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Singular Integral Equation Method in the Analysis of
Interaction between Rectangular Inclusions

Nao-Aki NODA, Qing WANG,
Yoshitaka UEMURA and Yuuji KAWASHIMA

This paper deals with numerical solutions of singular integral equations in interaction problems
of rectangular inclusions under various loading conditions. The body force method is used to
formulate the problems as a system of singular integral equations with Cauchy-type or logarithmic
type singularities, where the unknown functions are the densities of body forces distributed in infinite
plates having the same elastic constants as those of the matrix and inclusions. In order to analyze
the problems accurately, the unknown functions are expressed as piecewise smooth functions using
two types of fundamental densities and power series, where the fundamental densities are chosen to
represent the symmetric stress singularity of 1/7'"* and the skew-symmetric stress singularity of
1/7'7*. Then, newly defined stress intensity factors at the end of inclusions are systematically
calculated for various shapes and spacings of two rectangular inclusions in a plate subjected to

longitudinal tension, transverse tension, and in-plane shear. The present method is found to be
effective for accurate and efficient analysis of rectangular inclusions.

Key Words: Elasticity, Composite Material, Fracture Mechanics, Body Force Method, Stress
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Fig.l Two rectangular inclusions in an infinite
plate
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Convergence of ﬁ;landﬁl,xz at the
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ay -o" s a -Tp =0 , plane

xy
strain in Fig.1)

v,=vy =03 ,

E,; (70.76323491) Fi 1, (3,=0-62184397)

M from from from from
wlo) Wio) AvmEel wio) W)

0.5379 0.5217 0.5298]0.7535 0.7534 0.7534
0.5357 0.5233 0.5293[0.7535 0.7535 0.7535
0.5338 0.5237 0.5287(0.7536 0.7536 0.7536
0.5329 0.5241 0.5286[0.7537 0.7537 0.7537

Average
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Table.2 Convergence of ﬁ}‘andﬁ]'lz at the
corner B. (11/12-10 L/d=2/3, Gi/Gy =107
ay -0" s a -rxy =0 , v, =vy=03 , plane
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FM\ (A=0.55831618)
M from from

W,I(O) W.l(o) Average

0.3016 0.3016 0.3016
0.3035 0.3035 0.3035
0.3042 0.3042 0.3042
0.3043 0.3043 0.3043

Fr., (3,70.91168001)

from

"{' (©) WTS) Average

1.7577 1.7586 1.7581
1.7680 1.7690 1.7683
1.7697 1.7707 1.7702
1.7709 1.7709 1.7709
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Table.3 Convergence of K }landFﬂ,lz at the
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from from

Wl(o) W,,l(O) Average wi(o) W“ () Average
310.7945 0.7575 0.7760/1.3774 1.3772 1.3773
4 10.8033 0.7740 0.7887{1.3550 1.3550 1.3550
5 10.8135 0.7881 0.8008{1.3440 1.3440 1.3440
6 |0.8126 0.7909 0.8018{1.3398 1.3398 1.3398
7 10.8120 0.7916 0.8018{1.3383 1.3383 1.3383
8 /|0.8119 0,7916 0.8018{1.3382 1.3382 1.3382
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Fig.4 K, , F,,vs.lh/d relations for two rectangular inclusions at the corners A and B in Fig.1
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