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The Euler-Bernoulli beam theory is widely utilized for the analysis of one-dimensional structures, particularly
beams subject to bending due to gravitational forces. It provides a framework for describing beam deflections,
stahility, and vibration characteristics. This theory has been extensively applied to investigate the natural frequencies
of beams with multiple cracks, where cracks are often modeled as virtual springs. However, the classical
Euler-Bernoulli beam theory neglects the influence of axial deformation. In this study, we develop a dynamic model
for cracked extensible beams, incorporating the effects of axial deformation, and examine the resulting changes in
natural frequencies. The axial force induced by deflection significantly alters the beam’s natural frequency range, and
this relationship is further explored through numerical simulations.

1. The Extensible Beam with Multiple Cracks

The motion equation governing vibration of the

multi-cracked beam under large deflection is as follow:

Vi TV 0 00 — NV =P (1)

Jwl(zy) = v, Nzy) = I ., 1 (2)) =0 2)

Jo Jzy) =00, (x) 3)

NJlw  Jzg) =0 (4)
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2. Eigenfunction Expansion of Governing Equation

Assume that the solution y and the load p can be expressed
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Here, the external force p(x;t), represented as a series
function, consists of the eigenfunction and the coefficient.

Following patching condition, we have
w?’(x) =4 b’ )

Substituting the series for y and p into the governing
equation, and taking the inner product, we obtain the

governing equations using these inner product terms.
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In this governing equation, ignoring N makes the model
linear, while V= 0 leads to a nonlinear system, indicating

large deflections in the multi-crack extensible beam.
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3. Natural Frequency of Crack Extensible Beam

The multi-cracked extensible beam model shows that
increased deflection raises both axial force and frequency.
Cracks reduce the frequency, similar to the effect in an EB
beam, but the extensible beam has a higher frequency
range due to tension from deflection. However, with deep
cracks, the frequency can approach that of an intact EB
beam.
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[Fig. 1] Comparison of frequencies between intact beam and
cracked beam, accounting for the axial force
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