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ABSTRACT

This paper presents a frequency equation to predict the modal frequencies of a cracked beam con-

sidering axial-bending coupling. The effects of axial-bending coupling are considered for the compati-

bilities of axial displacement and rotational angle at the crack location. Neglecting all incident evanescent

wave motions results in a unified closed-form frequency equation for any support types of a beam.

The validity of the proposed frequency equation is demonstrated through the comparison to the numer-

ical results from the finite element analysis and experimental data. The effects of axial-bending cou-

pling become significant with respect to crack depth ratio when a bending modal frequency is in the

vicinity of an axial modal frequency.
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Fig. 1 The dynamic behavior of a cracked beam and the
compatibility conditions at the crack location
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Fig. 2 The dynamic behaviors of a cracked beam through
neglecting all incident evanescent modes associ-
ated with bending motions
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Table 1 Phase shift at both ends of a cracked beam for
varying support conditions

Support Support position
conditions Lk @l Right end”™
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Fix-free Pr=1, ¢1,=0.5x Pr=-1, pp=-0.57
Iy Br=-1, ¢p=-m Br=1, ¢p=0
Fixed-roller BL=i, §.=0.57 Br=-1, dn=n
. Pr=-1, ¢pp=-n _PBr=-1, ¢r=n
Fixed-fixed | 5" 5"~ 0,57 Br=-i, gn=-057
. Br=-1, pr=-n _Br=1, ¢r=0
Hinge-free Bi=-1, =7 Br=-i, gn=-0.57
pr=1, ¢r=0 Br=1, ¢r=0
Free-free Bi=1i, .= 057 Br=-i, gn=-0.57
" Br=dt BL=et
Br= ¢, Brp= e
Crack depth ratio & =% =0~0.7
C
crack 3mm
|
A Ta B
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‘ 1040mm |

Fig. 3 Geometry for a cracked aluminum beam with free-
free support conditions (width: 20 mm / not to scale)
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Fig. 5 Modal frequencies from frequency equation without axial-bending coupling with respect to crack depth ratios
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