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ABSTRACT: The proposed constructions have to meet their use 

in terms of shape, dimensions and above all, strength. Parts of the 

structure are loaded by external forces. The load on the structure 

is examined in all parts and directions. Parts of the structure are 

stressed by a combination of basic types of stress. One of the basic 

types of stress is pull or pressure. The investigation of the part of 

the structure under tensile-compression stress is important 

because of the deformation, stability and strength of the structure 

as a whole. Analytical solution, classical experiment or modelling 

FEM can be used to predict the stress of structural parts. 

Currently, the most preferred solution is FEM numerical 

simulation. Numerical simulation has a more purposeful use in the 

solution of structural stability. The article contains the solution, 

tensile stresses for a steel rod, numerical simulation using the 

FEM method in the ANSYS program and analytically. 
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INTRODUCTION 

The constructions consist of rods, which, while performing their function, can be stressed by 

different types of stress or a combination of them. The stress on parts of the structure depends 

on its load and use. A common phenomenon in constructions is that individual parts are stressed 

by tension or pressure. Stressing the rods in tension - pressure, after exceeding the yield point, 

causes permanent - plastic deformations. During plastic deformations, there is a change in the 

cross-section of the rod. During tensile stress, the cross-section of the rod contracts. By 

increasing the stress of the structure in the rod up to the strength limit, destruction can occur - 

breaking of the rod. When designing structures, it is important that its parts are stressed only 

in the area of elastic deformation. In this way, permanent deformations can be prevented, then 

the strength limit will not be exceeded, the structure will not be disturbed. Then the structure 

is stressed in the region of elastic deformation, where Hooke's law applies. It is important to 

predict the stresses of individual parts of the structure as well as the whole. Analytical solution, 

experiment or numerical simulation can be used for stress prediction. Currently, numerical 

simulation is the most preferred because of its more expedient use. In the contribution, the 

solution of a rod stressed in tension is numerically simulated using the FEM method in the 

ANSYS program and analytically. 

 

THEORETICAL ASSUMPTIONS FOR THE SOLUTION OF TENSION-PRESSURE 

Tension - pressure belongs to the basic stresses of individual parts of the structure or 

components. Tension - pressure occurs in rods loaded by external forces in the direction of the 

rod axis. The imaginary section method is used to determine the results of the internal forces 

acting in the rod. When stressed by tension or pressure, only one internal force acts in the 

intended cross-section of the rod - normal or axial force N(x) in the rod axis, Figure 1. 

 

 

 

 

  

        The imaginary cut           Tension         Pressure 

  Figure 1: Tension stress – pressure [1, 3] 

 

The basic law of elasticity, strength and plasticity is Hooke's law. Hooke's law expresses the 

relationship between the applied stress and the relative extension when the body is stressed by 

tension or when the body is stressed by compression by a proportional shortening. The tensile 

test diagram is shown in Figure 2. 
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Figure 2: Diagram of the tensile test [ 3] 

Mathematical expression of the basic law of elasticity and strength - Hooke's law [1, 3, 4]: 

 =  


𝐸
   [-]                      (1) 

Where: 

  - normal stress, 

 E – modulus of elasticity in the tension of the material (for steel it is approx. 2.105 MPa),  

  - proportional lengthening/shortening under stress. 

 

For the analytical solution, to determine the results of the internal forces acting in the rod, 

the imaginary section method is used, Figure 3. The method of two or more close imaginary 

cuts is used when the external force load varies along the length of the member. That is, when 

the load is not constant over the entire length of the rod. 
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 N(x)    

 F 

  x    

 

                                                                                                    Normal or axial force N(x): 

                                                                                                     x ϵ ˂ 0, l ˃ 

                                                                                                      Fi (x) = 0     [N]                 (2) 

                                                                                                     N(x) = F          [N]                 (3) 

 

                                                                                                    Normal stress (x): 

                                                                                                     x ϵ ˂ 0, l ˃ 

                                                                                                    𝜎(𝑥) =  
𝑁(𝑥)

𝑆
     [Pa]       (4) 

 

                                                                                             Deformation of a rod element  

                                                                                             of infinitesimally small length dx:  

 

                                                                                                    Δdx = .dx               [m]           (5) 

 

 

 

Figure 3: The rod stressed in tension with a constant cross-section S  

and loaded by a constant force F [1, 2] 

 

During tensile or compressive stress, only one internal force acts in the imaginary section 

of the rod, the normal - axial force N(x) in the axis of the rod, Figure 3. The normal - axial force 

N(x) in the rod axis is equal to the algebraic sum of all external forces acting in the rod axis 

of the imaginary section and is determined from the static equilibrium conditions. 

The normal stress (x) expresses the internal forces acting on a unit of cross-sectional area, 

Figure 3 [1, 2, 3, 4]: 

  𝜎(𝑥) =  
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In the analytical solution of stressed rods for tension - compression, it is possible to use the 

validity of the law of superposition for: 

- axial forces from individual rod loads,  

- stresses from individual rod loads,  

- rod extension from individual rod loads, 

- tension energy in parts of the rod. 

