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Stress Analysis in Multiple Isotropic Elliptical Fibers of Arbitrary
Orientation

Jung-Ki Lee*", Sang-Min Oh*

ABSTRACT: A volume integral equation method (VIEM) is introduced for the solution of elastostatic problems in an
unbounded isotropic elastic solid containing multiple isotropic elliptical fibers of arbitrary orientation subject to
uniform stress at infinity. The fibers are assumed to be long parallel elliptical cylinders composed of isotropic elastic
material perfectly bonded to the isotropic matrix. The solid is assumed to be under plane strain on the plane normal
to the cylinders. A detailed analysis of the stress field at the matrix-fiber interface for square and hexagonal packing of
the fibers is carried out for different values of the number, orientation angles and concentration of the elliptical fibers.
The accuracy and efficiency of the method are examined through comparison with results obtained from analytical
and finite element methods.
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Table 1. Material properties of the isotropic matrix and the iso-
tropic elliptical fiber for the elastostatic problems

(Unit: GPa) Isotropic Matrix Isotropic fiber
67.34 176.06
37.88 176.06

Fig. 4. A typical discretized model for a single elliptical fiber at
an inclined angle o = 45° in the volume integral equation
method.
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Fig. 5. A typical discretized model for multiple elliptical fibers of
arbitrary orientation in the volume integral equation
method.

Table 2. Fiber separation distances according to different fiber
volume fractions

Fiber separation distance (d)

Fiber volume / Radius of circular fiber (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 fiber circumscribing its
respective elliptical fiber (Fig. 3)

“Radius of circular fiber circumscribing its respective elliptical
fiber (Fig. 3)
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Fig. 6. Normalized tensile stress component (c,,/c.) at the interface between the central isotropic elliptical fiber and the isotropic
matrix under uniform remote tensile loading for the square packing of 9 elliptical fibers (inclusions).
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Fig. 7. Normalized tensile stress component (c,,/c,) at the interface between the central isotropic elliptical fiber and the isotropic
matrix under uniform remote tensile loading for the square packing of 25 elliptical fibers (inclusions).
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Fig. 8. Normalized tensile stress component(c,,/c,,) at the interface between the central isotropic elliptical fiber and the isotropic
matrix under uniform remote tensile loading for the square packing of 49 elliptical fibers (inclusions).
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Fig. 10. A typical discretized model in the volume integral
equation method for the square packing of 9 isotropic
elliptical fibers with an aspect ratio of 0.5 at an oriented
angle a.=60°[17].
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matrix under uniform remote tensile loading for the hexagonal packing of 7 elliptical fibers (inclusions).
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