MY TS 2 P IARY ARAF B
e EEERE

Analytical and Numerical Study on Spatially Coupled Free Vibration of
Nonsymmetric Thin-Walled Curved Girders
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ABSTRACT : This study presented analytical and numerical solutions for spatial free vibration of nonsymmetric thin-walled
circular curved beams. The closed-form solutions were obtained for in-plane free vibration analysis of monosymmetric
curved beams. Likewise, two types of thin-walled curved beam elements were developed using the third and the fifth order
Hermitian polynomials. In order to illustrate the accuracy and usefulness of the present method, this study presented
analytical and numerical solutions and compared these with the results using the ABAQUS's shell elements. In particular,
effects of the thickness-curvature as well as the inextensional condition were investigated on the free vibration of curved
beams with nonsymmetric sections.
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Vibration mode

(7] CASE 1 2 3 4 5 6 7 8 9 10
1 0.0290 | 0.2686 | 0.5963 | 1.5252 | 5.1373 | 7.7438 | 17.386 | 20.623 | 27.159 52.344
10 2 0.0290 | 0.2680 | 0.5963 | 1.5252 | 5.1376 | 7.7440 | 17.387 | 20.625 | 27.161 52.346
3 0.0290 | 0.2726 | 0.6417 | 1.6072 | 5.1856 | 7.7975 | 17.396 | 20.679 | 27.288 52.499
ABAQUS | 0.0299 | 0.2670 | 0.5887 | 1.5265 | 5.0520 | 7.7433 | 16.925 | 20.575 | 26.645 52.892
1 0.0212 | 0.2815 | 0.3747 | 2.2666 | 5.0554 | 7.4328 | 19.493 | 20.511 | 28.177 49.067
30 2 0.0212 | 0.2815 | 0.3747 | 2.2606 | 5.0576 | 7.4356 | 19.499 | 20.520 | 28.206 49.081
3 0.0225 | 0.2825 | 0.5146 | 3.2566 | 5.0755 | 8.3196 | 19.695 | 20.662 | 29.243 49.820
ABAQUS | 0.0213 | 0.2791 | 0.3724 | 2.2487 | 5.0275 | 17.3378 19.518 | 19.935 | 27.449 49.227
1 0.0107 | 0.2480 | 0.3084 | 2.3788 | 5.8332 | 7.1242 | 18.221 | 28.219 | 31.322 44.828
60 2 0.0107 | 0.2480 | 0.3084 | 2.3788 | 5.8502 | 7.1246 | 18.228 | 28.222 | 31.439 | 44.879
3 0.0128 | 0.2666 | 0.4267 | 3.6090 | 5.8462 | 11.810 | 21.142 | 28.050 | 33.768 49,133
1 0.0062 | 0.2061 | 0.2901 | 2.0272 | 5.2139 | 7.3646 | 17.473 | 32.844 | 37.949 47.721
90 2 0.0062 | 0.2061 | 0.2901 | 2.0272 | 5.2345 | 7.3687 17476 | 33.022 | 37.951 47.823
3 0.0072 | 0.2554 | 0.3499 | 3.0204 | 5.3567 | 11.999 | 29.567 | 32.644 | 40.216 59.173
ABAQUS | 0.0060 | 0.2043 | 0.2779 | 19714 | 50293 | 7.1815 | 17.079 | 32.233 | 36.624 43.574
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Vibration mode ,

2] CASE 1 2 3 4 5 6 7 ; 8 9 10
1 0.9488 | 4.4120 | 6.3262 | 17.732 | 18.778 | 21.295 | 49.634 | 59.534 | 99.775 119.58
10 2 0.9493 | 6.3262 | 9.2795 | 18.779 | 20.772 | 49633 | 56.592 | 99.571 | 119.60 147.68
3 0.9499 | 4.4051 | 6.3430 | 17.747 | 18.732 | 21.362 | 49.847 | 59.341 100.24 119.61
ABAQUS | 0.9679 | 4.3543 | 6.4045 | 16.946 | 18.565 | 21.369 | 50.231 | 58.585 | 100.44 105.01
1 0.8338 | 5.3737 | 10.799 | 18.125 | 22.087 | 31.469 | 45.206 | 68.388 | 93.079 123.91
30 2 0.8338 | 5.3737 | 13.512 | 18.437 | 22.090 | 45.206 | 62.435 | 92.940 | 124.05 158.82
3 0.8359 | 5.4161 10.723 | 18.322 | 21.931 | 31.500 | 45.787 | 67.772 | 94.364 123.88
ABAQUS | 0.8479 | 54097 | 10.605 | 18.235 | 21.878 | 30.386 | 45.524 | 67.401 | 93.276 107.62
1 0.7753 | 4.4992 | 15.392 | 24.041 | 27.515 | 39.667 | 60.538 | 84.626 | 104.35 131.16
60 2 0.7762 | 4.4992 | 15.398 | 25.143 | 27.539 | 39.667 | 71.000 | 84.752 | 131.60 155.73
3 0.7759 | 4.5586 | 15.721 | 23.694 | 27.207 | 40.663 | 60.169 | 86.752 | 103.51 130.79
1 0.7223 | 3.9916 | 13.570 | 31.829 | 35.223 | 41.852 | 71.047 | 80.658 | 138.20 148.88
90 2 0.7235 | 3.9916 | 13.584 | 31.917 | 35.222 | 42.313 | 73.552 | 83.604 | 138.38 149.59
3 0.7216 | 4.0530 | 13.962 | 31.475 | 36.513 | 41.029 | 71.677 | 81.803 | 139.78 151.96
ABAQUS | 0.7020 | 3.9088 | 13.388 | 30.838 | 34.855 | 37.792 | 69.831 | 78659 | 115.15 140.53
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