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A reliability approach based on non-probabilistic theory

for structures with hybrid uncertainties
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Abstract ; Investigation on mixed structures with hybrid uncertainties was based on the reliability analysis of uncertain structures of the

distribution parameters of input variables that acted as the interval model. Considering the available information was quite scanty, the uncertain

distribution parameters were treated as the interval model. The reliability analysis model for this hybrid uncertainty was established by separating the

distribution parameters from their random variables through using equivalent probability transformation method. Based on the non-probabilistic

reliability theory, a high efficient solution method was proposed by successively constructing the limit state function of the proposed hybrid uncertain

analytic model in two levels and combing the Kriging surrogate model. The proposed hybrid uncertain analytic model is employed to analyze aircraft

structures with hybrid uncertainties, which can demonstrate the rationality of the proposed model and the efficiency and accuracy of the solution model.

Key words: non-probabilistic theory; hybrid uncertainty; distribution parameter; interval variable; reliability analysis; failure probability

TESEAE AT S A P a6 T T3k 0 2 T
R EIE R REIL PSRRI T vk . I S
FE B A7 B ST RS 1 A3 A (R 7E T
RESERR b o TAE BB =2, A5 i B 11 2 R
IRAZ T AT I E AT — 2L A SR fE
WER A R , SCRRL L DR AR AN PR AR 8 —
R AT IRAR S — B A E M, o B A 25
R . Elishakoff %5 9 Jg 48 th 13X AR
BT TR, I HAA N i 15 B sk = X gk
AHE R AT S RO RE 4 ) — A X 8]
Filo R 7 o 5 b R — 28 S A e I A, S ik
(1]l o 4 S o3 A 2R B A 20 Al 2505 R

«  UgFE HER.2014 -01 - 19

3T BRI BRI DG RS T A S S A FRAR S
PRET Y B O¢ & IF 45 & Hasofer Lind-Rackwitz
Fiessler( HL-RF ) 3 45 1 1 18 2010 3R it 7 o
B2 %) HL-RF /Y 8 B8R FE A2 00, 12207 A0 3
AR BRI B I 2352 3] — e I R
BN E AR BR G (AN AT AR S i T iy
) JCiE i R SRR A 78 3 B B LA
A B, Ben-Haim A1 Elishkoff $2 H T JE 28
SERRR AL X AR s P B AR
PR TR A4 B A S DX RN S 1 TR A
AR 1o E— 2D T T AR A g T S
ORI A5 SCHRI6 — 8 ] o (HAESEPREsH i A

EETH :HER QAR TRIIUH (51175425) ; fiias B4 BT H (2011ZA53015)
EEB N RAR983—) , I L TS A, W54, E-mail ; Igjnwpu@ mail. nwpu. edu. cn;
Bid GEEEE) &, 200%, 11, 44 50l , E-mail ; zhenzhoulu@ mail. nwpu. edu. cn



22 [ BB 4K ¥ i 436 %
KA B A E MEEAE AN R S — B 2, TR REAL A
SRR IR G B, O T AR IR A T X = + 03 (4)

PR CSCHRL ] FRZ A — 28 k), Du” '
FIEBARE " 435 DABE R S5l A 0 JE 1 R A
TR AT SEME S TR (ER R T IX ST
B AR S E 73 KRR 2 4l I 232 BIBR ]

1 RAAEESTEE

1.1 SBIAHEESHENEENSE
XoF T A BEHLAZ 12 9 S HCRA AN PR A
NS T R AR LA SE A AR, Ho i L v iy & M 7]
TN
M=g(x,y) (1)
Horprx = (a2, 0, x,) RN SEEA R E M
MEEHLAE R . y = (1,005, 5,) RN EA X B A
WL, SRR %, (i =1,2,,n) UKL
R E RN [ (x,,0,) , b 0, S 38285 B pR 4
(73 A S8 A SO A HOR IX RS 6, 4> X [R] 48
By, (=12, ,m) R AR B RSy 5 5
oy I CH A MBS 20900 v = (v +
¥y /2 Fyl =yl =y) /2,
A (D) PEEYLVE R S5 0 FI7Z & y $ 51X
(] AZ fE B B AR Y 2 AT TE — A X A Y L Y
Ak, R AS A8 ) R 88TE I T — A AR R Rk
HEgg— M XEME. TS EERFET
ARAEDR R BEATL S 5 1 M58 %% B R 8, A5 445
P RS B AR A5 S b O PRI o 30 e SRR e Ak
(i AR s BE LS R S R E B R T,
1] ARG SR A fe o HAFME R AL R a0 T
U(%‘) :Fi(xi’gi) 5 X :Fi_l(U(z;> ’61) ,
(i=1,2,--,n) (2)
Horp F R0 FT SRR BEALAS B x, (1 AL A R
KO BB R R, 2, AR 8 S AT R B BE AL
A, U Nz, W R A R 8
AR S BERLAE B x, IR EZS M AT, 4> 2,
MR MARHETE S 345, U S e 128553 A 1 R AR
A R ECED @, 20 (2) AT LS BT e

Hw, Bl o, 435 ES LS & x, BAE IR
%,
KM, 2 x, RIS 34 A
x;,=a; + (b, —a,;)z (5)
Hor, e, F00b, 4350 R ¥ 5] A8 5 R SL SR B3l
Ttz R IRMARUERS 5] 53 A Y BEALAZ
B 2) AR (L) b, TR FRAR S s En]
PIE Jy .
M=g{F'[U(z), 6], y}=6(z,0,y) (6)
SHAREEEREAETEREGEMNSE—
AT MR
St SRR AL, AR FRARAS R B A &
AHEHLZ & z FIDC 2S5 0 A1y B9 FRAR 25 R
Bo DILAT UM S s ok 31 IR AR -
JEME 3 AT SEPE B G N IR G A I G — T Sy

1.2

Bl
A L IX i) A A SRR S PR
M=g(y) (7)
Hrvy =(y,0,,,y,) WA X EAS G E, Y

g( ) X ] 722 s (1Y) 34 252 R RSO, M Aoy — X i)
AR M MY ] HR R ES 220 M = (M*
+MOY 2 FI M = (MY -M") /2,

R SCH AR A DX [B) A% S ) 5 A8 R A e ] e
FEfERR N

=M /M =(M"+M")/(M" -M") (8)

MRPEEEF ] SRS, BT g (y) =0 FRh
RATH o 8 25 B 1) A AR 1 A3 (A] 43 Ry O R
Q,=1{y:g(y) <O FILLEQ, =1{y:g(y) >0/ F
Woy. WIER(8), RE » > 1,81 M" >0, MXHE
By, (G=1,2,,m)  ¥H g(y) >0, M, 454
GAnE, H oy BUOK, S5 B R 8 X Sk g, 45
Fdese 4 B 1 (a) s, Wik p < -1 W, B
MY <0, TR y,(j=1,2,-,m) B4 g(y) <
0, ZEALIRRA, AN 1 () Iizn . MY - 1<y <
Lif,g(y) >0 Fl g(y) <0 XA alfE. BNZ5Hy )
AEZe 4 AT BERAL, il 1(b) P,

%, =F'(D(z),0,),(i=1,2,---,n) (3)
M M M
1 1 1 1 1 1 » 1 1 1 |

0
(b)

B AR TR AR A

Fig. 1 The significance of the non-probabilistic reliability index
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Fig.2 The flowchart of Kriging-based method
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Tab. 1

random variables of nine-box structure

Distribution parameters of the
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