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Abstract

In the present work the stress concentration in a flat plate
subjected to axial load is analyzed. To carry out this
analysis, the stress concentration factor is determined with
the help of the Ansys software, which uses the finite
element theory to carry out its analyses. A total of 125
simulations are performed, obtaining the maximum
stresses that support the piece, which are used to determine
the stress concentration factor. Stress concentration factors
are plotted as a function of S/D (hole center distance/hole
diameter) for W/D (part thickness/hole diameter) ratios of
1.2, 1.5, 2, 2.5, 3. The graphed results are regressed using
the method of least squares to obtain equations that can be
used to predict the stress concentration factor of this type
of mechanical parts. The equations obtained are sets of
linear, exponential, and polynomial equations with
correlation coefficient values that vary from 0.8835 to
0.9997.
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Resumen

En el presente trabajo se analiza la concentraciéon de
tensiones en una placa plana sometida a una carga axial.
Para realizar este andlisis se determina el factor de
concentracion de tensiones con la ayuda del software
Ansys, que utiliza la teoria de elementos finitos para
realizar sus analisis. Se realizan un total de 125
simulaciones, obteniendo las tensiones maximas que
soporta la pieza, que se utilizan para determinar el factor
de concentracion de tensiones. Los factores de
concentracion de tensiones se grafican en funcion de S/D
(distancia entre centros de agujeros/diametro de agujeros)
para relaciones W/D (espesor de la pieza/diametro de
agujeros) de 1.2, 1.5, 2, 2.5, 3. Los resultados graficados
se regresan utilizando el método de los minimos cuadrados
para obtener ecuaciones que puedan ser utilizadas para
predecir el factor de concentraciéon de tensiones de este
tipo de piezas mecanicas. Las ecuaciones obtenidas son
conjuntos de ecuaciones lineales, exponenciales vy
polinémicas con valores de coeficientes de correlacion que
varian entre 0,8835y 0,9997.
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Nomenclature

The nomenclature used during the development
of this work is shown below.

TO Cross-sectional area of the plate

B. Deformation matrix

D Hole diameter

F Force applied to part

H1.2 Quadrature Weight Coefficients
gaussian

J Jack o biano

xand  stiffness matrix

Kyou Fact stress concentration tower
L Plate length

N Matrix of form functions
N;..p  Fanformofnodei, j, k, I,

m, n, o, p belonging to the square

element
ptwo  Correlation coefficient
S Separation between the centers of the
drill holes
W Plate width
X Element global coordinate
Y Element global coordinate
n Local coordinate of the element
& Local coordinate of the element
omax Maximum effort
atheoreti Theoretical effort

Introduction

The stress concentration is one of the main
problems that designers must worry about when
designing any type of machinery or equipment,
because stress concentrations can cause the
different mechanical parts to fracture and the
machine or equipment to lose its operating
conditions. For this reason, designers should try
to eliminate stress concentrators in mechanical
parts as much as possible.

Special attention must be paid to analyze
the stress concentrators in the best possible way
so that the designs that are made work properly
and are as reliable as possible.

Many researchers have studied different
types of stress concentrators and the effect they
have on different materials. Zheng & Niemi
(1997) investigates the relationship between
stress and local strain, as well as the nominal
stress proposed by Moski and Glinka.
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The authors comment that said stress is
good for low stress amplitudes, however both the
Neuber rule and the Moski and Glinka methods
do not produce good results for large stress
amplitudes. For their part, Roldan & Bastidas
(2002) present a study which analyzes the stress
concentration on a flat plate of constant
thickness subjected to stress at its ends, making
a comparison of the results obtained through the
theory of elasticity, experimentally and by the
finite element method.

Maiz, Rossi, Laura & Bambill (2004)
comment that the normal stresses increase in
absolute value with the size of the hole for all
orthotropic materials. For their part, Bambill,
Susca, Laura & Maiz (2005) mention that the
stresses generated in the environment of a
circular hole of an orthotropic plate when it is
subjected to hydrostatic stresses in a plane, are
strongly affected by the elastic characteristics of
the material. of the plate under consideration.

