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ABSTRACT

In this paper, a method for accurately predicting truss damage from dynamic changes before and
after the damage occurs is proposed. This method is used to analyze sensitivity coefficients based on
changes in dynamic characteristics and detect the damage using a modified stiffness matrix. This ma-
trix is obtained using an iterative method of the sensitivity coefficient matrix, and a method to esti-
mate the location of the damage and the degree of truss damage is developed. The proposed method

was applied to a seven-bar truss to predict the location and size of damage accurately.
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Fig. 1 Element model in truss
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Fig. 2 Damage model in seven-bar truss

Table 1 Comparison of natural frequencies of truss

before damage

Mode Proposed Lahe"” Midas /Gen

fo(z) fo (z) o (z)
1 193.02 193.02 193.02
2 200.81 200.81 200.81
3 455.67 455.67 455.67
4 589.33 589.33 589.33
5 603.91 603.91 603.91
6 686.98 686.98 686.98

Table 2 Comparison of natural frequencies of truss
before and after damage

Mode | CASE 0 CASE 1 CASE 2
fo(z) fi (z) f2(z)

1 193.02 188.55 183.86
2 200.81 197.64 193.54
3 455.67 439.95 440.93
4 589.33 583.95 536.17
5 603.91 590.97 577.24
6 686.98 686.93 641.60
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(a) 1st mode

(b) 2nd mode

(¢) 3rd mode (d) 4th mode

-]

(e) 5th mode (f) 6th mode
Fig. 3 Eigenvectors before damage of the truss

Table 3 Comparison of eigenvectors of 7 bar truss in
CASE 0

Node

Mode 2 3 4

2 y 2 y 2 Yy

1 [-0.0239 | 0.0944 | 0.0000 | 0.1436 | 0.0239 | 0.0944

2 0.1501 [-0.0110 | 0.0373 | 0.0000 | 0.1501 | 0.0110

3 0.0420 | 0.1497 |-0.1221 | 0.0000 | 0.0420 |-0.1497

4 |-0.0981 |-0.1170 | 0.0000 | 0.1240 | 0.0981 |-0.1170

5 0.0427 (-0.1083 |-0.1726 | 0.0000 | 0.0427 | 0.1083

6 0.1552 [-0.0594 | 0.0000 | 0.1004 |-0.1552 |-0.0594

Table 4 Comparison of eigenvectors of 7 bar truss in

CASE 1
Node
Mode 2 3 4
X y X y X y
1 0.0253 | 0.0907 | 0.0111 | 0.1353 | 0.0684 | 0.0912

2 0.1496 (-0.0392 | 0.0386 |-0.0450 | 0.1340 [-0.0186

3 0.0489 | 0.1458 |-0.1310 |-0.0066 | 0.0405 [-0.1411

4 |-0.0718 |-0.1476 [-0.0693 | 0.1147 | 0.1102 |-0.0648

5 0.0767 |-0.0625 |-0.1500 |-0.0489 |-0.0005 | 0.1552

6 0.1547 [-0.0605 |-0.0002 | 0.1009 |-0.1548 |{-0.0594
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Table 5 Comparison of eigenvectors of 7 bar truss in
CASE 2

Node

Mode 2 3 4

x y x y x y

1 0.0014 | 0.0874 | 0.0073 | 0.1424 | 0.0552 | 0.0946

2 0.1516 [-0.0328 | 0.0407 |-0.0257 | 0.1405 |-0.0053

3 0.0489 | 0.1426 |-0.1343 |-0.0021 | 0.0492 {-0.1382

4 |-0.0912 |-0.1470 {-0.0630 | 0.1008 | 0.1202 |-0.0598

5 0.0985 [-0.0786 |-0.1485 |-0.0262 |-0.0253 | 0.1421

6 0.1303 |-0.0596 | 0.0182 | 0.1195 |-0.1417 |-0.0924
AO.3O
L
— 0.25
L
jo.zo— R A A A A A A A 4
ie]
EO.15*
0010 {®- 0 -0 0 -0 0 0 0 @
@®©
@® No. 1element
%0.05 1 v No. 3 element
(o)
0.00
0 5 10 15 20 25 30 35 40 45 50
No. of iteration
(a) CASE 1
0.30
ﬁ =
— 0.25 1 T B -
L
J o020
iel
50_15, vvvvvvvvv
$0.10 @ o @ 0 @ 0 00
© ® ® No. 2 element
%0.05’ v No. 4 element
a E No. 7 element
0.00 ——
0 5 10 15 20 25 30 35 40 45 50

