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Parameter estimation method of fatigue damage model of rock
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Abstract: Rock is a complex heterogeneous geological material with three-phase law in fatigue damage evolution. This law can be
described well by inverted S-shaped nonlinear fatigue cumulative model. The parameters of this model under different stress levels
must be determined before using it to calculate damage or analyze fatigue life. However, the calculating result indicates that the
probability is very low for Levenberg-Marquardt method converging to optimal solution with arbitrary initial parameters. Therefore, a
finite combination method is proposed to estimate initial parameters for Levenberg-Marquardt calculation. Initial points uniformly
distributed in the feasible region of parameters are inputted for Levenberg-Marquardt calculation; and the set of parameters with
minimum residual sum of squares is taken as final initial parameters. The results show that the set of initial parameters estimated by
finite combination method is always effective for Levenberg-Marquardt method converging to optimal solution.
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Fig.1 Development curve of axial irreversible deformations
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Fig.2 Classification of three-phase curves
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Fig.3 Inverted S-shaped curves family
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Tablel Experimental data

D n/N D n/N

0 0.663 312 0.497 824 0.816 929
0.004 060 0.680 211 0.639 993 0.830 139
0.009 256 0.695 928 0.771 203 0.846 968
0.031 015 0.720 575 0.884 289 0.861 082
0.050 177 0.733 919 0.936 354 0.877 278
0.079 731 0.747 263 0.968 916 0.893 477
0.125 361 0.760 607 0.985 114 0.909 574
0.198 391 0.774 489 0.996 850 0.946 442
0.272 953 0.788 460 0.999 660 1.000 010
0.391 460 0.803 176
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Table 2 Result obtained from finite combination

method (Part)

Dy a p P SSE
0.678 1 0.327 4 2.858 8 1.9719 0.0127
0.679 1 0.429 8 4.022 8 1.867 0 0.0132
0.677 5 0.340 2 2919 1 1.954 7 0.012 8
0.674 9 0.192 8 1.5259 2.3343 0.010 8
0.677 6 0.297 7 2.3750 1.965 7 0.013 2
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Fig.4 Result of inversed S-shaped curve fitting
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