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A Membrane Element with Drilling Degrees of Freedom for Geometrically
Nonlinear Analysis of Plane Problems
* *ok
HiE S - S.N Atluri
By Masashi Iura and S.N.Atluri

A new formulation of membrane elements with drilling degrees of freedom has been
developed for geometrically nonlinear analysis. Although the symmetry of the 2nd
Piola-Kirchhoff stress tensor holds, the resulting stress tensors are no longer
symmetric. The constitutive eqations are written in terms of the unsymmetric
resulting stress tensors and the conjugated strain tensors. A 9-noded isoparametric
finite element has been used for numerical analysis. Numerical results demonstrate

an excellent performance of the present membrane element without any locking.
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Table 1 Eigen Values

SR
No. No. No.
1 0.2137%107 10 0.9685+#10° 19 0.1930%10°
2 0.7012%10° 11 0.6620%10° 20 0.1702*10°
) 3 0.7012+10° 12 0.63562x10° 21 0.1349%10°
12 r ° S 4 0.3112x¢10° 13 0.4651x10° 22 0.7730%10*
E =30000, 5 0.3104x10° 14 0.4651x10° 23 0.7730=10*
v=0.28 6 0.2266%10° 15 0.4583+¢10° 24 0.4563+10*
7 0.1604%10° 16 0.3426%10° 25 -0.1347x107*°
4 N | 8 0.1604%10° 17 0.2535+¢10° 26 -0.44256%10°*°
- —° 9 0.9685¢10° 18 0.1930%10° 27 0.4694%10°**
12
FiQ, 2
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Table 2 Patch Test

Pure Stretch

r—‘
_—
A B
— Present Exact | Present Exact
- u 1.00 1.00 1.00 1.00
v 1.00 1.00 1.00 1.00
™ 0 -0.42«10°" 0.00 -0.20%10°® (.00
Pure Shear
] A B
- Present Exact | Present Exact
__J u 1.00 1.00 1.00 1.00
v 1.00 1.00 1.00 1.00

6 0.26+<107'* 0.00 | 0.26%10-** 0.00

Fi1G. 3
Ry XV /HEOREOHEBARARS 20, #RE 0 OMETHELZZ 2 2 (Fig. 4) . COMHER,
FIiO y ¥ ERCEREROOBASPSHELETy ¥ U T EFHXZ LD unus[11] ICL VBRI N
PLOTHS, BRELULMEERIE E=3x107, »=0.3, t=1 T&#YH. Table 3ICHIHME L BEER L
OERL D, FOBREBROLOA» L AEAREFNFN 1.8Xx107*, 0.6X107*TdH S, Table 312
RT LI, BRETFTLRRROET VLD E2LPEHEESEZV EBbPY., vy F U HEBREEEINT
WaZ eBbh s,

Table 3 Thin Bean

Element Tip Defl. | Tip Rotat.
Yunus [13] 0.50 | -————
L; 21 20 4.1 49 8.0 1 %ﬁfﬁlg}T ) 0.85 —
0.2 7 \ ,{45 N4 \ . | (Mixed AQ)

F 4 1.1 31 30 8.0 Allman * 0.21 R
A Pian * 0.16 | ————
- e.0 = Cook * 0.8 |

Present 0.997 0.998

FIQ. a

* These values are given in {13]

RICIEERORBREORTILEHEINTWAERIZY BLUCokOMEAE X 5, Fig. 5ICERIZY OEIR
BLUMKEH%. Fig. 6 IXCook®OMBI BT AHFE D OMRB LUHEER LR 2. BIER L BSH

E=1
YAv E=30000, V-o0.2s ver/s P=1 |
2["—_— 48 —— r 16
T P=4a0
7
|z$—~>ﬁ Aﬂr T~ o
l
y aa a4
/ FIG. s L_ ‘
48
FlOQ. 6
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L DttE FNnFNTable 4 BEfTable 5T RL f285, FOBICEZE® L L CERIE O Tl 0.35583% Cookd
BIETIE23.91 #FHW. Cho k. KRETILGHMOBEZRICHEL. R VBESENC EBEREH
rLOrBEbhs,

Table 4 Thick Beanm Table 5 Cook’s Problen
Element No. of D.0.F. | Tip Defl. Element No. of D.0.F. | Tip Defl.
Allman [3] 81 0.9164 Bergan [5] 75 0.9377
Bergan [5] 81 0.9772 Bergan (8] 75 0.9665
MacNeal [4] 30 a 0.9776 Cook [11] 75 0.9682
MacNeal [4] 30b (.9581 Yunus [13] 75 a 0.9594
Cook [6] 30 0.92%6 Yunus [13] 75 b 0.9728
Sabir [7] 81 0.9707 Present 75 0.9730
Bergan (8] 81 0.9995 Present 243 0.9971
Cook [11] 30 1.0490 a: Mixed AT b: Mixed AQ
Lee [9] 81 0.8313
Allman [10] 81 0.9089
Yunus [13] 30 ¢ 1.0140
Yunus {13] 30 4 0.9308
Present 45 0.9724
Present 81 0.98385

a: Spurious modes are not controled
b: Spurious modes are controled
c: Mixed AT d: Mixed AQ
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Wiy U FAEL AR BEROIVLSERNOE D E THERN T2 EBEZRINA TN, HiBHE
i, BvEx21l, IVEA25. EREHA5. E=300, »=0.0, £LTHY. REHHO-—2Y v R

DI ADBHESRED 107 LRI - 1 2
B E B L T\ B, b, KREBATT PL/E
RERWIZBNTI~bEHONAEEE 4] CXACT .
Tl >t Fig. TICIX O ER/IC K 284 ----FEM (1538) ’I
B O(ELNMAROREEEHRL T2 °© PRESENT /
) LABERORE ATR->TEY. & 3- A
01 18]IV THSATNS P /
MU A ZEL it BEROERES
BULRUE. MpSbbpraddit, & 2 w
BERE TN ER 2 ZEL 21d 0 ORE
BEE—BLTHED. ch&VERET
LOTYHEHTRE N, 11
w/L
o o.2 o.a o.e
FIG, 7
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