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Table3.1 Natural Frequencies for Uncoupled llorizontal Vibaration
{(in rad/s)
No. of 1/kAG=0, 1=0 1/kAG*0, 1,0 1/kAG=0, I,*0 1/KAG*0, I,*0
notdces
FDM | TMM ITheory| FDM | TMM |Theory{ FDM | TMM [Theory| FDM | TMM [Theory
2 1267 } 1265 | 1265 | 1098 | 1099 ] 1099 | 1251 {1249 | 12499 | 1090 | 10.91 | 10.91
3 3476 } 34.87 | 3187 | 2224 | 2339 ) 2338 | 3381 339213392 | 2306 [2321 | 3.20
4 67.55 | 68.36 | 6836 | 3559 {36.12] 3610 | 6450 | 6524} 63.25 | 3537 ]| 35.88 ] 35.86
5 110.18{113.00 | 113.01] 47.15 | 48.32 | 48.29 | 10295(105.42 | 10543| 46.89 | 48.03 | 48.00
6 161.68§168.80 1 168.821 58.12 | 60.28 | 60.23 | 147.52}153.42 { 153.44| 57.85 | 59.95 1 59.91
Table 3.2 Natural Frequencies for Uncoupled Torsional Vibration
(in rad/s)
No. of Cw=0 Cue0
nodes
¥DM | TMM | Theory | DM | TMM { Theory
1 14.39 1441 1441 1497 1498 ] 1498
2 2870 2882 | 2882 3339 3343 {3343
3 42.83 4322 4323 5841 658.65 | 58.64
4 56.69 57.64 | 5764 92.08 93.10 }93.09
5 70.21 7205 } 7204 135.02 138.14  138.14
Table 3.3 Natura! Frequencies for Coupled Bending and Twistling
Vibralion with Zero Warping Stiffness (in rad/s)
1/kAG=0, I,=0 1/XAG*0, 1,=0 1/RAG=0, L*0 1/KAG*0, 1;%0
FDM | TMM [Theory | FDM | TMM {Theory | FDM | TMM |Theory | FDM | TMM [Theory
1261 1259 [®1259 1 1085 | 10.95 [10.56 | 1245 | 12.43 {®12.43 | 1087 | 10.87 {®10.87
14.37 14.40 [©14.40 | 14.37 14.40 KD14.40 | 1437 14.40 {D14.40 | 14.37 14.40 [14.40
2878 | 28.92 §02893 | 23.06 | 23.21 [023.20 | 2876 | 28.90 |D2890 | 2289 | 23.04 |®2303
3365 | 33.80 [®33.80 | 2878 | 28.88 {02890 | 3291 | 33.04 [©33.04 | 2871 | 28.86 2886
44.14 | 44.54 k04454 | 3518 [ 35.71 §35.69 | 43.86 | 44.26 [44.27 | 3499 | 35.50 K035.48

Table 3.4 Natural Frequencies for Coupled Bending and Twisling
Vibration with Allowance for Warping Stiffness (in rad/s)

1/kAG=0, L=0 1/kAG*0, 1,=0 1/kAG=0, L0 1/kAG=*0, I,*0
FOM | TMM {Theory | FDM | TMM [Theory | FOM | TMM [Theory | FDM | TMM Theory
1262 | 12.61 {Di26l | 1095 | 10.96 [©10.96 | 1246 [ 12.45 [w12.45 | 1088 88 D103
1495 | 1497 ¥D14.99 | 1495 | 14.07 {01497 | 1495 [ 1497 JD1497 | 1495 1407
3345 | 3353 {03354 | 2316 | 2331 [23.30 [ 33.44 | 33.51 [©3351 | 2208
3139 | 3450 [63450 | 3392 | 3350 [@3350 | - | 33.60 {3360 | 33.40
5897 | 59.27 Y5027 | 35,43 | 30.00 J3508 | 5982 [ 59.12 JwsY.12 | 35.27
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Table 3.6 Coupled Bending-Torsional Vibration for a Box and Channel
Type Beam

Transler Matrix Mcthod
Mcthod Finite Elcment
Mcthod
Not Consideration for] Consideration for (Using the NISA)
Node & the Discontinuity the Discontinuity
Main Mode
1-© ; 1-h 0.5699 Hz 0.4620 Hz 0.4719 Hz
1-® ; 2-h 1.8318 Hz 16745 Hz 1.6920 Hz
2-t; 2-® 2.3815 1z 2.3397 1z 2.3461 Hz
3-0:4-h . 39956 1z 43067 Hz 43102 Hz
2-®; 3-h 50412 1z 4.3067 Hz 49424 Hz
4-© : 5-h 65716 Iz 6.3202 Hz 6.3704 Hz

t — torsional mode , h — horizontal bending mode
O : Main mode

Table 3.5 Coupled Bending-Torsional Vibration for a Channel Type

Beam
Transfer Matrix Mcthod
Method Theory
(Analytic Solution)
Timoshenko Beam Vlasov Beam Theory
Node & Theory
Main Mode
2-®; 2-h 2.3528 11z 2.8634 Hz 2.3000 Hz
3-® ; 3-h. 6.0206 Hz 6.9127 Hz 5.9818 Hz
2-® ; 2-h 9.4316 Hz 10.8863 Hz " 93908 Hz
4-t ; 4-® 10.7307 Hz 12.2324 Hz 106435 Hz
5-© ; 5-h 156154 Hz 18.7104 Hz 15. 1693 Hz
3t 3-® 19.9285 1lz 216253 Hz 19.3779 Hz
t — torsional mode , h — horzontal bending mode

O Main mode
-214 -



The Characteristic of Horizontal Bending Vibration
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Fig. 3.1 Paramelric Analysis for the Bending and Torsional Vibration
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Fig. 3.2 Mode Curves for a Box-like Uniform Beam
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2 Node - Maode Curve (2.3528 Hz)
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Fig. 3.3 Mode Curves for a Channel-type Uniform Beam
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Fig. 3.4 Mode Curves for a Non-uniform Beamn




