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A Robustness of Hierarchic Element Formulated
by Integrals of Legendre Polynomial

+ % 3
Woo, Kwang Sung

The purpose of this study is to ascertain the robustness of p-version model with
hierarchic intergrals 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
incompressible 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, convergence characteristics and
algorithmic efficiencies for verifying the aforementioned symptoms of accuracy
failure. Numerical results from p-version models are compared with those from
NASTRAN, SAP90, and Cheung's hybrid elements,
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Table 1 Computed strain energy and estimated
relative error in energy norm (v =0.49 : 1
element)

P DOF [Urpg(1b-in/in) llepllE (%)

T 1 4 | 8. 51409E-06 90.60 |
7 110 | 2.83165E-05 63.55

3 116 | 4.37454E-05 28.12

4 | 24 | 4.70457E-05 3,78

5 1 34 | 4.74526E-05 3.17

8 1 46 | 4,74955E-05 1,01

7 1760 | 4.74997E-05 0.36

8 |76 | 4.75001E-05 0,21

Table 2 Computed strain energy and estimated
relative error in energy norm (v = 0,4999, 1
element)

P | DOF |Upg{1b- in/in) llerll (%)

1 4 | 1.06003E-08 99_99

7 | 10 | 7.15663E-08 99_93

3 | 16 | 5.59101E-07 99.41 |
4 | 24 | 4.54767E-06 95.12

5 | 34 | 2.40390E-05 70. 46

6 | 46 | 4.35132E-05 29.74

7 | 60 | 4.72838E-05 9.72

8 | 76 | 4.76734E-05 3.60
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Table 3 Comparison of normalized displacement
with respect to skewness at tip

Load Case In-plane Shear Extension
Element type 90° |135° |150° [160° [170° | 90° [135° [150° [160° |170°
SAPI0
% ASOLID 0.989]0. 833 0.998]0.998
NASTRAN
* QUAD2 0.03210.014 0.992(0.992
* QUAD4 0.904)0. 080 0.995(0. 996
* QUAD8 0.995(0. 987 0.999(0.999
P-VERSICON
(3EL. P=4) 1.0 ]1.0]1.01]1.010.999] 1.0 |1.011]1.012|1.012}1.012

Table 4 Comparison of normalized displacement
with respect to tapered ratio d/b at tip

Load Case In-plane Shear Extension
Element type 1.5 2.0 30 7.01(400]1.5]20]30,70 {400
SAP90
®* ASOLID 0.978{0.938(0.876]0.802 0.998]0.998(0.998!0.997
NASTRAN
* QUAD2 0.016 0.992
% QUAD4 0.071 0.996
% QUAD8 0.946 0.999
P-VERSION
(3EL. P=4) 1.0 ]0.999{0.989|0.927(0.864(1.012{1.012]1.012{1.012}1.012

Poissont] 7} 0.30] 4] ¥-¥] 0.499999997}x] H¥tol
mE AFA L 3 LRTHI drFH o)

Table 5 Normalized Vertical Deflection
at A

v Q4-1. | Qa-c Q4-LL |P-version

1-EL, p=8
0.3 0.880 | 0.990 | 1.002 0.997
0.49 0.275 | 1.066 | 1.005 0.984
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

RtH, Table 60llAl= p-version 22 4HAAS
v = 0.49999999¢1 ZF§ HARE4o] A4 p F
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Table 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
5 d&

FUL AL ME D5 (nesh design)E & o
ST J13tEA, &, ¥Abu](aspect ratio)
a’bd]#} R/tH] e, WEApHY Ol Atz
ol 842 AIyd AEE Uehl: gI:
(skewness)W Altield |zt o] S of=R
e H] (d/b¥])E UehlE He] ZHAn](tapered
ratio)of mea}l AlAtexle] & Hig Zg
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