P AR 37

nm

s M97 2R BgAEY B 4

o] g7]’

Elastic Analysis in Composite Including Multiple Elliptical Fibers

Jung-Ki Lee

ABSTRACT

A volume integral equation method (VIEM) is introduced for the solution of elastostatic problems in an
unbounded isotropic elastic solids containing interacting multiple isotropic or anisotropic elliptical inclusions
subject to remote uniaxial tension. The method is applied to two-dimensional problems involving long parallel
elliptical cylindrical inclusions. A detailed analysis of stress field at the interface between the matrix and the
central inclusion is carried out for square and hexagonal packing of the inclusions. Effects of the number of
isotropic or anisotropic elliptical inclusions and various fiber volume fractions for the circular inclusion
circumscribing its respective elliptical inclusion on the stress field at the interface between the matrix and the
central inclusion are also investigated in detail. The accuracy and efficiency of the method are examined
through comparison with results obtained from analytical and finite element methods. The method is shown to
be very accurate and effective for investigating the local stresses in composites containing isotropic or
anisotropic elliptical fibers.
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Fig. 1 Micrograph cross-section of unidirectional 60 mm triangular glass
fibre composite (Vi = 0.5)[15].
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Fig. 2 Micrographic cross-section of a SiC/Ti-15-3 composite.
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Fig. 3 Geometry of the general elastostatic problem.
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Table 1 Material properties of the isotropic matrix and the 1s0tmp1c

and orthotropic elliptical inclusion for the elastostatic p
. . . Inclusion
(Unit: GPa) [Isotropic Matrix - -
Orthotropic Isotropic
A 67.34 - 176.06
" 37.88 - 176.06
Cii 143.10 279.08 528.18
ci2 67.34 7.80 176.06
[ 143.10 30.56 528.18
Co6 37.88 11.80 176.06

Table 2 Fiber separation distances according to different fiber volume

fractions
Fiber Fiber separation distance (d) /,,
volume Radius of circular inclusion (a)
fraction (C)* Square array Hexagonal array

0.20 3.9633 4.2589
0.30 3.2360 3.4774
0.40 2.8025 3.0115
0.50 2.5066 2.6935

* Fiber volume fraction (c¢) of circular inclusion circumscribing its
respective elliptical inclusion (Fig. 4)

** Radius of circular inclusion circumscribing its respective elliptical
inclusion (Fig. 4)

Fg. 5 A typical discretized model in the volume integral equation method.
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2

First expanded view surrounding the elliptical inclusion (®)

(c) Second expanded view surrounding the elliptical inclusion (®)

Fig. 6 A typical discretized model in the finite element method for a
single elliptical inclusion.

Table 3 Nommalized tensile stress component ( 0/ 0°y) within the isotropic
elliptical cylindrical inclusion due to uniform remote tensile loading

(0 %)
Normalized tensile stress component
inside the isotropic elliptical inclusion
Exact 1.6144
VIEM 1.6147 (Average)
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Fig. 7 Comparison of volume integral equation method and ADINA
solutions for normmalized tensile stress component (c“/o x) at
the interface between the single isotropic elliptical inclusion
and the isotropic matrix under uniform remote tensile loading.
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Fig. 9 Nommalized tensile stress component (6“/6 x) at the mterface
between the central isotropic elliptical inclusion and the isotropi
matrix under uniform remote tensile loading.
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Fig. 11 Nommalized tensile stress component (c,‘x/c x) at the interface
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isotropic matrix under uniform remote tensile loading.
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Fig. 12 Multiple isotropic elliptical cylindrical inclusions in unbounded
isotropic matrix under uniform remote tensile loading.

Fig. 13 A typical discretized model for the elliptical inclusoin with a
2.0 aspect ratio in the volume integral equation method.
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Fig. 14 Nommalized tensile stress component (6“/60“) at the interface
between the central isotropic elliptical inclusion with a 2.0
aspect ratio and the isotropic matrix under uniform remote
tensile loading.
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Table 4 Normalized tensile stress component (6“/60“) within the
orthotropic elliptical cylindrical inclusion due to uniform
remote tensile loading (ﬂ xx)

Normalized tensile stress component
inside the orthotropic elliptical inclusion
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Fig. 15 Nommalized tensile stress component(c“/oo“) at the interface
between the central orthotropic elliptical inclusion and the
isotropic matrix under uniform remote tensile loading.
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between the central orthotropic elliptical i ion and the
isotropic matrix under uniform remote tensile loading.
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