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Abstract

In this study, effective methods for reliability estimation and reliability-based design optimization(RBDO)
are proposed using kriging metamodel and genetic algorithm. In our previous study, we proposed the accurate
method for reliability estimation using two-staged kriging metamodel and genetic algorithm. In this study, the
possibility of applying the previously proposed method to RBDO is investigated. The efficiency and accuracy
of that method were much improved than those of the first order reliability method(FORM). Finally, the
effective method for RBDO is proposed and applied to numerical examples. The results are compared to the

existing RBDO methods and shown to be very effective and accurate.
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— . et Table 1 Statistical parameters of mathematical examples
Initial sampling (4n+1)
(0, +10, +30) . .
W Problem Variables and statistical parameters

Construction of 15t kriging model ‘ x,~N(170, 11.9), x,~N(100, 52)

L Exl 1 N(0.6,0.15)
| FORM using kriging model ‘

[ Ex2 | x~N(10, 5), x,~N(9.9, 5)
No x1~N(6070, 200), x,~N(120, 6)

Optimization using Fom\:es Ex3 x3~N(72, 6), x4~N(170000, 4760)
genetic algorithm x5~N(2.3, 1/24), x¢~N(2.3, 1/24)
Evaluate MSE by [ PP andNy basedonPrn | x,~N(0.16, 1/48), x¢~N(0.26, 1/48)

kriging model 0 i T

. M | Moare sampling; :dv + Pe_o1=Ps_rorm ‘ x~LN(120, 12), x,~LN(120, 12)

elect points
- — Ex4 x3~LN(120, 12), x4~LN(120, 12)
based on MSE Construction of 2 kriging model, Pf_O,d=Pf‘ X2~LN(50, 15), X6*44LN(40, 12)
| MCS using kriging model, Py ‘ Ex5 X1~N(2><107’5><106), x2~N(l><10-4,2><10'3)

x3~Gumbel(4, 1)

xi~Beta(5, 5), 55.0269<x,<55.5531
Ex6 | x,~N(22.86,0.0043), x~N(22.86,0.0043)
xs~Rayleigh(0.1211), x,>101.45

<>
More sampling; n e
Update MPP, N,

Yes

Fig. 1 Flow chart of the proposed method for reliability

estimation
Table 2 Reliability results of mathematical examples
Aoty W a8 S AESUL. Probability of failure
(number of function all)
Problem P q
32 $5t8 AZ oA FORM ;;‘zﬁf)z MCS
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Ex3)™® o(x) = X5 s (X - Xy x 7 4.461x10" | 6.707x10™" | 6.690x10™
) e 2y O BS | o @) | (x10)
Ex6 8.770x107 | 7.319x107 | 7.120x107
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Table 3 Statistical parameters of 3-bar truss
Problem | Variables | Distribution Mean COoVv
E Normal | 1x10"Ib/in* | 0.03
A~A, Normal 1.0in” 0.02
3-bar .
Y4 Normal 1.0in 0.05
truss v
P Normal 2x10%1b 0.1
Vinax Normal 1x10%in 0.05
E~E, | Lognormal | 2.1x10"Pa | 0.1
23-bar Ay Lognormal | 2X10°m’ 0.1
truss A, Lognormal | 1X107m? 0.1
P]NPG Gumbel 50kN 0.15
Table 4 Reliability results of truss problems
Probability of failure
Problem (numbelr) of fun(zition all)
ropose
FORM method MCS
3-bar | 5.249x107° | 5.178x107 | 5.171x10™
truss (28) 31 (1x10%)
23-bar | 5.019x107 | 9.350x10° | 8.680x107
truss (77) (61) (1x10°)
P Pg
| : |
2m
| EzAp Ez A7
% Ey IA1 l 4m %

dispy

Fig. 3 A 23-bar truss
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Minmize f(d,p)

subject to g,(d,p) <0, i=1,...,m (11)
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- k=0 Initial sampling (4ng, + 1)
(0, ¥15, +3q) Optimization using
2 . genetic algorithm
Calculate

[Evaluate MSE by

objective function & ‘ Construction of kriging model }17 .
S . kriging model
probabilistic constraints l

Select point
based on MSE

MPP No
converge? More sampling; 1

Yes
9(x_wpp), MPP

Inverse reliability analysis
using kriging model

k>0

Update design
variable vector : d

— ¢Co nverge?
No T
Yes

Optimum

(T
Fig. 4 Flow chart of the proposed method for RBDO
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Table S5 Comparison of optimization results for

example 1
No. of
Method | f(d")| d.d; | fun. call | Bics | Blecs
flg
RIA |37.368 ;fggé 15 [330| 4.31 | 3.10
PMA | 37.370 224938;‘ 11 | 198 | 4.28 | 3.10
SLSV [ 37.368 zzfggé 11| 94 | 431 | 3.10
SORA | 37.370 22493003 19 | 92 | 429 | 3.10
DDA |37.368 224‘,’385 34 | 111 431 | 3.10
P;fef;ﬁzzd 37.373 zzfggé 24 | 43 | 431 | 3.10

FA A 2= 2 e FEAARST} 3 9]
FGEATZAS A= FARMA, 2] (14)°] e
Wl 271 8AHL (5.0, 5.0001 AAMSFE B
T ATEEE ET 53 AR AFE 3.0 9
t}. Table 6 & Z RS o] g3 AlF =y
HAHAA AHE VERA Aolth

Find d=[d,.d,]'

minimize f(d)=(d, +d,)

subject to

2
Pr| g, :1—%>0}£<D(—ﬂ1‘),

r 2 2
Pr gzzl—(x1+;ci)_5) —(xl_f;(;lz) >0}sd>(—ﬂ2‘),
| 80
Prlg,=1-——_>0|<®(-5),
e (xlz+8x2+5)> } ( ﬂ3)

0.0<d, <100 fori=12, x,~N(d,,0.3*) fori=1,2,

B =p=p=30d"=[5050]

N

HAAAA A A F2 gor FHsglon,
R AFES 9] wEehe JoR uehdth
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Table 6 Comparison of optimization results for

example 2
. . . | No. of
Method f(d ) d,,d, |fun. call ﬂlf/lCS ﬁI\Z/ICS ﬁI\B/ICS
fleg
3.439, .
RIA 6.726 3287 15 1615| 2.97 | 3.05 | Infinite
3.441, .
PMA | 6.731 3290 15 [525[2.98 | 3.06 | Infinite
3.441, .
SLSV | 6.729 3287 20 1249( 2.98 | 3.06 | Infinite
SORA | 6.726 3.439, 48 1300{ 2.97 | 3.05 | Infinite
3.287
DDA 6.726 213;97’ 24 1216| 2.97 | 3.05 | Infinite
Proposed 3.439, .
method 6.726 387 46 193 12.97 | 3.05 | Infinite
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