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Rectangular Array of Circular Holes in Solid
under Uniaxial Tension

—Formulae of Stress Concentration Factors and Tensile Stiffnesses——

Hidenobu IGAWA

Abstract

This paper is concerned with a theoretical analysis of a rectangular array of circular holes in a solid under
uniaxial tension. In the analysis, we choose a suitable unit region, and express Laurent series expansions for the
complex potentials in forms satisfying the traction-free conditions along the circular hole edge. Then the unknown
coefficients in the Laurent series are determined from the boundary conditions at the outer edges of the used unit
region. 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 stress concentration factors, 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 Rectangular array of circular holes
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Fig. 2  Rectangular unit region
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Table 1 Variations of results with subdivision
numbers (¢/b=2.0, a/b=0.5)

,u:%, }(:% 13 N ar/ @ C
EREROWEICELT, DECELTRORE ML 4 Siaa0 06908
g 8 3.2779 0.6168
- , 12 3.2779 0.6168
f=lE _Tx, 19 24 3.2779 0.6168
2bc 2
Table 2 Dimensionless stress i/
A 1
0 0.25 0.33 0.5 0.56 0.63 0.71 0.83 1.0
0.0 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
0.05 3.000 3.001 3.001 3.000 2.998 2.996 2.992 2.984 2.971
0.10 3.000 3.004 3.005 2.999 2.994 2.984 2.968 2.941 2.893
0.15 3.002 3.010 3.011 3.000 2.988 2.969 2.937 2.883 2.795
0.20 3.006 3.019 3.022 3.003 2.985 2.956 2.907 2.828 2.708
0.25 3.015 3.033 3.036 3.012 2.989 2.950 2.887 2.792 2.658
0.30 3.031 3.052 3.058 3.030 3.003 2.958 2.889 2.788 2.656
0.35 3.056 3.081 3.088 3.061 3.033 2.987 2.918 2.822 2.701
0.40 3.096 3.122 3.130 3.108 3.084 3.043 2.981 2.897 2.786
0.45 3.155 3.181 3.190 3.178 3.160 3.129 3.080 3.010
0.50 3.241 3.265 3.275 3.278 3.269 3.250 3.217 3.162
0.55 3.366 3.386 3.396 3.416 3.417 3.412 3.395
0.60 3.546 3.562 3.572 3.608 3.618 3.625 3.623
0.65 3.811 3.822 3.831 3.876 3.892 3.908
0.70 4.204 4,210 4.218 4.262 4.280 4.300
0.75 4.803 4.805 4.810 4.844 4.858
0.80 5.756 5.756 5.758 5.774
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Table 3 Stress consentration factor «

7
A 0 0.25 0.33 0.5 0.56 0.63 0.71 0.83 1.0
0.0 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
0.05 2.850 2.851 2.851 2.850 2.848 2.846 2.842 2.835 2.822
0.10 2.700 2.704 2.704 2.699 2.694 2,686 2.672 2.647 2.604
0.15 2.552 2.558 2.560 2.550 2.540 2.524 2.496 2.451 2.376
0.20 2.405 2.415 2.417 2.402 2.388 2.365 2,325 2.263 2.167
0.25 2.261 2.274 2.277 2.259 2.242 2.212 2.165 2.095 1.994
0.30 2.122 2.137 2.140 2.121 2.102 2.071 2.022 1.951 1.859
0.35 1.986 2.003 2.007 1.989 1.971 1.942 1.897 1.834 1.756
0.40 1.858 1.873 1.878 1.856 1.850 1.826 1.789 1.738 1.672
0.45 1.735 1.749 1.7564 1.748 1.738 1.721 1.694 1.655
0.50 1.621 1.632 1.637 1.639 1.634 1.625 1.609 1.581
0.55 1.515 1.524 1.528 1.537 1.538 1.535 1.528
0.60 1.418 1.425 1.429 1.443 1.447 1.450 1.449
0.65 1.334 1.338 1.341 1.357 1.362 1.368
0.70 1.261 1.262 1.256 1.279 1.284 1.290
0.75 1.201 1.201 1.203 1.211 1.215
0.80 1.151 1.151 1.152 1.155
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Table4 Tensile stiffness factor C for various p and A

17
4 0.25 0.33 0i:5 0.56 0.63 0.71 0.83 1.0
0.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.05 0.997 0.996 0.994 0.994 0.993 0.992 0.990 0.989
0.10 0.988 0.985 0.977 0.975 0.972 0.968 0.963 0.957
0.15 0.974 0.966 0.950 0.945 0.939 0.931 0.922 0.911
0.20 0.955 0.940 0.914 0.906 0.897 (0.886 0.873 0.859
0.25 0.931 0.910 0.872 0.861 0.848 0.835 0.820 0.804
0.30 0.902 0.874 0.824 0.811 0.796 0.781 0.766 0.751
0.35 0.870 0.834 0.774 0.759 0.743 0.727 0.712 0.698
0.40 0.835 0.791 0.722 0.706 0.689 0.673 0.659 0.645
0.45 0.796 0.746 0.670 0.653 0.636 0.620 0.606
0.50 0.755 0.698 0.617 0.600 0.583 0.568 0.554
055 0.710 0.648 0.564 0.547 0.531 0.516
0.60 0.663 0.597 0.512 0.495 0.479 0.465
0.65 0.613 0.543 0.459 0.443 0.428
0.70 0.559 0.489 0.407 0.391 0.376
0.75 0.502 0.432 0.354 0.339
0.80 0.441 0.373 ©0.300
Table5 Tensile stiffness factor C for various p and f
f M
0.25 0.33 0.5 (.56 0.63 0.71 0.83 1.0

0.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.05 0.866 0.867 0.869 0.871 0.872 0.875 0.878 0.882
0.10 0.751 0.758 0.767 0.771 0.776 0.783 0.791 0.802
0.15 0.645 0.663 0.683 0.690 0.699 0.710 0.724 0.741
0.20 0.544 0.578 0.612 0.622 0.635 0.650 0.668 0.691
0.25 0.443 0.499 0.549 0.563 0.578 0.597 0.620 0.646
0.30 0.424 0.493 0.509 0.528 0.550 0.576
0.35 0.441 0.461 0.482 0.507
0.40 0.393 0.415 0.440
0.45 0.347 0.372
0.50 0.302
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