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Variational Formulation of Hybrid-Trefftz Plate Elements and Evaluation of

Their Static Performance

Yeon Seok Choo and Byung Chai Lee
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Shell Element(®3 & 4 Q2)
Abstract
Hybrid-Trefftz plate bending elements are known to be robust and free of shear locking in the thin limit
because of internal displacements fields and linked boundary displacements. Also, their finite element
approximation is very simple regardless to boundary shape since all element matrices can be calculated using
only boundary integrals. In this study, new hybrid-Trefftz variational formulation based on the total potential
energy principle of internal displacements and displacement consistency conditions at the boundary is derived.
And flat shell elements are derived by combining hybrid-Trefftz bending stiffness and plane stress stiffness
with drilling dofs.
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Table 1 Square plate : Quadrilateral element

Mesh resent QUAD4 S4 SHELLA43
1 0.96158 | 0.86895 | 0.78502 | 0.79595
2 0.99856 1.01821 0.97703 0.97929
4 1.00015 1.01304 | 0.99486 0.9954
8 1.00007 1.00459 | 0.99874 | 0.99888
16 1.00003 1.00127 | 0.99969 | 0.99972
32 1.00001 1.00033 0.99994 | 0.99994

Table 2 Square plate : Triangular element

Mesh | present TRIA3 STRI3 | SHELL43
1 0.53473 | 0.82145 1.02433 1.0244
2 0.90154 | 0.95704 0.9984 0.9984
4 0.97833 | 0.98877 1.00066 1.00061
8 0.996 0.99715 1.00043 1.00033
16 0.99964 | 0.99302 1.00021 1.0001
32 0.99974 | 0.99961 0.99976 | 0.99978
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Fig. 3 Square plate : Quadrilateral element
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Fig. 4 Square plate : Triangular element
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Table 3 Morley’s rhombic plate Quadrilateral
element
Mesh | present QUAD4 S4 SHELL43
2 0.96849 0.35371 0.00424 0.04484
4 0.98507 1.08171 0.80748 0.8166
8 0.99337 1.08754 0.97519 0.97699
16 1.00166 1.03049 0.99662 0.99659

Table 4 Morley’s rhombic plate : Triangular element

Mesh | present TRIA3 S3R SHELLA43
1 0.96817 1.40933 1.85958 1.85967
2 0.98475 1.05923 1.18355 1.18355
4 0.99304 1.01164 1.0432 1.04319
8 1.00133 1.00464 1.01056 1.01055
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Fig. 6 Morley’s rhombic plate : Quadrilateral element
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Fig. 7 Morley’s thombic plate : Triangualr element
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Fig. 8 Pinched cylinder

Table 5 Pinched cylinder : Quadrilateral element

Mesh | present QUAD4 S4 SHELLA43
2 0.10646 0.0884 0.04274 0.06228
4 0.57508 0.53488 0.38749 0.39682
8 0.88788 0.89713 0.7563 0.7614
16 0.98618 1.01664 0.94706 0.9478
32 1.02632 1.04646 1.01699 1.01621
64 1.03987 1.04891 1.03809 1.03723

Table 6 Pinched cylinder : Triangular element

Mesh | present TRIA3 S3R SHELL43
2 0.08708 0.06495 0.03763 -
4 0.4794 0.49933 0.24142 0.49081
8 0.79307 0.87827 0.60631 0.86701
16 0.94331 0.99098 0.87829 0.98112
32 0.98479 1.0066 0.96142 0.9958
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