SMEBO| ArElSsHME flet DX ERA

A New Higher-Order Hybrid-Mixed Element for Curved Beam Vibrations
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Abstract

In this study, we propose a new efficient 2-noded hybrid-mixed element for curved beam vibrationshaving a uniform and
non-uniform cross section. The present element considering transverse shear strain is based on Hellinger-Reissner variational
principle and introduces additional nodeless degrees for displacement field interpolation in order to enhance the numerical
performance. The stress parameters are eliminated by the stationary condition and then the nodeless degrees are condensed out by
the Guyan reduction. In the performance evaluation process of the present field-consistent higher-order element, we carefully
examine the effects of field consistency and the role of higher-order interpolation functions on the hybrid-mixed formulation.
Several benchmark tests confirm the superior behavior of the present hybrid-mixed element for curved beam vibrations.

Keywords ' 2-noded curved beam element, Hybrid-mixed formulation, Nodeless degrees, Free vibration
analysis, Guyan reduction
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H 2 Blo|HT 2ZHotx|e| 3xt7tx| 2|

IREUSE AF G, (n=1,2,3)

hy aR /% =10 aR/r =20
a - Methods
W C C, G, C G G
DCSQ2 3.563 13.731 | 29.195 3757 16.729 | 39.658
0.5 [THICK-117]] 3.562 13.700 | 28920 3757 16.720 | 39.490
"~ |MFE [18] 3.575 13.650 | 28.620 3766 16.710 | 39320
10 Rossi[19] 3.552 13.690 | 29.050 3743 16.660 | 39.470
DCSQ2 3.229 14283 | 31817 3437 19.024 | 46.889
1 |THICK-1 3.231 14.210 | 31.490 3.442 19.030 | 46.660
Rossi 3.229 14.280 | 31740 3437 19.020 | 46.820
DCSQ2 3.569 13.525 | 29.176 3763 16.576 | 39.980
0.5 |THICK-1 3.569 13.470 | 28.880 3.764 16.560 | 39.810
"~ [MFE 3.581 13.430 | 28.600 3772 16.560 | 39.660
20 Rossi 3.557 13.480 | 29.030 3.749 16.510 | 39.800
DCSQ2 3234 13.865 | 31.789 3444 18.755 | 46912
1 |THICK-1 3.238 13.710 | 31.400 3.449 18.740 | 46.650
Rossi 3.233 13.860 | 31.710 3.443 18.750 | 46.840
DCSQ2 3.593 12.886 | 29.122 3789 16.025 | 41293
0.5 |THICK-1 3.596 12.770 | 28.750 3792 16.000 | 41.110
40 Rossi 3.579 12.840 | 28980 3775 15.960 | 41.130
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DCSQ2 3.723 11.113 | 29479 3.931 14.024 | 47.426
0.5 |THICK-I 3744 10.890 | 28.870 3.940 13.970 | 47.060
~ IMFE 3.743 10.950 | 28.830 3.942 13.970 | 47.060
90 Rossi 3.699 11.040 | 29300 3913 13.950 | 47.190
DCSQ2 3378 10.976 | 31.657 3.608 15.061 | 49.627
1 |THICK-1 3.422 10.470 | 30.290 3.626 14.880 | 48920
Rossi 3347 10.920 | 31.500 3598 15.030 | 49.440
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