5549455 1 1] X % #® L K ¥ F B Vol. 49, No. 1
20094E 1 H Journal of Dalian University of Technology Jan. 2.0 09
;ys’es!es!es‘e\yé
y TRENE XEHS: 1000-8608(2009)01-0001-07
R Y

= R MR OR A ) 5k 5 i

2 XK, 18

.,

(RFEEIAY TV REEMANERELLHE, LT k&

#2 Bk A&

116024 )

FE: haZ R AR S RN R AR SN M ST R, R R B A
RUH A THHEEER . FENTAAES TR EREAEELTA. AU RAKEY
AT EMZ RN RAM AR ENHETERRDE 2N B RREN R A RIS
HERHATHL UHHEREAEZ 0N T UK AT I E B BT EAM, BT RAMH
A REMMITERRARET — AT 8. BN Z T ELRKBT WA, T UNEAT AR
ReBE REHYTFEEREMN LR, AT 7 o7 .

R : Z 2 KM RMKE; BEMI; KEHT

FESZES. 0343.2

MEkERERG: A

0o 9l =

UEAF SR o ELAT B 5 N 22 1 il A 1 S 2L
[ A A LB 5 R RE T o 1 L 22 L b R 4 L A
) 0000 2 JBE T 43Ry TG T UK AR A REFIA T A P2
FERHBT . TR T b R AR 22 1 T 24 Mg L T
A SR X T S0P Bl B B A R R R 2R AT SR b A
TR L. BMTIEMRE KT DURL R N 32, MR L
SER R RIT LY M 2 v B S B iy FH X

SHEEAMA MR AR TR TR,
Wallach %52 X b T3 28 b4 g6} (19 AT 452 74 1 22 A6
R RZAUH 1. 4% SCERE3 W98 T M 28 01 Bt
T2 Bl 2 S 8P F 0 e i 5 oy = P i 1) B2
M, £ BAT 4204 R LL 8 5 0 3 R A4 R X6 B B AN
U A9 2538 5 Deshpande 45 3 2 % {5 1 A 7 7
RN N (TR N T € R e A D
Jeth I A 34 e o 0 A T

X = 2 AT A L A RO i R e IR TR A6 1Y
WFSTAR B (H 2 = 2 4 Jm AT 2R b R T AR
A2 AL R B Tl B2 T B THI I ) 28 4ef B B8 2 b 2

Wi B 2006-03-04; {EE EHH#A: 2008-01-04.

BE BB PEAR AT REBE A BB E T IX 2 = HE Ay
Hh AR RO P R R SR AR AR A 5 O
FUABE AN (] HRAR G, B AR AT AT, R AT 5T = 426
3 2B 45 K ) IR P e A SR 1R AR AT S PR
X.

TR e s B e AR 2 T
PES . Terada 557 48 T 1 26 7 15 SR Ak JE £k 1k
] AR AN A 2 1 T RE A% Ak B BT — Bl 2k i ) R
AN (B4 5 P B 1 0] 0 2 R TR 1 S A
2T T IR RE S R B 5 OO P G 5 B
TR 20 0 R AT 2RSS R HE AT T A AR

ASCHET Terada % B EUE I 514005 1 F
X 25 B A 3B D AR T A T SR AT AR
LR B 25 K Y B A O3 BT, 2B O R N 2R A
o B IRL 1) S AT A A L B = 2 B A 5 g 25 2
SRV TS R IO e AR 45 4 2 25 AT SR kA7 58 42 it
SRV HEAT X L i I — A B R IR A
DA B AR ST % B AT 28

EE&TH.: R AR LEBITE (90816025 ;“ Ju-b =7 HFK & L Sl AF 78 3120 % Bh T H (2006CB601205) 3 K H T. K245
PEAA TS e B H 5 KB TR B R RS S S W i
fEE BN 4 w1981 H A | A (1978, BRIl FREKAR (1941, 5, 8z 1 AR R0, b R 2 B B -



5 A # # I X

¥ o R 519 %

1 B 2346 Iy 15 0 IS A
B APE 5y By 7 1K

XHF L B o B AT A IR s # A A R 2
IR 25 K] T UL X5 20 A ) PR P SRR At 7 9 0
[72) 5L % A9 275 SO JBE RO IR 1 2%, 7% L RUE
T AEROE SR S5 1 OWL RO T B AR e A T

Zj%%&ﬁ%”i‘j X1~ X2=T3Y17Y2 ‘ys[”q.

(IR ) S NN R

Fig.1 Structure with heterogeneous material
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Fig.2 Macrostructure with boundary conditions
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Fig. 3 Configuration, size and section area of struts
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Tab.1 Comparison of displacements and time consumption with complete computation at node A
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BAE )1k
—0.026 51 —13. 435 —3.215 2 894. 46
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Fig. 4 Error curves of the displacements
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Tab. 2 Comparison of displacements and time consumption using different mesh at node A

ViR /1073 m v/1073 m w/1073 m viR#E/% wiRE/% t/s
BE 21k —0.025 37 —13. 452 —3.218 7 914. 46
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Fig. 6 Different loading routines
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Tab.3 Comparison of displacements (10~ m) at node A under different loading routines

R, R, R;
b Bt

u v w u v w u v w

BB —0.018 716 —9.3413  —2.1643 —0.033 426 —9.8260 —2.7498 - - —

(D HisRse &8 —0.007 379 —9.0148  —2.0939 —0.023 924 —9.3858  —2.6456 - - -

E 3.62% 3.36% 4.69% 3.94%
(2) BB AL —0.02557  —8.9383  —2.2299  —0.02112 —8.9047 —2.2189 —0.01307 —8.6096 —2.1480
Fo, =—105 N #isz it —0.01254 —8.6119 —2.1567 —0.01239 —8.4589 —2.1191 —0.01175 —8.4519 —2.1122
Fo, =0.6X10" N E 3.79% 3.39% 5.27% 4.71% 1.87%  1.69%
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Fig. 7 The 3-D structure as a semi-column
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Tab.4 Comparison of displacements at node A
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Fig. 8 Comparison of displacements
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Elasto-plastic analysis for 3D structures with truss-like material

NIU Bin, YAN Jun®, CHENG Geng-dong

( State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024, China )

Abstract ;: For the problem of the elasto-plastic analysis of three-dimensional (3D) structure composed
of truss-like material, it will be expensive or completely intractable in computational time and
resources because of the enormous number of struts when all the struts are considered exactly. 3D
structure with truss-like material is equivalently analyzed using numerical homogenization technique.
In comparison with the complete analysis of discrete structure, the equivalent analysis can save
computational time and considerably decrease the computational cost while maintaining high accuracy.
The high efficiency of equivalent analysis also provides a possibility for the further design optimization
of complicated structure with this material. The numerical examples show that the equivalent analysis
can be used for different meshes and loading paths. The applicable conditions of the method are

discussed in the last example of irregular macro-structures with non-integrated unit cells.

Key words: 3D; truss-like material; elasto-plastic analysis; numerical homogenization



