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Crack Energy and Governing Equation of an Extensible Beam
with Multiple Cracks
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Abstract

This paper aims to advance our understanding of extensible beams with multiple cracks by presenting a crack energy
and motion equation, and mathematically justifying the energy functions of axial and bending deformations caused by
cracks. Utilizing an extended form of Hamilton’s principle, we derive a normalized governing equation for the motion of
the extensible beam, taking into account crack energy. To achieve a closed-form solution of the beam equation, we employ
a simple approach that incorporates the crack’s patching condition into the eigenvalue problem associated with the linear
part of the governing equation. This methodology not only yields a valuable eigenmode function but also significantly
enhances our understanding of the dynamics of cracked extensible beams. Furthermore, we derive a governing equation
that is an ordinary differential equation concerning time, based on orthogonal eigenmodes. This research lays the foundation
for further studies, including experimental validations, applications, and the study of damage estimation and detection in

the presence of cracks.

Keywords : Multiple cracked beam, Extensible bewn, Flexibility, Crack energy, Eigenvalue problem, Mode shape function,
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