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[bookmark: _Hlk196903221]Abstract
Aims: The primary aim of this study was to evaluate the fatigue behavior of Steel Fiber Reinforced Concrete (SFRC) beams subjected to cyclic loading. Specifically, this study investigates the influence of fiber content on the fatigue performance of concrete beams using numerical simulations in ANSYS Workbench.
Study Design: The study employed a computational approach using the Finite Element Method (FEM) to model SFRC beams with varying fiber contents. The models were analyzed under cyclic loading conditions to assess the fatigue life and stress distribution across the beams.
[bookmark: _GoBack]Methodology: In the methodology, three models of SFRC beams were simulated, each with different steel fiber contents. The models were subjected to cyclic loading, and the fatigue life was analyzed. Factors such as stress distribution and fatigue sensitivity were assessed to determine the effect of fiber content on the durability of the beams. The study also involved the application of fatigue tools in ANSYS to account for the impact of fiber reinforcement on the beam's response to cyclic stresses.
Results: The results showed that increasing the fiber content improved the fatigue life and delayed failure. The model with 1.0% fiber content demonstrated the best balance between increased durability and stability, while higher fiber content led to numerical instability in simulations. Additionally, the factor of safety did not indicate failure under the applied loads but allowed for a comparative assessment of fiber content influence.
Conclusion: The study confirms the positive impact of steel fibers in enhancing the fatigue performance of concrete beams. The findings provide valuable insights for the design of more durable SFRC structures, especially in applications subjected to cyclic loads. Future research could explore alternative fiber types and loading conditions to further optimize SFRC materials for real-world applications. 
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INTRODUCTION
Concrete is one of the world's most widely used building materials due to its strength, durability, and low cost [1]. However, it has a major limitation, its low tensile strength, which makes it susceptible to cracking and structural failure under repeated stresses [2]. 
In this context, Fiber-Reinforced concrete (FRC) has emerged as an effective solution to improve the mechanical properties of concrete, especially with regard to its fatigue resistance, a critical factor in structures subjected to cyclic loading, such as road pavements, bridges and runways [3].
Steel fiber reinforced concrete (SFRC) has proven to be particularly effective due to the high strength of the steel fibers, which provide localized reinforcement that limits crack propagation and improves the energy absorption capacity of the material. [4]. Steel fibers also improve the ductility of concrete, allowing it to withstand greater deformation before failure [5]. 
Despite its advantages, the fatigue behavior of SFRC remains an underexplored area, especially when it comes to the interaction between the metallic fibers and the concrete matrix under repetitive loading [6].
The analysis of the behavior of SFRC under fatigue conditions is fundamental to understanding its long-term performance in structures subjected to cyclic loading. However, due to the complexity of the mechanisms involved and the random interaction of the fibers, experimental studies can be costly and limited [7]. 
In this sense, the use of the Finite Element Method (FEM) is presented as a tool to model and simulate the behavior of the SFRC, allowing to study its performance without the costs and limitations of physical tests [8].
FEM is a technique widely used in structural engineering that allows simulating the interaction between the steel fiber and the concrete matrix, taking into account the random orientation and distribution of the fibers in the material. This approach is particularly useful for the design of structures that will use SFRC, as it provides a detailed analysis of how these factors influence the fatigue strength of the concrete[9].
Through detailed simulations, meaningful results can be obtained that contribute to the design of more durable and safer structures, adapted to the specific conditions of each project.
In addition, the implementation of computational models in ANSYS using the Ansys Parametric Design Language (APDL) has allowed for greater practicality in the representation of the SFRC, facilitating the integration of the properties of concrete and steel fibers [10]. 
Numerical simulations provide a solid basis for experimental validation and allow the improvement of specifications for the use of SFRC in the construction industry. Thus, progress is made in the development of standards and methodologies that can be adopted in infrastructure design, reducing the risk of structural failure and improving the long-term durability of structures [11].
Methodology
Development of the Computational Model in ANSYS APDL
The methodology was structured in a sequence of phases that included the development of the model in ANSYS APDL, its subsequent import into Workbench, the setup of the structural and fatigue analysis, and finally the simulation. A computational approach was employed to simulate the four-point bending test in steel fiber reinforced concrete (SFRC), incorporating cyclic loads evaluated using Workbench's Fatigue Tool. The general workflow is shown in the Fig. 1.
Definition of geometric and material properties
Geometry and mesh generation in ANSYS APDL
Random distribution of fibers
Application of boundary conditions and loads
Import to ANSYS Workbench
Structural analysis configuration and Fatigue Tool
Simulation and analysis of results

