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Analysis of a Structural Damage Detection Using Sensitivity Analysis
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IL Abstract

-

This study proposed the analysis of damage detection due to the change of the stiffhess of structure by using the original
and modified dynamic characteristics. The present approach allows the use of composite data which consist of eigenvalues
and eigenvectors, The suggested method is applied to examples of a cantilever and 3 degree of freedom system by modifying
the stiffhess. The predicted damage detections are in good agreement with these from the structural reanalysis using the

modified stiffness.
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(a) cantilever
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(b) 3 d.o.f system
Fig. 1 Model of cantilever and 3 d.o.f

52

3. X8 o

Fig. 1 $]ol4] 343t o]2& H§3t7] Yol Abgat 9
T8 9 34{EAY 2l Yebdch HARY o8
A, 7o), dAASE 12 stgon 12BY &S 3
7] Q8A 2, 48 a0 27k 7HA9) 15%, 20%E i
AA BEAS HBAFT o] FEX Wsle Ry 128
o) £4HE ARk 27E A&stg

3AFEAL] WY A A 47 kg, 2kg, 2kg AL
IN/m, 1.5N/m, 2.5N/m2 3}glo0). 7442 14, 2d a4
o Z+Zt 0.3N/m, 0.7N/m& FAA A 55A4L BsART
ol 5549 g2 Ry &4H A 2715 d&3Ant

4, Zat 9

4.1 IQMUSs Wl 4E

Table 12 TR 43747 A{ZF WSHE vetd
Bo|th, THAES WIS Bl 13 223%, 23 3.4%,
33 6.4%, 434 3.5%7) ZAstgon ol Ao 7+
28tg7l gEelth

Table 2= 3AH-FE A9 3R7HR] {3E4 HBHE et
WA oot AFAFe WSE EW [Xe 22.3%, 23
14.2% ZrA8tg 00, 334 11.4% 7Hasigdh. o gk

Table 1 Comparison of natural frequencies by modifying
structure in cantilever beam

modification
mode
before after
1 3.516 3424
2 22.046 21.290
3 61.918 57952
4 122.319 118.012

Table 2 Comparison of natural frequencies by modifying
structure in 3 d.o.f system

modification
mode
before (Hz) after (Hz)
[ 0.3730 0.2898
2 1.4070 1.2076
3 1.9080 1.6904
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Fig. 2 Comparision of mode shapes in cantilever and 3 d.o.f system
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Fig. 3 Comparision of delta mode shapes in cantilever and 3 d.o.f system
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(b) 3 d.o.f system

Fig. 4 Model of cantilever and 3 d.o.f system

Table 3 Predicted stiffness in cantilever and 3 d.o.f system

(a) cantilever

stiffness ratio
El;’:m | original | changed | predicted |  dk/dk,
(B (4B (4k,) (%)
1 | 10 0 0 100.00
2 1.0 -0.15 -0.1500 100.00
3 1.0 0 0 100.00
4 1.0 -0.20 -0.2001 100.05
5 1.0 0 0 100.00
(b) 3 d.o.f system
stiffness(N/m) ratio
Spring ; -
No. original | changed | predicted | 4k/dk,
) (4B (dk) %)
1 1.0 -0.30 -0.3000 100.00
2 2.0 -0.70 -0.7000 100.00
3 2.5 0 0 100.00

@)l ddste] o2& ?z“«l
Zsto] Lpehd Bolt). 9TEe)
N7 7H 15%, 20%S 75192.}5]

54

E8 3ALEAY AR 1, 28 Qa0 7AANT BFA
0.3N/m, 0.7N/m%= 33| Zobded & 4 Qlth

4 A 2718 Y fEetE FuYZS ATHAS

W g3t 2 AES Yot

() 728 &4 259 AFECEE 7T 4 A4S o
A3t ere Ak

@ W= AS2RY 34 9 WIS P 27

22 st

() feasuel FHRBL ol§stel B4 B WakFo
28 7280 &4 97§ 278 AT P
Aekstelck

@) 2 Pee duus 3RGEAd 48T 2 72E
&4 974 2 2718 38 4SS0 AL PHo)
Bee o 4+

ﬂJIO l

o

71

o] =2 20028 A7)t wujshe Ay A4
o o8 sAHAFU



=35 7|A & E =28 Vol.12 No.6 2003. 12.

k]
Ho
ra

il

(1) Oh, B. H. and Jung, B. S., 1997, “Damage Assess-
ment of Structures Based of Static and Modal Test
Data”, J. of KSCE, Vol. 17, No.1 ~3, pp. 383 ~396.

(2) Kim, I. T, Ry, Y. S,, Cho, H. M. and Na, W. B,,
1995, “Damage Detection Algorithm for Structures
without Baseline Modal- Responses”, Trans. of
KSCE, Vol. 1, pp. 83~96.

(3) Bahng, E. Y, Yi, J. H. and Yun, C. H, 1998,
“Structural Joint Damage Assessment Using Neural
Networks”, J. of ESK, Vol. 2, No. 1, pp. 35~46.

(4) Liu, S. C. and James, T. P., 1978, “Structural
Identification Concept”, J ASCE of Structure
Engineering, Vol. 104, No. 12, pp. 1845~ 1858.

(5) Shinozuka, M., Yun, C. B. and Imai, H., 1982, “Identi-
fication of Linear Structural Dynamic Systems”, J.
ASCE of Structure Engineering, Vol. 108, No. 6, pp.
1371 ~1390.

(6) Baruch, M. and Bar-Itzhack, 1. Y., 1978, “Optimal

55

Weighted Orthogonalization of Measured Modes”,
J. of Al44, Vol. 16, No. 4, pp. 346~353.

(7) Stubbs, N., Broome, T. H. and Osegueda, R., 1988,
“Nondestructive Construction Error Detection in
Large Space Structures”, J. of AIAA, Vol. 28, No.
1, pp. 146~152.

(8) Stephens, J. E. and Yao, J. T., 1987, “Damage
Assessment Using Response Measurement”, J. of
Structural Engineering, ASCE, Vol. 113, No. 4, pp.
787 ~801.

(9) Lee, J. Y., 1997, “Prediction of Dynanﬁc Charac-
teristics of Continuous Structure due to the
Modification of Stiffness”, J. of KSMTE, Vol. 6,
No. 3, pp. 82~88.

(10) Lee, J. Y., 2002, “A Structural Eigen derivative
Analysis by Modification of Design Parameter”, J.
of KSME, Series A, Vol. 26, No. 4, pp. 739~744.

(11) Fox, R. S. and Kapoor, M. P., 1968, “Rates of
Change of Eigenvalues and Eigen vectors”, J. of
AIAA, Vol. 6, No. 12, pp. 2426 ~2429.



