Mathematical Analysis Of Simple Supported Euler-Bernoulli Beam On A Variable Elastic Foundation Under A Partially Distributed Moving Load.
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Abstract 

The dynamic responses of an elastically supported Euler- Bernoulli beam on variable elastic foundation under partially distributed moving loads were investigated. The governing equation is fourth order partial differential equation, which was reduced to second order ordinary differential equation by using analytical method in terms of series solution and solved by numerical method using mathematical software (Maple). The numerical analysis shows that the response amplitude of the moving mass and moving force for variable pre-stressed increase as mass of the load M increases. It was found that the response displacement of the beam decrease as the value of the elastic foundation K increases. Also, the response displacement of the beam decrease as the value of the pre-stressed N increase. Comparison of moving mass and moving force shown that moving mass is greater than that of moving force
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1.0 INTRODUCTION

Beam with difference shapes and materials are paramount structural elements. They are widely used in today engineering and science. In these modern years all areas of transport have experienced great advances characterized by increasing higher speeds and weight of vehicles. As a solution to this, the structures and media over or in which the vehicles move have been subjected to difference vibrations and dynamic stresses over the year. Many researchers have studied vibration of elastic and inelastic structures under the action of moving loads for many years, and effort are still being made to carry out more investigation that deal with various aspect of the problem [1-18]. In spite of all the published work, there seems to be very  little published paper concerned  with the pre stressed beams (beams which do experience compression when no external load is applied i.e. artificial creation of stresses in structure before loading) of any type. This problem has some practical application they are commonly incorporated in the design aero planes. Oni and Awodola [7] considered the dynamic response under a moving load of an elastically supported non - prismatic Bernoulli Euler beam resting on variable elastic foundation. They based their technique on the Generalized Galerkin’s method and the struble’s asymptotic technique. Their results show that response amplitude of the elastically supported non - prismatic Bernoulli Euler beam decrease as the foundation modulli 
[image: image1.wmf]K

 increases. Also they find that the displacement of an elastically supported non - prismatic Bernoulli Euler beam resting on a variable elastic foundation for fixed value of 
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 decrease as the pre - stress 
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 increases. The results again show that the critical speed for the moving mass problem is reached earlier than that of the moving force problem for the illustrative examples considered. Recently, Akinpelu [9] studied the Response of viscously Damped Euler Bernoulli Beam to uniform partially Distributed moving loads. Her approach involves using analytical method in terms of series solution and numerical method was used for the governing equation. It was found in her result that the response amplitude of the moving force problem with non-initial stress increase as mass of the load M increases.
2.0 THE GOVERNING EQUATION

The problem is governed by the fourth order partial differential equation.
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(1)
where E is the young’s modulus, U(x, t) is the transverse displacement ,K(x) is the variable elastic foundation, 
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Is the variable mass per unit length of the beam, I(x) is the variable moment of inertia, N(x) is the pre-stress and 
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 Are respectively spatial and time coordinates.
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(2)
Where K is foundation modulus,  I0 and N0 are taken to be constants Substituting equation (2) into equation (1), to obtain
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(3)
On further simplification of equation (3) yields 


[image: image9.wmf]43

43

22222

0

222222

23(,)3024263(,)

1015sin6cossincossincos

2421539(,)(,)(,)

cossinsin1sin

(14

xxxUxtxxxUxt

LLLxLLLLLLx

xxxUxtxUxtUxt

N

LLLLLLxLxx

Kx

ppppppppp

ppppppp

m

¶¶

æöæö

+--++-+

ç÷ç÷

¶¶

èøèø

æö

¶¶¶

æö

-+++-

ç÷

ç÷

¶¶¶

èø

èø

++

222

232

22

3)(,)2(,)

xxUxtMgMVVUxt

txtx

éù

æö

¶¶¶

-+=-++

êú

ç÷

¶¶¶¶

èø

ëû


(4)
A closed form analytical solution of the differential equation (4) does not exist. A series solution of the form equation (5) is assumed

U(x, t
) =
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Where Tn(t) is chosen such that desired boundary condition is satisfied. Substituting equation (5) into equation (4) yield
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(6)
Multiplying both side of equation (6) by 
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and then integrating it along the length of the beam the equation (6 ) become
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(7)
For the general solution of the equation (7), we consider two cases

 Case 1
Moving force

 If we neglect the inertia term in equation (7), we have the case of moving force.
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(8)
Case 2
Moving mass 

If we consider all the inertia terms in equation (10), we have moving mass.
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(9)

3.0 RESULTS AND DISCUSSION

Solving the two equations (8&9) with the initial condition stated in equation (2) , and for the purpose of Numerical analysis, we assign the numerical value L=10m, M = 3kg, 6kg, 9kg,
[image: image17.wmf]m

 = 75kg/m, E = 2.07 x 10-19 N/m2, 𝜀 = 0.1, I = 1.04x10-6m4, v = 3.3m/s, g = 10ms-2 pi= 3.142, n = 1, 2, 3 ---, the results were shown graphically below for the various value of pre stressed, elastic foundation and masses.

 Figure 1 display the displacement against time of moving mass at difference values of pre – stressed. The graph shows that, the response displacement of the beam decrease as the value of the pre-stressed increases. And the maximum displacement was attained at pre-stressed equal 0. Figure 2 display the displacement against time of moving force at difference values of pre-stressed. The graph shows that, the response displacement of the beam decrease as the value of the pre-stressed increases. And the maximum displacement was attained at pre-stressed equal 0. figure 3 shows the comparison of moving mass and moving force for pre-stressed, the graph shown that moving mass is greater than, that of moving force. Figure 4 display moving mass at difference values of Mass for pre-stressed. The graph shows that the response displacement of the beam increase as the value of the masses increases. Table 5, figure 5 moving force at difference values of Mass for pre-stressed. The graph shows that the response displacement of the beam increase as the value of the masses increases. Figure 6 display the displacement against time of moving mass at difference values of elastic foundation k. The graph shows that, the response displacement of the beam decrease as the value of the elastic foundation k increases. Figure 7 display the displacement against time of moving force at difference values of elastic foundation k. The graph shows that, the response displacement of the beam decrease as the value of the elastic foundation k increases. Figure 8 moving force at difference values of Mass for elastic foundation. The graph shows that the response displacement of the beam increase as the value of the masses increases.  Figure 9 display moving force at difference values of Mass for elastic foundation k. The graph shows that the response displacement of the beam increase as the value of the masses M increases. Figure 10 shown the comparison of moving mass and moving force for simple uniform Bernoulli beam on a variable elastic foundation and the graph shows that moving mass is greater than, that of moving force. 
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4.0 Recommendation



The theory generated in this work can be applied to calculations involving pre-stressed or reinforced beam often encountered in structural design and construction.

5.0
Contribution to Knowledge

1
We have shown that the variable moment of Inertia, pre-stressed and elastic foundation give room for expansion and contraction which can prevents the cracking of any types of beam
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