[bookmark: _Ref207138600]Fig. 1 Flow chart
Definition of Geometric Properties
First, the geometric dimensions of the SFRC beam and steel fibers were defined using parameters in the APDL code. The beam was modeled as a rectangular prism with a base (B) of 15 cm, height (H) of 15 cm, and a total length (LAR) of 70 cm, with a free span between supports of 60 cm. These dimensions were based on previous experimental tests to ensure comparability [12]. 
The steel fibers were parameterized with a diameter (DN) of 0.055 cm (0.55 mm), length (LN) of 3.5 cm, and an initial volumetric content (PF) that could be adjusted by performing simulations, calculating the number of elements generated to represent them as shown in (1), where. 
	
	[bookmark: _Ref207650069][bookmark: _Ref209539170][bookmark: _Ref209539149] (1)


Where:
​ Total number of fibers generated
  Total beam volume
 Volumetric fiber content
 Unit volume of a fiber
Based on this ratio, the total number of fibers is determined by considering the beam volume and the volumetric content, adjusted to the unit volume of each fiber. The specific values for these properties are presented in Table. 1.
[bookmark: _Ref207651102][bookmark: _Ref196484838]Table. 1. Properties of steel fibers
	Property
	Value

	% Volumetric 
	0.5 %

	Diameter
	0.55 mm

	Long
	35.0 mm

	Aspect ratio 
	65

	Modulus of Elasticity
	2,100.00 kg/cm²

	Poisson Module
	0.30

	Morphology
	Round



Distances for supports and loads were established: distance between supports 5 cm from the ends and 10 cm for load application points, simulating the four-point bending test. These parameters are summarized in Table. 2.
[bookmark: _Ref207651493]Table. 2. Properties of the concrete beam
	Property
	Value

	Section Type
	Rectangular

	Base (cm)
	15 cm

	Height (cm)
	15 cm

	Overall Length (cm)
	70 cm

	Free span between supports (cm)
	60 cm

	Compressive strength (kg/cm²)
	275 kg/cm²

	Poisson Module
	0.1

	Volumetric weight (kg/m³)
	2400 kg/m³


These properties were assigned in ANSYS Workbench, using the integrated catalog for concrete and structural steel, with the addition of S-N curves for fatigue analysis.
Geometry and Mesh Generation
Subsequently, the geometry of the beam and its mesh were generated in MECHANICAL APDL. The geometry was created as a rectangular block, as shown in Fig.  2, defining the previously established dimensions (base of 15 cm, height of 15 cm, and length of 70 cm).
[image: ]
[bookmark: _Ref207652070]Fig. 2. Specimen geometry and support conditions
The mesh was generated by selecting finite elements suitable for concrete and fibers. The SOLID186 element was used, which is a three-dimensional element with the option of 20 or 10nodes, suitable for volumetric solids, Fig. 3. a), while the fibers were modeled with LINK180, a one-dimensional element of 2 nodes, Fig. 3. b). The mesh size was controlled with the parameter as a function of integer divisions of the base dimension, and iteratively refined, if necessary, until a sufficient number of nodes was reached for adequate fiber distribution.
a)
b)

[bookmark: _Ref207652699]Fig. 3. Finite elements implemented in the simulation
Random Distribution of Steel Fibers
The random distribution of steel fibers within the SFRC beam was implemented in ANSYS APDL using a stochastic algorithm. The process started by calculating the fiber number as a function of the volumetric content (PF), using  (1)
The finite element model of the beam contains a set of , each with coordinates , where . For each fiber, an initial node is randomly selected from among these nodes. This process uses a discrete uniform distribution over the interval .
The orientation of each fiber was defined in a crazy coordinate system centered at . The fiber direction was established by a random rotation in three-dimensional space, parameterized for three angles , representing rotations around the x,y ,and z axes respectively. Each angle was taken independently, using a uniform distribution at :
	
	(2)


In the local coordinate system, the end node of the fiber is initially defined in the x-axis direction with a distance equal to the fiber length  , i.e.,x_. This vector is transformed to the global system by applying rotation and translating it to the initial node:
	
	(3)


It is not explicitly verified whether x_2 is within the limits of the beam. , but the selection of initial nodes within the volume and the relatively short length of fibers () minimize the likelihood that  fall out.
Each fiber was represented as a linear element connecting  and . The element length, , is calculated as follows:
	
