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Rectangular Array and Zig-zag Array of Elliptical Holes
in Solids under Uniaxial Tension

—Formulae of Maximum Stresses and Tensile Stiffnesses——

Hidenobu IGAWA and Makoto ISIDA

Abstract

This paper is concerned with a theoretical analysis of a rectangular array and a zig-zag array of elliptical
holes in solids under uniaxial tension. In the analyses, we choose suitable unit regions, and express Laurent series
expansions for the complex potentials in forms satisfying the traction-free conditions along the elliptical hole
edges. Then the unknown coefficients in the Laurent series are determined from the boundary conditions at the
outer edges of the used unit regions. At this stage, we use a procedure based on element-wise resultant forces and
displacements in order to get highly accurate results. Numerical results of the maximum stresses represented in
dimensionless forms in the whole range of the shapes of the holes including cracks, and the tensile stiffnesses of
the solids with the holes, are given for various values of the parameters. The results are fitted to reliable
polynomial formulae for convenience of engineering applications.
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Fig. 1(2) Rectangular array of elliptical holes
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Fig. 1(b) Zig-zag array of elliptical holes
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Table 1 Variations of results with subdivision numbers

Problem (a) Problem (b)
(c/d=05, a/c=08, p/a=0.25, (c/d=1, a/c=0.6, p/a=0.25,

N rectangular unit region) triangular unit region)

0'.4/0' E*/Eo (FA/G E*/Eu
8 7.9465 0.3533 7.9305 0.2291
16 7.9251 0.3535 7.9284 0.2292
24 7.9251 0.3536 7.9283 0.2292
32 7.9251 0.3536 7.9283 0.2292
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Table 2(a) Sy for Problem (@) (¢/d=0.5)
ola
alc
0 0.2 0.4 0.5 0.6 0.8 1.0 1.5 2.0 4.0
0.0 1.000 1.000 1.000 1.000  1.000  1.000  1.000  1.000  1.000  1.000
0.1 1.003 1.001 1.001  1.001  1.000 1.000  1.000  0.999  0.999  0.997
0.2 1.012 1.007 1.005 1.004 1.003 1.002 1.001  0.999  0.998  0.994
0.3 1.031 1.019 1.016 1.014 1.013 1.011  1.010 1.008 1.006  1.008
0.4 1.062 1.045 1.040 1.039  1.038  1.037 1.036  1.037  1.041  1.065
0.5 1.113 1.090 1.087 1.086 1.087 1.089 1.093 1.106 1.121
0.6 1.194 1.166 1.168 1.172 1.177 1.189 1.203 1.239  1.276
0.7 1.324 1.296 1.319 1.335 1.351 1.386 1.421 1.502 1.574
0.8 1.558 1.563 1.657 1.706 1.753  1.843  1.924  2.097
Table 2 (b) Smax for Problem (b) (¢/d=1)
pla
alc
0 0.2 1/3 ‘04 05 068 0.8 1.0 1.5 20 3.0 4.0
0.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1 1.018 1.024 1.026 1.027 1.028 1.029 1.031 1.033 1.037 1.041 1.047 1.052
0.2 1.073 1.097 1.106 1.110 1.115 1.120 1.130 1.139 1.160 1.179 1.217 1.253
0.3 1.162 1.218 1.240 1.250 1.265 1.280 1.309 1.339 1.413 1.489 1.640 1.772
0.4 1.273 1.365 1.411 1.434 1.470 1.508 1.588 1.677 1.921 2.177 2.641 3.007
0.5 1.383 1.491 1.572 1.619 1.699 1.789 | 2.019 2.335 3.285 4.383
Lan an @3 @)
0.6 1.468 1.546 1.660 : 1.789 2.111 2.532 3.643 5.238 14.98
@) (15  (18) (249 @) (33)

(): Location @ (in degree) of omax occuring at the point B.
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Table 3(a) E*/Es for Problem (a) (¢/d=0.5)

pla

ale
0 0.2 0.4 0.5 0.6 0.8 1.0 1.5 2.0 4.0
0.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1 0.984 0.981 0.980 0.979 0.979 0.978 0.977 0.975 0.974 0.970
0.2 0.940 0.928 0.923 0.921 0.920 0.917  0.914 0.908 0.903 0.889
0.3 0.873 0.850 0.842 0.838 0.835 0.829 0.824 0.814 0.806 0.782
0.4 0.790 0.758 0.746 0.741 0.737 0.729 0.722 0.709 0.698 0.670
0.5 0.698 0.660 0.645 0.639 0.634 0.625  0.617  0.601 0.589
0.6  0.602 0.560 0.543 0.537 0.531 0.520 0.512 0.495 0.483
0.7 0.504 0.461 0.442 0.434 0.428 0.416 0.407 0.389 0.376
0.8 0.405 0.360 0.338 0.330 0.322 0.310 0.300 0.282
Table 3 (b) E*/E, for Problem (b) (¢/d=1)
ola

0 0.2 1/3 0.4 0.5 0.6 0.8 1.0 1.5 2.0 3.0 4.0

1.000  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.969 0.962 0.960 0.959 0.958 0.957 0.955 0.954 0.950 0.947 0.942 0.938
0.881 0.855 0.848 0.844 0.840 0.836 0.829 0.822 0.809 0.797 0.778 0.762
0.751 0.699 0.684 0.677 0.668 0.659 0.644 0.631 0.602 0.578 0.542 0.517
0.603 0.526 0.501 0.490 0.475 0.461 0.436 0.414 0.370 0.337 0.298 0.278
0.463 0.368 0.335 0.320 0.299 0.279 0.245 0.216 0.164 0.132

0.349 0.245 0.204 0.18 0.160 0.137 0.100 0.072 0.028

o O O O O O O
e W N O
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