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Abstract

It is known that the reduced integration, modified shape function, anisoparametric and
non-conforming element can reduce the error induced by stiffness locking phenomenon in the finite
element analysis. In this study, we propose new anisoparametric curved beam element. The new
element based on reduced minimization theory is composed of different shape functions in each
displacement field. By the substitution of this modified shape function, the unmatched coefficient that
cause stiffness locking in the constraint energy is eliminated. To confirm the availability of this new
model, we performed numerical tests for a simple model. As a result of numerical test, the undulate
stress patterns are disappeared in static analysis, and displacements and stresses are close to exact
solution. Not only in the static analysis but also in the eigen analysis of free vibrated curved beam
model, this element shows successful convergent results.
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Fig. 2 Geometry of out-of-plane deformable

curved beam with a circular geometry

Table 2 Material properties of out-of-plane
deformable curved beam model
Young's modulus (E) 210 GPa
Poisson's ratio (v ) 0.3
Shear modulus (G) 80.7 GPa
Shear collection factor (k) 0.886364
Density (o) 7833 kg/m3
Table 3 The result of natural frequency of

out-of-plane  deformable curve beam

model using ANSYS

Order of natural

frequency Natural frequency (Hz)

1 18.22

2 34.86

3 63.78

4 88.59

5 116.02
6, = —"'—[—Gl?(-— 14+ cos2¢+4sin @) (30)
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Table 4 Convergence of natural frequency (Hz)

Order of ANSYS
Natural Number of UFI URI SRI Sengupta Present (22 clements)
Frequency Elements (BEAM 4)
1 26.4 2221 22.23 26.45 26.45
2 18.28 18.2 182 18.33 18.25
1 4 18.16 1815 1815 18.16 1815 1822
8 1815 1815 1815 1815 1815
16 18.15 1815 18.15 18.15 18.15
1 55.79 96.63 96.63 97.7 49.45
2 35.59 3542 35.42 3587 33.44
2 4 34.78 34.7 34.7 34.79 34.7 34.86
8 34.7 34.7 347 34.7 34.7
16 347 34.7 34.7 34.7 349
1 12463 228.35 2283 234.45 234.45
2 83.41 71.33 71.35 84.18 5729 |
3 4 63.55 63.4 63.4 63.62 63.4 63.78
3 63.33 63.32 63.31 63.33 63.33
16 63.3 63.31 63.31 63.32 63.32
1 234.38 422.73 41141 509.49 505.15
2 100.68 101.05 101.06 103.09 82.25
4 4 83.78 88.21 88.21 88.93 83.21 38.59
3 87.96 87.94 87.94 87.98 87.98
16 87.94 87.94 87.94 87.94 87.94
F 1 42439 845,51 34416 351.81 351.81
2 180.04 152.13 152.13 204.04 118.04
5 4 116.98 116.25 116.25 1172 116.25 116.02
8 115.88 115.86 11586 115.89 115.89
16 11586 115.86 11586 115.86 115.86
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