	(4)


If , this element is discarded. If , the fiber is considered valid, and is incremented by the counter  which records the number of fibers generated. The process is repeated until .
Application of Boundary Conditions and Loads
The boundary conditions and loads were applied to simulate the four-point bending test as shown in Fig. 4. Constraints were defined at the supports located 5 cm from the beam ends, restricting the displacements in all directions (UX=UY=UZ=0) to simulate the typical fixed conditions of an experimental test [12].
[image: ]
[bookmark: _Ref207654518]Fig. 4. 4-point bending test configuration adapted from [13]
Nodes were selected on the top face, and a total point load was distributed, divided by the number of nodes selected. A gravitational acceleration of 9.81 m/s² was included to account for self-weight. 
Importing the Model into ANSYS Workbench
Once the initial model was developed in ANSYS APDL, it was transferred to ANSYS Workbench for structural analysis. This step was based on theoretical principles that ensure the consistency of the computational model, to preserve both the geometry of the steel fiber reinforced concrete (SFRC) beam and the associated physical conditions. The transfer respected the laws of solid mechanics, ensuring the correct interaction between the heterogeneous materials.
Structural Analysis Configuration in ANSYS Mechanical
The structural analysis setup was based on the principles of solid mechanics and cyclic fatigue theory, using the model imported from ANSYS APDL. This process evaluated the mechanical behavior of the SFRC under bending, respecting the interaction between heterogeneous materials. The property assignment was based on theoretical models of elasticity and fatigue strength, integrating S-N curves describing the degradation under repetitive loading, aligning with the accumulated damage theory [12].
Material Properties and S-N Curves
The fatigue properties of the materials used in the model were defined from the literature review and the data integrated in ANSYS Workbench. For the fiber steel, the S-N curves preset in the software were used, which reflect the relationship between the alternating stress and the number of cycles to failure, following a typical logarithmic behavior, documented in the literature [14]. This behavior can be described by the Basquin (5), which constitutes a theoretical reference model in the fatigue analysis of metallic materials:
	
	[bookmark: _Ref209036613](5).


Where  the alternating stress,  is the fatigue strength,  represents the cycles to failure and  is the fatigue exponent. This equation provides the conceptual framework that allows relating the applied stresses to the fatigue life of the steel.
In the case of concrete, the relationship between the number of cycles and alternating stress was defined from S-N curves, taking as a reference the work [15], where the fatigue behavior of simple and Fiber-Reinforced concrete was studied. These data were selected for their relevance and for covering a representative range of cycles and stress levels used in flexural tests under repetitive loads.
These data were subsequently implemented in the Fatigue Tool of the software to model the fatigue life of the SFRC beam, allowing to estimate the progressive degradation of the materials under cyclic loading.
Fatigue Tool Configuration
The fatigue tool setup was used for the purpose of estimating the service life of the SFRC beam under repetitive loads. This analysis was supported by the S-N curves defined in the previous section for steel and concrete. The model was built from the previous static analysis as a basis for simulating the behavior under load cycles.
Cyclic Loading and Stress Correction Parameters
For the Fatigue Strength Factor (Kf), it was set to 1, indicating that no additional adjustment was applied to the fatigue strength of the material. This factor is used to consider effects such as stress concentrations or complex geometries.
The configuration of the loads was established with the Zero-Based type, which implies that there was a relationship of stresses . 
	
	(6).


Fig. 5 shows the behavior of the stress ratio equal to zero.
[image: ]
[bookmark: _Ref208150157]Fig. 5. Graph depicting a stress ratio equal to zero
As for the Mean Stress Theory, Goodman's Theory, (7) [16], was adopted to correct the mean stress level in the loading cycles.
	
	[bookmark: _Ref207913775](7).


