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One of the most remarkable achievements of finite element method is the introduction of isoparametric
elements. Although these elements can be used in numerous applications, the lower order isoparametric
elements make some difficulties such as shear locking, volumetric locking and hourglass. These issues
may improve with an increase in the number of the elements or by increasing the order of the elements,
which increases the computational time. Therefore, for solving these problems, using the lower order
elements with incompatible modes, which enhances accuracy and reduces the computational time, could
be considered as an alternative solution option. The aim of this paper is to study the effect of using the
incompatible elements on the elastoplastic behavior of isotropic plates and beams under uniform axial
and bending loadings. For this purpose, 3D standard elements with eight and twenty nodes and
incompatible eight-node elements are used in modeling the 3-D case studies. Besides, the 2D standard
elements with four and eight nodes and incompatible ones with four nodes are employed to analyze the
2-D plane stress problems. The obtained results show that using 3D incompatible elements achieves the
faster rate of convergence in the solution procedure for obtaining the displacement components and also
makes significant run-time reduction. However, there are not any remarkable differences between the
obtained plastic Von-Mises stresses using 2D standard and incompatible elements.
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2 Volumetric Locking Phenomena
® Quadratic Mindlin Plate Element
* Least square
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degrees of freedom for Q4, Q6 and Q8 elements
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Fig. 12 Equivalent plastic strain through the plate length for Q4, Q6
and Q8 elements at y=120mm and 0 < x < 120 mm
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Fig. 13 Dimensionless in-plane displacement at the beam tip due to
degrees of freedom for C8, C11 and C20 elements
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Fig. 14 Dimensionless lateral displacement in Y direction due to
degrees of freedom for C8, C11 and C20 elements

oz Y by 50 55 o1 s sad dm o ope ol Jloges 14 Sl
C20 4C11 C8 slajylall 5l L;olﬂ Sl o olass

2 oplaibs 17 095 1396 vl (e Suille Swiise

0.012
L=120 mm
001 } — —QG6- 40*40
'y ) —
0.008 5 [ Pocin) 0 Q4- 40%40
1
= 0006 | = — A Q8-30%30
T 0. L,
&
0.004 |
0.002 |
0 . . . . . .
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

X (m)
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Fig.10 Dimensionless displacement in loading direction due to degrees
of freedom for Q4, Q6 and Q8 elements
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Fig. 11 Von-Mises stress through the plate length for Q4, Q6 and Q8
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Table 6 Comparison the VVon-Mises plastic stress and equivalent plastic
strain in various coordinate of beam for C8, C11 and C20 elements
with 100 x 20 x 10 elements

Slaixe ol ey solilaz s Oym (MPa) Eeq

X, =0.01 C8 69993 305.00 0.0098412
X, =0.01 C11 69993 311.53 0.010015
X, =0.01 C20 269583 303.42 0.00919

X, =0.03 C8 69993 263.28 0.0068129
X, =0.03 C11 69993 260.36 0.0066386
X, =0.03 C20 269583 258.60 0.0065366
X;=03 C8 69993 299.99 0.089795
X;=03 C11 69993 299.99 0.089795
X; =03 C20 269583 299.99 0.089795
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Fig. 15 Von-Mises stress behavior for C8, C11 and C20 elements with
various Degrees of freedom
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Table 3 Comparison of the run times using different elements

s . L Clg> Bl
Slell olass 5 g5 aloo Slobre oy ol €200
. (sec) (mm)
sl 60x12x6
c8 2058 t 11.87 96.38
30x6x3 . .
c11 .
30x6x3 2058 t 12.542 61.083
€20 9309 4t 12.591 %0.7018
30x6x3 . .
c8
60x12x6 16653 6.4t 12.427 %1.995
c11 .
60 x 12 x 6 16653 6.8t 12.655 60.1971
€20
60 x 12 x 6 62679 41t 12.68 .

it Llis 3 Jolas Sidly (5555 5 S 05 Seidly 5 alie 4 Jgar
40 % 8 x 4 oLl slaws |, C20 4 C11 .C8 (slaloll sy 15

Table 4 Comparison of VVon-Mises plastic stress and equivalent plastic
strain in various coordinate of beam for C8, C11 and C20 elements
with 40 x 8 x 4 elements

Slaise Hlll g5 sl ax o 0,m(MPa) Eeq
X, =0.01 C8 5535 267.70 0.0077730
X, =001 Cl1 5535 292.50 0.0090928
X, =001 C20 20283 259.44 0.0065867
X, =0.03 C8 5535 275.72 0.0075629
X, =0.03 Cl1 5535 260.61 0.0066566
X, =0.03 C20 20283 255.94 0.0063783
X3 =03 C8 5535 299.99 0.0089795
X3 =03 Cl1 5535 299.99 0.0089795
X; =03 C20 20283 299.99 0.0089795

ilise LUE 3 Joles Sy (555 5 59 Seidly G5 aalie 5 Jgazr
50 x 10 X 5 Lol slass L C20 5 C11 C8 clagloll gl

Table 5 Comparison the Von-Mises plastic stress and equivalent plastic
strain in various coordinate of beam for C8, C11 and C20 elements
with 50 x 10 x 5 elements

Slaise ol g5 sl a0 0ym(MPa) Eeq
X, =0.01 C8 10098 281.20 0.0086357
X, =0.01 Cl1 10098 319.75 0.010740
X, =0.01 C20 37593 308.09 0.010920
X, =0.03 C8 10098 273.89 0.0074549
X, =0.03 Cl1 10098 262.59 0.0067754
X, =0.03 C20 37593 259.44 0.0065866
X; =03 C8 10098 299.99 0.0089795
X; =03 Cl1 10098 299.99 0.0089795
X; =03 C20 37593 299.99 0.0089795
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Fig. 16 Von-Mises stress behavior for C8, C11 and C20 elements with
various elements
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