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ABSTRACT: The fatigue damage caused by wide band loadings has generally been predicted using fatique damage models in the frequency
domain rather than a rain-flow counting method in the time domain because of its computation cost. This study showed that these fatigue damage
models can be simplified in the form of normalized fatigue damage as a function of the S-N curve slope and bandwidth parameters. Based on
numerical simulations of various wide band spectra, it was found that fatique damage models in the form of normalized fatique damage with one
S-N curve slope and two bandwidth parameters(c,, cv,) provided less reasonable fatigue damage. Therefore, an additional bandwidth parameter
needs to be considered based on a semsitivity study using various neural networks, which proved that o,y would be the dominant factor of a
fatigue damage model as an additional bandwidth parameter.
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Fig. 3 Procedure of time history generation (Park, 2011)
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Table 2 Normalized fatigue damage for each type with o, =0.6

and «,=0.3
Normalized damage
Spectrum type

m =3 m =4 m =25

Type 1 0.242 0.362 0.611

Type 2 0.239 0.356 0.598

Type 3 0.238 0.352 0.591

Type 4 0.240 0.354 0.596

Type 5 0.243 0.373 0.640
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Table 3 Artificial neural network formation

Number of neurons

Neural network Inputs in a hidden layer
N-H10 aq, Qg,m 10
N-H30 ay, ag,m 30
NO075-H10 Qg75, Q1 Qg M 10
NO075-H30 Q.75, Qp, Qg M 30
N15-H10 Qy, Qs 0g,m 10
N15-H30 Qy, 005, 00,m 30
NO7515-H10  avgz5, 1, 05, tg,m 10
NO7515-H30  az5, @1, a5, iz, 30

Table 4 Artificial neural network test cases

Bandwidth parameter

Spectrum e
P P Case 1 Case 2
T 1 T 5 a; =0.7 a; =0.85
ype ype a, =03 ay=0.55
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Table 5 Error Index for wide band spectrum and test cases

Neural network EI for wide band spectrum EI for test cases

N-H10 0.0406 0.1465
N-H30 0.0440 0.8587
NO075-H10 0.0187 0.7039
NO075-H30 0.0153 0.8501
N15-H10 0.0180 0.1270
N15-H30 0.0145 0.9477
NO07515-H10 0.0119 0.6148
NO07515-H30 0.0141 0.4441
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Fig. 6 Fatigue damage ratio with N15-H10 for wide band spectrum
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