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of Elastically Restrained Cracked Beam with a Tip Mass
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Abstract The development of a technique that can monitor the cracks, which is one of the typical types
of damage, is necessary to secure the structural safety of elastically restrained cantilever-type beams
with a tip mass that is used widely in infrastructure. Impedance techniques have been actively
researched to detect cracks, and the cracks were estimated mainly by experimentally investigating the
relationship between the crack and impedance signal. This study examined the correlation between the
change in the impedance signals due to the crack, and the natural frequency obtained analytically. After
updating the analysis model for the intact beam, the impedance signal was measured while gradually
inflicting cracks in the cantilever-type beam, and the damage index was obtained. The results were
compared with the natural frequencies calculated from the updated analysis model to investigate the
correlation. A close correlation was observed between the experimentally obtained impedance damage
index, and the analytically calculated natural frequency. Using this correlation, the structural
characteristics could be evaluated more accurately from the damage estimation results, and the behavior
of the structure could be predicted effectively using the analysis model.
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Fig. 1. Elastically restrained cantilever-type beam
with a tip mass
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where, £ is Young's modulus, 7 is area moment
of inertia, 4 is cross sectional area, p is mass

density, and w is natural circular frequency.
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where, ¢ is distance to crack location from

elastic support, a is crack size as shown in Fig.

3, and Z is area moment of inertia at crack

location.
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Fig. 2. Variation of equivalent bending stiffness (¢/Z
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where, w, is natural circular frequency of cracked
beam.
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3 Re(Z)

where, Re(Z) denotes real electro-mechanical
impedance, @ is frequency, and 0 and d are

healthy and damaged state respectively.
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Fig. 4. Experimental setup
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Table 1. Damage scenario

Crack size, Crack location,

Case a/h ¢/L

1 0.050
0.100
0.159
0.206
0.275
0.300
0.350
0.396

0.1
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AP H(trial and error)2& Z7|XE A
th & x7] ¥ ARYAR(K)E 200 < 12E) L°
(:1210E+8 N/m)Z, %7] A AZYA(K)S
80 X 4EI/ L(=1.613E+7 Nm)& A& &, Eq. ) ¥
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At

olF, 2R 9] I[FTEE YO 2, kot ki
£ 0= sl AAYIHS FHeoto], AdEne} e
= k9 kp& AAEAT E kp=10.146K,2,
kp=1.626 K= 7}A3 F <A Eq. () 2 ()2 ol%
sto] Ak 19FTE Table 200 Blwstgl=d, 7A

A,

A ko kpol A8 1fFupet AdAn & o
A5k & 4= 9t} Table 2014 Q&= A Ao of
g gEg eAjolt}, wEbA, o]F 3= dWEA
Alsote] vlw IgoflA AHE ko ks 285t

Table 2. Natural frequencies of the specimen (Unit:

Hz)
Error
Mode no. 1 2 %
Experiment 26.856 234.375 -
Calculated w/o spring 29.587 239.162 6.106
FEM |/ tip mass| 29530 238913 | 5.947

Calculated w/ spring
(initial)
Ky =200x12E1/L*
K, =80} 4EIl/L

26.791 230.080 1.037

Calculated w/ spring
(updated)

ky=10.146 Ky
ky =1.626k,

26.864 233.484 0.205
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Fig. 6. Real Impedance for 30~400 kHz
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Table 3. Natural frequency and damage index

Crack w,/w w/w
Case size, ¢ ¢ 1—-DI
a/h (1st mode) | (2nd mode)
1 0.050 0.99803 0.99862 0.94821
2 0.100 0.99267 0.99588 0.88350
3 0.159 0.98247 0.99066 0.78598
4 0.206 0.97115 0.98496 0.77830
5 0.275 0.94889 0.97400 0.76805
6 0.300 0.93899 0.96922 0.72138
7 0.350 0.91580 0.95825 0.70955
8 0.396 0.88974 0.94627 0.58074
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