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A damage in

ABSTRACT

structure alters its dynamic characteristics. The change is characterized by changes

in the modal parameter, i.e., modal frequencies, modal damping value and mode shape associated

with each modal frequency. Changes also occur in some of the structural parameters; namely, the

mass, damping, stiffness matrices of the structure. In this paper, evaluation of changes in stiffness

matrix of a structure is presented as a method not only for identifying the presence of the damage

but also locating the damage. It is shown that

changed stiffness matrix can be accurately estimated

a sensitivity coefficient matrix derived from modifying mode shapes, First, with 4 story shear struc-

ture models, the effect of presence of damage in a structure on its stiffness matrix is studied. By

using these analytical model, the effectiveness of using change of stiffness matrix in detecting and

locating damages is demonstrated. To validate the predicted changing stiffness and its location, the

obtained results are compared to the reanalysis result which shows good agreement.
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Table 2 Comparison of eigenvectors before and after
modification
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Table 3 Sensitivity coefficient of the 4 story shear structure
Sensitivity coefficient o;;
-0.0009 -0.0005 -0.0812 0.0036 0.0018 -0.0045 0.0318 0.0015
-0.0018i -0.0643i -0.0215i -0.0263i -0.0053i 0.0003i 0.0026i 0.0206i
-0.0005 -0.0009 0.0036 -0.0812 -0.0045 0.0018 0.0015 0.0318
0.0643i 0.0018i 0.0263i 0.0215: -0.0003i 0.0053i -0.0206i -0.0026i
0.0867 -0.0038 -0.0018 0.0020 0.0894 -0.0166 -0.0294 0.0029
0.0221i -0.0400i -0.0044i -0.0994i 0.0291i 0.0117i -0.0045:i -0.0095i
-0.0038 0.0867 0.0020 -0.0018 -0.0166 0.0894 0.0029 -0.0294
0.0400i -0.0221i 0.0994i 0.0044i -0.0117i -0.0291i 0.0095i 0.0045i
-0.0124 0.0058 -0.0896 0.0152 -0.0033 0.0027 0.0902 -0.0047
0.0016i 0.0072i -0.0291i 0.0282i -0.0014i -0.0890i -0.0152i 0.0130i
0.0058 -0.0124 0.0152 -0.0896 0.0027 -0.0033 -0.0047 0.0902
-0.0072i -0.0016¢ -0.0282i 0.0291i 0.0890i 0.0014i -0.0130i 0.0152i
-0.0297 -0.0027 0.0419 -0.0057 -0.0896 0.0043 -0.0042 0.0003
-0.0019¢ 0.0208i 0.0064i -0.0178i 0.0173i 0.0229i 0.0011i -0.0256i
-0.0027 -0.0297 -0.0057 0.0419 0.0043 -0.0896 0.0003 -0.0042
-0.0208i 0.0019i 0.0178i -0.0064i -0.0229i -0.0173i 0.0256i -0.0011:
Table 4 Change of modal stiffness matrix after iteration
Modal stiffness AK; X 10°

-0.0438 1.0670 -0.0619 0.8270 -0.1040 -0.1884 0.0010 -1.2030
1.0630i 0.0000i 0.8214i 0.1072i -0.1984i -0.1831i -1.1950i 0.0370i
1.0670 -0.0438 0.8270 -0.0619 -0.1884 -0.1040 -1.2030 0.0010
0.0000i -1.0630i -0.1072i -0.8214i 0.1831i 0.1984i -0.0370i 1.1950i¢
-0.0619 0.8270 -0.1077 3.9150 0.1852 -0.7821 -0.0852 0.7965
0.8214i -0.1072i 3.8390i 0.0000i -0.7691i -0.7027i 0.8589i 0.2725i
0.8270 -0.0619 3.9150 -0.1077 -0.7821 0.1852 0.7965 -0.0852
0.1072i -0.8214i 0.0000i -3.8390i 0.7027i 0.7691i -0.2725i -0.8589i
-0.1040 -0.1884 0.1852 -0.7821 -0.0632 5.4660 -0.2458 -1.5180
-0.1984i 0.1831i -0.7691i 0.7027i 5.4110i 0.0000i -1.5590i -0.4454i
-0.1884 -0.1040 -0.7821 0.1852 5.4660 -0.0632 -1.5180 -0.2458
-0.1831i 0.1984i -0.7027i 0.7691i 0.0000i -5.4110i 0.4454i 1.5590i¢
0.0010 -1.2030 -0.0852 0.7965 -0.2458 -1.5180 0.2145 2.6940
-1.1950i -0.0370i 0.8589i -0.2725i -1.5590i 0.4454i 2.6500i 0.0000i
-1.2030 0.0010 0.7965 -0.0852 -1.5180 -0.2458 2.6940 0.2145
0.0370i 1.1950i 0.2725i -0.8589i -0.4454i 1.5590i 0.0000i -2.6500i
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Table 5 Predictive damage stiffness in 4 story shear