In a flat plate with two holes loaded at its
ends, the stress concentration interaction
depends on the distance and the size ratio
between them (Monroy & Godoy, 2006).
Martinez, Carrera & Ferrer (2006) presents the
study of a flat plate with a hole in the center,
under the effects of a linear load gradient, they
establish an approximate computational model
that reduces the type of load required and
supports the results obtained experimentally. by
photoelasticity and numerically by using the
software ANSYS®.

Noda & Takase (2006) analyze the stress
concentration in a round bar with a circular arc
or V-shaped notch that supports torsion, tension
and bending loads, obtaining equations that
allow determining the stress concentration in
these pieces with an error of less than 1%. Susca,
Bambill, Laura & Rossi (2006) analyze the stress
concentration generated by a small rectangular
hole with rounded edges in an orthotropic plate,
observing that the greatest stress concentration
factors are found in the main axis 1 which is at a
angle of 67.5° with respect to the x-axis.

The theoretical stress concentration
factor for parts made of orthotropic materials is
significantly influenced by the type of applied
load, as well as by known parameters such as the
relative size of the hole.

ORTEGA, Francisco, PALACIOS, Francisco, GARCIA,
Diego and GARCIA, José. Stress concentration in a plate
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In addition, the load that produces the
greatest effects on the theoretical factors of stress
concentration is the biaxial tension-tension load,
whose effects are not very noticeable (Méndez
& Torres, 2006). For his part, Sdnchez (2006)
analyzes the stress concentration in an
orthotropic plate with an elliptical opening
subjected to an axial load for a bone material
taken from the diaphysis of the human tibia.

The reason for analyzing the elliptical
opening and not the circular one is because the
elliptical opening leads to a generalized analysis
and in the limit, when the ratio of the semi-minor
axis to the semi-major axis of the ellipse is very
large, the hole tends to be a very large slot. thin
(crack) and therefore its stress concentrator
increases. The stress concentration factor in
composite materials depends closely on the
geometry of the piece, in addition to the fact that
the stress concentration factor is not a sufficient
value, by itself, for the prediction of failure in
laminated materials (Dominguez, Santos, Robles
& Ortega, 2006).

It is difficult to establish behavior
parameters in orthotropic materials, but there is
a marked influence between the relationships of
the elastic constants and the stress concentration
factors (Susca, Bambill & Rossit, 2007).
Pefiaranda, Pedroza & Méndez (2007) analyze
the stress concentration in a plate of infinite
length with two holes of equal radii, using finite
element software, varying the distance between
the centers of the two holes and their diameter.
For their part, Gomez, Elices, Berto & Lazzarin
(2008) study the stress concentration factor for
U-shaped notches which support mixed loads
using the concept based on the criterion of the
average deformation of the energy density.

Sonmez (2009) carried out a study to
optimize the shape of the fillets and reduce the
stress concentration in flat and round bars
subjected to axial loads, bending, torsion or
combined loads. While Osorio, Rodriguez,
Gamez & Ojeda (2010) studies the distribution
of stresses produced by the effect of various
loading conditions, in said study a numerical
evaluation is carried out to analyze a plate for
internal fixation of fractures occurring in the
distal radius, the results show a concentration of
stresses in the regions adjacent to the plate holes
and in the screws located at the ends of the
fixation plate.
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Balankin, Susarrey, Mora Santos, Patifio,
Yoguez, & Garcia (2011) theoretically and
experimentally study the effect of long-range
correlations in the material microstructure on the
stress concentration in the vicinity of the notch
tip. According to the results obtained in
experimental tests that they carry out, they
obtain a good approximation of the effect of the
size of the notch on the resistance to fracture of
sheets of different types of paper.

Louhghalam, lgusa, Park, Choi & Kim
(2011) present a model that is numerically
coupled to the finite element method to
determine the stresses at the corners of
rectangular openings in plates subjected to
bending. On the other hand, Sharma, Panchal &
Patel (2011) analyze an infinite orthotropic plate
with a circular hole subjected to internal pressure
using the Mushkhelisvili method, finding that
the orientation of the fibers and the stacking
sequence have a significant effect on the
distribution. stress around the hole.

