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Free Vibration Characteristics of Columns Immersed in Fluid
with a Concentrated Mass at the Top
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Abstract

This paper deals with the free vibrations of columns immersed in fluid. The column

model 18 based on the classical Bernoulli-Euler theory which neglects the effects of

rotatory inertia and shear deformation. The eccentricity and rotatory inertia of the

concentrated mass at the top are taken into account. In the governing equation for the

free vibration of column, the density of immersed part was modified to account for the

added {luid mass. The governing differential equations are solved numencally using the

corresponding boundary conditions. The lowest four natural frequencies and corresponding

mode shapes are calculated over a range of non-dimensional system parameters: the mass

density ratio of {luid to column, the ratio of fluid depth to span length, the ratio of tip

mass o total column mass, the dimensionless mass moment of inertia, and the eccentricity.
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Fig. 1. Structural model considered in this paper
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Table 1. Comparisons of frequency parameters reported in Refs
[3, 5] to the present results for %=0.1274 and e=0.00

2

Data Frequency parameter, C,

7i m i SOUTce =1 i=2 =3
0.0 1.0 0.0 Present 1.557 16.25 50.90
Ref, [3] 1467 15.30 4793

Ref. [5] 1.557 16.25 50.90

10 Present 0.8679 3301 24,02

Ref. [3] 0.8174 3.193 22.62

Ref. [5) 0.8679 3391 24.02

05 2.0 00 Present 1158 1551 4882
Ref. [3] 1.090 1461 4598

Ref. [5] 1158 1552 4882

1.0 Present 0.7844 2.851 22.60

Ref. [3] 0.5846 2.405 224

Ref. [5] 0.7844 2852 22.61

10 10 0.0 Present 1.539 15.39 43,04
Ref. [3] 1449 14.49 45.24

Ref. [5] 1.539 15.39 48.04

10 Present 0.8654 3.341 22.78

Ref, [3] 0.8150 3.147 2145

Ref. [5] 0.8654 3.341 22.78
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Table 2. Frequency parameter for columns with 4£=0.1274

