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Table 1 Comparison of displacement results at node A /(107 *m)

Mesh/cells Number of freedoms u v Time /s
. 10x8 [9 Gauss points] 554 4.74874 —0.74711 6
numerical
h N 10x8 [4 Gauss points] 554 4.75008 —0.75476 4
omogenization
10x8 [RVE II] 554 4.74994 —0.75384 8
complete 300x120 217682 4.71321 —-0.71349 268
computation by 20080 97122 4.69672 —0.70508 60
ANSYS 100x40 24 562 4.64474 —0.68055 24
50%20 6282 4.53891 —0.63139 10
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Table 2 Comparison of displacement results at node A and time consumption using different meshes

The number

The number

u/(1073m) v/(1073m) Time/s
of elements of nodes
MESH I 277 80 4.747 35 —0.746 19 4
MESH II 257 72 4.74479 —0.72493 3

2.3 i) 3K 6] A

T 2 R R e R, e 3 A
PP fi:F =108N, fo: Fpy =0, f3: Fpy =
=5 x 10"N, P m#E. ASCHEBMELER Lo B

10x8, 9 mii s) 1 ANSYS SZPRas i it 45 5 (e
¥ H 200x80 Fl 100x40) { L WL 3. ATLLEF,
T B0 E 2957 40 1 55 4 P SR A 7 32k AT DA v 80T RS
i e Ak B 0bt I A B ) L
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Table 3 Displacement results at node A under different loading histories (10~*m)

f1 fi—= fa fi= 2> [
U v U v U v
numerical homogenization
4.768 66 —0.78911 1.13816 —0.31924 —0.686 33 —0.058 72
[Mesh : 10 x 8]
complete computation
4.696 75 —0.70508 1.096 75 —0.243 34 —0.708 53 —0.03723
[Cells : 200 x 80]
complete computation
4.64472 —0.680 55 1.07522 —0.22773 —0.714 80 —0.05511

[Cells : 100 x 40]

2.4 A[E) Hn K B% 12 B4 18] &

B8 BaRT 3 FMARKMBEE Ry (k =
1,2,3), Rl AZ B BEAZHRAE
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Table 4 Comparison of displacement results at node A under different loading routines (10™3m)

Ry Ry Rs
U u v U v
numerical homogenization
2.29257 1.998 57 2.559 88 1.665 62 2.306 35 1.95173
[Mesh : 10 x 8]
complete computation [Cells: 200x80] 2.28079 1.96047 2.540 53 1.64277 2.294 35 1.91326
complete computation
2.27041 1.916 83 2.522 65 1.61314 2.28345 1.87161

[Cells : 100 x 40]
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Table 5 The number of cells needed to achieve the
required precision for structures with

different aspect ratios

Error of u is set 6% Error of v is set 8%

b/m x9 direction xi direction x2 direction x1 direction
0.2 58 290 41 205
0.3 51 170 45 155
0.4 44 110 40 100
0.5 35 75 35 70
0.6 30 50 30 50
0.8 24 30 24 30
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Table 6 Comparison of displacement results at six nodes

Node u/(10~%4m) v/(10~4m)
Numerical Complete computation Numerical Complete computation
homogenization by ANSYS homogenization by ANSYS
A 29.4941 30.2951 —115.1365 —118.0423
Ao —27.5953 —27.946 9 —115.4792 —117.9859
As 0.9804 1.0646 —32.0511 —33.1470
Ay 3.7350 3.9490 —18.8130 —19.3373
As 0.196 7 0.198 8 —6.0368 —6.0879
Ae —2.7283 —2.6876 —18.8407 —19.3510

ASCIHE T 2 T B 540 K RAMT AR AR 254
BRI E T I T RS RRA L, B
AT DASR P AT SR A B R SR 2 RO0 P 4 5 2 P
Wridhk, B— DRI R G 45w Pkt
AN DA — R 3 A B A e B R — 2L /)
RUREAT AR 25 4 B SR B bk TR U AT SR, RE B 7E PR IE
VR R P B AT B T ORI R R