While Sharma (2011) determines the
stress concentration using Mushkhelisvili's
method around circular, elliptical and triangular
cutouts in infinite plates of laminated composite
materials supporting arbitrary biaxial loads.

The stress concentration is one of the
factors that contribute to reducing the life of a
mechanical component subjected to fatigue
(Khalil Abada, Pasinia & Cecereb, 2012).
Dharmin, Khushbu & Chetan (2012) present a
review of the research that has been carried out
about stress analysis on infinite plates with
cutouts. Many analytical, numerical, and
experimental techniques are available to reduce
the stress concentration factor around
discontinuities. Different ways to determine the
stress concentration factor in flat plates
composed of different materials under different
loading conditions have been reported (Nagpal,
Jain & Sanyal, 2012).

ORTEGA, Francisco, PALACIOS, Francisco, GARCIA,
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In general, the maximum stress
concentration for plates of finite width with a
central hole under static axial load always occurs
at the periphery of the hole, in addition, the stress
concentration factor is maximum at the tip of the
hole, that is, perpendicular to the load (Nagpal,
Sanyal & Jain, 2013). Mohan Kumar, Rajest,
Yogesh & Yeshaswini (2013) analyze the stress
concentration in flat plates with circular,
triangular, and rectangular holes, studying the
variation of the stress concentration due to the
hole geometry change. For their part, Henrique,
Tacito & Moreno (2013) perform a finite
element analysis to predict the elasto-plastic
stress concentration factor for a 1020 steel alloy.

The use of modified elliptical shaped
notches is suggested because it causes a lower
stress concentration compared to semicircular
notches and slots, the ratio of the minor and
major axes of the ellipse should be between 0.3
and 0.4 (Ahsan, Prachurja, Ali & Mamun, 2013).
On the other hand, Momcilovic, Motok &
Maneski (2013) carry out an analysis of the
stress concentration factor in the corner of an
opening in a rectangular plate with small radii of
curvature, using analytical, experimental, and
finite element methods, making a comparison
among the three methods.

Ortega, Garcia, Rocha & Guzman (2013)
show how to obtain stress concentration curves
with the help of ANSYS® software. The
determined stress concentration factors are
plotted in a dimensionless way, obtaining stress
concentrator curves.

The least squares method is used to fit the
data from these curves to sixth degree
polynomial equations with a value of R2
between 0.9987 and 1.

Darwisha, Tashtoushb & Gharaibehb
(2013) study the in-plane stress concentration
factor (SCF) in countersunk rivet holes in
orthotropic rolled plates under uniaxial tensile
loading. Finite element analysis is performed
using ANSY S® software. The effect of various
geometric and material parameters such as plate
thickness, straight shank radius, countersink
angle, countersink depth, plate width, and layer
angles of SCF laminate are investigated.
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Based on the results, it was found that the
SCF values obtained by means of the formulated
equation are within 7% of the finite element (FE)
results for 96% of the runs and that the maximum
overall error is less than 14%.

Ou, Lu, Cui & Lin (2013) show a shape
optimization approach to minimize stress
concentration and peaks caused by contact
pressure. Their approach focuses on directly
modifying the shape of the layers near the region
where the stress concentration is measured by
the Von Mises stresses and the contact surface
measures the contact pressure. To evaluate the
proposed approach, three case studies are
presented, the results obtained show that the
optimization of developed form is especially
applicable to the design and analysis of multi-
body systems where the limit stress
concentration and contact pressure distribution
are an important consideration.

Liu & Tang (2015) present a detailed
analysis on stress concentration in composite
materials reinforced with unidirectional notched
fibers. Due to the formation of longitudinal
splitting at the notch tips along the fiber
direction, the extremely  high  stress
concentrations ahead of the notch tip could be
drastically reduced for composite materials
under remote stress. The inability of the widely
used material property degradation method to
accurately redistribute local stresses at notch tips
is examined.

