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Abstract: The basic logic in the finite element method is to simplify and solve a complex problem. In this method, the
solution region is divided into a plurality of simple, small, connected, sub-regions called finite elements. In other words, the
problem which is divided into parts connected by a plurality of joint points can be easily solved. St 37 and St 70 steels are
materials used in the manufacturing of general building materials, produced by processing the hot-formed steel further through
a cold drawing process. Ansys; is a computer aided engineering program where analysis and simulations can be performed in
computer aided engineering studies. It enables effective studies in different disciplines such as mechanics, structural analysis,
computational fluid dynamics and heat transfer. The finite element method, which enables the solution of complex engineering
problems with controllable parts by simplifying, is a common and useful solution method used in many engineering
applications. St and St 70 steels are modeled as three-dimensional I-beams 3 mm in thickness in Ansys program package in
accordance with the finite element method. Finite element method helps simplifying complex engineering problems and
solving them with controllable parts. Elastic stress analyses were performed in X, Y, Z axes by stabilizing the right and left
supports of steel beams and applying a pressure of 100 MPa on the top flanges. It was observed in Ansys simulation analyses
that elastic stress effect was higher in St 37 steel compared to St 70 steel.
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significant effect on the modeling of various mechanical
applications related to aerospace and civil engineering. The
finite element method, which enables the solution of complex
engineering problems with controllable parts by simplifying,
is a common and useful solution method used in many
engineering applications [3]. ABAQUS, the finite element
software package [4-8] commonly used for the analysis of
cold-formed steel elements in the past [9] was chosen for
quantitative research. Gardner and Nethercot [10] and
Jandera et al [11] revealed that numerical models consisting
of both membrane and bending components of residual
stresses produced similar estimates to models without
residual stresses in terms of general material behavior or final
load-bearing capacity. Nguyen and Kim [12] used the
ABAQUS software to develop a 3D FE model steel-concrete

1. Introduction

St 37 steel is non-alloy steel. Its mechanical properties are
above 235 MPa yield strength and 360-510 MPa tensile
strength. It is used for riveting, screwing and welding. St 37
steel material is used in many applications by combining
good welding properties with high strength structures. There
are various grade types and uses including civil, industrial,
automotive, machine and aerospace engineering. High
strength low alloys have replaced structural steel (for
example automotive) where weight reduction is important,
but have high strength structures [1]. Mechanical properties
of St 70 steel have 365 MPa yield strength and 690-900 MPa
tensile strength [2]. The finite element method has a
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composite connection with headed stud shear connectors. In
the developed model, the damage and failure of the concrete
(non-linearity of the material), headed stud, steel beam and
rebar were taken into consideration. Pavlovi¢ et al [13]
reported 3D FE steel-concrete composite connection models
with embedded, high-strength bolted shear connectors and
these models were analyzed using explicit solver and
ABAQUS. Strength, failure mode, ductility and load-slip
behaviors of steel-concrete composite connectors predicted
for 3D FE models exhibited a good correlation with push-out
test data. Katwal et al [14] aimed to develop a detailed finite
element model for composite beams with steel-profiled slabs
by taking into consideration the realistic interaction between
different components, failure of shear studs and tension and
compression damages of steel-profiled slabs. Taskaya et al
[15] observed that, according to the finite element method in
Ansys software, deformation and vector stress increased in St
70 lattice roof steel compared to the St 37 lattice roof steel
due to both force and moment effect in beam axes. Polat et al
[16] investigated the analysis of continuous contact problem
of a functionally graded layer loaded by two rigid blocks and
resting on elastic semi-infinite plane by using finite element
method. Polat et al [17] investigated the comparative analysis
of continuous contact problem of homogeneous layer loaded
by two rigid layers and resting on an elastic semi-infinite
plane. Giir et al [18] designed a 3-dimensional lattice roof
using isotropic steel material and investigated the mechanical
stress effects on beam axes under various loads according to
the finite element method. Taskaya [19] applied various
loads and constant pressures on the 3D lattice roof model
with isotropic steel by finite element method material and
investigated the deformation, mechanical and elastic stress in
beam axes. Giir et al [20] compared the changes in material
by examining the stress analysis in different supports and
geometries in the sandwich composite material with the finite
element method. Kaymaz et al [21] in Ansys package
program 2 different models of 3 intermediate layers, with a
straight and 7° orientation angle, are designed as 3
dimensional according to x, y, z coordinate measurements.
Sandwich plates with smooth and radial geometries were
fixed in two different tests from their right and left supports,
linearly and mechanical stresses were analyzed according to
axes under 4 MPa pressure. It has been investigated that the

