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This paper is concerned with detection of damaged components in a 3-D frame structure

with dynamic response. Detection of damaged components is pursued by the experimen-

tal design. In this paper, damage is indicated by reduction of rigidity for a structural

component, such as extensional rigidity. Three levels of rigidity are assumed, and the

components having larger probabilities for damage indication are estimated by the exper-

imental design. After some iterations of the above approach, the damaged components

are finally detected. It is demonstrated through numerical computation of a few examples

that the proposed procedure is rather robust and can be used for damage detection, even

if plural components of the structure are damaged.
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Fig. 1 Analysis model
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Table 2 Orthogonal array L9(3") with U, and Sk

Member 1| Member 2 | Member 3 [Member 4 Ux

No.l1| 100% 100% 100% 100% |3.387E- 04
No.2| 100% 50% 50% 50% [1.687E- 02
No.3| 100% 25% 25% 25% |7.888E- 02
No.4 50% 100% 50% 25% |5.093E- 02
No.5 50% 50% 25% 100% |9.439E- 03
No.6 50% 25% 100% 50% |4.765E- 03
No.7 25% 100% 25% 50% |4.926E- 02
No.8 25% 50% 100% 25% |1.943E- 02
No.9 25% 25% 50% 100% |5.910E- 03

Su 19.608E- 0211.005E- 012.454E- 02|1.569E- |
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Table 3 Orthogonal array L9(3*) with U, and Sk

Member 1{ Member 2 | Member 3 [Member 4 Un
No.l1| 100% 100% 100% 100% |3.387E- 04
No.2[ 100% 50% 50% 100% |2.620E- 03]
No.3| 100% 25% 25% 100% |9.183E- 03]
No.4 50% 100% 50% 100% |3.751E- 03]
No.5 50% 50% 25% 100% |9.439E- 03
No.6 50% 25% 100% 100% |8.764E- 04
No.7 25% 100% 25% 100% |1.192E- 02
No.8| 25% 50% 100% 100% |7.719E- 04
No.9 25% 25% 50% 100% |5.910E- 03]

Su |1.214E- 02 1.601E- 02)1.987E- 03
Su |1.407E- 02 1.283E- 02]1.228E- 02
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(84 3 OREZ 100% & L CERD» S LB ZERIZHE
Wil R AT . RANLFEHMOBBENFEE SN L T TEHE
LA#sRamT. £4 X0 U iU, Thoh &R, 4

Table 4 Orthogonal array L9(3") with U, and Sk

Member 2 | Member 3 [Member 4

No.l| | 100% 100% 100"/3 .387E-
No2| I | 50% | 100% | 100% [7.035E-07
No.3 25% 100% 100% [2.202E- 04]
No.4 100% 100% 100% [5.234E- 04]
No.5 50% 100% 100% [2.307E- 04
No.6 25% 100% 100%  |8.764E- 04]
No.7 100% 100% 100% [8.417E- 04
No.8 50% 100% 100% [7.720E- 04
No.9 25% 100% 100% [1.996E- 03
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Sar |1.630E- 03[1.003E- 03

Su_3.609E- 03]3.092E- 03
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Table 5 Results (1)
Member | Exact Analysis

1 160% 25%
2 50% 25%
3 100% 100%
4 100% 100%
5 100% 50%
6
7
8

100% 100%
100% 100%
100% 100%
9 100% 100%
10 100% 100%
11 100% 100%
12 100% 50%
13 100% 100%
14 100% 100%
15 100% 100%
16 100% 100%
17 100% 25%
18 100% 100%
19 100% 100%
20 100% 100%
21 100% 50%
22 100% 100%
23 100% 100%
24 100% 100%
25 100% 25%
26 100% 25%
27 100% 100%
28 1060% 100%
29 25% 25%
30 100% 100%
31 100% 100%
32 100% 100%
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Table 6 Results (2)
Member | Exact Analysis

1 100% 100%
2 50% 50%
3 100% 100%
4 100% 100%
5 100% 100%
6

7

8

100% 100%
100% 100%
100% 100%
9 100% 100%
10 100% 100%
11 100% 100%
12 100% 100%
13 100% 100%
14 100% 100%
15 100% 100%
16 100% 100%
17 100% 100%
18 100% 100%
19 100% 100%
20 100% 100%
21 100% 100%
22 100% 100%
23 100% 100%
24 100% 100%
25 100% 100%
26 100% 100%
27 100% 100%
28 100% 100%
29 25% 25%
30 100% 100%
31 100% 100%
32 100% 100%
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