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Abstract— In the present study, the long slender simply 

supported beam having uniform square cross section made of 

linear elastic material properties that are homogeneous and 

isotropic is taken, and the deflection of the beam is 

investigated. The deflection of a beam is essentially a three-

dimensional problem. A compression accompanies an elastic 

stretching in one direction in perpendicular directions. The 

model of a beam is studied under two different conditions [1]. 

Under both, the condition some boundary conditions are the 

same as uniformly distributed load, with one end fixed and on 

the other end with a directional constraint. The difference in 

the two conditions is that in one condition, the weight of the 

beam is assumed to be negligible, and in the second case, the 

weight of the beam is considered. It is also assumed that the 

beam is inextensible and thus strains are also negligible. 

Considering this assumption first using the Bernoulli-Euler 

bending moment-curvature relationship, approximate 

solutions of the beam are obtained from the general set of 

equations. Then assuming a set of dimensions, deflection 

values of the beam are calculated analytically. A finite 

element analysis of the beam when the weight force is 

considered is conducted in ANSYS 14.5. Numerical results 

are generated by taking the origin of the Cartesian coordinate 

system at the fixed end of the beam. The deflection of the 

beam from its weight is 2.9%. 

Key words: simply supported beam, loading, ANSYS, 

element, Cartesian coordinate system, finite element analysis 

I. Introduction 

A beam is a structural element that is capable of withstanding 

load primarily by resisting against bending. The bending 

force induced into the material of the beam because of the 

external loads own weight, span and external reactions to 

these loads are called a bending moment. Beams are 

characterized by their profile (shape of the cross-section), 

their length, and their material. Theoretically, the various 

equation or methods are there to find out the deflection in the 

beam like Macaulay's   method, moment area method and 

Conjugate beam method [2]. Each of method has its working 

principle, but the end results are same. The Finite Element 

Analysis (FEA) which is one of the best tools to predict the 

behavior of the body under the load. So, in the present work, 

one of the application software of FEA is used i.e.  ANSYS. 

In the present study, major focus is on the 

understanding the effect of body force on the deflection of the 

beam which is simply supported and is under the uniform 

distributed the load. In theory, (case 1) deflection of the beam 

is found but the weight force acting on the beam in not taken 

into consideration only the external force or moment is 

considered. The weight force is always acting on the body and 

is a source of deflection in the beam. The deflection (case 2) 

of the beam while considering the body weight is founded. 

The deflections calculated in the both cases are compared. 

The ANSYS structural analysis software [3] helps to 

solve complex structural engineering problems and make 

better faster design decisions. With finite element analysis 

(FEA) tools, one can customize and automate your 

simulations, and parameterize them to analyse multiple 

design scenarios. ANSYS Structural Mechanics software 

easily connects to other physics analysis tools, providing even 

greater realism in predicting the behavior and performance of 

complex products. ANSYS FEA software is used throughout 

industry to enable engineers to optimize their product 

designs. 

II. LITERATURE SURVEY 

Babuška et al. [1] Study explain the Generalized finite 

element methods in which the classical Finite Element 

Method is generalized, and the various methods are 

discussed. 

Beléndez et al. [2] The deflection under the 

concentrated load at the free end of the cantilever beam is 

analyzed. Analytical results, which are calculated by 

numerical integration, are compared with the experiment 

results as the assumption taken of deflection of the beam 

under the small load were used to calculate the deflection of 

the beam having large Load. 

Chucheepsakul, et al. [4] Deflection of the elastic 

beam under the point load is studied by two methods elliptic 

integral and shooting-optimization technique thereby leading 

to the two independent solutions to keep the check and the 

maximum load and maximum the deformed arc length for 

equilibrium is founded. Beam under study is having one end 

fixed while the other end is free to slide. 

Chucheepsakul et al. [5] FEM is used to find the 

deflection of the beam and the results when compared with 

the elliptic method and shoot-optimization were found to be 

in good agreement. 

Banerjee et al. [6] Non-linear shooting and Adomian 

decomposition methods were used to determine the deflection 

of the cantilever beam under the various conditions. 

Numerical results were more accurate with the Nonlinear 

shooting method while polynomial expression for beam 

configuration was found by the Adomian decomposition 

method. 

Chen, Li. [7] Moment integral treatment method in 

which numerical techniques are used, was proposed to find 

the deflection of cantilever beam under the complex load and 

the varying beam properties 

A. Dimensions and Boundary Conditions: 

The diagrammatic representation of simply supported beam 

which is being considered in the present study is shown in 

Fig.1. The boundary conditions of the beam are i) the uniform 

distributed the load (p) along the length of beam ii) the one 

end of the beam is fixed iii) the other end of the simply 

supported beam is slide along the x-axis while its motion in 
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the other two directions is restricted. The dimensions of the 

beam are given in Table 1.  

