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Abstract

A hierarchical formulation based on p-version of the finite element method for linear elastic
axisymmetric stress analysis is presented. This is accomplished by introducing additional nodal
variables in the element displacement approximation on the basis of integrals of Legendre polyno-
mials. Since the displacement approximation is hierarchical, the resulting element stiffness matrix
and equivalent nodal load vectors are hierarchical also. The merits of the proposed element are
as follow: i) improved conditioning, ii) ease of joining finite elements of different polynomial order,
and iii) utilizing previous solutions and computation when attempting a refinement. Numerical exam-
ples are presented to demonstrate the accuracy, efficiency, modeling convenience, robustness and
overall superiority of the present formulation. The results obtained from the present formulation
are also compared with those available in the literature as well as with the analytical solutions.
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a round bar.
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Polynomial Order Number Ua—U, Relative

(Element No. of LOG —— Error
1 2 3 4 5 6 D.OF. U (%)
4 4 4 4 4 4 120 —0.63546 23.15
4 5 4 4 4 4 129 ~—0.65983 21.89
4 6 4 4 4 4 136 —0.67658 21.06
4 7 4 4 4 4 147 —0.69039 20.40
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B 2. Normalized radial dispacements and stres-

ses
Poisson’s |Radial displacement| Radial stress
ratio (v) SAP90 | P-version | SAP90 |P-versio
0.3 1.000 1.000 0.98 1.00
0.49 1.000 1.000 0.78 0.99
0.499 0.986 1.000 1.12 0.94
0.4999 0.879 1.000 17.82 0.38
0.49999 1.000 521
0.499999 0.999 61.13
0.4999999 0.993
0.49999999 0.932
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