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Abstract: A volume integral equation method (VIEM) is introduced for solving the elastostatic problems related to an
unbounded isotropic elastic solid; this solid is subjected to remote uniaxial tension, and it contains multiple interacting
isotropic inclusions. The method is applied to two-dimensional problems involving long parallel cylindrical inclusions. A
detailed analysis of the stress field at the interface between the matrix and the central inclusion is carried out; square
and hexagonal packing of the inclusions are considered. The effects of the number of isotropic inclusions and different
fiber volume fractions 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 clarified by comparing the results obtained by
analytical and finite element methods. The VIEM is shown to be very accurate and effective for investigating the local
stresses in composites containing isotropic fibers.
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Fig. 1 Geometry of the general elastostatic problem
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Table 1 Material properties of the isotropic matrix
and the isotropic inclusion for the
elastostatic problems

(Uni5t: GPa) | Isotropic Matrix | Isotropic Inclusion

A 67.34 176.06

il 37.88 176.06

Isotropic Inclusion
0 (A1, 1)
GXX

Isotropic Matrix
VIEM (A2, M)

Fig. 2 Multiple isotropic cylindrical inclusions in
unbounded isotropic matrix under uniform
remote tensile loading
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Table 2 Fiber separation distances according to
different fiber volume fractions

Fiber Fiber separation distance

volume / Radius of inclusion (d/a)

fraction

© Square array Hexagonal array
0.20 3.9633 4.2589
0.25 3.5449 3.8093
0.30 3.2360 3.4774
0.35 2.9960 3.2194
0.40 2.8025 3.0115
0.45 2.6422 2.8392
0.50 2.5066 2.6935
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Table 3 Normalized tensile stress component ( 0,,/0%,)
within the isotropic cylindrical inclusion due to
uniform remote tensile loading ( 0%,)

Normalized tensile stress component
inside the isotropic inclusion

Exact 1.3167

VIEM 1.3167 (Average)

Fig. 3 A typical discretized model in the volume integral
equation method
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Fig. 5 Normalized tensile stress component
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central isotropic inclusion and the
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tensile loading
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Table 4 Normalized tensile stress component (Gxx Gxx )
at the interface between the matrix and the
central inclusion for models containing square
array of 9, 25 and 49 isotropic inclusions due to
uniform remote tensile loading (oxx")

Fiber Location
Volume |[Number of]
Fraction |Inclusions 9=0° 45° 90°
(c)
9 1.40233 | 1.35022 | 1.32772
0.20 25 1.40257 | 1.34957 | 1.32593
49 1.40432 | 1.34839 | 1.31899
9 1.42863 | 1.34297 | 1.31026
0.25 25 1.42932 | 1.34065 | 1.30532
49 1.42909 | 1.34050 | 1.30532
9 1.45785 | 1.32846 | 1.28267
0.30 25 1.45711 | 1.32627 | 1.27807
49 1.45711 | 1.32627 | 1.27807
9 1.48886 | 1.30757 | 1.24500
0.35 25 1.48730 | 1.30450 | 1.23907
49 1.48705 | 1.30393 | 1.23758
9 1.52228 | 1.28038 | 1.19566
0.40 25 1.51937 | 1.27668 | 1.18876
49 1.51931 | 1.27609 | 1.18698
9 1.55809 | 1.24793 | 1.13343
0.45 25 1.55425 | 1.24386 | 1.12615
49 1.55407 | 1.24339 | 1.12427
9 1.59649 | 1.21090 | 1.05788
0.50 25 1.59228 | 1.20699 | 1.05036
49 1.59214 | 1.20643 | 1.04846
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Fig. 6 A typical discretized model in the volume
integral equation method for hexagonal
inclusion packing array
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Table 5 Normalized tensile stress component (Gxx /Gxx)
at the interface between the matrix and the
central inclusion for models containing
hexagonal array of 7, 19 and 37 isotropic
inclusions due to uniform remote tensile
loading (6xx")

Fiber Location
Volume |[Number of
fcr)actlon Inclusions 0=0° 450 90°
7 1.36143 | 1.30882 | 1.27712
0.20 19 1.36136 | 1.31035 | 1.27910
37 1.35940 | 1.30898 | 1.27822
7 1.40244 | 1.31486 | 1.25779
0.25 19 1.39795 | 1.31434 | 1.26286
37 1.39515 | 1.31255 | 1.26185
7 1.43708 | 1.31065 | 1.24106
0.30 19 1.43025 | 1.30970 | 1.24825
37 1.42637 | 1.30727 | 1.24695
7 1.47617 | 1.30377 | 1.22508
0.35 19 1.46676 | 1.30169 | 1.23439
37 1.46174 | 1.29878 | 1.23326
7 1.51940 | 1.29239 | 1.21046
0.40 19 1.50447 | 1.29067 | 1.22176
37 1.49855 | 1.28788 | 1.22123
7 1.56787 | 1.27493 | 1.19671
0.45 19 1.54662 | 1.27388 | 1.21254
37 1.53997 | 1.27050 | 1.21249
7 1.61821 | 1.25151 | 1.18652
0.50 19 1.59138 | 1.25128 | 1.20703
37 1.58401 | 1.24774 | 1.20759
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Fig. 8 A typical discretized model in the finite
element method for square inclusion
packing array
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Fig. 9 Comparison of volume integral equation
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