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Abstract: The objective of this research is to determine, through the Finite Element 

Method, the stresses that originate in a plate made of AISI 1045 structural steel. ANSYS 

17.2 software was used to determine the stresses, through which the geometric and 

parameterized modeling, the plate's meshing, the definition of the load cases and their 

parameters, as well as the model boundary conditions were performed. It was 

determined that the Von Mises stress is 50.295 MPa; furthermore, according to the 

obtained results, the total displacement occurs at a value of 0.021181 mm. 
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Resumen: El trabajo tiene como objetivo determinar a través del Método de los 

Elementos Finitos, las tensiones que se originan en una placa fabricada de acero 

estructural AISI 1045. Para la determinación de las tensiones se empleó el software 

ANSYS 17.2, a través del cual se realizó la modelización geométrica y parametrizada, el 

mallado de la placa y la definición de los casos de carga y de sus parámetros, así como 

las condiciones de frontera del modelo. Se determinó que, la tensión de Von Mises es de 

50,295 MPa; además según los resultados obtenidos el desplazamiento total ocurre a un 

valor de 0,021181 mm. 
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Introduction 

Baran (1989) defines Finite Element (FE) analysis as a group of numerical methods to 

approximate the equations governing any continuous system. FE principle is a 

mathematical theory based on variations calculation, energy theorems, the elasticity 

principle, and equations from physics and engineering (Benito Muñoz et al., 2023).  An 

FE program main function is to reduce the differential equation to a system of 

simultaneous algebraic equations which can be solved by a computer, such as Poisson´s 

second-order partial differential equation (Felix, Nogueira & Maíz, 2023; Mausa, 2024), 

which governs the deflections of a membrane in a bent prismatic beam and heat 

conduction with its source. 

The scope of the method is considered broad (Otero et al., 2021; Cangelosi & Sanzi, 

2022; Castillo, 2025). The analytical representation means the ability to combine, in a 

simple model with different model procedures, each type of element, being described by 

a differential equation, as already explained. The geometric representation capability is 

generally considered the first advantage of the method. Triangular elements can be 

arranged in any desired way to approximate the shape of the structure or body, in the 

plane or space (Ramos et al., 2009). 

Two-dimensional (2D) vs. three-dimensional (3D) finite element models 

In the 70s and 80s, part modeling was performed by using simplified two-dimensional 

models due to the computational limitations of that time. 2D modeling has the advantage 

of producing simpler models and reducing, significantly, calculation time, sometimes 

leading to acceptable results. Hibbitt and Marcal (1973) were pioneers in the application 

of a 2D model to determine residual stresses. Currently, despite computational advances, 

many authors continue to work with 2D modeling using plane or axisymmetric models 

and to assume certain suppositions and simplifications (Siddique et al., 2005; Ferro, 

Bonollo & Tiziani, 2010; Moreira, Lopes & Sanches, 2023). 

Authors such as Mercado Bautista (2020), Sánchez et al. (2022); Quirón Avendaño & 

Cruz Zuñiga, (2024) Lorza et al. (2023); Estrada Garibay et al. (2024), validate the 

effectiveness of 3D modeling and its applicability to various technical spheres for 

problem-solving. Siddique et al. (2005) Bezerra, Rade & Scotti (2006) report that the 

thermal and thermodeformational response of all assemblies is three-dimensional and 

that only these models are capable of fully reproducing the thermodeformational 
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phenomenon. Lu and Hassan (2001) have used three-dimensional modeling for the 

simulation of a mechanical part over four passes using a 3D model. They mention that, 

at the start and end points of the weld, a high concentration of residual traction and 

compressive stresses is observed which cannot be captured by two-dimensional models. 

When creating a model, convergence analysis must be used to select the correct element 

size in the mesh and thus obtain minimal error in the results. Convergence defines that, 

by progressively refining the mesh, the numerical solution approaches, as closely as 

desired, the exact solution of the phenomenon. 

This is a factor that must ensure that the calculation results do not depend on the mesh 

density (Goldak and Moashi, 1999; García y Bejar, 2003). As an approximate solution 

method, it can be stated that FE packages allow to find unknown quantities at specific 

points and with a certain proximity to the exact solution; an accuracy that, as mentioned, 

improves with an increase in the number of elements, in oder words, by increasing the 

mesh density. 

Materials and Methods 

Stress modeling by finite elements 

The proposed FEM model is automatically defined from a job file programmed in PCL 

(Patran Command Language), which is subjected to special MSC commands. The FEM 

model resulting from this file execution contains the following main characteristics: 

1. Geometric and parameterized modeling, which allows to define the matrix 

arrangement, metrics, and main dimensions of the plates as the user decides. 

2. Automatic meshing of the plates. For the plates, beam elements according to 

Euler-Bernoulli formulation. 

3. Automatic definition of the load cases and all necessary calculation parameters 

to generate the input file to the calculation program. 

