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Abstract

Modal properties for tapered cantilever pipe-type beam is identified by applying the boundary conditions to a general solution for
tapered beam. A bending stiffness for cracked beam is constructed based on an energy method for tapered cantilever thin-walled
pipe, which has a through-the-thickness crack, subjected to bending. Then the natural frequencies and mode shapes of a tapered
cantilever thin-walled cracked pipe are identified. It can be found that the phenomenon of the bending stiffness distribution along the
beam length of the cracked beam is quite reasonable, the natural frequencies are decreased as the crack sizes are increased, and the
mode shapes are changed due to the crack. This results may be used to the vibration-based crack identification for the tapered

cantilever pipe-type tower structures.
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Fig. 1 Non-dimensionalized tapered beam
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Fig. 2 Example tapered beam
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Table 1 Natural frequencies of the example tapered beam

Mode no. B Natural frequency(Hz)
1 5.1954 22.819
2 11.1942 105.930
3 17.9119 283.032
4 24.7494 518.733
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Fig. 3 Mode shape of the example tapered beam
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Fig. 4 Cross section of the cracked pipe
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Table 2 Variation of natural frequency to crack size(Hz)
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Fig. 5 Variation of the bending stiffness of the example
cracked beam
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Mode Crack size, 6(degree)
no. |Uncracked 20 40 60 80
1 22.819 22.797 22.660 22.340 21.818
2 105.930 | 105.682 | 104.271 | 101.341 | 97.241
3 283.032 | 282.867 | 282.266 | 280.352 | 276.692
4 518.733 | 516.335 | 510.637 | 500.962 | 488.642

Table 3 Variation of natural frequency to crack location(Hz)

Mode Crack location, &

no. Uncracked 0.7 0.8 0.9

1 22.819 22.508 22.340 21.353

2 105.930 103.144 101.341 102.331

3 283.032 269.861 280.352 277.588

4 518.733 505.101 500.962 504.901
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Fig. 6 Mode shapes before and after the crack
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