No. of iteration
(b) CASE 2

Fig.5 Prediction of damage ratio according to the
number of iteration

B5E 47 WSS W 2t 0.1 % oJUlE &
o gkt Fig. 50 WHE 3o wheh SAF 2 AT

& UeEhilon wkE3leE 503] st

Fig. 5(a) = CASE 19] 4$-2 9ty 3157} 53]
w1 24 E4HES 0109, 3 849 &
H§S 0.189% Tha 37} 9glon} wE 3157}
27§] ool A 1¥ @4 0.100, 3 24 0.200
o2 433] o533 th Fig. 5(b)e= CASE 29] 7%
2 AR 315t 53] wf 2w, 49, 7 840 &4
H14-S 7kt 0.098, 0.136, 0.278% o] 53}o]
AN HHE ST 473] o)X= 2
0.150, 0.250% o] =3ke] A|otst Hhwlo] Elgahe <
T AT

W o R SR AKE A (17), (18)= °l%
sto] AAdwsts P [AK] S ek A (8)3
Hlarste] Zb @ 4ol e AKE oto] Evfe] &

0.3
mmmm Actural Damage

m === Predicted Damage
~
L
<1 02
9
=
©
—_
()
D 0.1 4
®
S
@©
o

0.0 + : T : T . . .

0 1 2 3 4 5 6 7 8
No. of element

(a) CASE 1

0.3
— mmmm Actural Damage
L == Predicted Damage m
—
L
<1 0.2
i)
=
@
—
(0]
D 0.1
(]
1S
@
o

0.0 T T T . T . .

0 1 2 3 4 5 6 7 8
No. of element
(b) CASE 2
Fig. 6 Comparison of actual and predicted damage

Trans. Korean Soc. Noise Vib. Eng., 30(1) : 86~93. 2020 | 91



Jung Youn Lee ; Damage Detection in the Truss Using Modified Dynamic Characteristics

o] Aok £ A ARSIt £/41]E(damage
ratio)> AE/EZ BSIG oM AR Be &4 §
o Zhay AZEIAT B &4 d AR Aol
Fig 6L ET| A Q40 £ato] WHAISIS o &4F
E oS3 a9l Fig. 6(a)= CASE 19] 45

2 1tﬂ Q49 EAHAEE 10%, 3H 240 44
|

©j

0_1_4
r
O:

ES30%2 YA 2asd imﬂcﬂ gAtaL
55191t} Fig. 6(b)= CASE 29] 7

=
/\Lxé =p=2

\1|

10 %, 49 &

Y 49 éc}%} £ 15%, 79
20 ENALTE 25%FE g

(M Ht po rpr _11

R ERER R ELIC LS

d 3}
e A%E A,

(1) Eel &4 A3 Fo nfdEsh afue
WEFS olgdle] dEAS FAL Fah PR
At

@ AAVE AR gEASF 92 Wy
AHgstel Faha ol ol §ato] Eejgl £4 914
o EAAES dSahe Wore A

(3) AXE W Belno] AEF A3t £491A
% EPAEE QY d5ste] Ake Wilol v
e o 5 gl

References

(1) Cawley, P. and Adams. R. D., 1979, The Location
of Defects in Structures from Measurement of Natural
Frequency, Journal of Strain Analysis for Engineering
Design, Vol. 14, No. 2, pp. 49~57.

(2) Hassiotis, S. and Jeong, G. D., 1995, Identification
of Stiffness Reduction Using Naturalfrequencies, Journal of
Engineering Mechanics, Vol. 121, No. 10, pp. 1106~1113.

