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A Stochastic Finite Reliability
Analysis Method Based on Complex-variable
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Abstract: A new approach is proposed for stochastic finite
element method (SFEM) and reliability analysis by using a
complex-variable technique. The random factors in
engineering are defined as complex variables, the first
derivative formulation can be obtained by the Taylor’s series
This

computationally very accurate, efficient, and very easily

of a complex function. derivative method is
implemented. In SFEM, to get the variances of responses, it
only needs to implement FEM in complex variables space,
without a need of partial derivatives of FEM functions. In the
iteration scheme of SFEM reliability analysis, the real parts of
complex response is considered as the response value to
simplify the process. The complex-variable method greatly

simplifies SFEM and reliability program, providing a feasible
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approach for engineering application.

Key words: stochastic finite element; reliability; complex
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Fig.1 Plane truss structure
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Tab.1 Results of derivative

A (90max/IA) /1010 (90max/IP1) /10?
BHCE R ARRESG BHCE R AR5
1.0X10™¢ —1. 920 975 609 8 —1.924 731182 8 8.593 750 000 0 8.593 743 294 5
1.0X 1076 —1.922 851 374 7 —1.922 851 751 1 8.593 750 000 0 8.593 723 177 9
1.0X1078 —1.922 851 5625 —1.922 851 601 1 8.593 750 000 0 8. 657 574 653 6
1.0X10710 —1.922 851 5625 —1. 922 850 027 7 8.593 750 000 0 —0. 745 058 059 7
1.0X10712 —1.922 851 562 5 —1.922 796 666 7 8.593 750 000 0 0
1.0X1071 —1.922 851 562 5 —1.968 964 934 3 8.593 750 000 0 0
1.0X10716 —1.922 851 5625 —0.283 122 062 7 8.593 750 000 0 0
1.0X10718 —1.922 851 562 5 —511. 109 828 950 0 8.593 750 000 0 0
1.0X107% —1.922 851 562 5 0 8.593 750 000 0 0
1.0X1072 —1.922 851 5625 0 8.593 750 000 0 0
1.0X102 —1.922 851 5625 0 8.593 750 000 0 0
1.0X107% —1.922 851 562 5 0 8.593 750 000 0 0
1.0X10728 —1.922 851 562 5 0 8.593 750 000 0 0
1.0X107% —1.922 851 5625 0 8.593 750 000 0 0
1.0X10% —1.922 851 5625 0 8.593 750 000 0 0
1.0X 1073 —1.922 851 562 5 0 8.593 750 000 0 0
iy —1.922 8515625 8.593 750 000 0
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Tab.2 Results of the max stress omax in plane truss

A Omax/ 107 MPa
A ZHHH P, Z¥3) P; I
1.0X10™* 6.147 121 951 2 6.153 125 000 0 6. 153 125 000 O
1.0X1076 6.153 124 3991 6.153 125 000 0 6.153 125 000 O
1.0X1078 6.153 124 999 9 6.153 125 000 0 6. 153 125 000 O
1.0X10710 6,153 125 000 0 6.153 125 000 0 6. 153 125 000 O
1.0X10712 6,153 125 000 0 6.153 125 000 0 6. 153 125 000 O
1.0X107 6,153 125 000 0 6,153 125 000 0 6. 153 125 000 0
1.0X10716 6,153 125 000 0 6,153 125 000 0 6. 153 125 000 0
1.0X10718 6,153 125 000 0 6.153 125 000 0 6. 153 125 000 O
1.0X10720 6,153 125 000 0 6,153 125 000 0 6. 153 125 000 0
1.0X107% 6,153 125 000 0 6,153 125 000 0 6. 153 125 000 0
1.0X1072 6,153 125 000 0 6.153 125 000 0 6. 153 125 000 0
1.0X1072 6,153 125 000 0 6.153 125 000 0 6. 153 125 000 O
1.0X10728 6,153 125 000 0 6,153 125 000 0 6. 153 125 000 0
1.0X1073 6,153 125 000 0 6,153 125 000 0 6. 153 125 000 0
1.0X107% 6,153 125 000 0 6.153 125 000 0 6. 153 125 000 O
1.0X1073 6,153 125 000 0 6.153 125 000 0 6. 153 125 000 O
S 6.153 125 000 0
F3 K PERTE
Tab.3 Iterative process for p
AR BT
W B A* /m? P* /N P;* /N
1 1.225 4 0.002 6 39 022 39 742
2 1.0191 0.002 6 37 820 38 499
3 1.014 0 0. 002 6 37 909 38 592
4 1.014 0 0. 002 6 37 912 38 594
100 1.014 0 0. 002 6 37 912 38 594
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