Frequency parameter, C,

e=0.00 e=0.03

7y m J =1 1=2 =3 =4 =1 i=2 1=3 1=4
0.00 0.0 0.0 3.516 22.03 61.70 120.9 3.516 22.03 61.70 1209
0.00 0.0 01 2487 7.013 30.57 7477 2487 7.013 30.57 7477
0.00 0.0 1.0 0.9752 5.728 30.26 74.65 0.9752 5.728 30.26 74.65
0.00 01 0.0 2.968 19.36 55.52 1107 2931 18.71 53.09 105.2
0.00 0.1 0.1 2274 6.793 28.53 £9.98 2254 6.824 28.58 70.04
0.00 0.1 1.0 0.9633 5174 28.08 £69.79 0.9619 5.179 28.08 69.79
0.00 1.0 0.0 1.557 16.25 50.90 1052 1.503 1535 48.02 99.29
0.00 1.0 0.1 1.430 6.275 2475 63.74 1.385 6.396 2495 63.89
0.00 1.0 10 0.8679 3.391 24.02 63.46 0.8574 3428 24.04 63.43
0.25 0.0 0.0 3516 21.97 60.99 1188 3516 2197 60.99 1188
0.25 0.0 0.1 2487 7.011 30.42 73.76 2.487 7.011 30.42 73.78
0.25 0.0 1.0 0.9752 5.726 3011 73.64 0.9752 5726 3011 73.64
0.25 0.1 0.0 2.968 1931 54.96 108.9 2.931 18.67 52.60 1035
0.25 0.1 01 2273 6.791 28.41 69.11 2.254 6.822 28.46 69.16
0.25 0l 1.0 0.9633 5.173 27.96 68.91 0.9619 5178 2797 68.92
0.25 1.0 0.0 1557 16.22 50,42 1034 1.503 1533 47.62 97.72
0.25 1.0 01 1.430 6.274 2467 63.01 1.385 6.395 24.86 63.15
0.25 1.0 1.0 0.8679 3.390 2354 62.73 0.8574 3427 23.96 62.74
0.50 0.0 0.0 3.504 21.43 59.87 1172 3.504 2143 59.87 1172
0.50 0.0 0.1 2484 6.975 29.54 72.74 2.484 6.975 2054 72.74
0.50 0.0 1.0 0.8751 5.694 29.23 72.61 0.9751 5.694 29.23 72.61
0.50 0.1 0.0 2,961 18.88 53.54 1075 2.925 18.28 51.50 102.3
0.50 01 01 2271 6.763 27.61 66.09 2.252 6.794 27.66 68.14
0.50 0.1 1.0 0.9632 5.150 27.17 67.89 0.9617 5155 27.17 67.90
0.50 1.0 0.0 1.556 15.89 49.27 102.2 1.502 15.04 46.49 96.59
0.50 1.0 01 1.429 6.260 24.00 61,94 1.385 6.379 2419 62.09
0.50 10 1.0 0.8678 3.385 23.27 61.66 0.8573 3422 23.29 61.67
0.75 0.0 0.0 3.448 2111 58.90 1157 3.448 2111 58.90 1157
0.75 0.0 01 2.468 6.873 29.31 71.26 2468 6.873 29.31 71.26
0.75 0.0 1.0 0.9744 5.580 2899 71.13 09744 5.580 28.99 71.13
0.75 0.1 0.0 2927 18.52 53.10 106.2 2.892 17.92 50.89 101.0
0.75 0.1 01 2.258 6.684 27.33 66.68 2.240 6.712 27.38 66.73
0.75 0.1 1.0 0.9625 5.068 26.87 £6.48 0.9611 5,074 26.87 66.48
0.75 1.0 0.0 1.552 15.46 48.68 100.8 1.498 14.63 46.00 95.26
0.75 1.0 0.1 1.426 6.225 23.57 60.64 1.382 6.338 23.77 60.78
0.75 1.0 1.0 0.8672 3.368 22.80 60.36 0.8567 3.404 22.82 60.37
1.00 0.0 0.0 3311 20.75 08.11 1139 3311 20.75 58.11 113.9
1.00 0.0 0.1 2421 6.774 28.83 70.44 2421 6.774 28.83 70.44
1.00 0.0 1.0 0.9721 5411 28.50 70.31 08721 5411 28.50 70.31
1.00 01 0.0 2.842 18.41 52.63 1047 2.810 17.83 50.42 99.68
1.00 01 01 2.221 6.612 27.09 66.28 2.203 6.639 27.14 66.33
1.00 0.1 1.0 0.9602 4.945 26.63 66.08 0.9588 4,950 26.63 66.08
1.00 1.0 0.0 1539 15.39 48.04 99.18 1.486 1454 4533 93.62
1.00 1.0 0.1 1416 6.203 23.55 60.25 1.372 6.311 23.75 60.40
1.00 1.0 1.0 0.8654 3.341 22.78 56.96 0.8545 3.377 22.80 59.97
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Table 3. Frequency parameter for columns with %=0.4

Frequency parameter, C;

