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Fig. 1 Double-layer cylindrical shell model



%1 AN, % 2F OpenSees Y W EAT T W &5 e 3 & WA R U o &£ M o047 61
G5 T 141 A4k, 58 132 AL AL JE 1Y
3000 FP4 48w i AR W 1, 3k BOAE Ak e 7S SR B 58
7200

6400 %,

5600 I 3.2 OpenSees HILFHEFESEMPYAEES &
pov o B f 53 4

3200, i‘ifé\i( o fp 28 L SR A o R TR T e AR ) 34 (R AR o
i I DA B SCHR 3] ML HR L BEBL S T S UL K 2.
800 3.2.1 wmAHEEi

D k.

1 15 29 43 57 71 65 99 113 127 141

AN YN IPIESTIRIA Saus 1 RE AP

Fig. 2 The curve between axial stress and optimization serial

B X WSS AT PE Ak . A 55 GE OpenSees 115
25 . 7E ANSYS F1 OpenSees 143 51 X} [ 72 i 17
W A R A L A B B RN ) ¥ 0 i
35 B RLIE AR VA K 2 B el AT 1 ) A AR S
— NI ER AL LB AT A2 T2
P FFE A3V RGN AT Ad | FE I AT 14
Sk A5, DL AR B K B B RT3 2] i A 5 BE A iR

AL DUS TN A AR B AR i B AT

R R ARG B 8022 BR TH W 7 A R A 80 42, i1
RIS TR SR FH Ak P AR Y L 7 AR s Ak 3 CHPY IS e R GE
VI 5016 e E VTR LB Bk 0,02, 1 42 T Hh
FCBILAP A ik, SO % 8 LA &L (1) RLA
# P AERBENLAE 5, (2) DAFF4 48 1 T AR A S B
BLAS &, (3) LAa7 5 P SUPE A% ERIRS 480 T 1 AR AR
Sy BEAILAS £ o 43 S0 DA B = e 0 SR B O RS R
B, B iHLRF % ¥ .Gradient Projecton B ¥,
Polak-He 535 H1 SQP 5k . Jy J7 i+ 50F e i
Ak 0 B SRS B, DA B PR A 5 45 a5 e 1
RRREEZ ZE DI R A TH RS R W KRS,

F1 HRAHERZATHREER

Tab.1 Cross-sectional area of shell’s bar before and after optimization
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197 i T FR 992. 74 992. 74 992. 74 992. 74 992. 74 —0.0173 —0.129 X 10°
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A5/mm? A X BUE 7 31. 942 3.1942
P/N b R4 ER 1.06P; (i = 1 ~ 80) 0.074P;(i =1 ~ 80)
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Tab. 3 Comparison of time consume and accuracy between different search algorithms
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Tab.4 Effect of different scaling-factor on time consume

and accuracy of Polak-He search algorithm
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Comparison of time-consuming, accuracy among algorithms

when linear-elastic material applied
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Nonlinear finite element reliability analysis of double-layer

cylindrical shell based on opensees

LIU Chun-guang*"*, LI Hui-jun®
(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;

2. Faculty of Infrastructure Engineering, Dalian University of Technology. Dalian 116024, China)

Abstract: In nonlinear finite element reliability analysis, two serious impediments are encountered: for
certain material models, the constraint function may have a discontinuous gradient, leading to failure of

the search algorithm to converge; The search algorithm may generate trial points too far in the failure
[1]

domain, where the finite element code fails to produce a result due to lack of numerical convergence
Smoothed material, improved and new algorithms are introduced to address two impediments. Bouc-Wen
model addresses the first, and the second one is addressed by improved and new algorithms. Not only
the iHL-RF, the Gradient Projection, and the SQP algorithms, but also the Polak-He algorithm is ap-
plied in nonlinear reliability analysis of large-span spatial structure. The results show the SQP and the
Polak-He algorithms are more efficient than the iHL-RF and the Gradient Projecton algorithms. The Po-
lak-He algorithm is an efficient algorithm. Smoothed material model and algorithms makes nonlinear re-

liability more convenient, and should be extensively applied.

Key words: shell; reliability; design point; the Bouc-Wen material model; the Polak-He algorithm