The objective of this work is to analyze
the stress concentration in a flat plate with two
centered holes and subjected to an axial tension
load.

A total of 125 simulations are carried out
in a finite element software in order to find the
maximum stress that the plate supports and
subsequently determine the stress concentration
factor, the results obtained are plotted for the
W/D ratios of 1.2, 1.5, 2, 2.5 and 3 depending on
the s/D ratio, finally the least squares method is
applied to the values obtained to obtain
equations that allow predicting the stress
concentration factor for the analyzed case study.

ORTEGA, Francisco, PALACIOS, Francisco, GARCIA,
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All finite element

There are many facets of engineering in which it
is necessary to determine the distribution of
stresses and strains in an elastic continuum
(Zienkiewicz, 1982). It is generally accepted that
numerical analysis methods in engineering and
applied sciences fall into three broad categories:
finite differences, finite elements, and boundary
elements (Cerrolaza, 2006).

Finite Element Analysis (FEA) has had a
tremendous boost since the advent of the
computer age. This has allowed the creation of
multiple platforms to implement the theory of
finite elements, of which Ansys is a particular
example (Roa Garzén & Garzon Alvarado,
2002).

The finite element is a numerical method
that is used for the modeling and simulation of
problems in many fields of engineering, such as:
structural analysis, heat transfer, fluid
mechanics, electricity and magnetism, or a
combination of them.

The term "finite element” expresses the
idea that the object of study can be divided into
a certain number of elements, with a defined
mathematical model that can be represented in a
matrix arrangement whose solution is obtained
by applying the basic rules of linear algebra
through of a computer program (Cordova
Aquino & De Dios Dominguez, 2007)

There are two general approaches
associated with the understanding and
application of the finite element method. The
first approach is called the force or flexibility
method, which is based on the use of internal
forces as the unknowns of the problem. To
obtain the governing equations, the equilibrium
equations have to be used first. Then it is
necessary to introduce additional equations
generated by the compatibility equations. The
result is the array of redundant algebraic
equations that determine the unknown internal
forces. The second approach of the method is the
displacement method, or stiffness method,
which assumes the displacement of nodes as the
unknowns of the problem (Pérez Mitre, 2004).

Fonseca Lopes (2011) mentions that
regardless of the physical nature of the problem,
its analysis using the Finite Element Method
follows the following steps:
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- Definition of the problem and its domain.
- Discretization of the domain.
- Identification of the state variable(s).
- Formulation of the problem.
- Establishment of reference systems.

- Construction of the functions of
approximation of the elements.

- Determination of the equations at the level
of each element.

- Transformation of coordinates.
- Assembling the equations of the elements.
- Introduction of the boundary conditions.

- Solution of the resulting set of
simultaneous equations.

- Interpretation of the results.

In the present work, an -eight-node
quadrilateral element is used to perform the
analysis in ANSYS®. Figure 1 shows a
schematic of the eight-node quadrilateral
element.

O
O
~.OG

m

e~

X
Figure 1 Schematic of the 8-mode quadrilateral element

Equations (1) through (8) are the shape
functions of the nodes of the element in Figure 1
in terms of the local coordinates.
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The partial derivatives of the shape
functions (Equations 1 to 8) with respect to the
local coordinates are presented in Equations (13)
to (28).
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(32).
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The deformation matrix is defined by
equation (32), while the shape function matrix is

defined by equation (33).
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The Gauss-Legendre quadrature is used to
determine the stiffness matrix. The stiffness
matrix of each element is defined by Equation
(34).

K=K +K,+ K5 + K, (34)

Where:

K =tHJ(&.n)B" (&.m)DB(&.m)  (35)
K}, =tH H,J(&.m,)B" (&.1m,)DB(&.m,) (36)
K5, =tH,H,J (&.1,)B" (&.m,)DB(&.1,) (37)
K5, =tH}J (&,,1m,)B" (&.n,) DB(&,.m,) (38)

Equations (1) through (38) define a
square element with eight nodes.