compression ratios of straight anchorage support increase
linearly as a function of linear meshes in the same geometry
but different support stresses. Taskaya and Taskaya [22]
work, 40 mm outer diameter, AISI 310 stainless steel
cylinder containing mechanical properties are modeled in
Ansys Workbench 12.0 module. The design is performed by
fixing the cylindrical steel from the substrate support zone.
The static structural solution of the steel was analyzed by
applying a force of 1000 N in the -y-axis direction from the
steel top plate zone. As a result of the analysis, it was
observed that the charge distributions effected by the static
structure of the cylindrical steel were concentrated in the
upper and lower regions. Taskaya and Taskaya [23] work,
Anys software, St 52 steel with a thickness of 1000x2000
with a thickness of 10 mm was transformed into a 3-
dimensional volume. The model of the volume of the left and
left supports by fixing the central area 1000 N/mm2 force
and 1000 Mpa pressure applied to the axes coordinate points
of the tension analysis was performed. In the analysis of
voltage and vector simulation of St 52 steel model volume in
Ansys software, it was seen that the voltage and pressure
change in the axial coordinates of the pressure increased in
direct proportion. Taskaya and Taskaya [24] work, the
temperature, pressure, velocity and mass flow behaviors of
the hot and cold water fluid mixture passing through a
volume of three dimension designs were investigated. This
fluid mixture was determined according to the determined
T1-V1, T2-V2 temperature and speed parameters. The
parameters obtained from the simulation analysis data results,
the fluid of the global axes in the model volume, the change
in mass and knot flow velocity according to the fluid in the
pressure output mixture were constant, temperature and
pressure increased.

2. Method

According to the finite element method in Ansys 12.0
software package, the model structure of St 37 and St 70 steel
models is an I-beam with a size of 100x100 mm and a
thickness of 3 mm, has an “extrude” 3D design, and is
designed in accordance with the mechanical properties given
in Table 1 and Table 2.

Table 1. Mechanical properties of St 37 steel [25].

Material  Density (kg/m’)  Elasticity Module (MPa) Elongation (%) Poisson Ratio  Tensile Strength (MPa) Yield Strength (MPa)
St 37 8000 210000 15 0.3 360-470 225-235
Table 2. Mechanical Properties St 70 [26].
Material  Density (kg/m’)  Elasticity Module (MPa) Elongation (%) Poisson Ratio Tensile Strength (MPa)  Yield Strength (MPa)
St 70 7700 200000 8-25 0.3 650-880 350-550
. are identified and analysis is performed. In the first stage of
2.1. Modeling

For the model design in St 37 and St 70 steel standards,
only one I-beam is used for each element type. Following
various analyses on the same model, mechanical properties

modeling, the analysis type was selected statically. The most
important parameter during the analysis of the model i.e. the
element type is determined. The most commonly used
element type in solid modeling “Solid 46 is selected as the
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element type. The reason for using this element type is to
ensure stable transfer of mechanical properties and to reach a
conclusion. Mechanical data for the design are defined in the
material properties according to Table 1 and Table 2. After

the I-beam is designed two-dimensionally as shown in Figure
1 according to the coordinates identified in the first stage, it
is converted into 3D with 3 mm thickness by using the
“extrude” module (Figure 1 c-d).

Figure 1. I-beam steel model's a) view of lines, b) creation of an area from lines, c) conversion to 3D, d) a different perspective of the 3D model.

2.2. Mesh Generation for the Model

After the I-beam steel model is designed in 3D, a mesh
layer must be created to achieve an analysis in the model and
enable simulation distribution (Figure 2). To this end, the
mesh degree is determined from the “mesh size” module of
Ansys data library. The most suitable mesh degree is selected
for the beam, the minimum degree being 1. The neural
network mesh is one of the most important phases for
mechanical distributions. The purpose here is to facilitate the
transfer of material properties.

Figure 2. Mesh generation for the I-beam steel.

2.3. Identification of Boundary Conditions of the Model
and Application of Pressure

The boundary conditions are identified by stabilizing the I-
beam steel model from the bottom right and left supports and
applying a pressure of 100 MPa on the top flange (Figure 3).

Figure 3. a) Stabilization of I-beam steel from the bottom supports b)
application of pressure on the top flange.

