2016 4 3 H tEMmMEMRXRKXKEER March 2016
A2 % 3 Journal of Beijing University of Aeronautics and Astronautics Vol.42 No. 3

http : // bhxb. buaa. edu. cn jbuaa@ buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2015. 0181

T b 4 &% 70 Edgeworth MM R IES
S, B, B4, AL
S

(HEMK2E HUMERLE S TR B, K& 130025)

—~

1 %:%ﬁl%i%#ﬁﬁ%%@ﬁ%%ﬁﬁ%ﬁ£>i%§%%%$i%%
T —#5EF B4 5% Edgeworth % 88 7 5 1 441 7 3 ﬁ@%ﬁﬁ%%nﬁﬁﬁ%%%
n4/ﬁ@#é%%%&ﬁ%%ﬁﬁﬁ%iﬂ%%%ﬁ@ﬂﬁ%%05%E&ﬁﬁﬂ%é
Gauss-Hermite R 2 77 3% it & ~2’E@§kﬁ’ﬂ)ﬁ,ﬁ#@§ BB MR R, R
#9465 8 5 R 2| Edgoworth 4 8B TF %, % QDN 000 X R4 8 KR LK H B 54
W RRIEE, AFERAT AR B ISR RENER, LE D B B 47
Bt 35 1 45 R Mw‘wzawa b o

x B W EmTEt \ﬁ} 7% ; Gauss-Hermite %M}iﬁ@ geworth %% ; 48 77 %
mﬁﬁﬁ%mmmg\
: A

3K FR IR A @y@o XERS: 10015965(2%;@3@%05

%*@ﬂéﬁ?ﬁ“”mg AR AU N BF 5 4 A *@ﬁ%@%&ﬁﬁ%‘%ﬁ%E@ﬁb‘l&iﬁﬁ%ﬁfﬁﬁﬁ%iﬁ,ﬁ
[

Z—o SRR LA ZH R RS 2 R (Most Probable failure Point, MPP) {4 5K fi# , KK [
SEHR AT R SR ) EE AR BENL AR B, KR IR 7R T AE & ; Youn 4 [@L‘HE%{Fﬁ iy R
SERM TSR T I AR IR Z o\ YT B IRE pvkmt, BN 3 LR PE RN R
D736 0T oR Al R 383, i n @‘6%‘ — IR BT B [ P A R TR EGE RATEES,
¥ (First-Order Reliability ,FORM) " i1 — vk B

B 7 k(S er Reliability Method, g&ﬁ% e e S
SORM) 3 \%fl%:“lf ! ( Monte Carlo Simulation, o 7 yjﬁglglﬁﬁj\ﬁ@ﬂﬂ n /l\ggﬁ @ﬁ%ﬂ[} EI,(J

MCS) 75 32" DL K w7 s ( Response Surface
Method ,RSM ) " & 7EFI ] 1 3R Jr w340, MCS

5 B 8 — 4 pR B S S T A A5 R R R
ARAT T HE pR BT rhoC A PR AT I B
A #) Edgeworth g % & F 20, iz B8 JE 75
SR 3 A AT UG A 8 3 4R AE B L T
M BB RO
mz&%&ma%%zgggﬂJtﬁﬂ@%%
PRBUE Al 235 i H 2 1 e

Rahman'*' 1 G507 % 4 10 W 4 3% 3% B
(Dimension Reduction Method , DRM ) i 4 T %f 3 B n e X =[x, «, - x] K

WHs HER: 2015-03-30; SRAEHH: 2015-06-26; M4 H AR AT 8] . 2015-09-17 16 .50

X 2% R Mtk . www. enki. net/kems/detail /11.2625. V.20150917. 1650. 007. html

EETE : F WA FHET 4 (201205001,201215048) 5[5 5¢ f AR AX A7 Be 4 T % % T (2012YQ030075)
= BWAEE : Tel. ; 0431-85095843 E-mail: fengli@ jlu. edu. cn

SIA%: £, BUrF, F&, F B FHEEF W Edgeworth R H 15 24 7T F M A [J] A FAE MK A # F 4, 2016, 42
(3):421-425. MENG G W, FENG X Y, LI F, et al. Structural reliability analysis based on dimensionality reduction and Edge-
worth series [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2016 , 42 (3 ) : 421- 425 (in Chinese ).



