

Abstract: According to Hamilton’ s principle, a new mathematical model was established and
the analytical solutions to the nonlocal Timoshenko beam model (ANT) were obtained based on
the nonlocal elastic continuum theory in view of shear deformation and nonlocal effects. The
new ANT equilibrium equations and boundary conditions were derived for bending analysis on
carbon nanotubes ( CNTs) of simply supported, clamped and cantilever types. The ANT deflec-
tion solutions demonstrate that the CNT stiffness is enhanced by the presence of nonlocal stress
effects, as is predicted by the widely accepted but complicated molecular dynamics model and
proved by tests. Furthermore, the new ANT model indicates verifiable bending behaviors of a
cantilever CNT with point load at the free end, which depends on the magnitude of nonlocal
stress. Therefore, this new model conveniently gives better prediction about the mechanical

performances of nanostructures.

Key words: Hamilton’ s principle; nonlocal stress; carbon nanotube; Timoshenko beam; ben-
ding behavior
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