[XMEABOMIS
12 W1 - 19925 3A
pp. 43~50

HEd =2I==2 feol ot RERNRS| EAM

A Robustness of Hierarchic Element Formulated
by Integrals of Legendre Polynomial

? ¥ 4
Woo, Kwang Sung

.............................................................................................................................................

Abstract

The purpose of this study is to ascertain the robustness of p-version model with hierarchic interg-
rals of Legendre shape functions in various applications including plane stress/strain, axisymmetric
and shell problems. The most important symptoms of accuracy failure in modern finite elements
are spurious mechanisms and a phenomenon known as locking which are exhibited for incompressi-
ble materials and irregular shapes which contain aspect ratios(R/t, a/b), tapered ratio(d/b), and
skewness. The condition numbers and energy norms are used to estimate numerical errors, conver-
gence characteristics and algorithmic efficiencies for verifying the aforementioned symptoms of accu-
racy failure. Numerical results from p-version models are compared with those from NASTRAN,
SAP90, and Cheung’s hybrid elements.
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B 1. Computed strain energy and estimated rela-
tive error inenergy norm (v=0489; 1 element)

P | DOF UFE(b-iti/in) Hedle (%)
1 4 8.51409E-06 90.60
2 | 10 2.83165E-05 63.55
3 | 16 4.37454E-05 28.12
4 | 4.70457E-05 9.78
5 | 34 4.74526E-05 317
6 | 46 4.74955E-05 101
7 | 60 4.74987E-05 0.36
8 | 76 4.75001E-05 021

B 2. Computed strain energy and estimated rela-
tive error in energy norm (v=04999, 1 ele-

ment)
P | DOF UFE@b-in/in) Hedle (%)
1 4 1.08003E-08 99.99
2 10 7.15663E-08 99.93
3 16 5.59101E-07 9941
4 24 4.54767E-06 95.12
5 34 2.40390E-05 7046
6 46 4.351R2E-05 29.74
7 60 4.72838E-05 9.72
8 76 4.76734E-05 360
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Clamped Circular Plate(a/t=1000)
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@ 6. Straight Cantilever Beam (E=1.0X10" psi,
Length=6.0 in, width=02 in v=0.3, loa-
ding: unit force at free end)
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H 3. Comparison of normalized displacement with respect to skewness at tip

Load Case In-plane Shear Extension
Element ty 90° 135° 150° 160° 170° 90° 135° 150° 160° 170°
SAP90
* ASOLID 0989 | 0.833 0998 | 0.998
NASTRAN
* QUAD2 0.032 | 0014 0992 | 0992
* QUAD4 0904 | 0.080 0.995 | 0.996
* QUADS 0995 | 0.987 0.999 | 0.999
P-VERSION
10 1.0 1.0 10 0.999 1.0 1011 1.012 1.012 1.012
(3EL. P=4)
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¥ 4. Comparison of normalized displacement with respect to tapered ratio d/b at tip

Load Case In-plane Shear

Extension

Element t 15 20 3.0 70

400 15 2.0 30 70 40.0

SAP90

* ASOLID
NASTRAN
* QUAD2
* QUAD4
* QUADS

0.978 | 0938 | 0876 | 0.802
0.016
0.071

0.946

0.998 | 0998 | 0998 | 0997
0.992
0.996

0.999

P-VERSION
(BEL. P=4)

1.0 0999 | 0989 | 0927

0864 § 1012 | 1012 | 1012 | 1012 | 1.012
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(2X10) mesh division

28] 7. Cantilever beam under shear load at free
end
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B 5. Normalized Vertical Deflection at A

P-version
v QL | Qu-c | Qe (1X)mesh, p=8

0.3 0.880 | 0.990 | 1.002 0.997
049 0.275 | 1.066 | 1.005 0.084
0.4999 0.041 | 1.071 | 1.006 0.983
0.49999 0.039 | 1.071 | 1.006 0.983
0.499999 0.038 | 1.071 ] 1.006 0.983
0.4999999 | 0.038 | 1.071 1.006 0.983
0.49999999 | 0.038 | 1.071 | 1.006 0.983

