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‘Comparison of Interaction Effect between Elliptical and Ellipsoidal Inclusions

Tadatoshi Matsuo™ and Nao-Aki Nopa™*

This paper deals with stress analysis of elliptical and ellipsoidal inclusions using singular integral equations of
the body force method. The stress and displacement fields due to a point force in an infinite plate and a ring force in
an infinite body are used as fundamental solutions. On the idea of the body force method, the problems are formu-
lated as a system of singular integral equations with Cauchy-type or logarithmic-type singularities, where unknown
functions are densities of body forces distributed in the x- and y-directions of infinite plates or in the r- and z-direc-
tions of infinite bodies having the same elastic constants of the matrix and inclusions. In order to satisfy the boundary
conditions along the inclusions, eight kinds of fundamental density functions proposed in our previous paper are
used. Then the body force densities are approximated by a linear combination of the fundamental density functions
and polynomials. The present method is found to give rapidly converging numerical results for both of the axial sym-
metry tension and uniaxial tension. The calculations are carried out systematically for various shape, distance and
elastic constant of inclusions and the stress distributions along the boundaries are shown in figures. Then the inter-
action effects are discussed through the comparison between the elliptical inclusions and ellipsoidal inclusions.

Key words : Elasticity, Body force method, Numerical analysis, Singular integral equation, Stress con-

centration, Interaction effect, Inclusion
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(a) Two elliptical inclusions (b) Two ellipsoidal inclusions

Fig. 1. Problem A.
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(a) Two elliptical inclusions (b) Two ellipsoidal inclusions
Fig. 2. Problem B.
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Table I, Values and positions of the maximum stress in Fig. 1.

a/b=1/2 2D 3D
Er/EMfa/d | (deg.) Omax Omax/Go | (deg.) Omax Omax/Co
0.0/ 0.0 |5.0000[1.0000f 0.0 |3.3130 |1.0000
0.2] 0.5 |4.6801]0.9360| 0.1 |3.2603 [0.9841
10 0.5 2.4 4.2352]0.8470 1.6 3.0219 {0.9121
0.7 3.0 4,1510{ 0.8302 2.4 2.9266 | 0.8834
0.8 3.2 4.1302 | 0.8260 2.7 2.8940 | 0.8735
0.9 3.2 4.118110.8236 2.9 2.8677 | 0.8656
0.0)] £90.0 | 1.2056{1.0000{ +£90.0 1.3784§1.0000
0.2] -90.0 11.2463]1.0338( -90.0 1.4180} 1.0287
10° 0.5)] -90.0 {1.5439]1.2806| -90.0 2.0891}11.5156
0.7] -90.0 | 1.9622|1.6276 | -90.0 | 3.8767|2.8125
0.8} -90.0 [2.3163}11.9213} -90.0 6.1969) 4.4957
0.9] -90.0 |3.0274|2.5111 | -90.0 [13.040 | 9.4602
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Fig. 9. Comparison of the interaction effect in Fig. 1.
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a/b=1 2D 3D
Er/EM|a/d | (deg.) Omax Omax/Co | (deg.) Omax Gmax/Co
0.0 0.0 3.0000 | 1.0000 0.0 2.0455]1.0000
0.2 0.3 2.9268 | 0.9756 0.1 2.0384]0.9965
1075 0.5 3.2 2.7146 | 0.9049 1.2, 11.9799(0.9679
0.7 4.8 2.6418 | 0.8806 2.7 1.9325|0.9448
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Table lll . Values and positions of the maximum stress in Fig. 1.