Where: 
 stress amplitude
 mean stress
  ultimate stress
 equivalent stress for 
Goodman's method treats the positive mean stress correction in such a way that the mean stress always accelerates fatigue failure, while ignoring the negative mean stress. This method gives a conservative result for the mean compressive stress. It is shown in Fig. 6.
[image: ]
[bookmark: _Ref208152036]Fig. 6 Schematic diagram of Goodman's mean stress correction.
Fatigue Life and Sensitivity Evaluation
The fatigue life assessment was structured on the cumulative damage theory, estimating the number of cycles to failure by integrating S-N curves and cyclic loading conditions. It was assumed that the interaction between concrete and fibers increases the cyclic strength, reducing the rate of microfracture propagation. In addition, the sensitivity of the model was analyzed, considering variability in fiber distribution and residual stresses as factors affecting service life. This approach highlighted the dependence of SFRC durability on load amplitude and material interface quality, providing a basis for predicting failures under real conditions.
The following is a description of each of the parameters evaluated in the fatigue analysis using the ANSYS Workbench Fatigue Tool. First, the "Life" parameter represents the life available for the given fatigue analysis. During a constant amplitude analysis, if the alternating stress is lower than the lowest alternating stress defined in the S-N curve, the life value corresponding to that point is used; in addition, a limit of 1e06 cycles is imposed.
Second, the "Safety Factor" parameter with respect to fatigue failure at a given design life, with a reported maximum FS of 15. The steps for its calculation at each node include, initially, calculating the alternating and mean stress tensors; subsequently, collapsing these tensors to scalar values using the selected stress component; and, finally, calculating the FS from (8). [17] of mean stress and  is queried from the S-N curve for the design life. Consequently, this factor provides a conservative measure of structural safety.
	
	[bookmark: _Ref208170848](8).


Finally, the "Fatigue Sensitivity" parameter shows how the fatigue results vary as a function of the load at the critical location of the scoped region. This analysis allows evaluating the robustness of the design to load variations, identifying sensitive points where small changes in the amplitude could significantly reduce the service life.
RESULTS AND DISCUSSION
Development of the Computational Model in ANSYS APDL
This section discusses the results of the computational model development. The process is structured in several phases. In this step, the geometrical properties of the beam and the steel fibers were defined, including their size, distribution, and volumetric content. Subsequently, the geometry of the beam and its mesh were generated using finite elements suitable for structural analysis. In the next phase, the random distribution of the steel fibers was implemented using a stochastic algorithm. Then, the boundary conditions were applied.
Definition of Geometric Properties
During this stage, the geometric properties of the computational model were defined and parameterized within the ANSYS APDL environment. The steel fiber reinforced concrete (SFRC) beam was configured as a rectangular prism with a base and height of 15 cm, and a total length of 70 cm, which allowed for a free span of 60 cm between supports. These dimensions were transformed to meters in the code preprocessing, ensuring compatibility with the units of the international system.
Steel fibers were defined with a diameter of 0.55 mm and a length of 35 mm, using a volumetric content of 1%. This value was used to automatically calculate the total number of fibers needed to achieve the specified ratio, resulting in 18,941 fibers generated. These were randomly distributed in the beam volume following a stochastic algorithm, the implementation of which is described in a later section.
The parameters calculated during this phase of the computational model, derived directly from the input values and automated processing in ANSYS APDL, are summarized in the Table. 3, which includes only the results obtained after geometric definition and initial configuration of the model.
[bookmark: _Ref208257129]Table. 3. Parameters calculated during geometrical definition of the SFRC model
	Parameter
	Symbol
	Value

	Free span between supports(m)
	–
	0.6

	Number of fibers generated
	NFI
	18941

	Beam volume(m³)
	VOLBL
	0.01575

	Volume of one fiber(m³)
	VOLFI
	8.32E-08

	Modulus of elasticity (Pa)
	EC
	2.29E+10


Geometry and Mesh Generation
Once the geometric and material properties of the model were defined, the geometry of the beam and its corresponding meshing were generated in ANSYS Mechanical APDL. The beam was modeled as a rectangular prismatic volume, using the BLC4 command, which allows defining three-dimensional bodies by means of coordinates and dimensions. The initial geometry generated is shown in Fig. 7 a).
For the discretization of the domain, the SOLID186 finite element was used, which corresponds to a 20-node 3D element capable of representing structural solids. This type of element was selected for its robustness for structural analysis.
The mesh size was controlled by the NDIV parameter, which defined integer divisions on the basis of the beam. An iterative refinement of the mesh was implemented, automatically increasing NDIV until ensuring that the number of available nodes was sufficient for the subsequent assignment of steel fibers. This process culminated with a final value of NDIV = 11, after 4 iterations of refinement (ITER value), reaching a total of 53,254 nodes (NUMAX) and 36,160 elements (NELEM1) in the structural mesh, as shown in Fig. 7 b).
a)
b)

