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Development of a new frequency-domain method for fatigue damage assessment
in bimodal Gaussian random processes

YUAN Kuilin, JIN Hongyi

(School of Naval Architecture Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; To accurately evaluate the fatigue damage of bimodal Gaussian random process, a new frequency-domain
analysis method called as the improved bands method was proposed. The basic idea of the proposed method was
developed from the spectral decomposition approach. Firstly, the power spectrum density functions of low-frequency
and high-frequency modes were split into a large number of infinitesimal frequency bands. According to the damage
equivalence principle, the equivalent conversions were separately performed for the low-frequency and high-
frequency components to obtain the corresponding equivalent narrow-band processes. Subsequently, another
equivalent conversion from high-frequency equivalent narrow-band process to low-frequency mode was conducted.
In order to account for the interaction between the low-frequency and high-frequency modes, a correction factor,
which depends on characteristic frequency ratio, energy ratio and material parameter m of the S-N curves, was
introduced to modify the summed zero-order spectral moment. When the final equivalent narrow-band process was
obtained, the total damage of bimodal Gaussian process could be calculated by the analytical solution of narrow-
band fatigue damage. Through numerical tests of ideal rectangular bimodal spectrum and real bimodal spectrum, by
taking the fatigue damage estimated by time-domain rain-flow counting method as reference, the accuracy and
robustness of the present method was validated against several popular frequency-domain methods. Results showed
that the improved bands method is not only more accurate than other traditional frequency-domain methods but also
easier to be implemented in computer programming, which also indicates its great potential in actual engineering
practice.
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Fig.2  Illustration of the improved bands method proposed for

bimodal process
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Tab.2 Spectral characteristics of each mode in spectrum
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Tab.3 Relative errors of different methods in Case 1 %

m Low TB GZ BM Proposed
3 -0.54 -6.77 -0.92 -3.48 -0.22
4 0.27 -11.81 -0.56 -3.83 -0.12
5 0.24 -17.44 -1.18 -5.03 -0.58
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Tab.4 Relative errors of different methods in Case 2 %

m Low TB GZ(m=4) BM Proposed

3 -22.97 -5.53 -2.62 -6.15 -1.61

4 -22.47 -9.30 -2.80 -7.21 -2.41

5 -21.54 -11.59 -2.46 -7.11 -2.62
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