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Identification of the Directivity of Structural Damages :
Theory and Experiment

e o § 4"
Cho, Kyoungkeun Lee, Usik

ABSTRACT
In this paper a new damage identification theory is developed in order to identify the locations, severities,
and orientations of local damages, all together at a time, by using the frequency response functions meas-
ured from damaged plate. Finally, the effects of damage orientation on the vibration responses of a plate are
numerically investigated, and the numerically simulated damage identification tests are conducted to verify
the present damage identification theory.
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Table 1 The change in natural frequencies (Hz) of the plate

Modes | Intact :;;;;r‘c;pi: Orthotropic Damage « Guess initial values @ (1)
98| 6=0°]6=15°) 6= 30| 6=45° « Compute initial values D(1)

1st(1,1)] 780 76.3 750 749 745 742 D)= X(O (1)) 4 A (Eq. 37)
2nd (1, 2)} 194.9 194.2| 192.9| 192.8] 192.4| 192.2 ‘:

3rd (2, 1) 194.9] 194.2| 194.5{ 1945 194.6; 19486 NEWTON-RAPHSON METHOD

5th (1, 3)] 389.7 377.3] 365.0/ 365.5| 366.5| 367.0 .
10th (1, 4)| 662.6] 654.6| 660.1| 659.0] 656.0 653.9 Compute & j+1)from

- - - - - - - X(© (i+1))D({=4A (Eq.37)
20th (4, 4)|1247.1| 1241.8|1239.2|1232.9| 1219.9( 1213.0
30th (3, 6)]1753.8| 1734.9|1742.7|1742.6| 1742.4| 1742.3 L2
COMPUTE THE INCREMENT 4@

Table 2 Damage information pre-specified for damage AD=0(+1)-0()
identification tests L 2 j=j+1
COMPUTE THE INCREMENT 4©

Effective Damage | Damage Dimensions 4D - 546 (Eq. 40)
Example| pamage |orientation  Location gf letet v
Problemsg . egmen .

Magnitude| (degrees)) (xom.yom) | o5 ;) o5 1) OPDATE D

D(ij+1)=D({+4D

One - _ ako
Damage © =05 g=45° [(0.225, 0.225)| (0.05, 0.05)

©,=03 ]} g,=0° [(0.125, 0.375)| (0.05, 0.05)

Three _ _ g0
Damages ©,=0.7 | §,=45° |(0.275, 0.075)] (0.05, 0.05) Yes
D3=0.5 | 6, =30° {(0.275,0.275) | (0.05, 0.05)
y Fig. 2 Iterative solution method used in the present study.
LyA LyA y
ISOTROPIC Q ISOTROPIC Q -
t 2 1 -
ooy
y ZYI 5o 03 = 45°
- 6=45° 0 n
2% S i N
ORTHOTROPIC e
> - X :
0 Xp Lx X Xo Lx .
(1) (2) «—— 05 — &1 X le—— 05 —»
Fig. 1 (1) Initially isotropic rectangular plate with a line (1) One Damage (2) Three Damages

crack, and (2) its equivalent continuum damage represen-

tation in terrns of effective orthotropic elastic stiffnesses. Fig. 3 Two example problems considered for numerically

simulated damage identification tests.
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Damage Magnituds D
Damage Magnitude O

Damage Magnitude [

a0
(2) Initial Values: DIE= 9.15%10” (b) 20th Iteration: DIE= 1.19x107
D =0.11,6=1.0° D = 0.50, 0 = 45.0°

Damage Magnitude D
Damage Magnituds O

Damages Magnkude O

{a) Initial Values: DIE = 1.21x107 {b) 40th Iteration: DIE = 9.12x10”
Three Damages Problem D1 =0.15, D2=0.70, D3 = 0.49 D1=0.30, D2 =0.70, D3 = 0.50
61 =2.3°, 82 =50.2°, 03 = 20.1° 061 =10.0°, 62 = 45.0°, 63 = 30.0°

Fig. 4 Damage identification results for the one damage problem and the three damages problem, without considering the
effects of measurement noise in FRF.

Damage Magnitude D

Damage Magnitude D

(a) 5% Noise : DIE= 1.56x107 (b) 10% Noise : DIE= 3.63x1072
D=050,0 =46.4° D =0.52, 0 = 49.8°

Damage Magnitude D
Damige Magnitude D
Damage Magnitude D

(a) 5% Noise : DIE= 2.55x10° (b} 10% Noise : DIE= 5.83x107
D1 =0.30, D2 = 0.69, D3 = 0.51 D1 =0.26, D2 =0.65, D3 =0.55
Three Damages Problem 01=22°, 02=47.5°,63 = 31.3° 01=5.4°, 02=48.7°,63 = 34.6°

Fig. 5 The effect of measurement noise in FRF on the damage identification results for the one damage and the three damages
problem.
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