[bookmark: _Ref208427435]Fig. 7. Model geometry and meshing
This procedure ensured that the beam geometry and spatial discretization met the requirements for subsequent fiber insertion, structural analysis and fatigue study.
Random Distribution of Steel Fibers
The distribution of the steel fibers within the concrete beam model was implemented randomly using a stochastic algorithm in ANSYS APDL. This approach allows the assignment of fibers with a non-uniform distribution and the insertion of the fibers within the beam volume, following methods similar to those used by Bolander and Saito [18] in their modeling of short fibers in cementitious composites.
The final model included a total of 18,941 fibers, with a homogeneous distribution in space, as shown in Fig. 8.
[image: ]
[bookmark: _Ref209037591]Fig. 8. Random distribution of steel fibers within the beam volume Representation of the three-dimensional distribution of fibers within the beam, using the LINK180 element.
The fiber assignment process consisted of randomly selecting a node within the beam volume, determining its direction in three spatial axes by random rotations, and spreading the fibers along these nodes.
Application of Boundary Conditions
Once the geometry and meshing of the model were defined, the boundary conditions and corresponding loads were applied to simulate the structural behavior. The beam was modeled under the conditions of a simply supported beam, with restraints at both ends of the beam to simulate the supports.
Bending loads were applied to the beam at specific points, simulating a load distributed over the beam area. A load was defined and distributed among the selected nodes, in accordance with the loading conditions specified in the methodology. Fig. 9 shows how the boundary conditions and applied loads are represented in the model, with the supports at the ends and the loads distributed across the width of the beam.
[image: ]
[bookmark: _Ref208434994]Fig. 9. Application of boundary conditions
Importing the Model into ANSYS Workbench
Once the geometric definition, mesh, and boundary conditions were completed in ANSYS APDL, the next step was to import the model into ANSYS Workbench to perform the structural and fatigue analysis of the steel fiber reinforced concrete (SFRC) beam. The import of the model from the APDL environment to Workbench was performed through a database file (.cdb), which contains all the structural, geometric, and material information of the model.
The import process started with the generation of the .cdb file in ANSYS APDL, using the CDWRITE command, to export all relevant model information, including geometry, meshing, material properties, and boundary conditions. Subsequently, the .cdb file was loaded into ANSYS Workbench using the ANSYS Mechanical component, which allows the model to be viewed and edited for more advanced analysis. In Workbench, the imported material properties, mesh, and boundary conditions were verified, ensuring that the data transfer was performed correctly. Finally, once the model was imported, the results of the import were reviewed, including the correct assignment of material properties and boundary conditions, and the meshing was verified to be adequate for the intended analyses, making adjustments if necessary.
Structural Analysis Configuration in ANSYS Mechanical
This section describes the procedure followed to set up the structural analysis in ANSYS Mechanical Workbench, starting from the geometrical, material, and fatigue data previously defined in APDL. The process included the assignment of mechanical properties to materials, the incorporation of S-N curves as input data for fatigue life analysis.
2.1.1. Material Properties and S-N Curves
For the fiber steel, the S-N curves included in ANSYS Workbench were used, which represent the characteristic behavior of this material under cyclic loading. These curves show how the alternating stress decreases as the number of cycles increases, following a typical logarithmic trend described in Basquin's equation and documented in the literature [14]. The values used in the simulation are summarized in the Table. 4.
[bookmark: _Ref208941684]Table. 4. Steel S-N curve data
	Cycles
	Alternating Stress (Pa)

	10
	4.00E+09

	20
	2.83E+09

	50
	1.90E+09

	100
	1.41E+09

	200
	1.07E+09

	2000
	4.41E+08

	10000
	2.62E+08

	20000
	2.14E+08

	100000
	1.38E+08

	200000
	1.14E+08

	1000000
	8.62E+07


Fig. 10 shows the representation of the S-N curve of steel, which shows a significant decrease in stress in the first cycles and a subsequent stabilization in the high fatigue cycle region, typical behavior of metallic materials such as steel.
[image: ]
[bookmark: _Ref207907914]Fig. 10. S-N curve of steel
In the case of concrete, the input data for the S-N curve were obtained from [15], who experimentally documented the fatigue behavior of plain and Fiber-Reinforced concrete. These data were selected for their relevance in the simulation, covering a representative range of load cycles and alternating stresses. The values used are presented in the Table. 5.
[bookmark: _Ref208941949][bookmark: _Ref208941945]Table. 5. Simple concrete S-N curve data
	Cycles
	Alternating Stress (MPa)