 

 
Fig. 1: Boundary Conditions of body 

Length of beam, L: 1 m 

Height of beam, a 0.040 m 

Breadth of beam, a 0.040 m 

Line pressure load on beam, p: -5000 N/m 

Youngs Modulus, E: 210000 Mpa 

Density of material of beam 7850 
kg/

m3 

Distance from neutral axis to 

extreme fibers, c: 
mm 

Moment of Inertia, I: 
2.13333 x 

10-7 
m4 

Section Modulus, Z: 
1.0667x 

10-5 m3 

Deflection of beam,w:  mm 

Distance from the one side of 

beam,x: 
 mm 

Table 1: Symbols and Dimensions Used 

B. Parameter: 

Deflection: the degree to which a structural element is 

displaced under a load. It may refer to an angle or distance. 

III. THEORETICAL RESULTS 

The out-of-plane displacement w of a beam is governed by 

the Euler-Bernoulli Beam (2.1),  

(2.1)                           [𝐸𝐼
𝑑2𝑤

𝑑𝑥2 ] = 𝑀 

On solving (1.1), we get deflection 

(2.2)               𝑤(𝑥) =  −
𝑝𝑥(𝐿3−2𝐿𝑥2+𝑥3 )

24𝐸𝐼
 

𝑤𝑚𝑎𝑥 = 𝑤 (
𝐿

2
) =  −

5𝑝𝐿4

384𝐸𝐼
= −1.4532 𝑚𝑚 

Variation of Deflection w along the length of the 

beam is given by function in (2.2), which is plotted in Fig. 2.  

 
Fig. 2: Variation of deflection along the length 

IV. RESULT AND DISCUSSION 

To calculate the Deflection w of the beam when the weight of 

beam is being considered., Finite Element Analysis tool is 

used. The FEA is applied with the help of software ANSYS. 

Initially, the solid geometry of model is generated as shown 

in Fig. 2, then the finite elements of the model are created 

having the mesh size of 20 mm. (Fig. 4) 

 
Fig. 3: Geometric Model 

 
Fig. 4: Meshing done on model 

In addition to above Boundary conditions, the force 

of magnitude 123.21 N and downward direction is added at 

the center of gravity of beam (Fig. 5). After applying the 

boundary conditions, processing of mathematical equation 

was done by ANSYS [3] and the results of the deflection was 

calculated (Fig. 6). The maximum deflection which will be at 

the center of the beam is found to be equal to 1.4954mm. The 

deflection of the beam along the neutral axis was solved and 

is represented in Fig.7.  The Maximum deflection is 1.4962 

mm. Further, the numerical value of deflection w of   the 

along the length of beam is represented in Table II, and the 

chart is also drawn showing the variation of the deflection 
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(Note: the negative sign with the value in the Fig. and chart 

represent that the deflection is in the downward direction.) 

 
Fig. 7: Deflection of beam along Neutral Axis 

Length 

[mm] 

DEFLECTION 

[mm] 

Length 

[mm] 

DEFLECTION 

[mm] 

0 -1.48E-03 520.83 -1.4922 

20.833 -0.1009 541.67 -1.4829 

41.667 -0.19994 562.5 -1.4674 

62.5 -0.29801 583.33 -1.4458 

83.333 -0.3946 604.17 -1.4181 

104.17 -0.48929 625 -1.3845 

125 -0.58164 645.83 -1.3451 

145.83 -0.67127 666.67 -1.2999 

166.67 -0.75778 687.5 -1.2493 

187.5 -0.84084 708.33 -1.1932 

208.33 -0.9201 729.17 -1.1321 

229.17 -0.99525 750 -1.066 

250 -1.066 770.83 -0.99525 

270.83 -1.1321 791.67 -0.9201 

291.67 -1.1932 812.5 -0.84084 

312.5 -1.2493 833.33 -0.75779 

333.33 -1.2999 854.17 -0.67127 

354.17 -1.3451 875 -0.58164 

375 -1.3845 895.83 -0.48929 

395.83 -1.4181 916.67 -0.3946 

416.67 -1.4458 937.5 -0.29801 

437.5 -1.4674 958.33 -0.19994 

458.33 -1.4829 979.17 -0.1009 

479.17 -1.4922 1000 -1.48E-03 

500 -1.4954   

Table 2: Value of Deflection at Various Length  

 
Fig. 8: Variation of deflection along the length 

The value of deflection in a beam along its length is 

calculated in both the case and the results are compared in in 

comparing deflection, the deflection of the neutral axis is only 

considered in the both case. 

 Conditions Method 

Deflection of 

neutral axis 

(mm) 

Case 

1 

Body weight 

neglected 

Macaul--

ay’s method 
1.4532 

Case 

2 

Body weight 

considered 

FEM 

(ANSYS) 
1.4954 

Difference (%)  2.9% 

Table 3: Comparing Deflection 

It can be clearly seen that there is the effect of weight 

on the deflection of the beam which is 2.9 % additional to the 

deflection in which the force is not considered. 

V. CONCLUSION 

When a force acts on the beam, there is the deflection. The 

weight of beam is also a force which produces the deflection 

of the beam. But the weight force is small as compared to the 

external force or moment acting on the beam. Therefore, the 

deflection due to weight force is also small. In the present 

case, it is found to be 2.9 % of the deflection due to external 

forces. 
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