
 

                                         © Dr. Suresh Bhalla, Department of Civil Engineering, IIT Delhi  Page 1 
 

 
 

 
 

EXPERIMENT 5 
MODES OF VIBRATION OF SIMPLY SUPPORTED BEAM 

UNDER FLEXURE 
  

            
 

INTRODUCTION 
 
This simulation based experiment aims to study the modes of vibration of a simply supported 
beam under flexure. The simply supported beam, a continuous system, is different from a 
discrete system. Unlike a discrete system that possess a finite number of degree of freedom 
(DOF), a distributed system, which is considered to be composed of infinite number of 
infinitesimal mass particles, theoretically possesses an infinite number of DOF. However, only the 
first few modes are significant. It is therefore not necessary to study all of them. 
 
By using this online simulation, the user can easily determine the natural frequencies of beams 
and simulate the first five mode shapes. In addition, there is an exercise for user: The user can 
study and plot a graph between natural frequency and length of beams keeping all others factors 
constant. Similarly, relation between natural frequency and the Young’s Modulus of Elasticity can 
be studied. 

 
THEORY 

 
 
 

 
  

Figure 1 nth mode of vibration of a simply supported beam 

 
General solution for displacement for a beam (see Fig. 1) is given by (Chopra, 2001) 
 
   𝑦(𝑋) = 𝑐1 sinh 𝛽𝑥 + 𝑐2 cosh 𝛽𝑥 + 𝑐3 sin 𝛽𝑥 + 𝑐4 cos 𝛽𝑥         (1)   

 
The final solution for frequencies is  
 

                     𝑓𝑛= 
𝜋𝑛2

2𝐿2 √
𝐸𝐼

𝜌𝐴
                                            (2) 
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For the nth mode shape, the solution is 

     𝑦(𝑥) = sin
𝑛𝜋𝑥

𝐿
             (3) 

 
where L is the length of the beam, EI the flexural rigidity (E = Young’s modulus, I = Moment of 

inertia), A  the cross- sectional area and 𝑓𝑛  the nth natural frequency. 
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