422 b 5 M %= MK Kk % ¥ M

2016 4F

RIKNEE — A2 AT O S (AR B PR AL 2 (X)),
n 4 RA g (X) LR

g(X) =g, + Zgi(xi) +

3 o) v
I<ij<iy<r
gilizmik(xil’xiz"”9xik) + o+
I<ip < <ip=<n
g12~--n(x|’x29“'1xn) (1)

g R PREL g () D978 H o, B0 T
I ) — B 22 8 35 PR AL g, () R BE &, A
x, N PR R g (X)) (9 36 [F] ﬂﬁéﬁ_ﬁ"i%a_fc
Giiger, (0 2, 5o, ) IR B35 R & B T 3L [) X6f
g (X) By 50 5 Hi}:—Iﬁglz (0,0, ) LY
T T A [ 0T 7 bR R

e MR AL S i 25 () T AT B — 2 R

(eryerymye,)  # H %ﬁfﬂ)*#—&§§
(1) OB T 953 Bt R B O @

g =g(c) \% (2)
g:(x;) =g - & Co (3)

J(:[:Pg _g(Cl,Cz, 3Civ19Civas C) =
SCHR[ 12185 3% cHyRAEm A LR aQn
BT, D 4 e = u.,uz,---,un),ﬂﬂﬁﬂ*aﬁkﬁiﬁﬂ%@%ﬂv

i W

: oA
#X=Y & - (n-Da NS
mirﬁﬁ)ﬁﬁﬁfﬂ$ugfi+é§\u,n %

B g (X) 1 b B 5t
m" =E{[g(X)]"}~= Q

> cir (| EQ@w—ngo -
cicll S 2 ZC

S mi X [ (0= g, %g{}\c;)
Ao Cl ﬁt<s>§§@ﬁ%ﬁ%

1=

ol

Iy
"=

T (k H!
Bom! =Eflg(p,p,, @5 TR ISPRLEN
) 1" LB - smafé%’i\: IS B
LS it NNBE K 8 8O S ()
— A R g, (X) ISR T BB

(k)

m,. =E| [g(l-'«l LS Ry L ATy Y P

+o

k
M[+2’”"Mn)] } :f [g(,ul sty s My 5 X

:Uﬁ+|’I‘Li+2""n“n)]kf(xi)dxi (6)

2 TERR
T B BUN 3 (6) & T Brb kiR 2%

48 T RS B, — 4 s B B Ay A X, ol
AT LAGE AL G B AR 4 A s AT 3K e L (0L
BUNEE RAT R 25 . A SC P s 45725 Tk 2 7 4 TR
N(0,0.5) (H{HJ9 0,77 2205 0.5) B IE A543 A (19748
o TSNS A — AT A 2 H
M ARS8 X =[x, %, o x, ] Rl —41 A
MIE A543 A 1 170 U=[ul@--- w, 1", Gk
J& T 4%

u=1(x) = 1@3)} P= 1,2,
7z L

A [ @ﬁﬁ‘{ﬁﬁxﬁ?ﬁm?*”ﬁﬂ‘ﬁ‘ PRIE

F, MLAS 8 x, 1) B0 R, s

LR S, (u,) FIR B sk gL F, (u,)

n (7)

@@/\tﬁﬁm
O

fUL(ui)—f =1 2@® (8)

Fy(u) =@ ﬁ% l 1,2, (9)
et ( JC(8)4E/\§'JC(6)EF’ I

@amite B 1B U — 4 W8 g, (x,) =
) B T

Y Y TS TN

w_ ("
mg, :J {[g(:ulnu‘z’"'uLl/i—I’xi’

