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Abstract

Fatigue Analysis of Threaded Holes

Andreas Olsson and Joel Sundström

The effect of a plain hole on the fatigue properties of a body undergoing uniaxial
loading is a well-studied area. However, for the case of threaded holes that are not
being used together with a bolt, little can be found in the literature. In this project,
stress concentration factors, Ktn, for threaded holes, following the ISO metric
standard, have been calculated using finite element models in ANSYS. Based on these
results, estimations of the fatigue notch factor, Ktf , for the threaded holes were
derived. The magnitude of Ktf depends on how the notch sensitivity index, q, is being
determined. In this project, both Neuber’s and Peterson’s formulas were used as
estimates of q and a comparison between the two methods was made. The stress
concentration factors for the threaded holes were significantly higher than the
corresponding stress concentration factors for plain holes. As the size of the hole and
the surrounding body was increased, Ktn decreased. In the fatigue analysis, Peterson’s
formula predicted higher values of the fatigue notch factor compared to Neuber’s and
could therefore be useful in design purposes. Furthermore, the reduction in fatigue
strength for the threaded holes, compared to the plain holes, was calculated. These
results showed that the percentage decrease in fatigue strength for threaded holes
was approximately the same, regardless if Neuber’s or Peterson’s estimation of q was
used. The reduction in fatigue strength for threaded holes with a coarse pitch,
compared to plain holes, varied from about 16 % for the smallest diameter tested
(M6) to about 10 % for the biggest (M68). The corresponding reduction for threaded
holes with a fine pitch varied from about 14 % for the smallest diameter (M6) to
about 9 % for the biggest (M64). As the size of the hole and the surrounding body was
increased, the threads’ effect on the fatigue strength decreased.
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1 Introduction

1.1 Background

The usage of screw threads in construction parts and building blocks is very com-
mon in the industry. Threaded holes with bolts are one of the most basic and
widely used methods to connect two structural parts together. For obvious rea-
sons, most screw threads present in various structures are being used together with
a bolt. However, it is not uncommon that structural members and machine parts
contain threaded holes that are not being used. Unused threaded holes often ap-
pear in situations where a machine, shaft, or engine block is modified during its life
time. For example, due to technical development, some necessary modifications of
industrial parts might lead to unused threaded holes. The main question sought
to be answered in this project is therefore how threaded holes differ from plain
holes in their effect on the fatigue properties of structural members. This question
arose from a discussion between the technical consulting firm ÅF and one of their
customers.

The stress distribution around circular holes is a thoroughly studied area, but
for the case when the holes contain screw threads, little can be found in the
literature. Irregularities such as holes, notches, shoulders, and so on, are referred to
as stress raisers because they alter the way the stress is distributed in the material
during loading, leading to high localized stresses. The phenomenon when such an
irregularity produces high localized stresses is called stress concentration, [15]. In
order to avoid devastating failures of assemblies, these stress concentrations must
be accounted for in calculations and designs. A measure of the stress concentration
is provided through the stress concentration factor, Kt, defined as the ratio of the
peak stress in the body, σmax, to some predefined reference stress, σnom,

Kt =
σmax

σnom
(1)

The stress concentration factor is a theoretical factor meaning that it is derived
from laboratory tests or based on the theory of elasticity. Today, advanced com-
puter simulations, most often involving the finite element method, can be used
to determine the stress concentration factors for practically all kinds of shapes,
materials, and loads.

For the case of a uniform tension load applied to an infinite thin plate with a
circular hole, seen in Figure 1, an analytical solution is possible to derive. At
point A, the maximum stress is obtained and it can be expressed as
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Figure 1: An infinite thin plate with a circular hole under a uniform tension load.The
figure was taken from [12].

σmax = 3σ (2)

Here, the stress concentration factor is 3, meaning that for an applied stress σ,
the resulting maximum stress at the edge of the hole will be 3σ, [12]. For simple
plane stress cases like this, numerous handbooks have been written containing
formulas for a wide range of shapes and loads. However, in order to conduct a
three-dimensional analysis of a threaded hole in an arbitrary body, one cannot
simply rely on handbooks anymore. These types of analyzes are preferably carried
out in a sophisticated finite element software, for example, ANSYS.

