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1. Introduction

It is essential to evaluate the element accuracy in the finite element method. In the common qualitative
tactic, the convergence curves are usually utilized. An algorithm is proposed in this paper that grades the
element using the rate, monotony, and ultimate error in addition to inaccuracy. Based on the element scores in
the different tests, the authors' technique can evaluate the degree of element efficiency.

2. Methodology

An overview of researches has been done in the field of plate bending elements. The types of convergence
curves of finite elements of these papers have been classified. Then, a set of standard curves are proposed. The
suggested standard curves are similar to Fig. 1, if the percentage errors of results are plotted versus the inverse
number of elements, which are used along an edge of structures. Fig. 1. also shows the suggested grades for
standard curves.
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Fig. 1. Proposed graded lines of convergence
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The convergence curve of an element in a specific benchmark problem can be plotted on a standard graph.
Based on the distance between points of convergence curve and the standard lines, one can score the points.
Averaging the calculated numbers, the score of the element is obtained. In the present study, the benchmark
problems of the plate bending elements are also classified. Performing the aforementioned process for all
benchmark problems, the average and minimum values of tests scores are obtained. Based on the rage of
average and minimum values, the efficiency degrees are defined as Table 1.

Table 1. Degree of efficiency
Efficiency degree A B C D E F

The range of average scores [95,100] [90,95] [85,90] [65,85] [45,65] [0,45]

The range of Minimum scores [90,100] [85,95] [65,90] [45,85] [20,65] [0,40]

3. Results and discussion

In order to investigate the proposed method, a square plate bending structure with uniform loading and
simply supported edges is considered as an example of benchmark problems. The convergence curves of
maximum deflection of some triangular elements are adopted from research of Meek and Tan (1985) and
plotted at Fig 2-a. BCIZ is 9-DOF element of Bazeley et. al. (1965). The Hybrid stress element of Batoz et. al.
(1980) is shown by HSM. DKT and DKL are discrete Kirchhoff elements of Batoz et. al. (1980, 1982). Razzaque
(1972) and Clough and Tocher (1965) are also presented A9 and HCT elements, respectively. Aforementioned
elements are graded by using the proposed method, as shown in Fig. 2-b. In other words, the qualitative
comparison of element’s behavior from Fig. 1-a can be converted to quantitative comparison of element's
scores of Fig 2-b. It should be noted, the number of elements to use along an edge is converted to the number
of the equation in Fig. 2-b.
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Fig. 2. (a) Convergence curves of some elements, (b) Comparing Convergence curves of some whit graded lines

Itis obvious, that an element should be evaluated in several tests. Accordingly, a new element is formulated
based on the development of TQQL element of Onate et. al. (1992) and the suggested evaluation strategy is
performed on it and also TQQL. These two elements are graded by performing more than 200 tests.

4., Conclusions

The results of this work show that utilizing proposed efficiency degree instead of the traditional qualitative
process for comparing the abilities of plate bending elements is more reliable. In addition, the suggested
process is systematic, and it can be done by using a computer.
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