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2. Key Laboratory of New Technology for Construction of Cities in Mountain Area (Chongqing University), Ministry of Education, Chongqing 400045, China)

Abstract: The first-order reliability method (FORM) is simple and efficient, but the error is significant when
dealing with strong nonlinear functions. With existing second-order reliability methods (SORM), the calculation
accuracy is improve, but the efficiency is reduced. In this research, an improved SORM, which can achieve better
balance between accuracy and efficiency, is presented. The modified symmetric rank 1 method is combined with
the determination of step length of the HLRF method, and an improved FORM with better convergence is
proposed, in which the approximate Hessian matrix of performance function is obtained without increasing the
amount of function evaluations. Combining the coordinate rotation with the univariate dimensional reduction
approximation of the performance function according to its known gradient vector and Hessian matrix, and
introducing the non-central chi-square distribution, the paper proposes an improved SORM with the same
efficiency but higher accuracy. The wide applicability and advantages in both accuracy and efficiency of the
proposed methods are verified by several numerical examples and engineering examples.

Key words: structure; reliability method; improved first-order reliability method; improved second-order

reliability methods; approximated Hessian matrix
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Table 3 computed reliability results of Example 1
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T AGH T SERTH RS R

*4 B2 PAIREITEER
Table 4 computed reliability results of Example 2

7 i OB TEEREAR RBOEERA(x107?) REA%)
MCS 1x108 2.1890 1.4301 -

HLRF 8 2.0457 2.0392 42.59
HLRF-BFGS 8 2.0457 2.0392 42.59
Breitung 8+10 2.1644 1.5217 6.42
AT AL 8 2.1644 1.5217 6.42
AWIEL 8 2.0457 2.0392 42.59
B :2-1 8 22125 1.3466 5.82

a2 4 85 n s, —ROJSERETiEd, A
AT 1 fER% |5 HLRF . HLRF-BFGS J5
DM, HAZ = RhoOrik R A e 8L B
MCS g5 AR ZE K. Tk 2-1 ER S
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AW VMR O N, e T SEIR AR
B, AL Breitung J7 v FUAR LT AL U7 V200 5 R
ZEFN e BRI, ASCET IR TSR B T VA RE R
T b SHE TR 55 5 280%

& 4 g Rnr s, —IRWSERE T, A3
AR 1 #E %% 5 HLRF %, HLRF-BEGS Jj
oM, HaZ = ROk A e 8L B
MCS 45 AR 25w K. fIT Ik 2-1 fERUR 5
AW VAR OLN, 35 T ] SEER AR
J%, ALY Breitung Jyvk . $UAIE AL 7 vk & R
ZEFN G DRI, A SCHEI R T S B U VR
T 1 e TR 252 5 2008
B 3. AR g TR

7% & Chan F1 Low & X $2 H — A 2 P40
BRI RE )8, It AR s R AT 2,
i i) L (1%) 2y R B AU TT AR IR <

_:byF (40)
R TE A L 5 s AR 2 T ARG R B 0.5,
HaE S E 5, M ESHRMENE 6.
T TR AR
x5 HREMSH

Table 5 deterministic parameters

1-12
G(X)=50-0.5Bq m|l +
E, 1

SER e TSR HifE
i [ B/m 30
KAEL/m 40

RARED/m 3

)2 5 H/m 10

i m 4
A 0.073
WK R L 0.089
A IS/ 0.950

F 6 B3 PRENTEMSITHHE
Table 6 Statistical characteristics of the random variables
in Example 3

AR MRy A1 )1 bRz

Yo fiitai 3 go /kPa I BUE A5 A 280.00 40.00
ALY XBOER A0 0.25 0.08
LR Eg/MPa EA 70.00 2.50

HUHSRE Ron . — Ikl SERE kb, @il
Ji7% 15 HLRF-BFGS J5 ik B A —BUW K E 5 &%
2, AL HLRF EEAE SRR . @iy 2-1
FH L Breitung J7 325 1M 55 75 DR FEAH T IR B2 1) [R) I
HABENSCRERR, Sl i,