Assuming the validity of Hooke's law by tension energy, we understand the energy that is equal 

to the work of external forces, performed in the deformation of the body. By tension energy, 

we mean the energy that accumulates in an initially unloaded body from all the internal forces 

acting on the infinitesimal elements of the rod. The external and internal forces must be in static 

equilibrium. 

The deformation work of external forces is defined by the relation [1, 2, 3]: 

𝑊 =  ∫ 𝐹. 𝑑𝑠
𝑆

                                                                                                    [J]             (6)      

Using equation (6), we determine the stress energy for normal and shear stresses. The tension 

energy of a rod stressed by simple tension or pressure we calculate [1, 2, 3, 4]: 

𝐴 =  
1

2𝐸
∫

𝑁2(𝑥)

𝑆
 𝑑𝑥 

(𝑙)
                                                                                          [J]             (7) 

Tension energy is always positive, regardless of whether the rod is stressed in tension or 

compression. In the case of a statically determined stressing of the rod for tension - pressure, 

reshaping - deformation of the rod takes place, which is manifested by its lengthening or 

shortening.  

The total extension or shortening of the rod is obtained by adding up the elementary 

deformations of the rod along its entire length [1, 2, 3]: 

∆ 𝑙 =  ∫ ∆ 𝑑𝑥 = ∫ 𝜀 𝑑𝑥 = ∫
𝜎(𝑥)

𝐸
 𝑑𝑥 = ∫

𝑁(𝑥)

𝐸.𝑆
 𝑑𝑥 

(𝑙)
 

(𝑙)
 

(𝑙)
 

(𝑙)
                 [m]                (8) 
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SOLVING THE PROBLEM OF THE ROD TENSION STRESS 

Defining the task 

A structural steel rod was chosen to solve the prediction. The rod is clamped on one side and 

is loaded by an external force F at the free end. According to the attachment of the rod, we 

solve the task as statically determined. Along the length of the rod, the cross-section of the rod 

and the external force load F change. For the calculation, the geometric shape and dimensions 

of the rod are given together with the external load in Figure 4: L = 0,3 m, R1 = 5 mm, R2 = 2R1, 

S1 = 0,785.10-4 m2, S2 = 4S1, F = 20000 N. Elasticity modulus of the structural steel 

E = 2.1 105 MPa and Poisson number μ = 0.30. 

 

The data: 

L = 0,3 m, 

R1 = 5 mm,  

R2 = 2R1,  

S1 = 0,785.10-4 m2,  

S2 = 4S1,  

E = 2,1.105 MPa,  

F = 20000 N 

Figure 4: Shape and dimensions of a rod under tensile stress 

Analytical solution 

Analytical solution is a method of imaginary section according to the shape and load of the rod 

based on the validity of Hooke's law. The results of the analytical solution are shown 

in Table no. 1. Graphical representation of the results of the analytical solution are in Figure 5. 

In Figure 5a) is a geometrical shape with dimensions and loading of the rod together with the 

notional sections indicated. Figure 5b) graphically shows the course of the axial force N(x) 

calculated analytically along the entire length of the rod. The largest value of the axial force 

N(x) is in the imaginary section x3, where the cross-section of the rod is 4S1. In this imaginary 

section, the magnitude of the axial force changes only with the change in the load on the 

member. In Figure 5c) is a graphical representation of the normal stress (x) along the entire 

length of the rod. The largest normal stress (x) is in the imaginary cross-section x1, where the 

cross-section of the rod is S1. The magnitude of the normal stress varies with the cross-section 

and load of the member. 
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  Table 1: The results of the analytical solution 

 

 

 

RESULTS 

OF ANALYTICAL SOLUTION 

 
 

  

Cross section 
Imaginary 

cut 

Force N(x) 

[N] 

Max. stress 

[MPa] 

Max. extension 

[m] 

S1 
 

20 000 254,78 0,364.10-3 

4S1 
 

20 000 63,695 0,455.10-4 

4S1 
 

40 000 127,39 0,91.10-4 
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Figure 5: Graphical representation of the analytical solution 

             a) Dimensions of the rod with external load 

             b) Graphical course of the axial force N(x) 

             c) Graphical course of normal stress (x) 

Numerical simulation 

The rod tensile load were is investigated by numerical simulation using the FEM in the ANSYS 

program. Numerical simulation is based on the real conditions the analytical solution the 

clamped rod one under the external force causing to the rod tensile and deformation in form 

elongation rod. The solution by numerical simulation using the FEM in the ANSYS program 

was identical in shape and size to the analytical solution for the rod. For a given rod type and 

its load, numerical simulation using the FEM in the ANSYS program allows for a simplified 

way creating geometric model with element type selection solving a 3D problem in 1D type 

element. The material model comprised mechanical properties of structural steel [5, 6]. 

