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CONSTRUCTION OF QUADRILATERAL MEMBRANE ELEMENTSWITH
DRILLING DOF USING AREA COORDINATE METHOD

CHEN Xiao-ming , LONG Yu-giu, XU Yin

(Department of civil engineering, TSinghua University, Beijing 100084, China)

Abstract: Two generalized conforming quadrilateral membrane elements with drilling
degree-of-freedom named AQ4e and AQ4el are developed. In the formulation, the quadrilateral
area coordinates are used instead of the isoparametric coordinates. Both elements pass the strict patch
test and their convergence is assured. Numerical examples show that the proposed elements exhibit
better efficiency and accuracy than other elements. Both elements are insensitive to mesh distortion
and lock-free for the MacNeal test problem of trapezoidal locking.
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Tablel Resultsof Cook problem(Fig.2)

Vc S Amax S Bmin
2x 2 4x 4 8x 8 2% 2 4x 4 8x 8 2% 2 4% 4 8x 8
Q4 11.80 18.29 22.08 0.1217 0.1873 0.2242 -0.0960 -0.1524 -0.1869
Qe 21.61 23.04 23.69 0.1930 0.2237 0.2345 -0.1783 -0.1867 -0.1992
D-type® 20.68 22.98 23.63 - - - - - -
GQ12 20.89 23.06 23.67 0.1802 0.2209 0.2315 -0.1784 -0.1950 -0.2007
GQ12M8 22.49 23.44 23.78 0.2083 0.2338 0.2361 -0.2216 -0.2045 -0.2028
A4 e 21.00 23.05 24.28 0.1917 0.2241 0.2377 -0.1877 -0.1939 -0.2060
AQ4el 22.91 23.66 24.18 0.2498 0.2338 0.2358 -01729 | -0189%6 | -0.2018
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3 5 Fig4 Cantilever beam modeled with four irregular elements

Fig.3 Cantilever beam modeled with five e ements
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Table2 Results of bending cantilever beam(Fig.3)
1 2
Va S xB Va S xB
Q4 45.7 -1761 50.7 -2448
Q6 98.4 -2428 100.4 -3354
GQ12 95.5 -2989 96.0 -4096
GQ12M8 100 -3000.5 101.0 -4147
A4 e 97.7 -2047 98.9 -3931
AQ4el 100 -2999 101.0 -3907
100 -3000 102.6 -4050
3 4 (9
Table3 Results of cantilever beam modeled with four
eements(Fig.4)
%
A B A B
D-type - - |03065| - - | os8sl
Q45" - - |o2978| - - | o837
Groenwold1995® | - - |03086| - - 0.867
GQ12 0.3337| 0.3324| 0.3331| 0.938 | 0.934 | 0.936
GQ12M 0.3420| 0.3404| 0.3412| 0.961 | 0.957 | 0.959
A4 e 0.3376| 0.3354| 0.3365| 0.949 | 0.943 | 0.946
AQ4l 0.3497 0.3460| 0.3479| 0.983 | 0.972 | 0.978
0.3558 1.000
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Fig.6 Bending of thin curving beam
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Table4 Results of MacNed’ s beam(Fig.5)

@ (b) ©
AQR8M 0.993 0.986 0.977
Q4s 0.993 0.986 0.988
GQ12 0.904 0.767 0.860
GQ12M 0.977 0.884 0.923
GQ12M8 0.993 0.989 0.988
AQ4e 0.904 0.906 0.867
AQ4e | 0.993 0.988 0.984
-0.1081
5 wip(  6)

Table5 Deéflection at thetip of the beam w/p(Fig.6)

WR | Q4 | QM6™|QUAD4™ |GQ12GQI2MAQ4 e|AQ4e |

0.030.024| 0.339 0.615 |0.670| 0.897 | 0.712 | 1.000 | 1.000

0.006|0.001] 0.022 0.163 0.612]| 0.896 | 0.645 | 1.008 | 1.000
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Fig.7 Two-dement beam with distorted parameter e
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Table6 Test results of mesh distortion(Fig.7)

e 0 0.5 1 2 3 4 49
Q4 280 | 210 | 141 | 97 | 83 | 7.2 | 62
Q8 100 | 100 | 993 | 89.3 | 59.7 | 316 | 19.0

QM6 | 100 | 80.9 | 62.7 | 544 | 536 | 512 | 4638
P-s"¥ | 100 | 81.0 | 629 | 550 | 54.7 | 53.1 | 49.8
GQ12 | 100 | 97.9 | 863 | 487 | 249 | 133 | 80
GQI2M | 100 | 987 | 939 | 741 | 51.0 | 334 | 233
AQ4é | 100 | 99.9 | 989 | 99.8 | 102.0 | 102.2 | 100.3

AQ4el | 100 | 100 | 100 | 100 | 100 | 100 | 100

100 | 100 | 100 | 100 | 100 | 100 | 100
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