Studies have shown that when the element containing the hole has an arbitrary
thickness, the maximum stress varies on the surface of the hole across the thickness
of the body, [12]. In other words, the maximum stress does not necessarily occur
on the surface of the element. In fact, research has shown that the stress is
slightly higher in the interior of the body (but still on the surface of the hole),
[13]. According to [4], the stress concentration factor for an arbitrary thickness
plate holding a through-the-thickness circular hole subjected to uniaxial tension
could increase with approximately 6% compared to the reference value of 3. This
depends on the ratio of the thickness of the plate to the hole radius as well as
the Poisson’s ratio, which is a material constant. It was also found that the stress
concentration factor increased with the increase of the Poisson’s ratio. The same
conclusions were made in [8], where it was found that holes in three-dimensional
bodies had stress concentration factors 5 % higher than the corresponding two-
dimensional values. The purpose of this work is to perform analyzes, similar to the
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ones described above, but for the case when the holes contain screw threads.

1.2 Goal

In this project, the stress concentration factors of threaded holes, located in a
rectangular shaped body subjected to uniaxial tension, will be calculated. The
results will then be used to make conclusions about the screw threads’ effect on
the fatigue properties of the body. All results for the threaded holes will be com-
pared with corresponding results for plain holes and potential differences will be
discussed. Focus will be on the ISO metric screw threads standard and a table,
showing all relevant results for the investigated threads, will be set up. Another
purpose of the project is to deliver a database to ÅF containing simulations and
CAD-models of the ISO metric threaded holes.

1.3 Limitations

The results presented in this project are only valid for the design, material, load
case, and boundary conditions used in these particular simulations. Even if the
conclusions made here could be used as rough guidelines to similar problems,
the figures should not be generally applied to problems that differ from the ones
described in this report.

1.4 Methodology

The outline of the project, given by ÅF, implied that no similar computations
had been done in this area, that is, fatigue analyzes of unused threaded holes.
The project started with a literature study along with learning ANSYS, the soft-
ware that was used for the simulations. Since the built-in threads in most CAD-
programs are only cosmetic, the screw threads had to designed from scratch. This
was done using the CAD-software Spaceclaim. In consultation with the supervisor
at ÅF, the decision was made to design the threads in a rectangular block with
the hole penetrating half the thickness. Since numerous simulations of threaded
holes had to be done a script was created to speed up the process.
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2 ANSYS Model

ANSYS is an engineering simulation software that is used within a wide variety
of areas, for example, within the automotive, aerospace and energy industry. The
software is, for example, used by putting a structure through different simulations,
approximating the real scenarios of the structure, to analyze its behavior before
constructing the real product.

2.1 Geometry

The geometry was constructed using the CAD-software Spaceclaim and the design
of the threaded holes was based on the ISO-standards for metric screw threads,
see Appendix B. Every thread is defined by its pitch (P), outer diameter (D),
inner diameter (D1), and the effective pitch diameter (D2). The parameters and
a schematic view of the standard used when designing the threaded holes can be
seen in Figure 2.

Figure 2: The standard of a M-threaded hole, ISO-standard, [6].

The values of the different parameters follow the ISO-standard and both the fine
and coarse version of the threaded holes in [6] were constructed. The geometry of
the solid as well as the holes were designed using the following relations, based on
the threaded holes’ outer diameter, D,
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The surrounding body
Length of sides = 6·D
Thickness = 3·D

The threaded hole
Depth = 1.5·D

The depth was defined as the distance from the top of the hole to where the thread
ended. The bottom of the hole was rounded off with a 30◦ angle. The relation
between the threaded hole and the size of the surrounding body was based on
Saint-Venant’s principle. It states that an irregularity, such as a hole, with a
characteristic size R will affect a region of size 3·R surrounding the irregularity,
[3]. It should be noted that this principle is just a rule of thumb. A similar
conclusion can be found in [12], where the effect of a hole on the surrounding
stress distribution is negligible a distance 5 · radius from the center of the hole.
The size of the surrounding body was based on these two statements, however, it
was made slightly bigger to be on the safe side. For each simulation, the stress at
the surface of the body was recorded to make sure that the size of the body was
sufficient to give a uniform distribution at the surfaces.

