B BRI Bt =

=& Vol.15 No.5 2006. 10.

Transactions of the Korean Society of Machine Tool Engineers

CECIEE I EC MR RELIEL B

A X
BuA,

(=2

=9t
d&d

49 2006. 7. 5, AR 2006. 8. 9)

An Evaluation of the Effect of Micro-cracks on Macro Elastic Moduli

Sung-Soo Kang*, Hong Gun Kim"

l Abstract I

A meso-scale analysis method using the natural element method, which is a kind of meshless method, is proposed
for the analysis of material damage of brittle microcracking solids such as ceramic materials, concrete and rocks.
The microcracking is assumed to occur along Voronoi edges in the Voronoi diagram generated using the nodal points
as the generators. The mechanical effect of microcracks is considered by controlling the material constants in the
neighborhood of the microcracks. The macro elastic moduli of anisotropic as well as isotropic solids contaming a
number of randomly distributed microcracks are calculated in order to demonstrate the validity of the proposed method.
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Fig. 1 Voronoi diagram, Delaunay triangles and natural
neighbor circumcircles for a set of seven nodes

Fig. 2 Construction of natural neighbor coordinates
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Fig. 3 Representation of microcracks

Fig. 4 Numerical consideration of a microcrack
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(b) Voronoi diagram
Fig. 5 Nodal grid and Voronoi diagram for 1700 nodes

Fig. 6 Distribution of microcracks
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Fig. 7 Determination of stiffness reduction factor
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Fig. 8 Macro elastic moduli versus microcrack density

9} O’Comnell®] ZAfo|2 a4 ATe} AH v]aat 2 9
P 99 ASSH Tk BE HAY TS gsta

>~I

ot} &, A B npo|a 2 3 Y o] £l ulat 7191
2L &R AYHOE AolED, §9f Ao HegL v
EA 9] mopbu] Y] ol o & 6}11 A& & 5 9ok

3.2 o]y ﬂii|°| 3= et Al
vlo] AR S EHT oA 1A, F WAz &9

Aol A, x, yﬁhscu W2 Ak, vhol2z a2k o)

A2 & Ao BAS Ptk off e} Zof oy
1A A= HeE olgstglth



,\:!
m
~

s 0.8 4
=1 k —X direction
2
= osl \ L Y direction ]
a1 b\
2 \
=
%]
‘o 0.4 |
o %,
5 .
(=
> N
o2l gy i
N T TRy
- h TR
—
<
g
"6' 0 L L
= 0 0.05 0.1 0.15

Microcrack Densityg
(a) Macro Young’s modulus
1 T 7

" Y
-~

s 0.8 D i
2

1 .,
o060 1
=

w
]

2 0.4l .
w
ot

(o]
a.
T 0.2} i
N
-~
—

o

£

5 0 L ;
= 0 0.05 0.1 0.15

Microcrack Density§
(b) Macro Poisson’s ratio

Fig. 9 Macro elastic moduli versus microcrack density
for anisotropic solids under tensile macrostress
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