3. Results and Discussion

The model is analyzed following the application of
pressure on St 37 and St 70 I-beam steel models. After the
model is analyzed, 2427 elements and 5754 nodes are
generated. Constructively, these elements and nodes yield
positive mechanical simulation results in the material. In
Figure 4, the deformation of beams is investigated.

Figure 4. Analysis of I-beam model, a) deformation of St 37 steel, b)
deformation of St 70 steel.

In Figure 5, pressure-dependent vector analyses of steel
beams are investigated. These analyses are performed based
on stress, nodal and resultant vector types.
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Figure 5. Vector analyses of I-beam model: a) elastic stress vector distribution of St 37-St 70 steels, b) nodal stress vector distribution of St 37-St 70 steels, c)
resultant vector distribution of St 37-St 70 steels.

In Figures 6 and 7, elastic stress-distance graphical analyses of St 37 and St 70 I-beam steel models in x, y, z coordinates are
investigated.

Figure 6. St 37 steel beam's a, b) graphical analysis of nodal and elastic stress in X axis, ¢, d) graphical analysis of nodal and elastic stress in Y axis, e, f)
graphical analysis of nodal and elastic stress in Z axis.

Figure 7. St 70 steel beam'’s a, b) graphical analysis of nodal and elastic stress in X axis, c, d) graphical analysis of nodal and elastic stress in Y axis, e, f)
graphical analysis of nodal and elastic stress in Z axis.
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In Figure 8, Von Mises elastic stresses of I-beam steel
models based on joint shear stresses are investigated.

Figure 8. a) Von Mises elastic stress analysis of St 37 steel beam, b) Von
Mises elastic stress analysis of St 70 steel beam.

In Von Mises test results presented in Figure 8, that is, the
average simulation of axial stress and shear stress, it is shown
that St 70 steel exhibited higher yield criteria than St 37 steel,
because St 70 steel has a higher yield strength than St 37
steel [15-17].

4. Conclusions and Suggestions

In distances from the top node to the bottom node of St 37
I-beam in elastic stress graphs, while a linear increase in
stress was observed in x axis, a decrease was observed in y
and z axes. In distance-dependent elastic stress analysis of St
70 I-beam steel, on the other hand, while a linear increase in
stress was present in x and y axes, a decrease was observed
only in z axis. It is thought that the increases and decreases in
Y axis result from the tensile strength, yield strength and
elasticity properties of the material type. Since the elasticity
module of St 70 steel is lower than the elasticity module of St
37 steel [15-17] the tensile and compressive effect of stress
between distances increased in Y axis. Since the elasticity
module of St 37 steel is higher than the elasticity module of
St 70, however, the tensile and compressive effect of stress
between distances decreased in Y axis. In X and Z axes,
elastic stress distributions demonstrated close results in terms
of tensile and compressive effects between distances. Since
the pressure is applied toward the Y axis, differences were
observed between Y axes of the beams. Distance-dependent
stress measurements can also be made from different nodes.
During the implementation phase, beam tensile and
compressive tests can be conducted and compared with
Ansys software simulation results. Beams in various sizes
and thicknesses can be modeled, varying support and load
quantities can be used, and according to the differences in
mechanical results, stress, nodal and vector analyses can be
performed and results compared. Deformations in axial
regions can also be tested using various finite element
programs (such as Apex, Nastran, Patran, ABAOUS) and
compared with each other [19].

A comparison of analysis results shows that deformations,
nodal, stress and resultant vector analyses as well as nodal
and elastic stresses in x, y, z coordinate axes were observed
to increase in St 37 steel compared to St 70 steel, because the
elasticity module of St 37 steel is higher than that of St 70

steel by 10000 MPa. Therefore, the elastic character of St 37
steel increases compared to St 70 steel. Steels with high
tensile strength show less elastic behaviors. The tensile
strength of St 70 is thus higher than that of St 37 steel [15-
17] Therefore, the elastic behavior of St 70 steel is reduced
compared to the St 37 steel. When we look at the effects of
right and left supports of steel beams, it is observed that
tensile and compressive effect resulting from the pressure
applied on the top flange increased in St 37 steel compared to
St 70 steel as shown by counter simulation results in Figures
6 and 7. Pressure-induced differences were not close in axial
mechanical effects and resultant vector analyses. There was a
significant difference between results. This significant
difference is associated with elasticity, stress and yield
strength differences of materials.
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