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Fig. 1 The iterative scheme for the gradient projection method

ML R AT SEPEFE AR oK iR T SRRy
W /MDA I 5, ) 6 R KR 24 5 ok 5, A A 2R ]
ETE 1L T NE RN E QR 2 <y g e PR =
PO M ERILE TR R T L AR RN
) de FHE R AL AR 8770 =87 +ad,.
H1 T 2 B R AIGHE B LR IR A B, R AT R
5 0 IR —E VE E AR BROR A il a7 2 4
TS RSP ] G(8) =0 i ok, HAik
A1 R,

FEAE S AT S A b, AT RE PR FE A5 B AR fE IE
5255 ) v A A DA B R g Cy, s vy 0 0e s ) =0
MR IR B B=F(y =y'y/2. B, Hir ek
RS RE R KN Cyp sy, 0 eees R RN (11 o= | /7
A SEVESR AR ISR AR, B AR SR ECR F(8) = max(|8;D
Gi=1,2, ), HAB M A5 1 A0 JC 0T b o500 A A
O i d KA XHE L A5 A — A A AR A A O
ANFEFEfRAT 225 3 MELLES Y H br of B0 086 B
Ti] 7% G0 (1460 B 5 5 1 R B B T T AR A 3R T S
FEPR AR M. MR A B A B 3 S AR SO s 2
H b pR B BB E 5 8 VF(§) = (0, ++, 1,0,
e OO CET Y7 B X R T 8 o 4 i A 43 o de K
AL, Hor i A IERUR I 1, e Z B— 1), DL AR
h B bR eREL FC8) (1B B, 4% B0 B 3858 B 10 R
i VF(S™) #5322 il i (i o) b, 7 e el b X
BRI K

. VG (8" VG(8"Y)
d ):_[I_ |VG(8")H|*
AR LA A LAY A R Ty 1 2
VGed=—VG(I—(VG'VG/|VG*))VF

=— (VG—(VG'+VGYG/|VG|P)VFE

= (VG—VG)+VF=0 (9
UL d 7 [ A R AE I T 1) . [RIE
VFed=—VF(I—(VG'VG/|VG|*)-VF

=—(VF'«VF—(VG-VEVG - VF/|VG|*)

= (| VG VF| = VG|’ |[VF|)/|VG|

=—|VF|*[1—cos(VG. VF)] <0 (10)

]-wx&”‘)) ®)



194 it & A

%

¥ ® #30%

VLA d 35 1) H AR R FCO T B 1,

KF KM, — R Armijo-Goldstein™™
ARG o — 4E 18 R, B Armijo-Goldstein #EN] ,
JLHAR AR A B AUl — 43 R A5 2 4
YA 2 DUBRE B A7 oA A W R T [
L ERRERE AP HEX BRSOk S, BT
JEME R AT S H AR s 8L F(8) =max (|0, [) (i=
1.2, ) AR T, AR SCOR R A Armijo-Gold-
stein MEN] . R BEE TR D B AR R EUE S T 3K
15 R ARG BEE Y iy [ e K g TkiENUE L H
P bR R 1Y 152 25 7E Fe VT L N B, R R AR, AR
HRAE H A5 R BUE BT bR 54, 2w H bR RS T
REBCIRET, N — 28l il M H KB KL 25 H bR R S
HH A i DUPRE AR Yk AR 2B K R /N e TR
JF R ALK N 1, Y FO 3 s,
A KR o 84V — 8P (B @k 0.2~0.5),
8V FC8) BB i B 3k AR AN B D K el AR
Je s LA 8 N R I B AR AR, il K
A T2 38 A A5 6 R ORG 1 s o R L e 3 ot ik 4R
€

e JE )R S B A X T — M kAR
R A0 M e B b6 A5, Be % T 15 2 2% AR
WSS, IF ORUE S AR ARG B2 . (B 0 it 1) R 35 0 3
TR G AB R E M FE S TREE, 17
RIS A B S b AR R A . A
SR G R A R R L B R 2 R
G(& =0 FHIAT X — SR A 5 B .

4 ZTEHPEY%EER

R T A B A R T RE R SR I s TR &R
Ty A T AN B3R AR T 1) d MR R A, X
THA—-BIEA 0 B ir k4 F(8) , F(8) & B 78 7
ML HOG W eRA S T d B 5 B R 1 H
s RE YT B ), B4R AR R R T R T fE

PR AW AR N R AP K, — o BB AE D) BE oA
M =G It k) B 1 8 ih T b i A e mT A R AL
RN 2 fis .

