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Abstract

The high precision analysis by the p-version of the finite element method are fairly well established
as highly efficient method for linear elastic problems, especially in the presence of stress singularity.
[t has been noted that the merits of the p-version are accuracy, modeling simplicity, robustness, and
savings in user’s and CPU time. However, little has been done to exploit their benefits in elasto-plas-
tic analysis. In this paper, the p-version finite element model is proposed for the materially nonlinear
analysis that is based on the incremental theory of plasticity using the constitutive equation for work
-hardening materials, and the associated flow rule. To obtain the solution of nonlinear equation, the
Newton-Raphson method and initial stiffness method, etc are used. Several numerical examples are
tested with the help of the square plates with cutout, the thick-walled cylinder under internal pres-
sure, and the circular plate with uniformly distributed load. Those results are compared with the the-
oretical solutions and the numerical solutions of ADINA

Keywords . incremental theory of plasticity, work-hardening materials, material nonlinearity, p-version
of F. E. M., associated flow rule, von-Mises yield criteria, h-adaptive mesh refinement, New-
ton-Rapson method
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(b) Plastic zone contained within an elastic zone
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Fig. 1 A thick-walled cylinder under
pressures
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Table 1 Convergence characteristics of center
deflection with respect to applied
pressures (inch)

Applied ADINA model (p=21 p-version mode!
pressure | 10 elements | 20 elements | 30 elements 1 element

alb/in’ | (ypp=102) | (NDF=164) | (NDF =226 | P=6NDF=52)
90 | 6771 | 6781 | 6.784 6.776
120 | 9.027 | 9.041 | 9.047 9.034
1650 | 11.284 | 11.303 | 11.309 | 11.343
180 | 13.776 | 14.233 | 14.240 | 14.316
210 | 20.132 | 18278 | 182094 | 19.122
205 | 29.150 | 22.114 | 22.133 | 23.016

240 — 30.030 | 30.071 29.878
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Center deflection (107 in)

Fig. 6 Centrer deflection of a simply supported
circular plate under uniform loads

202 HHey g4z wddsidl. ADINAY
A= g¥Eolyl HYEE 88 BAMEE FA
oz HeA AEAAS gl p-version®d
2 Fig. 103 Fig. 11elM 84 =AME 23
A4 p7} 5l BE FHsE AL E F AU
3 ADINAS] 7# 9 Table 204 618712 Aw
AAE wdo] p-versionwde] Axe} 714 7}

q
ARARENNESANS
Y | sws a0

I E=2.1~10° ke/cm
X v=10.3

6, = 2400 kel cm®
H = 0.0

50cm " 50¢m

PEEEEE LT
q

VAR
R
4

5
&
i
25

P
R
g

nts

RREREBI0CRAC.
ADINA-618 elements p-version, 2 elements

Fig. 7 Finite element models of a square plate
with cut -out

7Ziohs RS ¢ 5 Ut @3, AAH p-version
292 Fig. 87 Fig. 994 & &= d%e] ADI-
NA 22y Ao U AAE BAFL
. gEzACZE von Mises FEZTE o] &
3 A" AEE SHdA4AEH=002 7}
&t ok

a8 2

B ATNNE $UFIE 27 YRl S5
ojhez ¥ Fue 4 =2se] 2490l
MEY 2 PREY GANAA 219 FHS
/487 23 p-version ®a 848 HE
sof e AES VYL w8 + ARS8
e,

MAbEZEL HHOH M4E (1997 120 225




Sitadol el €7 p-Version By

F&ka e 4

Table 2 Displacements of the outer edge and re-entrant corner X10~Zm)

- midside of outer edge reentrant corner
distributed -
load ADINA model(p=1 p-version ADINA model(p=1) p-version
134 390 618 134 element 134 390 618 2 element
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(ke /e NDF =152 NDF =432 NDF =700 NDF =68 NDF =152 NDF =432 NDF =700 NDF =68
100 2.30 242 2.45 248 1.06 1.10 1.10 1.14
200 461 4.85 4.89 496 212 2.20 2.20 2.28
300 6.91 728 7.35 7.44 3.18 3.32 332 343
400 9.23 9.72 9.80 9.90 4.28 447 4.50 457
500 1157 12.24 12.34 12.46 5.39 5.70 571 5.8
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