JTournal of Mathematics and Statistics 3 (4}: 228-232, 2007

ISSN 1549-3644
© 2007 Science Publications

Variable Velocity Influence on the Vibration of Simply Supported
Bernoulli - Euler Beam Under Exponentially Varying Magnitude Moving Load

AwodolaT. O.
Department of Mathematical Sciences
Federal University of Technology, Akure, Nigeria

Abstract: The variable velocity influence on the vibration of a simply supported Bernculli-Euler
beam, resting on a uniform foundation, under the action of an exponentially varying magnitude lead
moving with variable velocity is investigated in this work. The technique is based on the Finite
Fourier Sine transformation and the Finite Difference method. Numerical results in plotied curves are
presented. It is observed from the plotted curves that, when the foundation modulli ‘K’ and the axial
force ‘N’ are fixed, the transverse deflections of the beam under load moving with variable velocity are
higher than the deflections when the load moves with constant velocity. It is also observed that the
response amplitudes in both cases of variable velocity and constant velocity decrease both with
increasing ‘K’ and with increasing ‘N’. Also, the analysis shows that the effects of the foundation
modulli ‘K’ and the axial force ‘N’ are more pronounced in the vibration of the beam under lead
moving with variable velocity than in the case when the load moves with constant velocity, hence
more reinforcement is needed when the load moves with variable velocity.
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INTRODUCTION

When loads move on solid bodies, they cause them
to vibrate. Investigators have concerned themselves
with the study of such elastic bodies under the influence
of moving loads. As a result, various investigations
have been carried out on this subject. Willis et al'™
censidered the problem of elastic beam under the action
of moving loads. In this study, the mass of the beam
was considered much smaller than the mass of the
moving load.

Timoshenko ® later considered the problem of
simply supperted finite beams lying on an elastic
foundation and traversed by moving loads. In his
analysis he assumed that the loads were moving with
constant velocities along the beam. Oni ¥ considered
the response of a thick beam under the action of
harmonic variable concentrated force moving at a
uniform  velocity.  The  method of  integral
transformation was used, in particular, the finite
transform (Fourier} is used for length co-ordinate and
the Laplace fransform for the time co-ordinate.
Solutien, which converges, was obtained for the
deflection of simply supported thick beam. The effect

of an elastic foundation on the fransverse displacement
of the beam was analyzed for the problem.
Kenny ™ investigated the dynamic response of finite
elastic beam under the influence of a dynamic load
moving with constant speed. Awcdola Bl analyzed the
influence of foundatien and axial force on the vibraticn
of thin beam vunder variable harmenic moving load.
However, the above studies failed to give the effect
of variable velocity on the transverse displacement of a
thin beam subjected fo moving leads. Thus, this work is
set to investigate the influence of variable velocity,
foundation medulli and axial force on the transverse
deflection of a thin beam {(Bernculli-Euler beam)
subjected to a load of exponentially varying magnitude
and moving with variable velocity.

MATERIALS AND METHODS

The governing equation: The equation of moetion of a
thin beam undergeing transverse vibration due to a
moving lead is derived using Newton’s second law of
motion. Let us consider a beam resting on an elastic
foundation (k) under moving load P{x,t), subjected to
an axial force N, which remains parallel to the x-axis. A
portion of the beam is shown in figure 1 below.
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Fig. 1: A porticn of a beam X

The differential equation for the deflection of the
Bernculli-Euler beam under a moeving load when the
beam is of constant flexural rigidity EI and supported
by the elastic foundation constant *K’ is given by:

4 2 2
i d*v(x,t) . Lo v(x, 1) _N d°v(x,t)
ox* ot? ox*

+ammaﬁ;”+Kng=Pu@

(2.1)
where
E = Young modulus
[ = Moment of inertial of the cross section
p = Mass per unit length of the beam
Wy, = circular frequency of the beam
N = axial force
V(x,t) = Transverse displacement
X = spatial co-ordinate

t= Time co-ordinate

K = Elastic foundation constant

P(x,(} = Impressed force.

Equation {2.1) is the equation of motion for the
{ransverse vibration of thin beam under moving loads
with the fellowing assumptions

(i} The transverse shear deformation is neglected.

(i} The beam is of uniform cross-section and
constant mass per unit length.

(iii) There is an axis of the beam that undergees no

extension or contraction. The x-axis is located
along the neutral axis.

(iv) The x-y plane is the principal plane.

(v) The beam is simply supported at both edges.

In this paper, the beam model, taken to be simply
supported, has the boundary conditions taking the form;

v(0t) =wLt)=0 (2.2)
2 2
ngﬂzav%ﬂzo 23
ox dx
with the initial conditions, for simplicity, taken to be
dv(x,0)
vix,0)=0= ——— (2.4)
ot

We shall consider the load moving on the elastic beam
model and investigate the influence of variable velocity
on the deflection of the beam under a load moving with
variable velocity. We shall adopt the example in [5] and
take the moving load to be of the form;

P(x, ) = P(0} 8] x - ( %, + Psinat )} ] (2.5a)
for load moving with variable velocity.
and

P(x, t) = P(O) 8] x - cf] (2.5b)

for load moving with constant velocity

where P(t) is the variable magnitude of the load, sinat
is the distance function which makes the velocity of the
moving lead a variable, ¢ is the constant velecity and
Xo, B and o are constants.