Figure 3: CAD-model of a coarse M45 including the defect down the right hand corner
of the hole resulting from the sketch. The bottom of the hole was made arbitrary but
followed an angle of 30◦ relative to the horizontal plane.
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The threads were constructed by sketching the 60◦ profile in Figure 2 from the
outer to the inner diameter. This profile was then rotated around the axis of the
hole, in the shape of a helix, with the corresponding pitch. The diameter of the
plain holes was the same as the inner diameter of the threaded hole. Following the
standards, the profile of the thread was rounded off at the outer diameter while
kept flat at the inner diameter. The whole process can be seen as cutting out the
threads from the bottom of the hole to the top in Figure 3. This way of creating
the geometry lead to a defect at the beginning of the thread at the bottom of the
hole, since the translation could not be constructed smoothly. This defect had to
be accounted for in the simulations since the sharp edges led to very high stresses,
which would not appear in reality. In other words, the bottom of the hole had to
be ignored when analyzing the simulations since the defect would give misleading
results.

2.2 Loading and Boundary Conditions

The boundary condition applied on the body was frictionless support. With fric-
tionless support on a surface, the nodes are restricted to in plane movement, the
nodes can not move along the surface normal. In other words, where a frictionless
support is applied the degrees of freedom is reduced to two. The frictionless sup-
port were applied on all sides except the unconstrained top surface and the side
where the tension load was applied, which can be seen in Figure (6). A uniaxial
tension load of 1 MPa was applied at one surface in the normal direction, out of
the body. For each thread, two simulations were done, one with the pressure load
in the x-direction and one in the y-direction. This was done to ensure that the lack
of perfect symmetry would not bias the result. The tension load was defined as
a pressure load in the direction normal to the surface. This was convenient since
it has the same units as the stress, which made it easy to determine the stress
concentration factor from equation (1).

These conditions were used to give a realistic approximation of the real problem
where the threaded hole was a part of a larger body, for example, an engine
block.
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Figure 4: An applied tension load pressure in the y-direction, out of the body. The
top of the body was unconstrained and the remaining sides had frictionless support.

3 Mathematical model

In this section, a brief review of the equations governing the problem will be
outlined. In the mathematical model, the following assumptions are made:

• The body is elastic, that is, the solid returns to its original shape when the
load is removed.

• The material is isotropic, which means that there is no characteristic orienta-
tion in the material. In other words, the stress-strain curves are independent
of the orientation of the solid.

• The deformations due to the applied load are small.

• The temperature distribution in the solid is uniform, that is, ∆T = 0.

• The material follows Hooke’s law, which states that strain is proportional to
stress.[15]

The problem to be modeled is a three-dimensional rectangular shaped body, with
volume V and surface S, subjected to an external tension force P . The three
unknown fields in the body are displacements u, strains ε, and stresses σ. These
fields are connected through three sets of governing equations, [5]. The first set
of governing equations is derived from the relation between the displacement and
strain in linear elasticity. This relationship can be described by the infinitesimal
strain tensor, εij, which is given by
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εij =
1

2
(
∂ui
∂xj

+
∂uj
∂xi

) (3)

Details about the infinitesimal strain tensor can be found in [3], but it should be
noted that this measure of deformation is approximate and only suitable for small
deformations of the body, which is assumed to be the case here. The second set
of governing equations is the equations relating stress and strain. They are often
referred to as the constitutive equations. In general, the constitutive equations
are partial differential equations, but in the case of linear elasticity, they become
algebraic, linear, and homogeneous, [5]. The stress-strain relation for an isotropic,
linear elastic solid is

σij =
E

1 + v
(εij +

v

1− 2v
εkkδij)−

Eα∆T

1− 2v
δij (4)

where σij is the Cauchy stress tensor, E is Young’s modulus and v is the Poisson’s
ratio. Details about the Cauchy stress tensor can be found in [3]. Equation (4) is
usually rewritten using the elastic modulus tensor Cijkl, defined as

Cijkl =
E

2(1 + v)
(δilδjk + δikδjl) +

Ev

(1 + v)(1− 2v)
δijδkl (5)

Using the elastic modulus tensor together with the assumption that ∆T = 0,
equation (4) breaks down to

