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A GENERALIZED CONFORMING PLANE ELEMENT WITH INTERNAL
PARAMETERS BASED ON ANALYTICAL TRIAL FUNCTIONS
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(1. Department of Mechanics and Engineering Science, Peking University, Beijing 100871, China;
2. Department of Civil Engineering, Tsinghua University, Beijing 100084, China;
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Abstract: Based on the analytical trial functions, a 4-node 8 degrees-of-freedom generalized conforming plane
element with internal parameters is developed in this paper. From the governing equations of the elastic plane
problem and the Airy stress function, the complete basic analytical solutions are derived and used as the trial
functions to formulate the element: ATF-GCQ4X. Fourteen analytical trial functions form the second order
complete inner field for strain while six additional boundary displacement modules are used as internal
parameters. Balance forces are used to form the generalized conforming equations. Numerical examples show that
the proposed element with internal parameters can enhance the precision without increasing degree-of-freedom,
and satisfactory convergence rate is achieved.
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Table 1 Basic analytical solutions of the plane problem

(Constant strain)
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Table 3 Basic analytical solutions of the plane problem

(2nd order strain)

1 2 3 4 5 6
@ 1 X y Xy 'S y
Ox 0 0 0 0 0 1
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Txy 0 0 0 1 0 0
Ex 0 0 0 0 i 1
€y 0 0 0 0 1 u
Vxy 0 0 0 2 0 0
u 1 0 y y -1iX X
v 0 1 X X y -1y
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Table 2 Basic analytical solutions of the plane problem

(1st order strain)
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Fig.3 Patch test in the coarse mesh

G/I & u; 5
Table 5 Results of patch test in the coarse mesh
5 1 2 3 4
5.1 MacNeal 0.00 0.00 0.04 0.08
2 5 6 7 8
[12] 6 0.2 0.18 0.16 0.24 0.24
0.1 E=1le7 x=0.3 5.3
() (B) © 4
0.1080 10 z
4 1 E=1500 «=0.25
P M_»l 100 6
171 == N 000
- 2
¥ — l 5 | 5 PP
N | - e 1000
2 MacNeal 4
Fig.2 MacNeal slender beam Fig.4 Mesh sensitivity test
4 MacNeal 6
Table 4 Results of MacNeal beam Table 6 Results of mesh sensitivity test
Q4 p-s 1 Qume? ATF-GCQ4X d Q4 ps Qme? ATF-GCQ4X
A(P=1) 0.0934 0.9930 0.9930 1.0232 0.0 0.2804 1.0000 1.0000 1.1388
B (P=1) 0.0342 0.7950 0.6230 0.9962 1.0 0.1410 0.6290 0.6270 1.0428
C (P=1) 0.0269 0.2180 0.0440 0.6687 2.0 0.0961 0.5500 0.5440 0.6143
A (M=1) 0.0933 1.0000 1.0000 1.0296 3.0 0.0805 0.5470 0.5360 0.5751
B (M=1) 0.3086 0.8520 0.7220 1.0210 4.0 0.0666 0.5310 0.5120 0.6212
C (M=1) 0.0222 0.1670 0.0370 0.7583 4.9 0.0544 0.4980 0.4680 0.6791
5.2 5.4 Cook
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Fig.5 Cook panel
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Table 7 Results of Cook panel
Q4 p-st* QM6 ATF-GCQ4X
2%2 0.4896 0.8819 0.8785 1.0635
4*4 0.7613 0.9607 0.9607 0.9959
8*8 0.9199 / / 0.9973
16*16 0.9770 0.9966 / 0.9990
32*32 0.9933 / / 0.9998
64*64 0.9982 / / 1.0001
128*128 0.9996 / / 1.0002
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