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Bayesian Reliability Analysis Using Kriging Dimension Reduction Method(KDRM)
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Abstract

A technique for reliability-based design optimization(RBDO) is developed based on the Bavesian approach, which can deal with
the epistemic uncertainty arising due to the limited number of data. Until recently, the conventional RBDO was implemented mostly
by assuming the uncertainty as aleatory which means the statistical properties are completely known. In practice, however, this is
not the case due to the insufficient data for estimating the statistical information, which meakes the existing RBDO methods less
useful. In this study, a Bayesian reliability is introduced to take account of the epistemic uncertainty, which is defined as the lower
confidence bound of the probability distribution of the original reliability. In this case, the Bayesian reliability requires double loop
of the conventional reliahility analyses, which can be computationally expensive. Kriging based dimension reduction method(KDRM),
which is a new efficient tool for the reliability analysis, is employed to this end. The proposed method is illustrated using a couple
of numerical examples.
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. fX}(xj) dx;

2.2 Kriging B27H

Kriging®d2, 19509, Z&29] A2A58A%1 Georges
Matherone] ‘gotZe}7} 24t 71299 D. G. Krige’t 44
Pl 2719] AEA WHE H 02 HYEHA AMSE7)
AT 1 F 19899 Sacks 5ol 9] At A g H 3}
=5 A EUMEE FeHol] 4457 AlZslgin, A4 &
Ao Kriging®] variograme A8 F7H4 HolHE9]
FRBAE 288D A 4B (correlation function) S
o] &gt F&A ¥ (covariance function)E EHITH
Kriging W& 78317] olga Atage] ExbapA|gt A7
ot Atz Aol B, vldy Aol et FAl dis) 57
Q) How Hrhta glo}, Kriging 2d-& ditd oz b4
Fog Aelee A9l fla)3} Pite] Qo) £ato] 4°9
AMELE a2 T4WY A) & o|galo] ohe Zo] Yt

SR

y(z)=fz)+ Ax) (4)

R(zé’a;j)_o‘: dejel ¥ ;g(&.i’mj i,jzl,...,n)/\]-olfl; et
Folty. RE AT (correlation matrix) 22X JBS
FE GAECE s U Eol 1 iR gdeln Aug
7t AN vhed 28 2ARd S AT o+ 3

y=pB+rTe) Ry~ 1B) (6a)
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r{z)= [R(:v,xl))R(m,xz),_._,R(:c,:v")},