σij = Cijklεkl (6)

For static problems, the internal equilibrium equations must be satisfied

∂σij
∂xi

+ ρ0bj = 0, in V (7)

where ρ0 is the mass density of the solid and bj is the internal body force. The
equilibrium equations are derived from the linear momentum balance equations
and make up the third set of governing equations, [3]. On three sides of the body,
the displacements are restricted to in-plane movements, that is, the boundaries
cannot move in the direction of their surface normal. This means that some
components of the displacements on the boundaries of the solid are known. This
forms the displacement boundary conditions
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ui = ûi, on Su (8)

where Su denotes the surfaces on the body where displacements are prescribed.
On one side of the solid, a tension force is applied in the direction of the surface
normal, which means that on this boundary, some components of stress are known.
This forms the stress boundary conditions

σijnj = t̂i, on St (9)

where nj is the surface normal, t̂i is the prescribed tractions, and St denotes the
surface where the load is applied. It is now possible to summarize the governing
equations for the problem using equations (3), (6), (7), (8), and (9)



εij =
1

2
(
∂ui
∂xj

+
∂uj
∂xi

)

σij = Cijklεkl
∂σij
∂xi

+ ρ0bj = 0, in V

ui = ûi, on Su

σijnj = t̂i, on St

(10)

The problem can be stated as:

Given the shape of the solid in its unloaded condition, the elastic constants for
the solid (Cijkl), the mass density and the body force distribution (b) acting on the
solid, calculate the displacements, strains, and stresses satisfying the governing
equations in (10).

To solve three-dimensional linear elastic problems analytically is complex and will
not be covered here. However, some general solution technique, like the Papkovich-
Neuber potential representation, could be used to find analytical solutions to the
problem above, [3]. As stated earlier, the computer software ANSYS was used in
this project. It solves the above problem with the finite element method, which
will be described briefly in the following section.
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4 Finite Element Analysis

4.1 Principle of virtual work

The principle of virtual work can be used to find the strains and stresses in an
elastic body assuming small changes in the displacement. The principle is based
on that a little change in the internal work must be compensated by an identical
change in external work due to applied loads, [1]. The equations in equation (11)
are used by ANSYS to solve for strains and stresses. Using matrix calculus and
discretizing to formulate the equations, equation (7), (6) and (3) can be written
as

DTσ + p̄V = 0 Equilibrium equations

σ = Eε Constitutive equations

ε = Du Strain-displacement relationship

(11)

where D is the differential matrix operator,

DT =

 ∂
∂x

0 0 ∂
∂y

∂
∂z

0

0 ∂
∂y

0 ∂
∂x

0 ∂
∂z

0 0 ∂
∂z

0 ∂
∂x

∂
∂y

 (12)

The equations in equation (11) can be combined into a system of differential equa-
tions with the displacements in the elastic body, u, as unknowns

DTEDu + p̄V = 0 (13)

where p̄V is the body force acting on the body. The boundary conditions for the
governing equations stated in Equation (9), natural force boundary conditions, and
equation (8), essential displacement boundary conditions, that follows from equi-
librium conditions can be expressed in the following discrete way, corresponding
to equation (13),

ATσ = p̄S on St

u = ū on Su

(14)

where p̄S contains the surface loads and ū the given displacements. The allowed
displacements are limited by these boundary conditions. The matrix, AT , is called
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the transformation matrix and contains the components of the normal unit vector
on the surface of the body and is defined as

AT =

nx 0 0 ny nz 0
0 ny 0 nx 0 nz

0 0 nz 0 nx ny

 (15)

Equation (13) together with the corresponding boundary conditions in equation
(14), allowing only small changes, δu, in the displacements, gives the equation
that represents the principle of virtual work,

∫
V

δεTσdV︸ ︷︷ ︸
virtual work of internal forces

−
∫
V

δuT p̄V dV −
∫
Sp

δuT p̄SdS︸ ︷︷ ︸
virtual work of external forces

= 0 (16)

also known as the weak form of the discrete equation describing the governing
equations, equation (13), [12]. The problem can be stated as: Find the small
displacements u such that the work done by the external forces equals the work
done by the internal forces.