H 6. Vertical deflection at A for different P-level
when=0.49999999

P-level | (1X1) mesh | (2X1) mesh | (2X2) mesh
1 0.038 0.038 0.038
2 0.854 0.958 0.960
3 0.975 0.976 0.979
4 0.979 0.980 0.981
5 0.981 0.982 0.982
6 0.981 0.983 0.984
7 0.983 0.985 0.985
8 0.983 0.986 0.986

2, WP Ap A FAEAE p=33
H locking ®4¢ 9% 4 1ee HAFD 3ok

5.8 &

a2 A] MER T (mesh design)E & o
B 7skEA, &, 33dl(aspect ratio) a/by) 9}
R/tY] 28]31, HEPApdEe] HFAuh o] 849
a2y =g Jehlle HFm(skewness) E Al
o2& ¥A gol ST ol v] (d/bY)E
vehlie #el Zb4v|(tapered ratio)o whek A4k
oo & 9%-E £8& NASTRANI SAPYO =&
oy EARRE & 5 UAh 18Y, Peve-
rsiond] A& 718134 BarE Fmrt uje 4%
A% &, A% 071 170°, We) 727} d/br} 7.0
AT & HWESY Wete Holx slck kA
A7 39 Cheung®l Hybrid 8 49} ¥ @ o] Poi-
sson Locking®] g &l 8 58] AEH =
Cheungo] AtE Q. 840 AFgho ZAHS

P-version X.go] v=0499999995% A4} Q x}oj
2 gie wA] ¢ ¢ F AU o|2REH
P-version2d9] $+8 T840 UFHI Un
ol-ge] HELAA p=1, 220 A9 YA¥EsE
flelA AFE 713, AR HRE G & 9FE
wong P=3 ol A, tE a4¥
& Heste hp-versiono] 7+ BN {38
4 Mol FIwolet AAE G W, F44F
Ae FEAES How FHE&,E HegsAnz
NASTRANE Al9]gt SAPY ¥ P-version TZ1
P& 16 Bit AFAFEH <3 AP 32
Bit o8 HFEI(IBM-9375)9} AHE H|@sFg o
T A ujRE YL 1% vTeg 11 B840
PEFH A

g2 32

1. AK. Noor, “Book and monographs on finite ele-
ment technology”, Finite Elements in Analysis and
Design 1 101-111, 1985

2. 1. Babuska, B.A. Szabo and LN. Katz, “The p-ver-
sion of the finite element method”, SIAM | Num-
ber. Anal. 18 512-545, 1982

3. 1. Babuska and B.Q. Guo, “The hp-version of the
Finite Element Method for problems with Nonho-
mogeneous Essential Boundary Condition”, Com-
puter Methods in Applied Mechanics and Enginee-
ring 74 1-28, 1989

4. K.S. Woo and P.K. Basu, “Analysis of singular cyli-
ndrical shells by p-version of FEM.”, Int. J. Solids
& Struc, Vol.25, No.2, pp.151-165, 1989

5. R.H. MacNeal and R.L. Harder, “A proposed stan-
dard set of problems to test finite element accu-
racy”, Finite Elements in Analysis and Design 1
3-20, 1985

6. C. Meyer,
1987

7. RD. Cook, “Concepts and Applications of Finite
Element Analysis”, fohn Wiley & Sons, 3rd Edition,
1989

8. YK. Cheung and C. Wanji, “Hybrid Element Me-
thod for Incompressible and Nearly Incompressi-
ble Materials™ Int. J. Solids & Struct, Vol.25, No.5,
pp.483-495, 1989

“Finite Element Idealization”, ASCE,

B 1991, 9. 27)

KRB W%