Bt sMinas ™™ oMy )]k@®x:
f {[é’(l‘l m‘@x it ,) 10} X

@@

it sbhiva s o) 1 (10)
KXo, NEIAE, d1X(6) 745 5 — 24 K i&ﬁlEI’J
B B TR, PR AR A (5) AT R n
B g (X) 145 B Ji s

g(,le sMa s T My 9lil(uz¢) s

3 Edgeworth Zf#%§

A (5) 153 ) 2 Ak R B SE1H RS, 7T AR 46 4R
B AU A T RE pR R R A ek K, AR LAY 5 i
A :Pearson R4 B AL RIIL B B AT A
OrA A . M T Pearson R GETEAU A i 2 P 23 A
TR 1) DX e DX 3 S U AN (], 2 BB % AN
RS 5 e T AR VE T 7 B (B i P A T A
ST B AN A S A A IE T T AP AR R TR KR Y
P ABE A B o KR BT L, LA B A A K 2
A/ T 0. 01 F) 175 DL 7E 3 a3z DL A K B 5 7 o



5 3 3]

i) AR R T R AR ST R R Edgeworth 2% KA 25 4 R AR R AT 423

AR S5 R AR SC SR ] Edgeworth 2%
H, FLAGE o R R A A s 8 1 T 8L o A

1 Edgeworth 25 % & FF 1 1, ) BE R £ 11 52
Ui BR AL F (g) T RIR

Fle)=®(F) — 1~ 0@ (g) + 4

3! (@)

—3](15(‘”(57) + o

. e
NGV DN
&[P«i
6L Jul)’
K. g WEWHMEALW IR @ (g ) M
D (&) 4B bRE RS A A bR R L B e
BRI s s I s 53 A n 4E RR g (X)) (Y4
55 3 FNE 4 B
e o
3_mz —3mzmlg +2(mZ)3 \@
My = 5 R o
[m, = (m,)"]? o

4_m2 - 4mim, +6a&p@ -3(m})*
fe ESEREE
K em om) Fomy S B A T g o AL 5 2
FIER 4 B Ui, g I RE R @

X 2R (1) 8 AT 5 o) 3

| @) - (11)

(12)

ARG O

o i{é}&é? ©

BUHAR ;» [ ia=xeS

f |
ha 7
Gﬁ . s | [ s @

B S
f !

O)

YEFERENL | | ShfEeRBy | | Edgowdrhk

Aeh R FRORRMR
\J

F1 54 0 B 3T B

Calculation flowchart of strugtyt

O

4 WEED @7@
4.1 &1 @

DAL BROR S 7 1 g =567fr — 0. 5H”
FHRIr IRMIER A, f ~N(0.6,0.0786%) ,r ~
N(2.18,0.28558) , FHLAE & H I M ST EIE 25 4%
i, I E Sy 32,8, 48 5 RAECH0. 03, T4 FROIR
BRI,

T REM R AMERITT RS R, BRI
AR, B A SO B B S5 RS MCS Jrikiw &

Fig. 1 ilure probability

=\ O

0" £=0.008 - A

@ [ 2

B, BA B T RN BE . T RE pR KO 5 4 Bl
BLAZE B HEAT 86 BE SR i, 8 SCT7 16 B9 AN B 25
7.3% KRBT A SCT5 5 0 TE B R A A

®1 HE1WMEBMEFEER

Table 1 Calculation results of failure probability for

Example 1
7k KR A iR/ % FEARL
MCS 0.0280 @@ 107
FORM 0.0230 20.1 39
SORM @ 12.5 15
AR5 &3267 7.3 9

4.2 %@
FEMT ARG R AN &l 2 By . ARt w =

PERERE E =2.1 x 10" Pa; R % ¥ p =

.8 x10° kg/m’; ¥ H % 1 =160 MPa; P, =
750kN,P, =950 kN, P, = N, D ~ @& HF
PR B 3.6 m JEREE A A, =0.03 m* ;4@ ~