4.2 Shape functions

The finite element method, FEM, can be used to approximate the weak form,
which is done by discretization. Discretizing the structure can be referred to as
meshing, which is described in Section 5. Meshing implies that shape functions
are necessary in order to describe the displacements between the nodes. Shape
functions can also be called interpolation functions, which only depends on the
position in the element and the unknown nodal displacements. Polynomials are
often used as shape functions to approximate the FE solution to the real problem.
For a particular element, the displacements of the points within the element, u,
can be approximated by, where k is the nodes describing the element,

u ≈
∑
k

Nkv
e
k = [N1,N2, ...]


v1

v2
...


e

= Nve (17)

where ve contains the nodal displacements of the nodes representing the element
and N contains predescribed functions of position, [16]. Using the approximation

17



of u for one element, e, along with the equation of virtual work, equation (16),
one gets the short form of the equilibrium equation,

keve = p̄e + pe (18)

where ke is the element stiffness matrix, p̄e is the element load vector, and pe

contains the internal nodal forces. For more details see [12]. In order to solve the
elasticity problem for the whole structure one has to assemble the element equa-
tions for all elements, which will result in a system of linear equations. Following
the principle of virtual work, the work done by all elements must equal the total
work. Hence, the element nodal displacements must be consistent with the system
nodal displacements and they are related as

ve = aev (19)

where v contain the system nodal displacements and ae is the global kinematic
matrix. The global kinematic matrix relates the element nodal displacements to
the system nodal displacements by the component values, one or zero. The virtual
work of the whole system is the sum of the virtual work of all the elements, which,
along with equilibrium requirements, results in the system of linear equations that
describes the structural behavior

Kv = p̄ (20)

K is the system stiffness matrix and p̄ is the system load vector, which respectively
can be described as

K =
∑
e

aeTkeae (21)

and

p̄ =
∑
e

aeT p̄e (22)

where e indicates summation of all elements. Details about the derivation of the
matrices can be found in [12], but note that pe disappears due to the equilibrium
in internal forces between element e and its neighboring elements.
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5 Meshing

Using finite elements to approximate a real problem implies that a mesh must be
generated, meaning that the body is divided into smaller elements. The meshing
of a geometry can be done in different ways, using different kind of techniques.
Thus, there are some conditions that needs to be satisfied in order to receive a
convergent and accurate mesh

• Compatibility - is satisfied if the neighboring elements have the same nodes,
and the coordinates and displacements here are described by the same inter-
polation functions.

• Completeness - the elements’ displacement functions must represent the rigid
body displacement and the constant strain states.

Apart from these conditions one has to find a balance between accuracy and com-
putational time, since increasing the number of nodes will increase the computa-
tional time, [1]. The necessary density of the mesh depends on the shape of the
geometry. Complex geometries with, for example, sharp angles demand a mesh
with higher density in order to get a good approximation of the geometry. The
majority of the body was approximated by hexahedral elements due to its rect-
angular shape. Since the threads had a complex geometry, approximating them
with hexahedral elements appeared difficult and a cylindrical volume was thereby
constructed around the hole. The volume, including the screw threads, was ap-
proximated by tetrahedral elements to capture the shape of the screw threads more
accurately.

Assuming beforehand that the stress most certainly had its maximum at the sur-
face of the hole since that is the case for plain holes according to [12], a mesh with
smaller elements was generated in the cylindrical volume along with a refined mesh
on the surface, see Figures 5 and 6. The elements were gradually done smaller from
the boundaries towards the center of the hole maintaining the smooth transition
between the meshes, see Figure 6, [9]. Due to the increase in computational time
the elements became gradually larger when increasing the size of the threaded
hole. Despite the increase of the element size, the total number of nodes in the
body increased at the same time due to the expanding volume of the body. This
resulted in a decrease of the number of nodes per unit volume. A general conver-
gence study was difficult to construct due to the increasing volume of the body.
The mesh was thereby generated based on the mesh from the previous threaded
hole and in those situation the generated mesh was questionable, a h-refinement
was done. h-refinements was done by reducing the element size, [12].
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Figure 5: Mesh generated for a M6 including the partitioning of the body. All parts
besides the inner cylinder, surrounding the hole, contain hexahedral elements.