®7 B3 PAREHHEER
Table 7 computed reliability results of Example 3

WAREA SINTREL  ATEEFRRR  RAMER/(<1072)  RE/(%)
MCS 1x108 3.0697 0.1071 —

HLRF 52 3.0259 0.1239 15.69
HLRF-BFGS 20 3.0259 0.1239 15.69
Breitung 52+6 3.0668 0.1082 0.98
AT B 20 3.0390 0.1187 10.78
BT 20 3.0259 0.1239 15.69
BIT%2-1 20 3.0741 0.1056 1.46

JRUEPR N IERR — 3, SO AR B
B0 st B I UE T AR SCEEBUI S K
A EE RE T VEAE AR ARG BE
B 4. 2788 TR 3

F BB SCHR [33] MR 9 ANBHALAR 5 (1 B 4
RS, 1 R, B TR xy P AR
R Fy Fy, AR y-z FIHSZE P ST, K1
HR A RS LB KT Von-Mises N /) 0rpaxr BF
O max BB IEFA R S IR S, AR R BGHEN, T
hierREN -

G(X) =Sy~ Omax (41)

Bl B
Fig. 1 Cantilever tube

A SR Von-Mises N JJ o0 B FTHF

Omax = O—)zc + 31—)262 (42)

A, ENTT o SYINTT 7, 2395008 -

_ P+ F;sin6, +F2sin02+

Oy = T
[ —d-207]
(FlLl cosf + FrL,cos 92)(1’
T[ b
2% —[d* - (d-21)*
X < [d*—(d-2)"]
Td
Txz (43)

4><64[d (d-21)"]

SIS E, 0,=5° 6,=100, =&
BN B IE WA 8, o, JRSCHR A T S
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Table 8 Statistical characteristics of the random
variables in Example 4

BEHILAL BifE B 72 bES
B /mm 4.0 0.04 IER M
HA%d/mm 40.0 0.40 IEAS
KJELy/mm 120.0 6.00 EAMi
KJELy/mm 60.0 3.00 LA A
HhJIF\ /KN 3.0 0.30 IEAS
HhJIF,/kN 3.0 0.30 EAMi
A JIPIKN 12.0 1.20 ER M
1% T/Nm 90.0 9.00 IEAS
Ji R FES,/MPa 350.0 50.00 IE& A

&9 HOHl4 PAIREITHEER
Table 9 computed reliability results of Example 4

Jiik OMTEL TEERRR RBOMER(x102)  ARTE/(%)
MCS 1x108 3.4027 0.033 36 —

HLRF 40 3.4042 0.033 18 0.539
HLRF-BFGS 50 3.4042 0.033 18 0.539
Breitung 40+45 3.4033 0.033 29 0.209
AL B 50 3.4015 0.033 51 0.449
BT 40 3.4042 0.033 18 0.539
A T7E2-1 40 3.4025 0.033 38 0.059

A DLE H, ARSCEIUTTE 15 HLRF VEAERL
KFRE R F#RS—5L, AL HLRF-BFGS J7 7110 5
SRR, FWUTIVE 2-1 AERCR AR % b, M e
1) R AT S S VA — G

4 51

RIGINBAE W H R 1, B2 R ] 5
J5 0] R AR A T L AR AR ) 8, 5 45 B 1& 1R XK
Bk 1 7945 HLRF v, $2H T AT B ar desior: i)
CE— IR HE L . fEULIEA b, 45 A AR bR
By AR SRR R AR R T A D 4R
TS R SR i Sl S 4 AT T 15 )
Wrr e

(1) I FAEIEX R 1 53500 R e Sl o A
HLRF 726 T A 2 20 K HRe A, ARSI sl —
YR B Tk R T W AR s, BRI
S, MR EIRR

(2) 1 T3 ALL i Hessian %0 [ W ] DUJE T~ ot
— RO] R T VR I IR AR FE A R e, JRnT LA

B 2 1Y) Hessian R R KIS,  HAEORFF & 45
R 5k, B, AR SRt o] SR T
FE— R AT HE 3 M 5 Hessian K0 FEUT LT REH 2 H
.

(3) TGt IR AT SE T VA BT R ) Hessian
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HE RO EE B T T LR B b S Ak 3 R B
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