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Fig. 1 Core idea of framework
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Fig. 2 Dynamic construction of the algorithm framework
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H 2 1 FIEL 4 TR AR AR SCRY B4R S New-
mark 75, Wilson-0 % | #0022 5376 R et Hpas 2241
TG R PR B0 BT A R B[] 8] B
T/ 20, BRZEAE 26 VAN B0iE T R I R
4.2 NEEESEOK T MR 0 BE B AR 4 AR

Qg 5 BT /INHESE R AL B RS RERY 28 5 fR 4k
P DU AT A B TR R, 1T R 3734 A, BT R
N 15272 A, FARHEAE B R 1900 kg/m®, #L
Bl 1790 MPa, JHFALL R 0. 1. K429 0, i
TN — 7K S b 7 0 R E ey, B A Ry 0001 s,
200 #,Newmark ¥ (8=0. 5, a=0. 25) , Wilson-0
P0=1.4), 7545 180 &b {7 #% 45 3K 55 Nastran 45
R E 6 Fros. o] LLE Y M4 A SChg 42 50 3t
B Newmark ik , Wilson-0 5 Bt # .0 22 4011 55 45

&l 5
Fig. 5

JINJiE B T P AR T

Xiaoyan Pagoda model

Wilson-#

—— Central-Difference-New

0 02 04 06 08 |;0 12 14 16 18 2.0
s

6 /NHERE TOUAR (o 4% i A i 2 (o J7 1))

Fig. 6 Displacement of the top of tower(x)

R5 Nastran 4528 —80 Kk 127 B9 fE# P XA
A B

5 4

ARCHET SIPESC. FEMS., F) FH 4 1 3 A& B 4k
PR IR T — R AL 5 B AT A 43 2 1Y)
e A RSIPALEN R TR G AR K R7 I S B L DR e 85
T Newmark %5, Wilson-0 . H .0 22 790 7k Bk
e 2253k . BUEB P — L BAE T ik it R
ARG TE B M. [R] AR BA 2 8E e s i ] B SIPESC.
Thermal BYBES AL T 00T, AP TAERB] M4
X T[] A b A AR o0 B ke B ARG 1 3 I L ATy
fE AT EY R B4 T R0 IF ot F s

T3 Ab K RE A SR R R S T A A R T BT
5] L, W25 4 8 4 53 v < 3l 3 4 32 g 53 B B Bl g
ELAE BT A

£ % 3wk (References) :

[1] Forde BW R.Foschi R O,Stiemer S F. Object-orien-
ted finite element analysis[J]. Computers and Struc-
tures,1990,34:355-374.

[2] Dubois-Pelerin Y,Zimmermann T. Object-oriented fi-
nite element programming: II1. An efficient implemen-

tation in C+ 4 [J]. Computers Methods in Applied
Mechanics and Engineerings1993,108:165-183.



222 T " 4 % ¥ K #31%
[3] Dolenc M. Developing extendible component-oriented module of SiPESC. FEMS[ J ]. Computer Aided En-
finite element software[]J]. Adwances in Engineering gineering ,2011,20(3) :46-52. (in Chinese))
Software,2004,35.703-714. [8] Gamma E, Helm R, Johnson R, et al. Design Pat-
[4] #wk @wmsr A RAEFEITFFHELD] @ terns: Elements of Reusable Object-Oriented Soft-
X #,2000. (WEI Yong-tao. Object-Oriented Approach ware[ M]. Boston: Addison-Wesley,1994,11-45.
to Finite Element Programming[ D]. Sichuan Univer- [9] Newmark N M. A method of computation for struc-
sity,2000. (in Chinese)) tural dynamics [ J]. Jouwrnal American Society of
(5] MA@ @ £ A R 542 5 Rt (D], Civil Engineers,1959,85(EM3) :69-94.
K#E® T X5,2007. (YANG Chun-feng. Object-Ori- [10] Wilson E L. A Computer Program for the Dynamic
ented Finite Element Analysis Program Architecture Stress Analysis of Underground Structures, SESM
Design[ D]. Dalian University of Technology, 2007. [R]. University California at:Berkeley,1968.
(in Chinese)) [11] Houbolt] C. A recurrence matrix solution for the
(6] H#EX ,.GHMLA.ZEm,5. @& E s CAE 347 dynamic response of elastic aircraft[J]. Jowrnal of
K SIPESC #F & T ek B [J]. 3+ F U sl h = #2, Aero Science,1950,17:540-550.
2011,20(2) :39-49. (ZHANG Hong-wu,CHEN Biao- [12] Hilber H M, Hughes T J R. Improved numerical dis-
song, LI Yun-peng.et al. Advancement of design and sipation for time integration algorithms in structural
implementation of SIPESC for development of inte- dynamics [ ] ]. Earthquake Engineering and Struc-
grated CAE software systems[]J]. Computer Aided tural Dynamics,1977,5:283-292.
Engineering ,2011,20(2) :39-49. (in Chinese)) [13] FREM SR E EHFHHFABM] K&, XEHR
(7] 3k B.#H&A4L,F #,%. SIPESC. FEMS # % T I K% m4t,2007. (ZHANG Ya-hui, LIN Jia-hao.

IOE AR Sk gt AR X ()] S AL s 8 =42, 2011,
20(3) :46-52. (ZHANG Sheng, YANG Dong-sheng,

YIN Jin,et al. Design pattern of element computation

Fundamentals of Structural Dynamics[ M]. Dalian:
Dalian University of Technology Press,2007. (in Chi-

nese))

Algorithm framework for time-history analysis based on
open finite element system SiPESC. FEMS
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ZHANG Hong-wu

(State Key Laboratory of Structural Analysis for Industrial Equipment.Department of Engineering Mechanics.,

Faculty of Vehicle Engineering and Mechanics, Dalian University of Technology,Dalian 116024 ,China)

Abstract: Based on the open finite element system SiPESC. FEMS, a new general algorithm framework

for structural time-history analysis is constructed by using C+ -+ object-oriented programming method

and software design patterns method, which considers the common features of time-history analysis algo-

rithms. The core idea of the framework is that data model class and algorithmic class are designed indi-

vidually. The whole framework includes four basic classes. The abstract process of the basic classes and

the design idea of common interface are introduced, and the development process of the framework is

given by employing the software plug-in technology. Furthermore, Newmark method, Wilson- method,

central difference method and its improved method are implemented and numerical verifications are

given. This investigation shows that the algorithmic framework has favorable extensibility and reusa-

bility which is applicable to the general time-history analysis.

Key words:object-oriented; finite element; SIPESC. FEMS; time-history analysis;algorithm framework