The function 6{x) is defined as:

5(x)= {O;x #0

oo; x=0
and is called the dirac-delta function with the property;
. flya<k<b
[S(r—0f(x)dx=10; a<b<k @7)
¢ 0; k<a<b

For an exponentially varying magnitude load, P(t} is
chosen to be of the form P(t) = Pe'. (2.5a) then
becomes;

(2.6)

Pix, t) =Pe'8[ x - { Xo+ Psinat )] (2.8)
Substituting equaticn (2.8} into equation (2.1} we have;

4 2 2
£l d*v(x, 1) N {0 v(x,t)  No“v(x,1)

ox* or’ ox”
" —Mng:(x’ Yok ) (2.9}

= Pe'S[x —(x, + Fsin ar)]
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Method of solufion: The govsning aquation {25
abova is o fouwrh cedet non —homogenows pottial
diffstential aquation with wmtable coefficens, To
obfain the solution 12the differe ntial 2quation {24, ws=
is made of 1ha Finite Fowtist sins it nsform gioren by

Vim.t = LLTr-’[;':.I].E:iTlm—;E-:ix 4.1
Wilh 1ha invetsa

1.2 . W
Tixtl==—""Timitlan—- 9,2
[x.£] Lmzﬂ (.1 - {3.2)

TTsing the #ansformation {347 in {23 applying tha
propetiy of the ditae-dala funstion givan in aguation

2.7 in eonjunetion with the bowndasy conditio ns {2.2)
and {23, ona obdains
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Blulirril_r] N H dv(m.r) V)
ar ar 3.4
X + fSsnor
Whaete Ho= 2% Hs= Hy+ H:+ Ha
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k L
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et

Thus 1he problam teducas 10 solvingthe sscond ordar
diffets niial aquation {3 4.

Ta sabre the squation {3.4) we we the finite diffsranes
method defined b].r

F*vim, £ _ ETrP +V
art }11 B2
and
L O
-Hvlfar;Lr] _ ,ﬂ-:% = 9.6

Wi hats histhe mashsiza
Subetitwting {3.57 and {3.67 into {347 wa haoea:
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Vo=V 4V,
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 Emmar (X, + 5 sin ar)
L

Equation {3 Th LPon fea s nZe manl, gjres

[Eﬁiﬂdé' L TL Szinet)

+VH, =H,z

V= 2+RH,
=V Q—RE -V H ) —]

Henea invizw of squation {32] onz obhins

RENIE . ol ind)
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Equation {3.%] is the tnswerse displuwcamant rasponss
of the thin {Bernoulli-Eulaf] beam subjeeted 10
axponzniixlly wapdns magniuds load meoving with
wardbla valocity,

{35

HESTL TS AWD DISCTTSSION

An abstie team of length 12.429m has bemn
vonsidesed, The wlees of foundation medulli K ate
tanzed btz n O HOmY aond 5000000 Himd and wlies
of andal fores waries betwszn O M and 10,000,000 1,
Fusthstmess, the constant flesusl siggdity “BI* is taken
o be 4,068 n 10fmdfE, The resulis ate displaped
g phically inthe Spuras 4001 10 4035,

1TIRT

L] ]

Fgz 401 Daflaction pofik of Bernoulli- Eular team
wndsr lood meoving with vatiabla walocity for
vatiows wluas of foundation med ulli L0
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Fig 402 Deflaction profile of Bamonlli- Eular beam
under Joad moving with variabls velacty for
wations velues of sxisl force T
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Dieflection profile of Bermonlli- Euler besin
under loxd moving with consfant welocity
far varions values of foundafion modulli K
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Fig 4.04: Deflaction profile of Bermonlli- Euler beam
undear load moving with constant welocity
far varions values of axial force T
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Fig 4053 Competison of deflaction dus fo load
maving with variable velocify and that dus
ta load moving with constant welocity,

Figs 401 and 402 show the deflaction of sirnply
sppatted Bermoulli-Euler bexm under the scfion of
grponentially varying magmifuds load moving with
varizble welocify for wariouns welues of foundafion
modulli K7 and sxis] force T respectively, While
figures 4,07 and 4.04 display the displacement rasponse
of the same bearm under the same load bl moing with
cansfant welocify for warions walues of K oand N
tespectively, It is shown that as F incresses, the
displacamant response decrerses for both ocsses of
vatizble and comstant wvelocifies, The same resulf
abifzins 2z M moreases

For the purpose of comperizon the displacement
enrves for both cases of variable welocity snd consfant
velacity with fixed K and W are illusfeated m figure
4,03, If can be noted that the response smplitnde for
the case of watiable velocify is gpeater than that for the
case of comstant welocify, This resulf holds for any
choice of walnes o f K anad M, This shows that if could be
frage fo wse the remforcemnent meant for the beam
undar load maving with consdant vwelocily fo madntain
the beamn under the load when if moves with variabls
veladty,

CONCLUSION

The influsnee of swial force, foundation modulli
and variable velocify om the feansverse deflection of &
thin bexm under the zcflon of load moving with
vatizhle velocity hias been investigafed, The bestns are
assmned fo pest on undiformn constant fomdation and the
maving losds ate asmmed fo be concenfrated forces
loads),
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The beam problem is solved and the deflections for
various values of the axial force (N} and foundation
modulli (K) were obtained and plotted against time (T
for both cases when the load moves with constant
velocity and when it moves with variable velocity. It
was found that the amplitude of vibration decreases
with increase in the values of axial force and foundation
modulli for both cases of constant and variable
velocities. [t was also shown that the response
amplitude for the case of variable velecity is greater
than that for the case of constant velocity. Therefore,
more reinforcement than that meant for the beam under
lecad moving with constant velecity is needed to
maintain the beam under the load when it moves with
variable velocity.

This study is of paramount importance to field
engineers in the construction of bridges, railway, cranes
etc. There is the need to know the strength of materials
required for construction.
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