The generated text file is executed by the user in the finite element solver used, in this 

case, MSC.NASTRAN. Finally, the results are displayed in the post-processor, allowing 

for the treatment of all data considered interesting (stresses, system deformations, 

precise contact separations). Modeling using ANSYS consists of three fundamental 

stages: a) preprocessing, b) solution, and c) postprocessing. This methodology 
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(Carnicero, 2001) considers the working modes, the user graphical interface, and the 

ordered block programming mode. Figure 1 shows the user graphical interface. 

 

Figure 1. User interface. 

When running the software, the window titled "Welcome to ANSYS Workbench" closes 

and the analysis to be performed is selected; the one highlighted in red is chosen, which 

is a static analysis (Static Structural). In the identified toolbox, double-clicking will 

display what is shown on the screen in figure 2. 

 

Figure 2. Selection of the analysis type. 
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This analysis was performed primarily in programming mode. 

· The analysis type was declared as "Static". 

· "FULL NEWTON RAPHSON" iterative method for solving nonlinear equations was used, 

which constitutes ANSYS standard nonlinear method for plasticity problems. 

During the simulation process, after defining the material and its properties, and 

generating the geometry, the mesh is built with the chosen element type associated with 

that geometry. With that purpose, the element´s average size must be specified, which 

can be reduced later. A right-click is executed on the word mesh>>Generate Mesh, 

which produced the meshed model shown in figure 3. 

 

Figure 3. Model generation and meshing. 

Since the stresses and strains will undergo greater changes in the hole, it is very useful 

to use a fine mesh only near this area. By using the h-method of solution, different 

element sizes can coexist in the mesh, thus achieving accuracy and resolution while 

adjusting additional computational costs. Thus, the AISI 1045 steel areas will have a 

relatively coarse mesh that will be refined near the hole, where meshing elements will 

be significantly smaller. 

In order to mesh the model, the boundary conditions are established by executing the 

command Supports>>Fix Supports as shown in figure 4. 
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Figure 4. Model boundary conditions. 

The boundary conditions were established to prevent rigid body motion and to be able 

to estimate the state of strains and stresses produced by external loads applied to the 

system; it was necessary to restrict part of its domain´s movement (u = 0 for Su 

domain). In this case, the applied forces were treated as a distributed load over the area 

of the red-colored face. These conditions were defined in ST domain. 

Results and Discussion 

Analysis by the Finite Element Method 

One way to characterize steel´s plastic propertiesis through the Johnson-Cook 

mechanical model, which reproduces the behavior of materials subjected to large strains, 

high temperatures, and high strain rates. The formulation of this model defines Von 

Mises equivalent stress as three decoupled terms where the first one defines the 

dependence on strain hardening, the second, the strain rate sensitivity and the third, 

the temperature sensitivity. Figure 5 shows the analysis of the stresses the plate is 

subjected to. 

 

Figure 5. a) Von Mises equivalent maximum stress. b) Hole. 



Ciencia & Futuro V. 15 No. 3. September-November 2025                                                                       ISSN: 2306-823X 

Romero Breffe, L., Santi García, L.                                                                          

 

219 

 

In this situation, the plate acts under rigid conditions and it can be observed that, in the 

distribution of Von Mises stress, the most critical zones occur in the hole (Figure 5b); it 

is determined that the maximum stress in AISI 1045 structural steel plate is 50.295 MPa. 

Material deformation occurs due to elastic behavior, where the curve growth is linear 

until rupture occurs. From this moment on, strain returns to zero and begins to increase 

linearly until it becomes constant (constant stress). Figure 6 shows the total deformation 

of the plate made of AISI 1045 structural steel. 

 

Figure 6. Total deformation. 

The map of strain suffered by the material at the first end (red zone) is shown, as it is 

the one undergoing the greatest deformations. According to the obtained results of a 

total deformation of 0.021181 mm, it is observed that the load is mainly distributed in 

the first three parts of the plate where the first one takes about 55% of the load, the 

second 25%, and the third 15%. León et al. (2001) have stated that the theoretical 

distribution suggests that most failures would occur in the first chord; they also 

demonstrated that 90% of the failures occurred in the first chord when subjected to an 

axial load. 

Once the load distribution in contact with the plate was determined, the stress intensity 

was determined. Figure 7 shows the result obtained from this analysis. 
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Figure 7. a) Stress intensity in the model. b)  Maximum intensity zone. 

It is observed that stress intensity is located in the hole (Figure 7b), with a result of 

51.002 MPa, although the distribution of this stress is irregular due to two factors 

contributing to the stress state in that zone: plate stretching under the axial load and 

contact zone bending. The stress magnitude under only the axial load was determined 

using the stress concentrator proposed by Pilkey and Pilkey (2020) with a correction 

factor proposed by Dragoni (1997), assuming it behaves like a periodic notch in plate. 

Conclusions 

The stresses originated in a plate made of AISI 1045 structural steel were determined 

by using the finite element method. 

It was determined that the stresses in the plate can be influenced by various factors 

such as geometry, the applied load, and the properties of the material used in its 

fabrication. 

The Von Mises maximum equivalent stress to which the plate is exposed is 50.295 MPa, 

indicating that the component is subjected to significant loads and may be at risk of 

failure by fracture. 
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