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Tab. 2 Variation of the top 10 dimensionless
frequency of OTB simply supported beam

with truncation number N

N 10 14 18 22 fife BT fie
R 9.806 9.806 9.806 9.806 9. 806
Q: 38.496 38.496 38.496 38.496  38.496
Qs 84,117 84.117 84,117 84.117  84.117
oM 144, 04 144, 04 144, 04 144.04 144,04
oF 215.49 215. 49 215. 49 215.49  215.49
Qs 295. 97 295. 97 295. 97 295.97 295,97
Q7 383.36 383.35 383.35 383.35  383.35

Qs 476. 06 475. 94 475. 94 475. 94 475. 94
Q9 572.77 572.45 572. 44 572. 44 572. 44
0o 681.93 671.88 671.85 671. 84 671. 84
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Tab.4 Comparison of natural vibration frequency errors between OTB and MTB theory of
simply-supported beams with different span and height ratios
L/h=38 L/h=4
0

OTB /% MTB /% kAR FEM OTB /% MTB /% kA FEM
01 9.6225 0.02 9.6224 0.01 9.6209 9.6273 8.992 0.17 8.988 0.12 8.977 8.9816
Q. 3599 0.22 35.974  0.17 35.91  35.708  29.663 1.78 29.296  0.51 29.145  29.245
03 73.919 0. 88 73.673 0. 54 73.274 72.655 54.55 4.19 51.161 2.29 52.357 52.753
(o2 118. 82 1.92 117. 34 0. 65 116. 58 115.75 80. 644 6. 38 77.525 2.27 75.808 76.654
Qs 167.66  3.15 162.38  0.10 162.54  162.02  106.94  8.07 99.306  0.35 98.953  100.32
Q5 218. 66 4. 40 204.98 2.12 209.43 209. 81 133.18 9.37 121.02 0.62 121.77 123.70
07 270.78 5.59 248.93 2.93 256. 44 258.19 159. 27 10.3 147.53 2.2 144. 34 146. 83
05 323. 44 6.66 299.11 1. 36 303.23 306. 67 185.17 11.1 170. 32 2.22 166. 71 169.77
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Tab.5 Comparison of OTM beam and MTB beam with finite element (FEM) calculation results

under different boundary conditions

C-Finf C-Cih ki

? OTB e/% MTB e/% FEM OTB e/% MTB e/% FEM
ok 3.5052 0.27 3.5045 0.27 3.5148 21.801 0.04 21.801 0. 04 21.792
foP) 21.577 0.08 21.577 0.08 21.595 58.207 0.41 58.203 0. 40 57.969
o} 58.797 0.24 58.795 0.24 58. 655 109. 69 0.82 109. 66 0.79 108. 79
0. 111.07 0.62 111. 04 0. 60 110. 38 173. 30 1.26 173.12 1.16 171. 14
s 175. 86 1.03 175. 71 0.95 174.06 246. 49 1.69 245. 85 1.43 242. 39
Qs 250. 55 1.45 249. 98 1.22 246. 96 327.15 2.10 325.34 1.54 320. 41
0 332.92 1.87 331.26 1.36 326. 81 413.58 2.50 409. 35 1.45 403. 50
05 421.16 2.27 417.19 1.31 411. 80 504.43 2.87 195. 83 1.11 190. 37
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Fig. 2

Mid-rotation angle and deflection curve of the first three modes of cantilever beam



#3H REWF EELF A M T Timoshenko R H A5 IF 3 i oy B 4k 4F 1 247 425

H % 5 A, R MTB 23, Rig e e C-C
g C-F 1 AR LT - 35 RE A1 AT BRJT 153 45
RS —H R 2 R B[R] — K P T &2 4 OTB 2%
H1 TR 5 B BT VAR I 51 4 2 sl 15 4 R 2 B iR 22
B R B ey T S K OF LA S R 3 ISR 6 e
FRAHE B 4598 . AT W22 8t OTB 527 4 i i 22
B R O R 2 B Y 5T D) 5% B 1R T 2 .

PEPEIL . 6 N X MTB B Ae g ki 5t
THARITCIH AL R, &1 ABAQUS 1y
FE 5 R AU AR SR W B BB ke = Ry
=10° N/m., & 3 Jgff e fik 1 2 A0 A 9R 20 3% K 5K
P B SRR T SRR T 4 B4R

L5p

------- )

0.0

e
R

..
..
N

..
..
..

e
-
-
-
-

-1.5 |
0

K3 TS AR BT AT 4 B4R A
Fig. 3 First 4 order vibration mode diagram of simply-
supported beam with elastic boundary condition

k6 HUEBRTEHLXEMIBEARTITES
Tab. 6 Simply supported beam (MTB) under
elastic boundary and finite element

calculation results

0 MTB e/% FEM

(o] 8.1562 0.00 8.1527
02> 21.075 0.00 21.072
023 35.736 0. 00 35.740
24 65.611 0.00 65.616
05 115.58 0.02 115. 61
fors 180. 22 0.07 180. 35
07 255. 48 0.20 255.98
s 338.27 0. 44 339.77
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Analysis on natural vibration characteristics of Timoshenko beam
and its modified theory with arbitrary boundary conditions

WU Zong-huan, MA Qian-ying", WANG Ya-bo, LI Bing-bing, SUN Zheng
(Department of Architecture and Civil Engineering,Chang’an University, Xi’an 710061, China)

Abstract: A new method for determining the natural frequencies and mode shapes of a classical
Timoshenko beam and modified Timoshenko beam with arbitrary boundary conditions is presented. The
improved Fourier series is used to eliminate the boundary non-convergence problem of the traditional
Fourier series,and then the Lagrange functionals of the Timoshenko beams are derived by the Rayleigh-
Ritz method. According to the Hamilton principle,the original problem is transformed into a generalized
matrix eigenvalue problem. Compared with the analytical solution, the method used in this paper has
better convergence and higher calculation accuracy. The numerical results show that the natural
frequency of the classical Timoshenko beam is slightly higher than that of the modified Timoshenko
beam. With the increase of the vibration mode order, the calculation results of the classical Timoshenko
beam gradually deviate from the solution from the published literature and the finite element results,
while the modified Timoshenko beam can maintain good consistency. The calculation results of the
modified Timoshenko beam under different boundary conditions are in good agreement with the finite
element results. Finally,the MATILAB software is used to produce an App program. Using this App,for
different beams,only the parameters need to be modified, which can provide an efficient and convenient

calculation scheme and reliable theoretical basis for practical engineering.

Key words: boundary conditions; modified Timoshenko beam;natural vibration characteristics; Rayleigh-
Ritz method; IFSM method; App design



