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METHOD WITH VARIABLE DEPENDENCE
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Abstract: New insights into the classic Rackwitz-Fiessler random space transformation method (R-F method)
are presented in this study. Following a general description of the R-F method, the geometrical relationships
between the R-F method and the isoprobabilistc transformation are discussed. The forward transformation of the
R-F method is then proved to follow the isoprobabilistic transformation principle, whereas its backward
transformation can only be taken as a linear approximation of the isoprobabilistic transformation. Subsequently,
an equivalent R-F condition is proposed, which helps to investigate the dependency variation of random variables
in the R-F method. The dependence variation of the R-F method is later shown to be the same as that of the
Nataf-Pearson method (N-P method). Finally, the calculation cost is compared between the dependence changed
R-F method and the N-P method, finding the costs to be almost the same for each single-step iteration when
optimized algorithms are used. Additionally, the differences between the dependence changed R-F method and the
linearized N-P method are also discussed. Numerical examples show that the reliability index calculated using the
dependence changed R-F method agrees well with that of the N-P method.
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Table 1 The iteration information of dependence unchanged

R-F method
X X/ Y Y
B , €
X X Y Y “
10 9.3654 0.0990 -0.2214
1 -2.2469  2.4050
20 9.3654 0.1773  -2.0471
9.3654  13.0593 -0.2320  1.7596
-3.1871  2.3886
9.3654  13.0593 -3.5594 -1.4216
13.0593  13.5474  1.4468 1.6355
3 -3.2479  0.2184
13.0593  13.5474 -1.8020 -1.6124
13.5474 13.4742 1.6321 1.6048
4 -3.2489  0.0314
13.5474 134742 -1.6170 —1.6441
13.4742 134872 1.6047 1.6096
5 -3.2490  0.0056
13.4742 134872 -1.6442 -1.6393
13.4872 13.4849  1.6096 1.6087
6 -3.2490  0.00097
13.4872 134849 -1.6393 —1.6402
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Table 2 The iteration information of dependence changed R-F
method
X X! Y, Yy
s : ‘ g B :
X5 X, Y Y,
10 9.3005 0.0990 -0.2542
1 -2.2611 24201
20 9.3005 0.1773  -2.0607
9.3005 13.0437 -0.2671 1.7651
-3.2233  2.4288
9.3005 13.0437 -3.5971 -1.4148
13.0437 13.5502 1.4408 1.6369
3 -3.2857 0.2262
13.0437 13.5502 -1.8081 -1.6110
13.5502 13.4720 1.6331 1.6040
4 -3.2868 0.0334
13.5502 134720 -1.6160 —1.6449
13.4720  13.4863 1.6039 1.6093
5 -3.2869  0.0062
13.4720  13.4863 —-1.6450 -1.6397
13.4863 13.4838 1.6093 1.6083
6 -3.2869  0.0011
13.4863 13.4838 —-1.6397 -1.6406
13.4838 13.4842 1.6083 1.6085
7 -3.2869  0.0002
13.4838 134842 -1.6406 —1.6404
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Table 3 The iteration information of N-P method

'

X x| Y, Y,
AR , €
X X, Y, Y, b
10 9.3244 0.0990 —-0.2542
1 -2.2611 2.4201
20 12.4152 0.1773 -2.0607

(8:3%)
. X X/ Y, Y’

w7 ! ‘ ! ] ¢
)(2 Xz YZ Yz
9.3244 11.9547 -0.2542 1.0005

-3.5130 1.6824
124152  11.6713 -2.0607 -2.3820
11.9547 13.8842 1.0005 1.7561

3 -3.2495 0.9859
11.6713  14.0059 -2.3820 -1.4513
13.8842  13.3258 1.7561 1.5488

4 —3.2833 0.2624
14.0059 133371 -1.4513 -1.6956
13.3258 13.5046 1.5488 1.6161

5 —3.2868 0.0750
13.3371 13.5048 —1.6956 —1.6328
13.5046  13.4803 1.6161 1.6070

6 —3.2868 0.0106
13.5048 13.4803 -1.6328 —1.6419
13.4803 13.4848 1.6070 1.6087

7 -3.2869 0.0019
13.4803 13.4848 -1.6419 —1.6402
13.4848 13.4840 1.6087 1.6084

8 -3.2869 0.00034
13.4848 13.4840 —1.6402 —1.6405
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