FFAOTH FR > J02m’, LS R A 6 4k
Jit i ~F- THT 2R A T 4 A i L 1) T 48

IR 5 0 97 1 2R P KO 7

ST AT T S 45 4

Fig.2  Structure of ten plane truss

2 +THHRSESEITIFME
Table 2 Parametric statistical characteristics of

ten truss

SHGETHRRAE

SRR MIE/KN AR R IRA R R
P, SEOGER 750 0.10 0.3014 3.1631
P, MEGER 950 0.12 0.3625 3.2351
Py EA 950 0.11 0 3

WG 1 s 9 R AR, o Wl Bl HIL A
A 3 A1 SR ) H A A B e 8 MR O Y
B ZF R 3 A EEYLE R AR 3 A
Fo ST AL, VR AT SR 2540 B A7 BROT R e, RV A 45
2 Qb3 BT 1) B i R AL R 19 9 AN EEAS, A AR
ASTFEE 3 A~ — 2 o B I, 2E T A 3 2 e



424

b B = R KR

2016 4F

PRIER B AT 4 B D f B 3 2 5K (12) T 75 T B pR K
N T s ST SR S LRI SR (BT B G AN
A (1), AR5 5 2 Ak 3 5 1) e KL R RAR 4
13 PRES TN S5 5 1) R BOME R i GRS L1
B AGE 9 AN REAS SR AU B 2 ) e eR A R
S3 A BREC(CDF) & 3 AR SC)r i 5 MCS 2% [
) 2R o A pR AL IR B Z 5 MCS W) &
B

A% F3£ 3,5 FORM A1 SORM # [,
ARSCHEARE R O, FEBTAL 2. 891358 3 A LUy %
AR X 13 22 AL 0. 77% , W] i ik T FORM 11
8.77% 5 SORM f# 12.99% , B&iF T A% /) iF #ff
PE I RE

3 HO2HERBEAEER

Table 3 Results of failure probability for Exam;{gﬂ\ o:

[3]

[5]
Dk RHBE PUI0 T XTRE % R DY
MCS 6.0000 \5}\‘9440 000
FORM 6.5262 8.77 %@ 6.338395
SORM 6.7799 12‘990\ 5 4.697708 [6]
Ay s 6.0463 LFNO" 9 2.891358
098 | X@
- R
0.96 QSD
=
N N
0.94 | \\%(9 [8]
0921 ook
H g&? —4—MCS [9]
0.90 o
=9 \ 4 5 6
\\S\l‘%ﬁﬁmﬁﬁﬂi/mm
B3 Thbe R BB

Fig.3 Cumulative distribution of performance function @ ]

. »°

Zh

5 it

ASCHR I T — i 25 A W 4 geworth  [11]
SRR 235 g T R MR O 5

1) 32 Fi W 4 5 v »w iE B T AR
R KW, FI H Edge WRE A e

[12]

@ﬁ%%&ﬁﬁd%}
2) LT T B RO I ok 5 0 28 e
53 5 4 S B
3) R EL B AT T 8 A, B0

[13]

1B, o T oA o B OB BE B T O RUb A
] LA B 2 45 K R FE A 23 BT DA O A

[14]
% % r ik (References)
[ 1] B/

S AT, 2 SO R iR 2 A TR 0 AT ) I AR e

Wk [T]. B R 2 i K K224 ,2015,41(2) :198-202.
MA X B,REN H D,CAl Y K. Time-varying response surface
method for high-temperature structural reliability analysis[J].
Journal of Beijing University of Aeronautics and Astronautics,
2015,41(2) :198-202 (in Chinese).

VR, B 45 F O Al MR & AT A R 0 BT O
[J] bRt 2s i KR 2241 ,2014,40(2) :222-228.

XU M H,QIU Z P. Reliability apalysis of structures with fuzzy
and non-probabilistic hybri s [J]. Journal of Beijing
University of Aeronaut} %@tronaulics,ZOH ,40(2) :222-

228 (in Chinese )\

’ WART M G. Probability and structural re-

¢ smenl of mortar joint thickness in load-bearing
. Structural Safety,2015,52:209-218.

walls[

NG X Y,ALIABADI M H. A boundary element method for

@i .
structural reliability[ J]. Key Engineering Materials,2015,627 .