e=000 e =003

7, m 7 i=1 i=2 i=3 i=4 i=1 i=2 1=3 i=4
0.00 0.0 0.0 3516 22.03 61.70 1209 3.516 22.03 61.70 120.9
0.00 0.0 01 2.487 7.013 3057 7477 2.487 7.013 30.57 74,77
0.00 00 10 0.9752 5.728 30.26 74.65 09752 5.728 30.26 74.65
0.00 0.1 0.0 2.968 19.36 55.52 1107 2931 18.71 53.09 105.2
0.00 01 0.1 2.274 6.793 28.53 £9.98 2.254 6.824 28.58 70.04
0.00 0.1 1.0 0.9633 5.174 28.08 69.79 0.9619 5179 28.08 69.79
0.00 1.0 0.0 1.557 16.25 50.90 105.2 1503 15.35 48.02 99.29
0.00 1.0 01 1.430 6.275 24.75 63.74 1.385 6.396 24.95 63.89
0.00 1.0 1.0 0.8679 3.391 24.02 63.46 0.8574 3.428 2404 63.48
0.25 0.0 0.0 3514 21.83 59.52 1148 3514 21.83 59.52 1148
0.25 0.0 01 2.487 7.006 30.11 71.70 2487 7.006 30.11 7170
0.25 0.0 1.0 09752 5.722 29.80 71.58 0.9752 5,722 29.80 71.53
0.25 0.1 0.0 2.967 19.21 53.80 105.3 2.930 18.58 51.57 100.3
0.25 0.1 0.1 2.273 6.788 28.15 67.31 2.254 6.819 28.20 67.36
0.25 0.1 1.0 0.9633 5,170 2771 67.12 0.9618 5.176 27.71 67.12
0.25 1.0 0.0 1.557 16.16 4943 100.1 1.503 15.27 46.76 94.66
0.25 1.0 0.1 1.430 6.273 24.49 61.48 1.385 6.393 24.68 61.62
0.25 1.0 1.0 0.8679 3.390 23.76 61.20 0.8574 3.427 23.78 £1.22
0.50 0.0 0.0 3479 20.28 56.80 1103 3479 20.23 56.80 1103
0.50 0.0 01 2478 6.896 2770 69.20 2.478 6.896 2770 69.20
050 0.0 1.0 (0.9749 5.622 27.39 69.07 09749 5.622 27.39 69.07
0.50 0.1 0.0 2.946 17.97 51.01 101.5 2911 17.44 48,82 96.95
0.50 01 0.1 2.266 6.700 25.94 64.84 2.247 6.729 25.99 64.89
050 0.1 1.0 0.9629 5.100 25.49 64.64 0.9615 5.105 25.50 64.64
0.50 1.0 0.0 1554 15.19 4653 96.58 1.500 1442 43.91 91.58
050 1.0 0.1 1.428 6.229 22.60 58.90 1.383 6.343 2278 59.05
0.50 1.0 1.0 0.8676 3.374 21.87 58.60 08571 3411 21.88 58.62
0.75 0.0 0.0 3.314 19,57 54.09 106.7 3314 19.57 54.09 106.7
0.75 0.0 0.1 2.428 6.610 27.20 65.36 2428 6.610 27.20 65.36
0.75 0.0 1.0 09728 5.299 26.87 65.23 09728 5.299 26.87 65.23
0.75 01 0.0 2.846 17.13 48.88 98.27 2814 16.60 47.01 93.85
0.75 0.1 0.1 2227 6.473 2534 61.08 2.209 6,498 25,39 61.13
0.75 0.1 1.0 0.9603 4,863 24.85 60.87 0.9594 4.868 24 .86 60.87
0.75 10 0.0 1.540 14.12 4479 93.33 1.487 13.39 4255 8838
0.75 10 0.1 1417 6.121 21.62 5531 1374 6.220 2183 5545
0.75 1.0 1.0 0.8658 3.320 20.78 55.01 0.8554 3.355 20.81 55.03
1.00 0.0 0.0 2972 18.62 52.14 102.2 2972 18.62 52.14 102.2
1.00 0.0 0.1 2.292 6.396 25.95 63.24 2.292 6.396 25.95 63.24
1.00 0.0 10 0.9654 4 887 25.59 63.10 0.9604 4887 25,59 63.10
1.00 01 0.0 2.619 16.80 47.77 94,76 2.594 16.33 45,94 90.45
1.00 01 0.1 2.119 6.309 24.66 60.05 2.103 6.329 24.70 60.08
1.00 0.1 1.0 0.9537 4548 24.16 59.83 0.9523 4553 24.17 59.84
1.00 1.0 0.0 1501 13.97 43.30 89.21 1.452 13.21 40.87 84.20
1.00 1.0 01 1.387 6.061 21.56 5447 1.346 6.146 21.76 54,63

100 1.0 1.0 0.8600 3.244 20.72 5414 0.8497 3.277 20.74 54.16
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