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Abstract

Many methods for reliability analysis have been studied and one of them, 2 moment method, has the
advantage that it doesn’t require sensitivities of performance functions. The moment method for reliability
analysis requires the first four moments of a performance function and then Pearson system is used for the
probability of failure where the accuracy of the probability of failure greatly depends on that of the first four
moments. But it is generally impossible to assess them analytically for multidimensional functions, and
numerical integration is mainly used to estimate the moment. However, numerical integration requires many
function evaluations and in case of involving finite element analyses, the calculation of the first four moments
is very time-consuming. To solve the problem, this research proposes a new method of approximating the first
four moments based on kriging metamodel. The proposed method substitutes the kriging metamodel for the
performance function and can also evaluate the accuracy of the calculated moments adjusting the
approximation range. Numerical examples show the proposed method can approximate the moments
accurately with the less function evaluations and evaluate the accuracy of the calculated moments.
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Table 1 Statistical moments of g(X)=x

Mean Stax.ldz}rd Skewness Kurtosis
deviation
3 points 0 1 0 3
5 points 0 1 0 3
Exact 0 1 0 3
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Table 2 Statistical moments of g(X) = x>

Standard

Mean .. Skewness Kurtosis
deviation
3 points 1 1.4142 0.7071 1.5
5 points 1 1.4142 2.8284 15
Exact 1 1.4142 2.8284 15

Table 3 Sampling region and the number of initial
sampling points according to the number of
integration points for a standard normal

distribution
3 points 5 points 7 points
Sampling region  +1.733  +2.857  £3.751
Number of initial n+1 dn+1 6n+1

sampling points
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Table 4 Results of statistical moments for example 1

Mean Star}dz}rd Skewness Kurtosis
deviation

3 Fz‘;‘)“ts 64.0000 416170 05345  3.1019
3 ?2";1)“5 640000 41.6170 05398  3.4137
K8%33 64.0007 416184 05346  3.1019
K(TI%S 64.0000 41.6174 05398 34137
Kg%{ 640000 416173 053983  3.4137
Exact _ 64.0000 41.6173 05398 34137

Table 5 Results of the probability of failure for example
lincaseof g(X)<R

R Krig_3 Krig_5 MCS
-15 5.7634x10°  1.0922x10%  1.0915x10?
20 2.0841x10°  6.2275x10°  6.3110x10°

Table 6 Results of statistical moments for example 2

Standard

Mean ... Skewness Kurtosis
deviation

3 2’7“)‘“ -3.0000  3.0000 -1.3333 43333
S points

(25) 30000 30000  -2.0000  9.0000
K?lg;)} 3.0000  3.0027  -1.3351  4.3321
Krig 5

(23 30000 30162 19924 89403
Kg%{ 3.0000  3.0223  -1.9946  8.9585

Exact -3 3 -2 9




990 FHE - 269 - AEH - oA

Table 7 Results of the probability of failure for example

2incaseof g(X)<R

Table 10 Results of statistical moments for example 4

R Krig 3 Krig 5 MCS
-15 8.1786x10™  6.7977x10°  6.9340x10°
20 0.0000 1.2874x10°  1.2240x10°

Table 8 Results of statistical moments for example 3

Mean Star'xdz.lrd Skewness Kurtosis
deviation
3 1’(‘;‘)“‘5 41371 13031  0.1526  3.0190
Spoints 41301 13033 01620 31144
(25)
K(’Sf 41371 13031 01526  3.0190
Kggf 41371 13033 01620  3.1143
Krig_7
20) 41371 13033 01620  3.1148
Exact  4.1371 13033 016200  3.1147

Mean Star'ndz.ud Skewness Kurtosis
deviation

3 ?;.}‘)‘ts 31431 09275 09861  3.5980
5 points

d2s) 31431 09296 11537 56351
K(gglf 31431 09246 09215 33161
Krig 5

29 31432 09297 L1511 5.5343
Krig 7 31432 09206 11537 56376

45)

Exact  3.1431 09296  1.1537  5.6397

Table 11 Results of the probability of failure for example
4 incase of g(X)<R

Table 9 Results of the probability of failure for example
3incaseof g(X)<R

R Krig 3 Krig 5 MCS
1.5 0.0000 4.0868x10°  4.5610x10°
20 3.1607x10°  6.7065x107  6.7208x107

Table 12 Results of statistical moments for example 5

R Krig 3 Krig_5 MCS
0  25702x10* 3.8322x10* 3.6800x10™
1 53187x10° 5.7987x10° 5.7100x10°
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Mean Stal.ldi.ud -Skewness Kurtosis
deviation
3 points
(729) 270.002 103.108 -0.4644 3.0888
5 points
(15625) 270.000 103.271 -0.5282 3.6076
Ké‘%f 269999 103.048 -0.4698  3.1096
K(I;%SS 270.000 103.238 -0.5292 3.6119
Krig 7 270.003 103.229 -0.5321 3.6216
(62)
Exact 270.048 103.171 -0.5227 3.5986

Table 13 Results of the probability of failure for example
5incase of g(X)<R

R Krig 3 Krig_5 MCS
0 1.0085x10%  1.2166x10* 1.2104x10?
5 1.1184x10%  1.3237x10®  1.3210x10°
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