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The Forced Motion Analyses by Using Two Dimensional 6-Node

and Three Dimensional 16-Node Isoparametric Elements with
Modification of Gauss Sampling Point
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Abstract

For the same configuration of two-dimensional finite element models, 6-node element exhibits stiffer
bending stiffness than 8-node element. This is true in the relation between 16-node element and
20-node element for three-dimensional model. This stiffening phenomenon comes from the elimination
of several mid nodes from full-node elements, Therefore, this may be called ‘relative stiffness stiffen-
ing phenomenon’. It seems that there are a couple of ways to correct the stiffening effect, however,
we could find only one effective method-the method of modification of Gauss sampling points-which
passes the patch test and does not alter other kinds of stiffness, such as extensional stiffness. The
quantity of modification is a function of Poisson’s ratios of the constituent materials. We could obtain
two modification equations, one for plane stress case and the other for plane strain case. This method
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can be extended to 3-dimensional solid elements, Except the exact plane strain cases, most
3-dimensional plates could be modeled successfully with 16-node element modified by the equation for
the plane stress case. The effectiveness of the modification method is checked by applying it to sev-
eral examples with excellent improvements. In numerical examples, beams with various boundary
conditions are subjected to static and time-dependent loads. Free and forced motion analyses of beams
and plates are also tested. The beam and plate may be composed of isotropic multilayers as well as a

single layer.
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Fig.3 8-node element of laminated beam in pure bending
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Fig.4 6-node element of laminated beam in pure bending
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Fig.5 20-node laminated plane stress element in pure ben-
ding
(—1<r, s, t<+1)
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Fig.6 16-node laminated plane stress element in pure ben-
ding
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Fig.7 Geometry, material properties and finite element mod-
els of beam with free-free boundary condition

Table 1 Comparison of the natural frequencies of modified
6-node and unmodified 6-node models with the
results of 8-node model of beam

Natural Frequency{(Hz)

Mode Unmodified Modified
Number 8-Node 6-Node 6-Node
(% error) (% error)

1st Mode 828.1 868.0(4.82) 828.2(0.012)

2nd Mode 2287.0 2396.0(4.77) 2287.0(0.0)

3rd Mode 4542.0 4752.0(4.63) | 4539.0(0.066)

4th Mode 7762.0 8098.0(4.33) 7743.0(0.24)
Steei h=1/4h

Aluminum hp=2,4h

Steel hy=1/4h-
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Fig.8 Geometry, material properties and finite element mod-
els of three layer steel/ aluminum/ steel laminated
beam with free-free boundary condition
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Table 2 Comparison of the natural frequencies of modified
6-node and unmodified 6-node models with theor-
etical and numerical{8-node model) ones of three
layer steel/ aluminum/ steel laminated beam

Table 3 Comparison of the natural frequencies of modified
16-node and unmodified 16-node models with the
results of 20-node model of plate

Natural Frequency(Hz)

with free-free boundary condition Mode Unmodified Modified Modified
Natural Frequency(Hz) Number |[20-Node! 16-Node 16-Node? | 16-Node?
Mode Unmodified | Modified (% error) | (% error) | (% error)
Number [Theoretical{8-Node| 6-Node 6-Node 1st Mode | 194.0 | 203.0(4.64) | 194.0(0.0) | 194.0(0.0)
(% error) | (% error) 2nd Mode | 544.0 | 574.0(5.51) | 548.0(0.74) | 548.0(0.74)
1st Mode 957.0 978.0 | 1022.0(4.50) | 978.0(0.0) 3rd Mode ,
ond Mode| 2637.0 |2757.0|2871.0(4.13) | 275.0(0.22) (torsional) 698.0 | 699.0(0.14) \ 667.0(4.44) | 698.0(0.0)

3rd Mode| 5169.0 |5617.0 | 5818.0(3.58) | 5585.0(0.57)

4th Mode | 1102.0 |1166.0(5.81) | 114.0(1.09) | 116.0(1.28)

4th Mode| 85450 |9866.0 |10137.0(2.75)| 9756.0(1.11)
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Fig.9 Geometry, material properties and finite element mod-
els of plate with all-free boundary condition

5th Mode
(torsional)

+ 1 : The results by using Eq.(11)
+ 2 : The results by using Eq.(11) and Eq.(12)
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Fig.10 Geometry, material properties and finite element
models of three layer stel/ aluminum/ steel laminat-
ed plate with ali-free boundary condition

Table 4 Comparison of the natural frequencies of modified
16-node and unmodified 16-node models with
theoretical and numerical(20-node model) ones
of three layer steel/ aluminum/ steel laminated
plate with all-free boundary condition

Natural Frequency(Hz)
Mode Unmodified Modified
Number | Theoretical [20-Node;  16-Node 16-Node
(% error) (% error)™
st Mode 225.0 227.0 | 238.0(4.85) 227.0(0.00)
2nd Mode 621.0 637.0 | 669.0(5.02) 640.0(0.47)
ddMode| -\ g130] s19.0(0.12) | 8190(0.12)
(torsional )
4th Mode 1218.0 1263.0 | 1353.0(7.13) | 1296.0(2.61)
sthMode) ) 1700 | 1677.000.42) | 1673.0(0.18)
(torsional)

1 : The results by using Eq.(9) and Eq.(10)
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Table 5 Comparison of the natural frequencies of modified
16-node and unmodified 16-node models with
theoretical and numerical(20-node model) ones
of three layer steel/ aluminum/ steel laminated
plate with all-free boundary condition

Natural Frequency(Hz)

Mode Unmodified | Modified | Unmodified

Number |Theoretical|20-Node™ | 16-Node™ | 16-Node™ | 16-Node®

(% error) | (%error) | (% error)

1st Mode 192.0 193.0 | 202.0(4.66)| 193.0(0.00) | 194.0(0.52)

2nd Mode 530.0 544.0 | 571.0(4.96) | 546.0(0.37)| 547.0(0.55)
3rd Mode

. - 700.0 | 700.0(0.00) | 700.0(0.00)

(torsional)

4th Mode | 1039.0 1098.0 [1157.0(5.37) [1108.0(0.91) [1103.0(0.45)
5th Mode

. - 1428.0 11434.0(0.42) |1431.0(0.21) |1428.0(0.00)
(torsional)

* 1 : The results of 1Xx10 elements models
« 2 : The results of 3X 10 elements models
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Fig.14 Computed strains of a cantilever plate with initial
displacement
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Fig.15 Displacements of a cantilever plate with initial dis-
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Fig.16 Geometry, material properties and finite element
models of three layer cantilever plate with initial dis-
placement
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