Figure 6: Mesh generated for a M6 with smooth transitions of the mesh density between
the parts.
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6 Stress and Fatigue Analysis

The stress distribution around a circular plain hole, located in an infinite thin
plate subjected to uniaxial loading, was discussed briefly in Section 1. The stress
concentration factor for such a geometry was found to equal 3 in theory. For the full
three-dimensional model investigated in this project, a straight forward analytical
solution was not available. Since the holes investigated did not penetrate the whole
thickness of the body and the set of boundary conditions used differed from any
other research made, the reference value of 3 of the stress concentration factor was
not relevant. Therefore, the stress concentration factors for the threaded holes
had to be compared with corresponding calculations for plain holes, using the
same boundary conditions.

When calculating the stress concentration factor from equation (1), one has to
define what measure to use for σmax and σnom. According to [12], the maximum
stress should be taken as the peak stress in the body, while the reference stress
can be based on either the gross cross-sectional area or the net cross-sectional area
of the body. When the reference stress is based on gross cross-sectional area, the
stress concentration factor is referred to as Ktg, and when it is based on the net
cross-sectional area, the stress concentration factor is referred to as Ktn. They are
defined as

Ktg =
σmax

σ
(23)

where σmax is the maximum stress at the edge of the hole, σ is the stress on a
gross cross-section far from the hole, and

Ktn =
σmax

σn
(24)

where σn is the net stress expected when accounting for the cross-sectional area
of the hole. In this particular case, the relation between the two measures can be
written as

Ktn =
σmax

σ

σ

σn
= Ktg

σ

σn
= Ktg

(
1− h′d

hH

)
(25)

where d is the hole diameter, h′ is the depth of the hole, h is the thickness of the
element, and H is the width of the element according to Figure 7.
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Figure 7: The cross-sectional area of the solid at the center of the hole.

Note that a simplification was made here, where the cross-sectional area of the
threaded holes was assumed to be of rectangular shape. This was motivated by
the fact that the threaded holes’ outer diameter was used in equation (25), which
means that the excluded cross-sectional area of the bottom of the hole was ac-
counted for by the cross-sectional area of the threads. The difference in the two
definitions of Kt becomes evident when the relationship between the dimensions
varies. However, as mentioned in Section 2.1, the relations between d, H, h′, and h
were kept constant in the models. Therefore, the only difference between Ktg and
Ktn was a constant factor. Since H = 2h = 4h′ = 6d, that factor became

Ktn = Ktg

(
1− 3

2 · 3 · 6

)
= Ktg

11

12
(26)

For the plain holes, with diameters equal to the corresponding threaded holes’
outer diameter, the cross-sectional area of the bottom of the hole was included.
The bottom was approximated as a triangle with base angles of 30◦. Therefore,
after some basic trigonometry, the resulting factor for the plain holes became

Ktn = Ktg

(
11

12
− 1

2
√

3 · 18

)
= Ktg

(
11

12
− 1

36
√

3

)
(27)
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When stress concentration factors are used in fatigue analyzes, it is crucial to use
Ktn and not Ktg, [12]. As a measure of the maximum stress in the body, the
equivalent stress, σeq, was used. The equivalent stress is a way of summarizing all
the principal stresses into one single measure of stress. It is defined as

σe =

√
(σ1 − σ2)2 + (σ2 − σ3)2 + (σ1 − σ3)2

2
(28)

where σ1, σ2, and σ3 are the principal stresses in an arbitrary point in the body,
[12]. The equivalent stress is a standard output of static structural analyzes in
ANSYS. For each hole dimension the maximum equivalent stress was recorded
and compared to the equivalent stress at the load surface. Since the tension load,
acting on one surface of the element, corresponded to 1 MPa, the nominal stress
based on gross cross-sectional area, σ, was 1 MPa. Hence, Ktg could easily be
calculated directly from the simulation results, using equation (23), and Ktn could
then be calculated using equation (26).