a/b=2 2D 3D

Er/Em|a/d | (deg) COmax Omax/Go | (deg) Omax Gmax/Co
0.0 0.0 2.0000 | 1.0000 0.0 1.4403 | 1.0000
0.2 0.3 1.981710.9909 0.0 1.4395 | 0.9994
10-5]0-5] 3.6 [1.9057]|0.95291 0.7 1.4285 {0.9918
0.7 6.9 1.8578 | 0.9289 2.3 1.4131 {0.9811
0.8 8.1 1.842610.9213 3.2 1.4051 | 0.9756
0.9 8.9 1.8328{0.9164 4.1 1.3981 | 0.9707
0.0 #£90.0 | 2.0222|1.0000] £90.0 3.2798{1.0000
0.2 ]| -90.0 |2.0351[1.0064{ -90.0 3.2958]11.0049
105 {0.5| -90.0 |2.2306 | 1.1031 -90.0 | 3.5262}1.0751
0.7] -90.0 |2.6658 |1.3183 ] -90.0 4.3390]1.3229
0.8 -90.0 [3.2076 [1.5862] -90.0 | 5.6877]1.7342
0.9] -90.0 {4.6185]12.2839} -90.0 [10.637 |3.2431
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Fig. 11. Comparison of the interaction effect in Fig. 1.
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Fig. 12. Comparison of the interaction effect in Fig. 1.
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Table IV. Values and positions of the maximum stress in Fig. 2.

a/b=1 2D 3D
Er/EM|a/d | (deg.) Omax | Omax/c0 | (deg.) Omax | Omax/G0
0. -90.0 | 3.0000|1.0000 |-90~90]2.0455(1.0000
0.2 ~90.0 [2.9999|0.9990 | ~90.0 | 2.0462 | 1.0003
1075 0.5 -90.0 [3.0224]1.0065]| -g5.0 | 2.0599|1.0070
0.7 -90.0 [3.3830|1.1266 | —90.0 |2.1569 | 1.0545
0.8} -90.0 [4.0393[1.3451} -90.0 [2.2303}1.0903
0.9] -90.0 15.8182}11.9375} ~90.0 | 2.7773}1.3578
0. 0.0 2.0281{1.0000 0.0 2.557411.0000
0.2{ 0.0 2.0198{0.9982| 0.0 2.5586 | 0.9999
105 0.5 0.0 1.9416 10.9831 0.0 2.5138 1 0.9965
0.7 0.0 1.8714 | 0.9616 0.0 2.4662 | 0.9882
0.8| 0.0 1.84120.9492| 0.0 2.4348 | 0.9819
0.9 0.0 1.8178 | 0.9492| 0.0 2.4118 | 0.9744
2.5 . : . . . ;
G max / G0 : circular hole <—a —
I, spherical cavity d
2.0 - (ab=1, B/E=107) 5
4
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1.0 -
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Fig. 13. Comparison of the interaction effect in Fig. 2.
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Fig. 14. Comparison of the interaction effect in Fig. 2.
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Table V. Values and positions of the maximum stress in Fig. 2.

a/b=1/2 2D 3D
Er/EM|a/d | (deg.) Gmax Omax/00 | {deg.) Omax. Orax/ G0
0. 90.0 |2.0000(1.0000 90.0 |1.6596|1.0000
0.2 90.0 |1.9998 | 0.9997 89.0 | 1.6594|0.9999
1075 0.5] -90.0 |2.0614 |1.0304 | ~-58.0 | 1.6748|1.0092
0.7] -90.0 |2.5919|1.2956 | -90.0 |1.8858 [ 1.1363
0.8 -90.0 |3.1708}1.5850{ -90.0 {2.1714|1.3084
0.9] ~-90.0 |4.4680|2.2334| -90.0 ]2.7780|1.6739
0. 0.0 2.0281 11.0000 0.0 2.557411.0000
0.2 0.0 2.0198 1 0.9959 0.0 2.5586 | 1.0005
10° 0.5 0.0 1.9416 | 0.9573 0.0 2.513810.9829
0.7 0.0 1.8714]0.9227 0.0 2.46620.9643
0.8 0.0 1.8412{0.9079 0.0 2.4348 ] 0.9521
0.9 0.0 1.8178]0.8963 0.0 2.4118 [ 0.9431
2.5 T T ! T y
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Fig. 15. Comparison of the interaction effect in Fig. 2.
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Fig. 16. Comparison of the interaction effect in Fig. 2.
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