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A Feasibility Study on the Damage Detection of Infinite Beams Using the
Structural Intensity Measurement Technique

593 At o] F Q] Agbes - 2 F e

Young—Cheol Huh, Jong-Won Lee, Jae-Kwan Kim and Hyun-Gwon Kil

Key Words : Structural intensity(Z-%

Damage detection(&=4+ 744))

o8IAE]), Cross spectral density method(ZAZEHY

UW), Open Crack(@# #4),

ABSTRACT

The structural intensities have been applied to understand a source point and the path of vibrational energy flows
in interested structures by many researchers. In this paper, a feasibility study was carried out to investigate the
characteristics of a damaged beam with a inflicted open crack using the structural intensities. The damaged beam
was taken as a continuous system with equivalent bending stiffness and the flexural vibrations were only considered
in numerical simulation and experiments. A four(4)-transducer array was used to measure the flexural vibrations of
the beam and the structural intensities were estimated by means of cross spectral density method. As a result, the
magnitude changes of the structural intensities could be observed in the vicinity of the damage location and a
damage index was newly proposed to identify the damage zone. It has been confirmed that the measurement of the
structural intensities was simple and effective method to find out the damage zone.
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(a) b)
Fig.1 Spatial distribution analysis of transmitted

power for the undamaged and damaged beam (a) sine
400 Hz excitation (b) sine 1.2kHz excitation

Fig.2 Transducer array for the measurement of one-
dimensional structural intensity

Fig.3 Overview of experimental set up

oeficient

Reflechon
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2000

Fig.4 Reflection coefficient of bending wave in a
undamaged beam
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(a)
Fig.5 Comparison of the

(b)
input power with the
transmitted power (a) x=-0.49m from center (b)
x=-0.37m from center

(a) b)
Fig.6  Spatial measurement

transmitted power

of the
ratio for the undamaged and

distribution

damaged beam (a) sine 400Hz excitation (b) sine

1.2kHz excitation

o

ES

(1) Noiseux D. U., 1970, “Measurement of Power
Flow in Uniform Beam and Plates”, Journal of the
Acoustical Society of America, Vol. 47, pp. 238~247.

(2) Pavic G., 1976,
Borne Wave Intensity, Part 1 :
Methods", Journal of Sound and Vibration, Vol. 49, pp.
221~230.

(3) Verheij J. W., 1980,

Methods for Measuring Structure Borne Power Flow

"Measurement of Structure
Formulation of the

"Cross Spectral Density

on Beams and Pipes", Journal of Sound and Vibration,
Vol. 70, pp. 133~139.

(4) Linjama J. and Lahti T., 1992, "Estimation of
the
Frequency Response Technique", Journal of Sound and
Vibration, Vol. 153, pp. 21~36.

(5) o194, B El, 1997, “2xbd FF2E9
g Ao gk A7, SaAhSEE =i,
Al 33, pp. 477~488.

Bending Wave Intensity in Beams Using



1%, pp. 43~53.

(7) B=d, X%, 249, 1998, “5Q HAAolo o
A AAE Hae] e sg A7, deietlsy
3=25 A 89, A 63, pp. 1053~1061.

() olady, 1FE, 4dd, o|8d, T4&, 2005 “A
Auo 2 JVNE 347, i ees] wATE
) 3]=%4, pp. 728~731.

9 124, 484, $44, 2005, ‘S 2=
A %J%OJ—MF% ZA o JM AT, et
249, Al 7%, pp. 371~378.

(10) AA<, 484, o4, 1%‘?‘—;, 5
A o] Wel zEol FJ/\]E] =47 B3tk
AgtE 3] =14, pp.831~ 835

(11) &7, 2001, “MSC/NASTRAN ¥ PCLE o]-&3h

& U9 AE 39 &5 4 7N, e tlEe e
3=24, A 119, Al 83, pp. 303~313.

(12) Z=dl&, A, o), HeE, 2000, “AA %
Q40 FEAHAE 147, S Aa g E3es] FH10T
W 7] shed]s=iEy, pp. 881~887.

(13) 9=d, 48, 7,4_; 1998, “5d HwAelA
Z 2

AN Ay R AEAATTAN, BHEAE
Fots)=iF, Al 84, Al 6_9_ pp. 1053~1061.

(140) A4, 289, F4%, 2001, “Qle] W H7
Aol og A4 A A5 ANEFAY, BHLA
388 =wA, Al 1148, Al 6%, pp. 181~192.

T, 143, A8, 499, 2002, ‘A FxE
s 5347, &%i%ﬂ%%i‘ﬂ |
StEtis=EA, pp. 1177~1184.

(16) Li T. Y., Liu J. X. and Zhang T. 2004,
“Vibrational Power Flow Characteristics of Circular
Plate Structure with Peripheral Surface Crack”,
Journal of Sound and Vibration, Vol. 276, pp. 1081~
1091.

(17) Li T. Y., Zhang W. H. and Liu T. G., 2001,
“Vibrational Power Flow Analysis of Damaged Beam
Structures”, Journal of Sound and Vibration, Vol. 242,
pp. 59~68.

(18) Lee H. P, Lim S. P. and Khun M. S., 2006,
“Diversion of Energy Flow Near Crack Tips of a
Vibrating Plate Using the Structural Intensity
Technique”, Journal of Sound and Vibration, Vol. 296,
pp. 602~622.

(19) 344, A, 93 2007, “Heo] & AAA
HAE Y dES 2te R & dd #ek A+,
3] 28 2

174, A 10%, pp. 936~

58





