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Abstract— In this paper, the effect of external axial force on 

natural frequency of the beam is studied. Finite element 

modelling software ANSYS is used to model the steel beam 

and the axial force was applied at the centre of gravity of the 

steel beam. The natural frequency of the beam changes with 

the axial force applied on beam. The study gives a 

comparative analysis of natural frequency results obtained 

analytically and by using ANSYS. The result shows that the 

natural frequency of the beam decreases with the increase in 

external axial force applied on the beam.                                           
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I. INTRODUCTION 

In this study, analysis for natural frequency was carried out 

using ANSYS software. Here the steel beam was modelled 

as a solid geometry. Static analysis was done on a 

symmetrical I-beam, and then further modal analysis had 

been carried out to evaluate results for natural frequency. 

The beam was subjected to external axial force acting at 

centre of gravity of symmetrical I-beam (e=0). The paper 

gives the study on effect of external axial force on natural 

frequency of steel beam. The cross-section of the beam used 

for the analysis is shown in figure-1. 

 
Fig, 1: Cross-section of the beam. 

A. Dimensions of Steel Beam: 

Top flange         – 200x6mm 

Web section      – 6x300mm 

Bottom flange   – 200x6mm 

Length of beam – 2500mm 

B. Properties of Steel Beam: 

Modulus of Elasticity   - 2E05 N/mm
2
 

Density of steel             - 7850 kg/m
3
 

Yield strength               - 250  N/mm
2 

Poisson’s ratio              - 0.3 

The above mentioned section and properties were 

used to calculate analytically the natural frequency of steel 

beam. Considering the formula for natural frequency of 

beam mentioned by Saiidi M., Douglas B. and Feng S. 

(1994), the analytical calculations were done. The formula 

for calculation of natural frequency is given by equation-

(1.1). 

 ..........(Eq-1.1) 

Where;  : Natural frequency in Hz; 

  n   : Mode number; 

  L   : Length of beam; 

   : Modulus of Elasticity of beam; 

                  : Moment of Inertia of beam; 

  N  : Axial force; 

  m  : Mass per unit length. 

These analytical results were further compared to 

those obtained from ANSYS. 

II. PROPOSED WORK 

Natural frequency is calculated analytically as well as by 

using ANSYS. An external axial force is applied at centre of 

gravity of a non-prestressed beam. It should be noted that 

the value of axial force could be increased only upto 

buckling load of the beam. In the present case the buckling 

load of the beam is 21987.69 kN hence the axial force is 

applied upto 20900 kN varying it at an interval of 1100 kN. 

The analytical results are compared to the results evaluated 

from ANSYS. 

Figure-2 and Figure-3 given below show the static 

model and deformed shape of model respectively. In figure-

2 we can see the static model showing the support condition 

and axial force applied externally on the beam. Whereas, 

figure-3 shows the deformation of beam due to effect of 

axial force. Following the figures 2 and 3, table-2.1 shows 

the effect of external axial force on natural frequecy of steel 

beam i.e. it shows the comparison between analytical 

calculation and ANSYS results for natural frequency of the 

beam. 

 
Fig. 2: Model in ANSYS with axial load acting at centre of 

gravity of beam. 
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Fig. 3: Model in ANSYS showing deformation and natural 

frequency due to axial force. 

In present case, the axial force is varied upto its 

buckling load. From the above table it can be noted that the 

natural frequency obtained from Ansys near to the 

analytically evaluated results. Reduction in the value of 

natural frequency can be seen as the axial force increases. 

Hence it can be stated that the natural frequency decreases 

with the increase in axial force. The comparison is also 

shown graphically by figure-4. 

 
Fig. 4: Variation of Natural frequency with axial force for 

analytical results and results obtained from ANSYS. 

Axial Load (kN) 
Natural Frequency (Hz) 

Analytical ANSYS 

0 10.36 11.66 

1100 10.09 11.22 

2200 9.82 11.19 

3300 9.54 12.72 

4400 9.26 11.25 

5500 8.96 10.65 

6600 8.66 10.53 

7700 8.34 10.46 

8800 8.02 10.42 

9900 7.67 9.47 

11000 7.32 8.92 

12100 6.94 8.64 

13200 6.54 8.3 

14300 6.12 8.01 

15400 5.66 7.45 

16500 5.17 7.12 

17600 4.62 6.28 

18700 4.00 5.09 

19800 3.26 4.77 

20900 2.3 0 

Table 2.1: Effect of external axial force on natural 

frequency. 

III. CONCLUSION 

The study shows the effect of external axial force on natural 

frequency of the steel beam. The axial force was applied at 

the centre of gravity of the beam and was limited upto the 

buckling load of the beam. The effect of axial force was 

studied by increasing the axial force till buckling load at a 

regular interval. It was observed that as the axial force 

increases, the natural frequency of the steel beam goes on 

decreasing. Hence it can be stated that the natural frequency 

is inversely proportional to the axial force applied on the 

beam. 
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