HTUERBERE, HHHFHETHDRRER
5 WL HE 4 S AE 18T B 8RN AR S A B B
Wi . 5 ANSYS 7HEKISCBREEH B LLBLE A2
FILGHE e /N RUBE L 9 L B H Ak B — s KCF e
% SCH SR A X BE 08 55 B 48 1R 1) o SRORS JRE I SR A 580
By ML A 3 2 B A U AR 3R A e B 8 X T
S5 RS W B S T A AR AR B BRI (W]
B fR S W B, FIREIRS T RCBAR MR, TR
DA T 320 57 8 A S 3 P T ) AT R 25 H e  2
PEAEALL.

2 % x #

1 Chiras S, et al.

optimized truss core panels.

The structural performance of near-

International Journal of
Solids and Structures, 2002, 39: 4093~4115

2 Deshpande VS, Fleck NA., Ashby MF. Effective properties

of the octet-truss lattice material. Journal of the Mechan-
ics and Physics of Solids, 2001, 49: 1747~1769

3 Wallach JC, Gibson LJ. Mechanical behavior of a three-
dimensional truss material. International Journal of Solids
and Structures, 2001, 38: 7181~7196

4 B, FEKIR, XI5 A JH 1 R PR ST 2R R S5 RO R
W Fe ROBE RGN, B4k 52, 2005, 26: 421~428 (Yan Jun,
Cheng Gengdong, Liu Shutian, et al. Prediction of equiva-
lent elastic properties of truss materials with periodic mi-
crostructure and the scale effects. 2005, 26: 421~428 (in
Chinese))

5 Ladeveze P. Multiscale modelling and computational
strategies for composites. International Journal for Nu-
merical Methods in Engineering, 2004, 60(1): 233~253

6 Ghosh S, Kyunghoon L, Moorthy S. Two scale analy-
sis of heterogeneous elastic-plastic materials with asymp-
totic homogenization and Voronoi cell finite element model.
Computer Methods in Applied Mechanics and Engineering,
1996, 132: 63~116

7 Fish J, et al. Computational plasticity for composite struc-
tures based on mathematical homogenization: Theory and
practice. Computer Methods in Applied Mechanics and
Engineering, 1997, 148: 53~73

8 Terada K, Kikuchi N. A class of general algorithms for
multi-scale analyses of heterogeneous media. Computer
Methods in Applied Mechanics and Engineering, 2001, 190:
5427~5464

9 Matsui K, Terada K, Yuge K. Two-scale finite element anal-
ysis of heterogeneous solids with periodic microstructures.
Computers and Structures, 2004, 82: 593~606



62 il ] = # 2007 € F 39 H

ELASTO-PLASTIC ANALYSIS FOR 2D STRUCTURES WITH
TRUSS-LIKE MATERIALS Y

Liu Ling Yan Jun Cheng Gengdong?
(State Key Lab of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024, China)

Abstract  The elasto-plastic analysis of structures composed of truss-like materials takes much time and
considerable resources in modeling and numerical calculation if all struts are taken into consideration. The
main purpose of this paper is to speed up the solution of this class of problems. The unit cell is simplified as
a truss model according to the large ratio of strut’s length to the section size. Numerical homogenization is
carried out due to the periodic arrangement of cells in space. The original problem is thereby transformed to
two interrelated problems of two different scales: a nonlinear elastic continuum computation in macro-scale and
several elasto-plastic analyses of small-scale truss systems in micro-scale. Monotone load, non-monotone load,
regular macro-structure and irregular macro-structure with imperfect unit cells are, respectively, considered in
two numerical examples. In comparison with the results of the actual structures, the proposed method is found
to enjoy the same precision but to take less time. At last the applicable conditions of the proposed method are

discussed.

Key words truss-like material, elasto-plastic computation, multi-scale analysis, numerical homogenization
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