821 B 3 o L5 HE E R Vol.21 No.Mar
2023 3 H JOURNAL OF DYNAMICS AND CONTROL 2023

LB Y5 :1672-6553-2023-21(3)-085-011 DOI1:106052/1672-6553-2022-017

BEXENHREBRGNBHERESME"

gt RHEW M
MR RS EAR TR TSR 5M 215011

TR BTN 2 I % i TG AT I S AT TR IR A A AR A AR L A SCA B S AR 2 B I AR R AR Y i
Mt 8 S8 T Euler-Bernoulli 23R %, FR A W s 31 1 249 AR ORL e 3% 100 01 ¢ O i o G o 30 =X oy % A A Y = £
B RCRIT RS = Ay R KR e B EH R o ) I3 A TR0 3 00 X O £ A 1 B BE TR W BE S 4 A SR i = D —

Bl RON A YR R B 1 H PR 2l B 0 AT AR YL 2 G T B R B 3 4 Y A OB Y Bl T AR I S
t 2 5 T ol ST 4 T R AL 1 PR iR 2 8 XX 1 L AR (D s SR AR 1 A N S e s R 1 LR OO L B T A
HH 6 07 22 3 % 14 I L 1 R 0 25 i R TR I T A T 2 A S R T 22 0 R I AR O B AT B — B X
PR TR AT R O A SCHERES R RS & B T AR R BT A TR BR T 45 SR AR R 22 /8T 106, BRI AR 3
TG B A0 W B 22 5 BRI B AR AT 3 B S B T L S R R 5% A AT A AR 2 AR BT AR AR AL
115 25 . T A5 S AT T 2 A4 30025 O R AE B8 b A P AL, TR 0 2 0 0 19, T8 =X X R B, L R 1 T
{H W07 7 A0 AR RO vk T BORS JE

(R MME., AdiRg, FEEHE, BTSN

R E SRS 0327 AR E RS A

An Analytical Beam-segment Superposition Method for

Free Vibration of Braced Stepped Beams *

Bao Siyuan’ Wu Jiali Shen Feng
(School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215011,China)

Abstract In order to solve the current situation of multi-span stepped beam without simple analytical
form of natural frequency equation, an analytical model of closed solution for free vibration of multi-span
stepped beams is established in this paper. Firstly, based on the Euler-Bernoulli beam theory, the fre-
quency equation of a single span beam with elastic boundaries is calculated, which composed of trigono-
metric functions and hyperbolic trigonometric functions. And also the four parameters of transverse
spring stiffness and rotational spring stiffness are included in the obtained frequency equation. The
beam’s frequency equations for six cases of different boundary conditions including at least one kind of
spring stiffness are presented in table form. Then a free vibration analysis model for multi-span beam is
established, in which the multi-span beam with stepped sections is equivalent to the superposition of vi-
bration of split beam segments with elastic boundary. Combined with the dynamic equilibrium equation

presented by the infinitesimal section located at the linked node between beam segments, the closed-form
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expressions for natural frequency of multi-span stepped beam are obtained. For several cases of multi-
span beam with different boundaries or internal supports,the first several natural frequencies and mode
shapes are obtained in the numerical examples. The frequency characteristic equation of a stepped multi-
span beam and a uniform-section multi-span beam can be unified in the same form. Compared with the
results by using the finite element simulation, the relative deviation is less than 1%, which indicates that
the proposed method is reasonable and effective. The natural vibration frequency of a multi-span stepped
beam varies with the position, radius and moment of inertia of the supporting bar. The analytical fre-

quency equation is theoretically accurate with a brief form. which has good potential application value

and can be used to validate the precision of other numerical methods.

Key words stepped beam, free vibration,
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Fig.1 Euler-Bernoulli beam with elastic supports at the ends
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Fig.3 A two-span stepped cantilever
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Fig.8 A three-span beam with vertical elastic supports in the middle
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Table 3 The first five natural frequencies of
a three-span beam

d>=0.02m d>=0.01lm

Frequeney

/Hz the present Ref[10] relative error/%  the present

w1 22.12 22.10 0.09 32.42
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Table 4 The first three order natural frequencies of a three-span beam with different vertical elastic rigidity
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