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Free vibration analysis of constant cross section continuous beams with

arbitrary unequal spans

CHEN Deliang, LI Geng

(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Based on Euler-Bernoulli beam theory, segmented beam model, and separation variable
method, a new method for analyzing the natural frequencies and vibration modes of any multi span and
unequal span continuous beam is proposed on the basis of considering the boundary and displacement
continuity conditions of the continuous beam, which can be used to efficiently obtain the natural
frequencies and vibration modes of arbitrary unequal span continuous beams. This method will provide
new ideas and convenience for the study of forced vibration response such as multi-span continuous

beam vehicle-bridge coupling.
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Fig. 1 Calculation model of multi-span beams structure
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Fig. 2 The model of five-span continuous beams (unit:m)
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Table 1 The geometrical characteristics and material

parameters of bridge section

I /m* I /m*

¥y xx

Alm® | I /m* E/Pa | p/ (kgm™)

0.65 | 0.013 54 | 0.091 54 | 0.041 07 | 3.0x10" 2 400
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Fig.3 The finite element model of five-span continuous

beams
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Table 2 The first three inherent frequencies of continuous
beam
G ARSOTrEIREA I | A BT A e
#/ Hz #4741/ He
1 4.243 4.238 0.118
2 6.409 6.396 0.203
3 7.092 7.078 0.198
R3 A IRRE 2P F A
Table 3 The constant value in the first mode function
s A, B, C,., D, |
1 0.001 39 0.000 00 -0.000 12 0.000 00
2 0.002 84 0.000 97 0.011 17 -0.011 15
3 0.004 87 0.003 51 -0.343 66 0.343 66
4 0.001 82 0.002 39 —-14.489 00 14.489 00
5 0.000 44 0.001 32 115.246 00 | —-115.246 00
R4 F2MIRAE RAOPF R
Table 4 The constant value in the second mode function
s A, . B, , C,., D,
1 —-0.004 37 0.000 00 0.000 00 0.000 00
2 —-0.004 34 0.000 00 0.000 43 —-0.000 43
3 -0.001 60 -0.000 96 -1.087 00 1.087 00
4 | -0.002 04 -0.003 82 99.709 70 -99.709 70
5 -0.002 06 -0.003 86 56.113 40 -56.113 40
RS F3U-IRA S AP F AL
Table S The constant value in the third mode function
s A, B, C,. D,
1 0.004 63 0.000 00 0.000 10 0.000 00
2 0.003 09 0.000 24 -0.021 10 0.021 10
3 | -0.000 23 0.002 93 2.236 30 -2.236 30
4 0.003 09 -0.000 24 267.04500 | -267.045 00
5 0.004 57 -0.00072 | -3515.47500| 3515.475 00
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Fig. 7 The model of six-span continuous beam (unit:m)

&A% W 1k https: //jtkxygc. csust. edu. cn/jtkxyge/home 59



#_

5 T = %40 %

U
RT ELREAINEARE
Table 7 The first three inherent frequencies of continuous
beam
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#/ Hz 147 3%/ H
1 3.725 3.721 0.107
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3 6.671 6.658 0.195
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