Stress concentration

Most real machine parts will have variable cross
sections. will have varying cross sections.
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For example, shafts are often staggered at
different diameters to accept different diameters
in order to accept bearings, gears, pulleys, etc.
bearings, gears, pulleys, etc. A shaft may have
slots for circular keyways, or for rings, or have
for rings, or have wedges or holes for the
attachment of other other parts. Bolts are bolts
are threaded with heads larger than their shank.
Any of these changes in the geometry of the
cross-section geometry can cause localized
stress concentrations (Norton, 1999).

The analysis of geometric shapes to
determine to determine stress concentration
factors becomes a difficult stress concentration
factor becomes a difficult problem and not many
solutions are found.

Most stress concentrators are determined
by experimental techniques. Although the finite
element method has been used, the fact that the
elements are, in effect, finite, prevents finding
the actual maximum stress. Generally,
experimental approaches include
photoelasticity, meshing methods, brittle coating
methods and electrical methods with strain
gauges (Budynas & Keith Nisbett, 2008). Mott
(2006) mentions that stress concentration factors
should always be used when analyzing elements
under fatigue loading, because fatigue cracks
usually initiate near points of high local tensile
stress.

Methodology

The proposed case study consisted of study the
stress concentration in a flat plate with two flat
plate with two aligned and centered holes which
supports axial load, we use the finite element
software the finite element software ANSYS®,
is used to study the stress concentration in a flat
plate with two aligned and centered holes.
software is used, in order to the modeling in this
software, an eight-node square element is used
the modeling in this software uses an eight-node
square element, of which four nodes correspond
to each corner of the quadrilateral of the
quadrilateral and the other four nodes are
intermediate nodes. four nodes are intermediate
nodes. The most suitable element for such an
analysis is therefore the Solid 8 element. analysis
is therefore the Solid 8 node element 183.

ORTEGA, Francisco, PALACIOS, Francisco, GARCIA,
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This element is used because it is a
quadrilateral with intermediate nodes at this
element is used because it is a quadrilateral with
intermediate nodes on the edges, so it tends to
deform and couple easily during meshing in a
curved section. This element is configured to
work as a plane stress element with thickness. In
the elaboration of the simulations an isotropic
material is used, which is assigned the properties
of low carbon steel, elastic modulus of 210 GPa,
Poisson's ratio of 0.28.

The developed models support a tensile
load at one end, while at the other end they are
restrained in the x-direction.

Figure 2 presents the flat rectangular
plate with two centered holes to be analyzed,
which has the following characteristics:

- Plate length (L) of 0.3 m.
- Applied force (F) of 100 kN.
- Plate thickness of 0.01 m.

The width of the plate (W), the distance

between hole centers (s) and the diameter of the

holes (D) are variable and change in each
analysis.

Figure 2 Flat plate with two boreholes to be analyzed

Figure 3 presents the model made in the
software for the case study.

Figure 3 Model created to analyze the study case

A total of 125 simulations are performed
to obtain omax and subsequently obtain the
value of Kt, the simulations are distributed as
follows:
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- 25 simulations for the case W/D = 3.
- 25 simulations for the case W/D = 2.5.
- 25 simulations for the W/D = 2 case.
- 25 simulations for the case W/D = 1.5.

25 simulations for the case W/D =1.2.

The simulations are performed by modifying the
value of W in ranges of 0.004 m, starting at 0.096
m and ending at 0.002 m. The value of s is
determined by adding the value of D to 0.02; that
is, for all cases, the separation between the
closest surfaces of the boreholes is assumed to
be 0.02 m. The value of D is determined using
Equation (39), in this equation h takes the value
of 1.2, 1.5, 2, 2.5 and 3 depending on the case
analyzed.

w
—=h 39
b (39)

To obtain the value of K, 6 max is divided
by O theoretical (Equation 40)

K, = e (40)

a

tedrico

The stress o theoretical IS Obtained by means
of equation (41), in this equation the value of the
area is determined at the place where the cross-
section of the cross-section of the part is
minimum.

fearico

F
4 (41)

Results

The Kt values obtained for the five W/D ratios
are plotted as a function of the dimensionless
S/D ratio, the graph obtained is presented in
Figure 4.
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/D
— WD=12 = = W/D=15 === WD=2
------ W/D=25 W/D=3

Figure 4 Stress concentration factor plot for a flat plate
with two holes subjected to axial loading.

