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Table 1  The 7th to 12th fundamental solutions of 3D anisotropic elastic problems
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7 Dyjx + Digy + D5z Digx + Dyyy + Dyyz Disx + Dyyy + D3z [1 00 00 0]"
8 Dypx + Dygy + Dosz Dogx + Dy + Doz Dasx + Dyyy + Doz [0 1 00 0 0]"
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11 Dsx + Dsgy + Dssz Dsex + Dysy + Dysz Dssx + Dysy + Dysz [00 00 1 0]"
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Fig.1 A 20-node brick element
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Table 2 The results of example 1
element edh isotropic anisotropic
type w, /m o /MPa w, /m oy /MPa
ANSYS result 0.164 8 1 627.22 0.073 92 1 627.98
4x4x2 0.158 7(3.689 0% ) 1 564.75(3.838 9%) 0.071 19(3.664 0% ) 1567.91(3.689 7%)
RO20 6x6%3 0.159 6(3.127 3%) 1 574.70(3.127 4%) 0.071 60(3.112 0% ) 1 575.25(3.238 6%)
8x8x4 0.161 1(2.272 2%) 1 588.59(2.373 5%) 0.072 06(2.490 2% ) 1 587.42(2.491 3%)
10x10%x5 0.162 3(1.501 0% ) 1 600.55(1.638 4%) 0.072 87(1.393 3%) 1 605.29(1.393 5%)
4x4x2 0.158 2(3.994 8% ) 1561.85(4.016 9% ) 0.070 83(4.147 5%) 1 560.32(4.155 7%)
RD20 6X6x%3 0.159 4(3.274 6%) 1 571.88(3.400 7%) 0.071 44(3.328 7%) 1573.17(3.366 9% )
8x8x4 0.160 3(2.751 3%) 1581.25(2.824 9%) 0.071 85(2.772 3%) 1 581.65(2.845 8%)
10x10x5 0.162 4(1.4259%) 1602.51(1.518 5%) 0.072 83(1.445 2%) 1 603.80(1.485 0% )
4x4x2 0.151 0(8.378 2%) 1 458.84(10.347 6% ) 0.067 46(8.706 9% ) 1440.99(11.485 9% )
020 6X6x%3 0.152 7(7.342 7%) 1 473.19(9.465 3%) 0.068 25(7.647 1%) 1 449.28(10.976 7%)
8x8x4 0.155 0(5.955 3%) 1481.77(8.938 7%) 0.069 17(6.400 3% ) 1 470.84(9.652 7%)
10x10x5 0.158 1(4.036 4%) 1509.57(7.229 8%) 0.070 54(4.544 3%) 1492.59(8.316 3%)
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20-Node Rational Elements for 3D
Anisotropic Elastic Problems

MAO Ling, YAO Wei-an, GAO Qiang, ZHONG Wan-xie
(State Key Laboratory of Structural Analysis for Industrial Equipment;
Department of Engineering Mechanics, Dalian University of Technology,
Dalian, Liaoning 116024, P.R.China)
( Contributed by ZHONG Wan-xie, M. AMM Editorial Board)

Abstract: For the conventional finite element method, only the geometry and node locations of
elements were considered in the interpolation functions, while the physical parameters which
reflect the key features of the physical problems were ignored, so its numerical performance
may be not satisfying in some cases. The construction of the rational finite element method was
different from that of the conventional finite element method. The linear combinations of the
fundamental solutions to the problem’s controlling differential equations were used as the inter-
polation functions, so the stress and strain fields were interpolated directly in the physical do-
main at the same time. The transfer matrix was modified at the element level to pass the patch
test, and the resulting element stiffness matrix was related closely to the physical parameters of
the problem. The rational finite element avoids the separation between the mathematical and
physical aspects of a problem, so the stability and accuracy of numerical analysis could be im-
proved significantly. Two kinds of 20-node rational brick elements based on the principle of
minimum potential energy and satisfying the requirements of the patch test, were constructed
according to the fundamental solutions to general 3D anisotropic problems. Numerical examples
show that the rational elements give numerical results with not only high accuracy, but also

good numerical stability.

Key words: general anisotropy; rational finite element; 20-node brick element
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