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Abstract

This study provides how the Dimension Reduction (DR) method as an efficient technique for reliability
analysis can acquire its increased efficiency when it is applied to highly nonlinear problems. In the highly
nonlinear engineering systems, 4N+1 (N: number of random variables) sampling is generally recognized to be
appropriate. However, there exists uncertainty concerning the standard for judgment of non-linearity of the
system as well as possibility of diverse degrees of non-linearity according to each of the random variables. In
this regard, this study judged the linearity individually on each random variable after 2N+1 sampling. If high
non-linearity appeared, 2 additional sampling was administered on each random variable to apply the DR
method. The applications of the proposed sampling to the examples produced the constant results with

increased efficiency.
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Table 1 Property of Random Variables for Example 1

Distribution Mean Standard Deviation
X, Normal 6.0 08
X, Normal 6.0 08
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Table 2 Statistical Moments for each Sampling Method

Method Mean Std. Dev. ® Skewness Kurtosis
MCs*® 2.4934 0.9324 -0.4949 5.0370
2N+1 2.4459 1.0764 -0.4441 3.6004
4N+1 2.5016 0.9363 -0.4747 4.3335

Proposed 2.5016 0.9363 -0.4747 4.3335

2 Results are from 1,000,000 Sampling Using MATLAB™
® Standard Deviation

Table 3 Statistical Moments Error (%) with MCS

Method Mean Std. Dev. Skewness Kurtosis
2N+1 1.906 15.448 10.271 28.522
4N+1 0.331 0.424 4.083 13.966

Proposed 0.331 0.424 4.083 13.966

52 oA 2
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w3t 7} g5 WErE At 3 (normal distribution)
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Table 4 Property of Random Variables for Example 2

Distribution Mean Standard Deviation
X, Weibull 10.0 3.0
X, EVD? 5.0 15
X, Lognormal 10.0 3.0
X, EVD 10.0 3.0
X Lognormal 5.0 15
Xs Weibull 10.0 3.0

# Type | Extreme Value Distribution

Table 5 Normalized Distance for each Random Variables

X, X, | X, X, | X, | X,

ND 0.0000 0.0000 | 0.00000 0.4596 0.4233 0.4787
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Fig. 5 Normalized Response for each Random Variables in Reliable Design Space
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Table 6 Statistical Moments for each Sampling Method

Method Mean Std. Dev. Skewness Kurtosis
MCS? 5663874 12802320 25.7790 1859.7160
2N+1 7433599 14554450 4.3605 42.6002
4AN+1 5609734 11490150 14.4557 570.0973

Proposed 5609734 11490150 14.4557 570.0973

2 Results are form 1,000,000 Sampling Using MATLAB™

Table 7 Statistical Moments Error (%) with MCS

Method Mean Std. Dev. Skewness Kurtosis
2N+1 31.2458 13.6860 83.0850 97.7093
4N+1 0.9559 10.2495 43.9244 69.3449

Proposed 0.9559 10.2495 43.9244 69.3449
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