T AR SR 9 9 H A bR B AT FC8)=max(| 8, )
(i=1,2,, B ZREAE |0 |=18| (j7#
O EBEARESE, AW . X G(8 =011
AT AR |6 [=106; |7 D FIX G(&
=0 FEmAETHX. Y FEEWNIBAERR,G
(&) =0 8% % 43 H WA DX I8, A4S IX 48]y - i E R
— B F(OTA 3 AAZER,.G8 =0 #
Rl 3 hg DU A X3, A DXk o 23 (A] i — Rl i
BEOETH nNAEER, G =0 RN
2" AN K A X R 2 4 2 ] L i — R
1T, 2485 AT BB R A 7 7E B — DX AR B, SR
R R D7 A AT RE 6 1 A I T BB R AR AR Y e T g
R TEAE X 0 AT L 3R AR A T B
AR RS — AN /N T L P L 8 A 3 i A8
5H A & sk m /N, 52808 R A —
DX P AR AN AE | HE B A8 R A AE B2 A T BB R AR
SR PAS DI AT [ 7235 il 3 e . ATRUAR
UGB RIS R A K e i/, H g 38 R B AT Be
S5 A5 R I 3T A T G 9% K B o ) B T R S R
IEHE A5 HE GO =0 B F-H N4 [o]=10 [, HF
B I RBRBITE GO =0N |8 | =8 | BT & LI
n— 1 4E 8PN 5 R 00 57 AR R B0 D BRI
RS AR

Ap M 2% A S M AR oK A B 2 AP TR
Step 1 £ G(&) =0 L EHFEVIIHRER L, & k=0,
BRI F§™),

Step 2 A (VGE)FI(VFS"),

Step 3 FIAHR SO IHHEMR M d..

Step 4 #7 | deI<<e, 8 | F(8") —F(8" Vl[<e,
g Ml & N AVFIRZE. FIEEMR, 7= F&) i
NE; WL E =0,

B2 G=0 B3I b T REJROR iy R #E A2 7m 2 1
(HEAR H AR R 2D
Fig. 2 The search scheme for the most possible failure point
in the projection plane G=0(the ideal objective function)
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Fig. 3 The search scheme for the most possible failure point
in the projection plane G=0(the practical objective function)
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Fig. 4 Bending of a cantilever beam subjected

to two concentrated [()YCGS



196 i HZ A

S it #30%

AR BRI M H LA A (— 4505050500 R
Wilte pi, 2ot 28 W% R 5 # 1k T A [ 1. 7816;
1.740051.6281;1. 78165 1. 69287, 1=1. 7816, fi
MeAe b B — & =6, LA [—1.7816;1. 740051, 6281;
1.6928] NI M AT R, MEE[—1. 7558;
1.755851.7105;1. 71387, n=1. 7558, F M [ 4
b — 6 = &, DL 4 A [ —1.7558; 1.7105;
1.7138], Al # R FE [ — 1. 74745 1. 74745 1. 72637,
N=1.7474, MM HEAT N K B A R # Ak S
[—1.7446351. 74461, 0= 1. 7446 g A B {5 i e &
fif s 5 SCHRL7 45 R AH ], R B B 4805 i kA7 1
T SRR A TR AE S R T L X — A S
B, A P IE A K s ) L L BB 1B 2L
IR B AT R R A FO AV N 32 D) il sR AU 2 R
JE TS B A 520 L 45 5 SR AR T AR5

6 & it

55 A GEAR A AT HE AR LA AR AR R ] A P A Y
AN LR A O S SORER IR, 55 S0 A
Gk Dk ROt SR AR, TR T E A E A TR
FIBE . B B 508 5005 TR By 3 SOl L 380k
SELRERE T iz as ] TR A SE A . A SCHE T IX
)AL R B B 15 R 5 I A B AR AT SE PR HE A
SR . X AERE R AT SRR S AR AR IR 1 A 3 T
RS 2 2tk A SO T o D AR B ) R
WY 3 BORS JBE e S PR

% Z 3L ik (References) :

[1] Elishakoff I. Essay on uncertainties in elastic and vis-
coelastic structures: from A. M. Freudenthal’ s criti-
cisms to modern convex modeling[J]. Computers &
Structures,1995,56(6) :871-895.

[2] Ben-Haim Y. Convex models of uncertainty in radial
pulse buckling of shells[J]. Journal of Applied Me-
chanicss1993,60(3) :683-688.

[3] Elishakoff I, Elisseeff P. Non-probabilistic, convex-
theoretic modeling of scatter in material properties
[J]. ATAA Jowrnal ,1994,32(4) :843-849.

[4] Ben-Haim Y. A non-probabilistic concept of reliability
[J]. Structural Safety,1994.14(4) :227-245.

[5] Elishakoff I. Discussion on a non-probabilistic concept
of reliability[ J]. Structural Safety,1995,17(3):195-
199.

[6] Ben-Haim Y. A non-probabilistic measure of reliabili-
ty of linear systems based on expansion of convex
models[ J]. Structural Safety,1995,17(2):91-109.

