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Abstract

In this study, a new damage identification method for beam-like structures with a fatigue crack is proposed,
which does not require comparative measurement on an intact structure but require several measurements at
different level of excitation forces on the cracked structure. The idea comes from the fact that dynamic
behavior of a structure with a fatigue crack changes with the level of the excitation force. The 2™ spatial
derivatives of frequency response functions along the longitudinal direction of a beam are used as the
sensitive indicator of crack existence. Then, weighting function is employed in the averaging process in
frequency domain to account for the modal participation of the differences between the dynamic behavior of a
beam with a fatigue crack at the low excitation and one at the high excitation. Subsequently, a damage index
is defined such that the location and level of the crack may be identified. It is shown from the analysis of
vibration measurements in this study that comparison of frequency response characteristics of a beam with a
single fatigue crack at different level of excitation forces enables an effective detection of the crack.
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Table 1 Variation of natural frequencies and natural frequency differences according to crack level

1CS* | am | LR Natural frequency Natural frequency difference
oY ®2 W3 04 05 | Aoy | Awy | Aws | Awy | Aas
1 0 H 57 | 340 | 923 | 1723 | 3067
C L 55| 342 | 928 | 1785 12942 10 | 1.0 } 17.0 [44.5]| 62.5
10 H 54 | 341 | 911 | 1740 | 2880
S H 56 | 335 | 912 {1724 -
C L 55 | 3411 952 | 1780 ) 2923 -0.5 ] 2.0 [35.5]45.5(495
20 | H | 56 | 339 | 916 | 1734 | 2874
S H 55 1 329 | 908 | 1696 | -
C L 54 | 3151 932 | 1680 ) 2803 -0.5] 05 |265]|42.0] 8.0
40 H 54 | 315 | 905 | 1638 | 2795
S H 54 | 307 | 886 | 1585 -
1
C L 5 299 | 916 | 15671 2794 0.0 | 0.0 |20.0(37.0]14.0
60 H 51 | 299 | 896 | 1530 | 2780
S H 50 | 299 | 886 | 1555 -

- Superscript “a”: the Intact, Cracked and Slotted beam
- Superscript “b”: Low(F|,) and High excitation force
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