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Abstract

A new and efficient method for estimating the statistical moments of a system performance function has
been developed. The method consists of two steps: (1) An approximate response surface is generated by a
quadratic regression model, and (2) the statistical moments of the regression model are then calculated by
experimental design techniques proposed by Seo and Kwak™. In this approach, the size of experimental
region affects the accuracy of the statistical moments. Therefore, the region size should be selected suitably.
The D-optimal design and the central composite design are adopted over the selected experimental region for
the regression model. Finaly, the Pearson system is adopted to decide the distribution type of the system
performance function and to analyze structural reliability.
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Fig. 1 Experimental region expressed by k; & k>
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f(x)=ax® +bx* +cx+d (2.2)
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Fig. 2 Graph of E in Equation (2.11)
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Calculate the experimental region size
expressed by k; & k, (normal distribution: k,=k,=1.38184)

¥

Generate D-Optimal design with (n+1)(n+2)/2 runs
over the given region
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Linear regression model ?

NO Linear + interaction
regression model ?
|NO Linear + pure quadratic

regression model ?

i NO YES
Generate Central Composite Design
over the same region and quadratic regression model
Calculate statistical moments
of the regression model obtained —
Fig. 3 Flow chart of the proposed approach
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Fig. 4 Statically indeterminate beam
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Table 1 Parameters for random variables

R""T‘dom Mean Standard deviation
variables

P 4 kN 1 kN

E 2:10" kN/m? 0.5-10" kN/m?

[ 104 m* 0.2.10* m*

Table 2 Estimated statistical moments

Parameter Proposed Exact
Uy 1687.50 1687.50
oy 652.76 652.77
,6’19 0.4314 0.4314
Py 3.2743 32743
2 (turss)
(2.13)
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Fig. 5 Two bar truss problem
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Table 3 Parameters for random variables
R"".“d"m Mean Standard deviation
variables
X1 1.5cm? 6.83x10° cm?
Xo 040m 4.09x10°m
F 200 kN 3.33kN
Gimax 1000 MPa 16.6 MPa
Table 4 Estimated statistical moments
Parameter Proposed MCS
Hyg -6.45703x102 | -6.45470x102
oy 2.24332x10% | 2.23918x107
,Blg 7.18039x102 | 6.80368x107
Boyg 3.00841 3.01488
31
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Fig. 6 A chart relating the
curveto the values of By, B2

Table 5 Satisfaction probabilities of the statically
indeterminate beam

type of Pearson frequency

Pr{g(x)< 0]
Method
9(P,E,1)=El -78.125P <0
FORM 0.999507
Proposed 0.999447
MCS 0.999337
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Table 6 Satisfaction probabilities of the two truss

problem
Prlg(x)<0]
Method
F 8 1
= JI+ X | —+ -1<0
g 2650, ,, i [xl Xixz]
FORM 0.997413
Proposed 0.997415
MCS 0.997407
4,
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