(7] FH#F. 2 EF. BLE ATRESHGEHEMRE
TR A [T S F 5 . 2001, 18 (1) : 56-60.
(GUO Shu-xiang, LU Zhen-zhou, FENG Yuan-
sheng. A non-probabilistic model of structural relia-
bility based on interval analysis[]J]. Chinese Journal
of Computational Mechanics»2001,18(1):56-60. (in
Chinese))

[8] HH#H.BEF. EMERAGEMETERSHF &
(I, 3+ 5 4 % 4 4R, 2002, 19 (3): 332-335. (GUO
Shu-xiang, LU Zhen-zhou. A procedure of the analysis
of non-probabilistic reliability of structural systems
[J]. Chinese Jowrnal of Computational Mechanics,
2002,19(3) :332-335. (in Chinese))

(9] SpH#. 38 Kd. AT kiR AER o 2540 T 44T
&[0, 3 5E A % 5 4R,2002,19(2) :198-201. (GUO
Shu-xiang, LU Zhen-zhou. Optimization of uncertain
structures based on non-probabilistic reliability [ J ].
Chinese Journal of Computational Mechanics»2002.
19(2):198-201. (in Chinese))

[10] Liu P, Kiureghlan A. Optimization algorithms for
structural reliability [ J ]. Structural Safety, 1991,
9(3):161-177.

[11] Rosen J. The gradient projection method for nonlinear
programming (Part [[ ) nonlinear constraints[J]. J.
Soc. Ind. Appl. Math. ,1961,(9);514-532.

[12] Goldfarb D,Lapidus L. Conjugate gradient method for
nonlinear programming problems with linear con-
straints[J . L. and E. C. Fundamentals, 1968,7 (1) :
142-151.

[13] # B FAF. % $ MR AELESF*®
[M]. 3% : & 54 F $ 4k, 2010. (XIE Zheng, LI
Jiang-pan, CHEN Zhi. Nonlinear Optimization: The-
ory and Application M]. Beijing: Higher Education
Press,2010. (in Chinese))

[14] FEH4#.5k m.F RELEHEBEETEREROEK
Mo sk (1] 31 3 1 & F 3R, 2005, 22 (2) : 227-230.
(GUO Shu-xiang,ZHANG Ling, LI Ying. Procedures
for computing the non-probabilistic reliability index of
uncertain structures[ J ]. Chinese Jouwrnal of Compu-
tational Mechanics, 2005,22(2):227-231. (in Chi-

nese))



g2H FHE, F. MR AR T RGN 0T H 197

The gradient projection method for non-probabilistic
reliability index based on interval model

LI Shi-jun', FAN Jian-ping”', QI Wei’, CHEN Xu-yong®
(1. School of Civil Engineering and Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Communications and Information Center of The Department of Transportation of Hubei Province, Wuhan 430030, China;

3. School of Environment and Civil Engineering, Wuhan Institute of Technology, Wuhan 430074, China)

Abstract: A new search algorithm for effectively solving non-probabilistic reliability index is presented
and discussed using the interval model of uncertain in this study. Based on the basic concept of function
gradient, the gradient projection method,which conventionally used to analyze probabilistic reliability,is
adopted to solve non-probabilistic reliability index by creating search directions and establishing iterative
computation formulation. When the convergence point is not the most possible failure one,the spatial di-
mensional reduction is proposed. The calculation steps of the gradient projection method are also presen-

ted. The numerical examples have illustrated the search efficiency and validity of the proposed algorithm.

Key words: reliability index; non-probabilistic reliability; the gradient projection method;interval model;

infinite norm

Power spectrum determination of system response via
the Wavelet-Galerkin technique

KONG Fan', LI Jie""?
(1. School of Civil Engineering, Tongji University, Shanghai 200092
2. State Key Laboratory Disaster Reduction in Civil Engineering, Tongji University.Shanghai 200092 ,China)

Abstract: This paper presents a wavelet-Galerkin technique based approach for the determination of the
power spectrum density (PSD) of the response of the SDOF system subject to stochastic excitation. Spe-
cifically, first the Periodic Generalized Harmonic Wavelet (PGHW) is presented and the connection coef-
ficients of the PGHW are derived, based on the analytical form and the orthogonality of the wavelets.
Further, the deterministic response of the system is obtained via the wavelet-Galerkin technique and the
connection coefficients. Next, based on the relationship between the mean square value of the wavelet
coefficients and the power spectrum density of the stochastic process,the excitation-response PSD rela-
tionship is derived. Finally, the numerical example demonstrates the reliability of the approach over the

pertinent Monte Carlo simulation.

Key words: wavelet transform; harmonic wavelet; connection coefficients; Wavelet-Galerkin; power spec-

tral density