453-456. @

LOW B K,PHOON K K. R@ ity-based design and its com-
d@7 design approach[ J]. Computers

65 :30-44.

,CHOI K K, et al. Sampling-based RBDO of

plementary role

and Geotechnic,

CHOI M ]

bhl l@truclures considering thermo-elasto-plastic residual
et
1nes ,2015,43(2) :183-208.

SHI X, TEIXEIRA A P,ZHANG ], et al. Structural reliability

. Mechanics Based Design of Structures and Ma-

analysis based on probabilistic response modelling using the
maximum entropy method [ J]. Engineering Structures, 2014,
70:106-116.

RAHMAN S, XU H. A uni@e dimension-reduction method
for mulli—dimens'n@@lion in stochastic mechanics [ J].
@ ¢ Mechanics,2004,19(4) :393-408.

CHO H,B,

Probabilistic E

HOI K K, et al. An efficient variable screen-

dd for effective surrogate models for reliability-based
isnoptimization[ J |. Structural and Multidisciplinary Opti-

1

ey
@ zation,2014 ;50 (5) :717-738.

YOUN B D, XI Z, WANG P. Eigenvector dimension reduction
(EDR ) method for sensitivity-free probability analysis [ J].
Structural and Multidisciplinary Optimization,2008,37 (1) :13-
28.

KONG C,SUN Z, NIU X, et al. Moment methods for C/SiC
woven composite components reliability and sensitivity analysis
[1].
21(1):121-128.

LI G,ZHANG K. A combined reliability analysis approach with

Science and Engineering of Composite Materials, 2014,

dimension reduction method and maximum entropy method[ J ]
Structural and Multidisciplinary Optimization, 2011,43 (1)
121-143.

ZHANG X F,PANDEY M D,ZHANG Y M. A numerical meth-
od for structural uncertainty response computation[ J]. Science
China Technological Sciences,2011,54(12) :3347-3357.
ANDREEV A,KANTOO A,MALO P. Computational examples
of a new method for distribution selection in the Pearson system
[J]. Journal of Applied Statistics,2007 ,34(4) :487-506.

SU G,YU B,XIAO Y ,et al. Gaussian process machine-learning



5 3 3] i) AR R T R AR ST R R Edgeworth 2% KA 25 4 R AR R AT 425

method for structural reliability analysis[ J]. Advances in Struc- BFFE Z,WEURA. FEUR A SE.
tural Engineering,2014,17(9) :1257-1270. Tel. ; 0431-85095834
E-mail ; fxyl120884766@ 163. com
EEEA:
I OB BB AR, BRI S ¥ P W mIEE . BRI 0T SR
W2, S i T Sk Tel. ; 0431-85095834
Tel. ; 0431-85095834 E-mail ; fengli@ jlu. edu. cn

E-mail; mgw@ jlu. edu. cn @

Structural reliability analysis based on dimensk&@yoreduction and
Edgeworth series

MENG Guangwei, FENG Xinyu, LI Feng \,OZHOU Liming

(School of Mechanical Science and Engineering, Jili§@ily, Changchun 130025, China)
1

Abstract: A reliability analysis method based mension reduction algonthm and the Edgeworth

functions in practical engineering. By utilizi dimension reduction meth n-dimensional function

series was proposed to treat the complicate stru Cwith implicit and high dlmegg onlinear limit state

was expanded to n unidimensional fu 0 subject to the independent

normal distribution with mean valye

transformation. The origin m I&
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fully and applied té dgeworth series expanding e s, from which the cumulative distribution func-
dy the probability of failure could be obtained. Avoi-

ion of the structure were achieved success-

tion of the limit state function could be generated an
ding gradient computation, the proposed meth ires less definite reanalysis and is proved to be effective
and correct via numerical examples.
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