f=(FTRTF)'FTR™ Yy (6b)
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E 1 Comparison of the results by MCS and KDRM
Parameters of
< igt y Py
;iziz Method inzh:f Statistical moments beta PDF of 7, y values
BaLs mean stdey skew. kurt, alpha beta 5% MLE 95%  interval
MCS 1.E+08 | 0.831 0.060 -0.741 3.753 | 31.279 6.386 0.722 0.849 0.919  0.197
50 KDRM 25 0.828 0.058 -0.533 3.502 | 33.735  7.021 0.723 0.845 0.914 0.191
- ratio 9966 96.85 72.01 93.31 107.85  109.95 | 100.17  99.53 99.46 -
Youn 100 N/A 18.707 3.293 0.712 0.885 0.952 0.240
MCS 1.E+08 | 0.828 0.066 -0.818 3.938 | 25,956  5.396 0.708 0.850 0.924 0.216
17 KDRM 25 0.825 0.064 -0.595 3.627 | 28.108  5.945 0.710 0.846 0.919  0.209
ratio 99.70  96.54 72.72 92.11 108.29  110.18 | 100.30  99.53 99.46 ~
Youn 85 N/A 16.285  2.715 0.710 0.899 0.961 0.252
MCS | 1.E+08 | 0.826  0.072 -0.814 3.778 | 21.925  4.607 0.695 0.853 0.930  0.235
4 KDRM 25 0.822 0.072 -0.677 3.830 | 22470  4.885 0.692 0.848 0.926 0.234
ratio 99.50  99.45 83.08 101.37 | 102.49 10539 | 99.57 99.41 99.57 ~
Youn 70 13.305  2.695 0.661 0.879 0.954  0.293
MCS | 1.LE+08 | 0.823 0.082 -0.891 3.895 16.935  3.646 0.671 0.858 0.938  0.267
1 KDRM 25 0.817 0.083 -0.804 4.196 16.765  3.752 0.664 0.851 0.935 0.271
ratio 99.30 101.34 90.22 107.72 | 99.00 102.91 98.88 99.18 99.63 -
Youn 55 N/A 11.118 1.882 0.674 0.920 0.974 0.300
MCS 1.E+08 | 0.815 0.1060 -0.999 4.038 11.392 2.592 0.626 0.867 0.951 0.324
3 KDRM 25 0.808 0.103 -1.026 4.999 11.107 2.644 0.616 0.860 0.948  0.332
ratio 99.15 102,19 102.68 123.80 | 97.50 102.01 | 98.31 99.19 99.68 ~
Youn 40 N/A 8.660 1.340 0.663 0.958 0.986  0.323
MCS | 1.E+08 | 0.797 0.130 -1.055 4,013 6.884 1.754 0.549 0.886 0.965 0.416
5 KDRM 25 0.7883  0.137 ~1.285 6.389 6.196 1.670 0.524 0.886 0.965  0.441
ratio 98.85 105.94 121.86 159.22 90.01 95.18 95.55 100.00  100.05 -~
Youn 25 N/A 5.754 1.246 0.555 0.951 0.982 0.428
MCS 1.E+08 | 0.766 0.175 -1.057 3.679 3.716 1.135 0.423 0.953 0.980 0.557
3 KDRM 25 0.757 0.170 -0.711 3.862 4.085 1.312 0.429 0.908 0.972 0.543
) ratio 98.81 96.91 67.30 104,98 | 109.90 115.53 | 101.47 95.28 99.20 ~
Youn 15 N/A 3.764 1.236 0.411 0.921 0.974 0.563
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2RE AEFde] 20)3, AF9 EFHEAWL 0308 X,
E 2 Comparison of the results by MCS and KDRM
Parameters of
isti P
Method NL::;l.;)f Statistical moments beta PDF of Py vy values
& mean stdev skew. kurt. alpha beta 5% MLE 95% interval
MCS 1.E+08 0.944 0.008 -0.658 4.002 774.144 46.248 0.930 0.945 0.956 0.026
KDRM 25 0.946 0.008 -0.580 3.748 750.421 42.584 0.933 0.947 0.959 0.026
ratio 100.29  100.00 83.12 93.65 96.94 92.08 100.29 100.21 100.27 -
Youn 100 N/A 19.937 2.063 0.789 0.947 0.982 0.193
H 3 Statistical moments of »,
(a) Y(X,.X,)=—sinXcos’X, (b) Y(X,X,)=1/(Xix2— 5%
Statistical moments Statistical moments
Method Method
mean stdev skew kurt mean stdev skew kurt
MCS 0.223 0.004 0.258 4.076 MCS 0.565 0.038 -0.056 3.211
KDRM 0.413 0.001 1.287 160.00 KDRM 0.280 0.036 2.490 10.937
ratio 185.11 27.91 498.33 3925.37 ratio 49.50 94.44 -4478.06 340.59
‘ 2000
[i] -4000 .
3 25" B ) - s a a 05 A - 15
Eoast .- 52 ’ 0 . o5
@ 1 “ x2 05 o0 1

(a) Y{Xx,X,)=—sinXcos*X,
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(b) ¥{x,x,)= 1/(X12X22_ 5X24)

2= 1 nonlinearity of example functions
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g 29 Zo] ¥ AAE [-beamd] 342 et

XX - X))

Y(X17)(27Xs7/"4’&):X1_ 0.0822X, X
. 345

(12)
o71A zF M EYAQ #Aleln X & Ho] Aujd &
de SR 1079 AE2FE A&l 1172.12
MPa, A& Ha17} 32.82MPaclt}, ztzte] W4 tisf, 5}
= P X~ NQ27089kN, e ol 1 X;~N
(3 05,0.025)m, Aol st 2 XA Atole) A ae
N(1.83,0.025)m, §¢ ¥°] he X; ~ N(5.90,0.085)
cm°]“/‘r. 4ol ArE vepdiie, w7t AR A5
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o] 49%\ H& Aol #AHH HAY $70] a7dnt
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a2l 2 Simply supported beam

E 4 Statistical moments of

Statistical moments
Method
mean stdev skew kurt
MCS 0.490 0.061 0.025 3.258
KDRM 0.495 0.063 0.022 3.585
ratio 101.06 103.31 88.45 110.03
4.5 Fortini 28] A
X, +1/2(X,+X;)
(X, X,y X, Xy) = arccos ! 2 (13)

&_1/2(X2+X3)

¥ 5 Component variables of clutch ¥

X, ~N X,~N | Xa~N | X,~ Ray
- T 55.29 " 22.86 22.86 101.6
n=15
s 0.0793 o 0.0043 0.0043 0.0793
¥ 6 Statistical moments of 7,
Statistical moments
mean stdev skew kurt
MCS 0.991 0.010 -3.881 27.157
KDRM 0.992 0.011 -3.365 17.702
ratio 100.08 101.92 86.70 65.18

A2A% (contact angle)E A2 EHZoju] AAALko
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