To the K values obtained for the W/D
ratios of 1.2, 1.5, 2, 2.5 and 3 which are shown
graphically in Figure 4, the least squares method
is applied to obtain a set of linear equations
(Equations 42 to 46), a set of exponential
equations (Equations 47 to 51), a set of second-
degree polynomial equations (Equations 52 to
56) and finally a set of sixth degree polynomial
equations (Equations 57 to 58).

Figure 5 shows graphically the lines
obtained for the linear regression using the least
squares method using the least squares method
and equations (42) to (46) represent the linear
equations obtained for the case study analyzed.

2.35
2.3

225

——Lineal (W/D=3) «eeeen Lineal (W/
=== Lineal (W/D=2) i
— Lineal (W/D=1.2)

Figure 5 Linear regression plot obtained using the least
squares method

Equation (42) is the linear equation for
W/D=1.2 and has a value of Rz = 0.9354.

K = —0.5136[%]+ 2.3942 (42)
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Equation (43) is the linear equation for
W/D=1.5 and has a value of R2=0.925.

K, = —{].4846(%)+ 2.3325 (43)

Equation (44) is the linear equation for
W/D=2 and has a value of R = 0.9183.

K = —0.3691{%)+ 22392 (44)

Equation (45) is the linear equation for
W/D=2.5 and has a value of Rz = 0.8835.

K, =—0.2241[%)+2.1555 (45)

Equation (46) is the linear equation for
W/D=3 and has a value of Rz = 0.8835. for
W/D=3 and has a value of R2=0.8884.

K = —0.()859[%] +2.0813 (46)

Figure 6 shows graphically the lines
obtained for the exponential regression using the
least squares method, equations (47) to (51) are
the exponential equations obtained for the case
study analyzed.

235

0 0.2 0.4 0.6 0.8
SD

= «Exponencial (W/D=1.2) = = Exponencial (W/D=1.5)
=== Exponencial (W/D=2) +++ees Exponencial (W/D=21.5)
=——Exponencial (W/D=3)

Figure 6 Exponential regression graph obtained using the
least squares method

Equation (47) is the exponential equation
for W/D = 1.2 and has a value of R? = 0.9332.

0233 £ |
K =23997¢ o) 47)
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Equation (48) is the exponential equation
for W/D = 1.5 and has a value of R2 = 0.9217.

f e
a3

0.227 — |
K, =23388¢ 'Y/ (48)

Equation (49) is the exponential equation
for W/D = 2 and has a value of Rz = 0.9152.

i ¥ A
178 = |

K =22439¢ ) (49)

Equation (50) is the exponential equation
for W/D = 2.5 and has a value of R2 =0.881.

e
0'“'?3

K, =2.1578e (50)

Equation (51) is the exponential equation
for W/D = 3 and has a value of R? = 0.8874.

0042 |
K, =2.0817¢ " (51)

Figure 7 shows graphically the lines
obtained for the second-degree polynomial
regression using the least squares method,
equations (52) to (56) are the second-degree
polynomial equations obtained for the case study
analyzed.

2.35

0 0.2 0.4 0.6 0.8
SD

= = Polinomica (W/D=1.5)
sassss Polinémica (W/D=2.5)

= «Polinomica (W/D=1.2)
=== Polindmica (W/D=2)
Polinémica (W/D=3)

Figure 7 Plot of second-degree polynomial regression
obtained by the least square’s method. squares method

a

K= —0.?9?2( i} +0.020?(i)+ 23357 (52)
D D

Equation (52) is the second-degree
polynomial second degree polynomial equation
for W/D = 1.2 and has a value of R2 = 0.9761.
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KE:—U.SSSS{i}+0.1596[i)+2.2542 (53)
D D

Equation (53) is the second degree
polynomial equation for W/D = 1.5 and has a
value of R =0.9871.