In order to make conclusions about the threaded holes’ effect on fatigue properties,
the fatigue notch factor Kf had to be introduced. The fatigue notch factor is
defined as

Kf =
fatigue strength of unnotched specimen

fatigue strength of notched specimen
(29)

where fatigue strength is synonymous with endurance limit, that is, the level of
stress for which the specimen is assumed to never fail under reversed cyclic loading.
The fatigue notch factor is related to the stress concentration factor through

q =
Kf − 1

Kt − 1
(30)

where q is the fatigue notch sensitivity index which, in general, takes values be-
tween 0 and 1. If q is 0, then Kf = 1, which means that the irregularity - in this
case the threaded hole - has no effect on the fatigue strength of the specimen. If
q is equal to 1, then Kf = Kt, and the threaded hole has full effect on the fatigue
properties of the specimen, [2]. From equation (30), the fatigue notch factor can
be expressed in terms of the stress concentration factor and the notch sensitivity
index

Ktf = 1 + q(Kt − 1). (31)
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where the subscript t in Ktf means that it is an estimated fatigue notch factor
based on a an average q value taken from a table or diagram, [10]. Equation
(31) could then be used to estimate the fatigue notch factor based on the results
on the stress concentration factors derived from the simulations in ANSYS. Note
that Ktn had to be used in equation (31). The fatigue notch sensitivity has been
showed to depend not only on the properties of the material itself, but also on the
shape and the size of the specimen, [14]. Many studies have been made regarding
this and the most common way of presenting the results is by plotting q versus
r for different materials, where r is the notch radius. Different expressions for
the relation between q and r can be found in the literature. In this project, two
different estimates have been used to provide a comparison between the results.
The first one is based on Neuber relations

q =
1

1 +
√
ρ′/r

(32)

where ρ′ is a material constant related to the grain size of the material and r is
the notch radius (in this case the radius of the hole), [11]. According to equation
(32), as r increases, so does q. In [7] a relation between the material constant√
ρ′ and the tensile strength of steels was found. The diagram in Figure 8 shows

that relationship. One can see that for increasing tensile strength,
√
ρ′ decreases,

leading to an increasing notch sensitivity in equation (32). In other words, the
harder the steel, the higher the notch sensitivity. The structural steel used in the
simulations had an ultimate tensile strength of 460 MPa which corresponds to
66.7 · 103 psi. According to Figure 8, this gives an approximate value of

√
ρ′ of

0.095, which was used in the estimations of q for different notch radii.

The second estimate of q that was used was formulated by Peterson in [11] and is
similar to the one discussed above. Here, the notch sensitivity index is related to
the notch radius through

q =
1

1 + α/r
(33)

where α is a material constant. Again, the material constant was found to be
related to the tensile strength of the specimen and a table showing that relation-
ship can be seen in Figure 9. Given a tensile strength of 66.7 · 103 psi, a simple
interpolation between 50 and 75 psi gives a corresponding α-value of 0.0117. This
α-value was used in the calculations of q from equation (33).

In Figure 10 the difference between Neuber’s and Peterson’s formulations of q is
illustrated for the hole dimensions investigated in this project. The graph shows
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Figure 8:
√
ρ′ as a function of tensile strength of steels. The figure was taken from

[11].

Figure 9: The relation between the material constant α and the tensile strength of
steels. The figure was taken from [12].

how Peterson’s formula approaches 1 more rapidly than Neuber’s. This implies
that by using Peterson’s formula, the estimated Ktf will approach Ktn as the
hole diameter increases. It should be pointed out that these ways of estimating q
(equations (32) and (33)) are only approximate. As stated in [15], probably none of
the available methods of estimating q gives sufficient weight on the effect of size.
There are many studies that show that the significance of stress concentrations
increases with size, both for static and repeated loading. Therefore, in order to
avoid underestimating the value of q, the notch radius, r, was chosen as the outer
diameter of the threaded holes. For example, the q for the M8 screw thread was
calculated using an r of 8 mm (0.315 inches) in equation (32) and (33).
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Figure 10: The notch sensitivity index calculated for a structural steel with a tensile
strength of 66.7·103 psi, using both Neuber’s and Peterson’s formulas, for the ISO metric
screw hole dimensions investigated in this project.