structure
Stiffness(kN/m) Ratio
Element — Ak | Ak
No. . . Additive | Predictive D
Original & Ak Ak, (%)
1 3200 -640 -636.9 99.50
2 2400 0 -0.6 —
3 1600 -480 -481.4 100.29
4 800 -320 -320.1 100.02
0 =
n Ko _
§ -200 1 \E\\\:\i ¢~
3 -
: -400 - v =
< v
% -600 -
(] proposed Ak1
2 -800 1 v proposed Ak2
-E -1000 - s} proposed Ak3
n * proposed Akg4
‘.6 +1200 1 exact Ak
8, 1400 - exact Akp
c | |- exact Ak3
@ -1600 -
= —-—-—- exact Akg
o -1800 T T T T |
0 10 20 30 40 50

Ratio of modification(%)

Fig. 4 Prediction of damaged stiffness according to
the ratio of modification

el ade® 19, 39, 49 7Fe] S 4
7} 20 %, 30 %, 40 % A gt}

13 ¥ Al 1 24 87.3%, 3 249
96.1 %, 4¥ QA4oE 797 %= o=dle] Bl
QAL Wol wAEISILE AN vk 3t S
ol w7 A B APt o8 5
A WHgsto e B4 7
A Qrek gHE o] Bl I :

Table 5= 3% Ao A 2719 5%

1150 | Transactions of the KSNVE, 22(11) : 1144~1151, 2012

5.2 B

W4l FEZ WA A, F9 FEAL o8]
£ge A5 QueEe ALsgon e
e AEe A

(1) 72 07 A, Fo niuE WsFS o8
stol A= ASE sk Yot Ak

(@) AE AFZRE WEYS o o] mEZH
v e dneEe AL

(3) REFY WY 3

@) °] WS P2 WAE 43 A8 FEB A
$ A3 WY AAREE 2 S A
ol ol BRS¢ 5 gt

o] A= 20103MdE A7 )t dheltu] X

el oJato] =+

(1) Adams, R. D., Cawley, P., Pye, C. J. and Stone,
B. J, 1978, A Vibration Technique for Non-destruc-
tively Assessing the Integrity of Structures, Journal of
Mechnjcal Engineering Science, Vol. 20, pp. 93~100.

(2) Gudmundson, P., 1983, The Dynamic Behavior of
Slender Structures with Cross-sectional Cracks, Journal
of the Mathematics and Physics of Solids, Vol. 31, pp.
329~345.

(3) Friswell, M. 1., Penny, J. E. T. and Wilson, D.
A. L, 1994, Using Vibration Data and Statistical
Measures to Locate Damage in Structures, Journal of
Analytical and Experimental Modal Analysis, Vol. 9,
No. 4, pp. 239~254.

(4) Choi, B. M. and Woo, H. K., 2007, A Study for
the Comparison of Structureal Damage Detection Method
Using Structural Dynamic
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 17, No. 3, pp. 257~263.

(5) Zhan, I. W., Xia, H., Chen, S. Y. and De Roeck,

Characteristic Parameters,



Jung Youn Lee; Prediction of the Damage in the Structure with Damping using the Modified Dynamic Characteristics

G., 2011, Structural Damage Identification for Railway
Bridges based on Train-induced Bridge Responses and
Sensitivity Analysis, Journal of Sound and Vibration,
Vol. 330, No. 4, pp. 757~770.

(6) Gomes, H. M. and Silva, N. R. S., 2008, Some
Comparisons for Damage Detection on Structures Using
Genetic Algorithms and Modal Sensitivity Method,
Applied Mathematical Modelling, Vol. 32, No. 11, pp.
2216~2232.

(7) Fox, R. L. and Kapoor, M. P., 1968, Rates of
Change of Eigenvalues and Eigenvectors, AIAA Journal,
Vol. 6, No. 12, pp. 2426~2429.

Jung Youn Lee is Professor of
Dept. of Mechanical System Engi-
neering at Kyonggi University,
where he has been since 1996.
He received a B.S., an M.S. and
his Ph.D. from Hanyang University
in 1979, 1989 and 1992 respec-
tively. His research interests are in System Identifi-
cation, Structural Modification,
Problems, Modal Analysis and Sensitivity Analysis

of Vibration.

Dynamic Inverse

Transactions of the KSNVE, 22(11) : 1144~1151, 2012 | 1151