	10
	25.26

	20
	24.81

	50
	24.22

	100
	23.77

	200
	23.32

	2000
	21.83

	10000
	20.79

	20000
	20.34

	100000
	19.30

	200000
	18.85

	1000000
	17.81


The graphical representation of the S-N curve of concrete (Fig. 11) shows how the alternating stress decreases progressively with the increase in the number of cycles, following a logarithmic trend with some dispersion of the experimental points. The obtained fit presented a coefficient of determination of R²=0.6606, which indicates the influence of other factors on the fatigue behavior of this material [15].
[image: ]
[bookmark: _Ref207910051][bookmark: _Ref208942052]Fig. 11. S-N curve for plain concrete, adapted from [15]
Together, the S-N curves of steel and concrete allowed establishing the necessary input parameters for the fatigue life analysis of the Fiber-Reinforced beam. While the steel showed a more predictable and stable behavior in the high cycle region, the concrete presented a larger scatter in the experimental data, reflecting its heterogeneous nature. These results form the basis on which the simulations were developed in ANSYS Workbench. 
Fatigue Analysis
Fig.  12 shows the results obtained from the fatigue analysis for three percentages of steel fibers (0.0%, 1.0% and 1.5%). The color maps show, in the first row, the safety factor distribution, while the second row shows the fatigue life distribution (in number of cycles). This arrangement allows a visual comparison of how the addition of fibers modifies both the strength and durability of the material under cyclic loading.
[image: ]
[bookmark: _Ref208953812]Fig. 12 Comparison of safety factor and fatigue life as a function of steel fiber percentage.
The results show that, although the safety factor remained close for the three cases, the reinforcement with steel fibers (1.0% and 1.5%) generated a slight increase in the critical zones with respect to concrete without fibers. Regarding the fatigue life, it can be seen that the reinforcement delayed the appearance of failures, extending the duration in cycles before collapse. 
Table 6 shows the safety factor values obtained in each of the cases analyzed. It is important to note that these values do not imply that the beam will fail with a load lower than the applied load; in this case, it was used as a comparative parameter to evaluate the evolution of the structural behavior against fatigue by increasing the reinforcement with steel fibers.
[bookmark: _Ref208954152]Table. 6. Safety factor values as a function of the percentage of steel fibers.
	Case
	Pf
	safety factor

	1
	0.0%
	50.55%

	2
	1.0%
	50.63%

	3
	1.5%
	56.60%


Fig. 13 shows the fatigue sensitivity obtained for the cases analyzed with steel fiber percentages of 0.0%, 1.0% and 1.5%. In all cases, it is observed that the fatigue life is maintained in the order of 10e6 cycles until reaching a critical threshold in the loading history, from which an abrupt decrease in the life capacity occurs. The reinforcement with steel fibers slightly delays the onset of this drop, showing that the percentages of 1.0% and 1.5% present a better performance compared to unreinforced concrete. However, the trend of sudden collapse of fatigue life was maintained in all cases, indicating a characteristic brittle behavior in the final stage of repetitive loading.
[image: ]
[bookmark: _Ref208951917]Fig. 13 Fatigue sensitivity for different percentages of steel fibers (PF)
The vertical axis shows the available fatigue life (number of cycles) in a logarithmic scale, while the horizontal axis shows the normalized load history, which indicates the evolution of the stress applied during the cyclic process.
Conclusions
The present study demonstrated that computational modeling is a robust tool to analyze the fatigue behavior of steel fiber reinforced concrete (SFRC) beams. The results showed that the incorporation of fibers positively modifies both the stress distribution and the durability of the material, delaying the occurrence of failure under repetitive loading. Thus, the effectiveness of the numerical approach to reproduce trends observed in experimental studies reported in the literature was proven.
Regarding the comparative analysis, it was observed that the increase in the percentage of steel fibers generated slight improvements in the safety factor and a longer fatigue life before collapse. Although the safety factor values remained close in all cases, the reinforcement allowed extending the duration of the cycles and improving the performance compared to concrete without fibers. Fatigue sensitivity, however, is a brittle behavior in the final stage, with abrupt drops in life, suggesting that the material maintains vulnerabilities inherent to its heterogeneous nature.
Finally, it is recommended, for further studies, to explore different fiber proportions and morphologies, as well as more complex loading conditions that include variability in amplitudes and sequences. Also, experimental validation of the numerical models presented here would strengthen their practical applicability and open the door to more accurate design recommendations for SFRC structures subjected to cyclic loading.
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