2
K,=—0.6943 [i] +0.1 847[ i} 21633 (54)
D D

Equation (54) is the second-degree
polynomial equation for W/D = 2 and has a value
of R2=0.9918.

2
K= —0.4954[1] +0.2151 [ij—fZOSSS (55)
D D

Equation (55) is the second-degree
polynomial equation for W/D = 2.5 and has a
value of R? = 0.9949.

7

K= —0.16?9[1] +0.0?42[i}«2.0531 (56)
D D

Equation (56) is the second-degree
polynomial equation for W/D = 3 and has a value
of R2=0.9842.

Figure 8 shows graphically the lines
obtained by the sixth-degree polynomial
regression using the least squares method,
equations (57) to (61) are the sixth degree
polynomial equations obtained for the case study
analyzed.

2.35
23

225 —

0 0.2 0.4 0.6 0.8
sS/D

= +Polinémica (W/D=1.2) = = Polinémica (W/D=1.5)
=== Polinémica (W/D=2) = «eeses Polinémica (W/D=2.5)
Polinémica (W/D=3)

Figure 8 Sixth degree polynomial regression graph
obtained by the least square’s method
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K =152. 39[ ] 1257, s;{_J —]46.04[i] .
+29.37\[i]"—1.5742{‘ ] omsl[ }2 3236
D D D

Equation (57) is the sixth-degree
polynomial equation for W/D = 1.2 and has a
value of R? = 0.9964.

sl ) )
sy vy oo zJosn

Equation (58) is the sixth-degree
polynomial equation for W/D = 1.5 and has a
value of R? = 0.9992.

5 4

K =58 154[ ]+l2453( )—956{ ]
D D

+31014( )—43635{ J+ﬂ24h‘{ }21656

Equation (59) is the sixth-degree
polynomial equation for W/D = 2 and has a value
of R2=0.9988.

6 4
K=22. 52’{ J +59. 696{—] —58. 52‘{ ]
D D
+25.902{'5J =5. 4?6{ J +0. 537( ]+2 0842

Equation (60) is the sixth-degree
polynomial equation for W/D = 2.5 and has a
value of R? = 0.9997.

6 5 4

Klzo.{mss(i] +4.?388{ ]—9 1404( ]
D D

+5.9017(“D} 15939( ]+(}162?{ }«20557

Equation (61) is the sixth-degree
polynomial equation for W/D = 3 and has a value
of R2=0.9984.

Conclusions

The results obtained show that the stress
concentration factor decreases as the s/D ratio
increases, at the same time the stress
concentration factor decreases when the W/D
ratio also decreases.
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The linear equations obtained by the least
square’s method do not provide a good
approximation because the R2 values vary
between 0.9354 and 0.8835, therefore they do
not adjust adequately to the values obtained, it is
not recommended to use these equations, only if
it is desired to obtain a quick approximation of
the stress values supported by the part.

On the other hand, the exponential
equations obtained do not have a good
approximation to the approximation to the
values of the stress concentration factor
obtained. stress concentration factor values
obtained. The values of R 2 values vary between
0.9332 and 0.8810, so it is not also
recommended to use these equations to predict
the stress concentration  factor.  stress
concentration factor.

The polynomial equations of second the
second-degree polynomial equations obtained
attach well to the calculated stress concentration
factor wvalues. of the calculated stress
concentration factor. The R2 values for these
equations vary between 0.9761 and 0.9949,
therefore, these equations provide reliable values
of the stress concentration factor for the
mechanical part under study.

On the other hand, the sixth-degree
polynomial equations determined strongly fit the
stress concentration factor values obtained.
These equations have a value of R2 that varies
between 0.9964 and 0.9997, therefore the values
of the stress concentration factor for the analyzed
case study can be determined by these equations
since the obtained values strongly fit the data
calculated with the help of the finite element
software.
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