The results of the numerical simulation are shown graphically in Figure 6 and listed in Table 2. 

In Figure 6a) is a created geometric model with generated mesh and external load. The 

geometric model was created based on the actual dimensions of the member together with the 

indicated imaginary sections, which were used in the analytical solution. Figure 6b) graphically 

displays the calculation of the extension by numerical simulation. On the graphic display, 

extensions are marked in individual intended cuts together with the overall extension of the 

rod. The largest extension is in the rod with cross-section S1 in the imaginary section x1 with a 

value of 0.364.10-3 m. The total extension of the rod has a value of 0.501.10-3 m. Figure 6c) 

graphically shows the course of the normal stress calculated by numerical simulation. On the 

graphic display, the normal stresses in the individual imaginary sections together are marked. 

The stress reaches a maximum value of +0.255.109 Pa, along the entire length of the rod with 

cross-section S1, in the imaginary section x1. 

a) 
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c) 

 

 
Figure 6: Graphic representation of the solution by numerical simulation 

   a) Geometric model with generated mesh and external load 

                            b) The course of rod extension 

                            c) Course of stress in the rod 

  Table 2: The results of the numerical simulation 

 

    

                 

                         RESULTS 

    OF NUMERICAL SIMULATION      

 

  

Cross section 
Imaginary 

cut 

Force N(x) 

[N] 

Max. stress 

[MPa] 

Max. extension 

[m] 

S1 
 

20 000 255 0,364.10-3 

4S1 
 

20 000 63,7 0,455.10-4 

4S1 
 

40 000 127 0,91.10-4 
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ANALYSIS OF RESULTS AND DISKUSION 

In Table no. 3 are the results from the analytical solution and the numerical simulation by FEM 

solution in the ANSYS program file.  

 Table 3: The results from the analytical solution and the numerical simulation 

 

Geometric model of numerical simulation 
Geometric model of analytical solution  

RESULTS Analytical solution Numerical simulation 
Aberration of 

numerical simulation 

Cross 

section 

Imaginary 

cut 

Force 
N(x) 

[N] 

Max. 

stress 

[MPa] 

Max. 

extension 

[m] 

Max. 

stress 

[MPa] 

Max. 

extension 

[m] 

Max. 

stress 

[MPa] 

Max. 

extension 

[m] 

S1 
 

20 000 254,78 0,364.10-3 255 0,364.10-3 +0,22 0 

4S1 
 

20 000 63,695 0,455.10-4 63,7 0,455.10-4 +0,005 0 

4S1 
 

40 000 127,39 0,91.10-4 127 0,91.10-4 -0,39 0 

 

By comparing the results of both solutions, there was a deviation from the analytical solution 

when calculating the stress using the numerical method. In the imaginary section x1 with the 

cross-section of the rod S1, the deviation in the numerical simulation has a value of +0.00086% 

from the analytical solution. In the imaginary section x2 with the cross-section of the rod 4S1, 

when rounding the results from the analytical solution, the deviation is 0%. In the imaginary 

section x3 with the cross-section of the rod 4S1, a deviation of -0.003% from the analytical 

solution arose during the numerical simulation. 

The results obtained by numerical simulation are identical to the results of the analytical 

solution for the calculation of axial force and extension. There is a very small deviation when 

calculating stresses by numerical simulation. The difference in the calculation is almost 

negligible. 
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CONCLUSION 

The calculated results by numerical simulation using FEM in the ANSYS program are identical 

to the results of the analytical solution for the calculation of the axial force and extension of 

the rod. 

In this case, we can state that when calculating in both ways, there is no difference in the 

calculated values of deformation, which characterizes the extension of the rod, even when 

calculating the values of internal - axial forces. 

There is a very small deviation from the analytical solution when calculating stresses by 

numerical simulation. In the 1st imaginary section, the deviation during calculation by 

numerical simulation is +0.22 MPa, which is expressed as a percentage of 0.00086%. In the 

2nd imaginary section, there is no difference in the calculations, which is expressed as a 

percentage of 0.000%. In the 3rd imaginary section, the deviation in the calculation by 

numerical simulation is -0.39 MPa, which is expressed as a percentage of 0.003%. The biggest 

deviation when calculating the stress by numerical simulation from the analytical solution is in 

the 3rd imaginary section. In conclusion, we can state that the deviations in the calculations by 

numerical simulation using FEM in the ANSYS program and the analytical solution are almost 

negligible. 

This indicates that the prediction of the maximum stresses and deformations of individual 

structural elements under tension-compression stress is very important in terms of strength and 

dimensional stability of the entire structure. 

The prediction of stresses and deformations using numerical simulation is currently more 

practical, because the difference in the calculation of the maximum values is negligible, almost 

zero. Solving tasks by numerical simulation using FEM is more flexible in terms of changing 

the material, placing the rod, loading the rod as well as changing the shape of the cross section 

of the rod in order to improve the stiffness (strength) of the structure. 
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