92 | Trans. Korean Soc. Noise Vib. Eng., 30(1) : 86~93, 2020

(3) Lew, J. S., 1995, Using Transfer Function Parameter
Changes for Damage Detection of Structures, AIAA
Journal, Vol. 33, No. 11, pp. 2189~2193.

(4) Valkil-Baghmisheh, M. T., Peimani, M. H., Sadeghi,
M. H. and Ettffagh, M. M., 2008, Crack in Beam-like
Structure Algorithms, Applied  Soft
Computing, Vol. 8, No. 2, pp. 1150~1160.

(5) Nikolakopoulos, P. G., Katsareas, D. E. and
Papadopoulos, C. A., 1997, Crack Identification in Frame
Structures, Computers and Structures, Vol. 64, No.1~4, pp.
389~406.

(6) Cerri, M. N. and Vestroni, F., 2000, Detection of
Damage in Beams Subjected to Diffused Cracking, Journal
of Sound and Vibration, Vol. 234, No. 2, pp. 259~276.

(7) Liv, G. R and Chen, S. C, 2002, A Novel
Technique for Inverse Identification of Distributed Stiffness
Factor in Structures, Journal of Structural Engineering, Vol.
254, No. 2, pp. 823~835.

(8) Maity, D. and Tripathy, R. R., 2005, Damage
Assessment of  Structure in  Natural
Frequencies Using Genetic Algorithm, Structural Engineering
and Mechanics, Vol. 19, No. 1, pp. 21~42.

(9) Sahoo, B. and Maity, D., 2007, Damage Assessment
of Structures Using Hybrid Neuro-genetic Algorithm,
Applied Soft Computing, Vol. 7, No. 1, pp. 89~104.

(10) Mehrjoo, M., Khaji, N., Moharrami, H. and
Bahreininejad, A., 2008, Damage Detection of Truss Bridge
Joints using Artificial Neural Networks, Expert Systems
with Applications, Vol. 35 pp. No. 3, 1122~1131.

(11) Lim, T. W. and Kashangaki, T. A., 1994,
Structural Damage Detection of Space Truss Structures
Using Best Achievable Eigenvectors, AIAA Journal, Vol.
32, No. 5, 1049~1057.

(12) Liu, P. L., 1995, Identification and Damage
Detection of Trusses Using Modal Data, Journal of
Structural Engineering Vol. 121, No. 4, pp. 599~608.

(13) Son, 1. S, Ahn, S. J. and Yoon, H. I, 2009,
Study on Detection of Crack and Damage for Cantilever
Beams Using Vibration Characteristics, Transactions of the

Using  Genetic

from Changes

Korean Society for Noise and Vibration Engineering, Vol.
19, No. 9, pp. 935~942.

(14) Kaveh, A. and Zolghadr, A., 2012, Damage
Detection of Truss Structures Using an Improved Charged
System Search Algorithm, Proceedings of the Eleventh



Jung Youn Lee ; Damage Detection in the Truss Using Modified Dynamic Characteristics

International Conference on Computational — Structures
Technology, paper 82.

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

(16) Kim, J. H, Lee, J. W. and Lee, J. Y., 2015,
Multi-crack Detection of Beam Using the Change of
Dynamic Characteristics Prediction of Modified Structural
Natural Frequencies and Modes Using Iterative Sensitivity
Coefficient, Transactions of the Korean Society for Noise
and Vibration Engineering, Vol. 25, No. 11, pp. 731~738.

(17) Lahe, A., Braunbruck, A. and Klauson, A., 2019,
An Exact Solution of Truss Vibration Problems,

Proceedings of the Estonian Academy of Sciences, Vol.

68, No. 3, pp. 244~263.

Jung Youn Lee is Professor of Dept.
of Mechanical System Engineering 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

respectively. His research interests are in System

Identification, Structural Modification, Inverse Problem,

Modal Analysis and Sensitivity Analysis of Vibration.

Trans. Korean Soc. Noise Vib. Eng., 30(1) : 86~93. 2020

93



