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Evaluation of In-Plane Effective Properties of Circular-Hole Perforated Sheet

Ilsup Chung”

ABSTRACT

Structural analysis for materials containing regularly spaced in-homogeneities is usually executed by using averaged
material properties. For the homogenization process, a unit cell is defined and loaded somehow, and its response is
investigated to evaluate the properties. The imposed loading conditions should accord to the behavior of unit cell
immersed in the macroscopic structure in order to guarantee the accuracy of the effective properties. Each unit cell
shows periodic variation of strain if the material is loaded uniformly, and in this study, direct implementation of this
characteristic behavior is attempted on FE models of unit cell. Conventional finite element analysis tool can be used
without any modification, and the boundary of unit cell is constrained in a way that the periodicity is satisfied. The
proposed method is applicable to skew arrayed in-homogeneity problems. The flexibility matrix relating tensorial stress
and strain components in skewed rectilinear coordinate system is transformed so that the required engineering constants
can be evaluated. Effective properties are computed for the materials with square and skew arrayed circular holes, and its
accuracy is examined.
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Fig.2. FE Model for a Unit Cell
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Fig.3. Elastic Properties Normalized by Those of Base
Material for Square Arrayed Perforated Sheet

g e g Age Zoidn, A5 A4 AT
(mutual influence coefficient) 5o T& + Ut} =
g o] Fdx $HY PP E 7Y ol o}
2 10)9] 7A E(stiffness) dHo] o}

o) |Cn Ciz Cie || &
Oy = Cyn C o2 10)
Oy | [sym. C's6 {712

A71H ()& A A7 ARAZ v, of 7
4 Adel 7 gL 99 A% #As KA 2
o] Ak,

4. 23t A E9

By A8 AA2zE g@a%e 84 AF
207 (GPa)¢t Zolku] 03 & AE3ilen, WA
¢ Hol dHE WwHE ol&std Ay WEd
Y ohF Fyo oy FAH Y HME FY3
Aok Fd wde A, Fig. 1 9 HA A d
= 00l9, Fig. 29 I8 AA FAAE AL FR
A7t ok &9 Axte] AH oju] FEe] WA

v &2l AF A yoll wet FHe NG
Al7le & gdAstE A AT

HA2 A3t 3= Fig 39l
T4 2719 FUt me Ad A4
AA FATS & F don, x' ¢
Meguid® 0] A2 #2435 7|HoZE A
e} wf 9 Z AXFE ¢ F ATH Meguid & L
o] A5 20x20 /9 &Y AARE FAHE HHo

=
=
_}jj_o

2
roh
(IS



AU -

ey Feslx)

A2 A%

Table 1 Comparison of Normalized Effective Properties
for Square Array with y of 0.3 by Using Square

and Skewed Unit Cells
Skewed Square
Unit Cell Unit Cell
Ei/E, 0.492 0.493
Ey/E, 0.492 0.493
G12/G, 0.294 0.297
ViV, 0.760 0.767
NP alAS 0.759 0.767
Ny2afve -0.038 0.000
Niv12/Vo -0.009 0.000
N2 24Ve -0.038 0.000
Ny,12/Vo -0.009 0.000
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Material for Skew Arrayed Perforated Sheet
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