7 Results

For every size of the threaded holes, two static structural analyzes were made in
ANSYS; one with the load applied along the x-axis and one along the y-axis. This
was to ensure that the lack of perfect symmetry did not affect the location and
magnitude of the maximum stress. In addition, a corresponding analysis was made
for a plain hole with a diameter equal to the threaded hole’s outer diameter. All
the ISO metric screw thread dimensions in [6], starting with M6, were analyzed
with a coarse pitch, while only a subset of the hole dimensions were investigated
for the case of a fine pitch. A summary of all the results can be found in Appendix
A.

The results showed that the stress concentration factors, Ktn, for the threaded
holes were significantly higher than the Ktn for the corresponding plain holes.
Also, the Ktn for the threaded holes with a coarse pitch were higher than for the
threaded holes with a fine pitch. No difference in peak stress was found between the
two load cases, that is, the maximum stress in the body was the same, regardless
if the load was applied in the x or y-direction. The location of the peak stress was
consistently found to be on the surface of a thread perpendicular to the direction
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Figure 11: The equivalent stress distribution for an M45 with coarse pitch after a
static structural analysis in ANSYS.

of the load, and slightly below the surface of the element. A typical result can be
seen in Figure 11, where the locations of the peak stress and the minimum stress
are highlighted. One can see that the peak stress appears at a distance down in
the hole.

In Figure 12, the resulting stress concentration factors for the threaded holes can
be seen together with the corresponding plain holes. The Ktn for the coarse threads
were about 20 % higher than the plain holes for the smallest dimensions, while, for
the biggest dimensions, the difference decreased to about 11 %. For the threaded
holes with a fine pitch, the increase in Ktn compared to the plain holes was slightly
lower; about 16 % for the smaller ones and about 10 % for the biggest dimensions.
For both coarse and fine pitch, the tendency is that as the diameter of the hole
increases, Ktn decreases. Note that this is possible since all dimensions of the solid
increase with the same magnitude. In other words, the size of the hole does not
increase relative to the size of the solid. For the plain holes, the results follow what
could be expected, that is, since all dimensions increase with the same magnitude,
Ktn remains constant. The reason for the fluctuating pattern for the coarse pitch
in Figure 12 is the way the ISO metric thread dimensions change for each hole
diameter. Often, the pitch is the same for two or three subsequent hole diameters
before the pitch is increased. Therefore, each time the pitch is increased, the result
is a small increase in Ktn compared to the previous diameter. For the case when
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Figure 12: Stress concentration factors, Ktn, for threaded holes with coarse and fine
pitch, as well as Ktn for the corresponding plain holes.

the pitch is held constant for two subsequent diameters, the hole with the bigger
diameter will have a slightly lower Ktn.

For the fatigue analysis, the fatigue notch factor, Ktf , was calculated according
to equation (31). Both Neuber’s (32) and Peterson’s formulas (33) were used to
determine the notch sensitivity index q. In Figure 13, Ktf is plotted based on
Neuber’s and Peterson’s formulations of q respectively. One can see that Peter-
son’s formula overall gives a higher estimate of Ktf than Neuber’s formula. Which
estimate is the more accurate one is impossible to tell without access to experi-
mental data. However, Peterson’s formula is obviously more conservative in design
purposes. Since there was an uncertainty in the actual magnitude of Ktf , a com-
parison between the predicted reduction in fatigue strength between the two ways
of calculating Ktf was made. By using the definition of the fatigue notch factor
in equation (29), the following expression was derived

σthread
n =

Kplain
tf

Kthread
tf

· σplain
n (34)

where σthread
n and σplain

n are the fatigue strengths of a threaded hole and a plain hole
respectively, and Kthread

tf and Kplain
tf are the corresponding fatigue notch factors.
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(a) Neuber

(b) Peterson

Figure 13: Fatigue notch factors, Ktf , for threaded and plain holes, calculated with
Neuber’s and Peterson’s formulas respectively.
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The subscript n is to denote that both fatigue strengths are for notched specimen.
The percentage decrease in fatigue strength of a threaded hole compared to a plain
hole could then be expressed as

∆% = 1−
Kplain

tf

Kthread
tf

(35)

By using equation (35), the expected reduction in fatigue strength according to
Neuber’s formula could be compared with the expected reduction according to
Peterson. Figure 14 shows that, when put in terms of percentage change in fatigue
strength, the two estimations give roughly the same results. Both predict that the
fatigue strength of an M6 is around 16 % lower than a plain hole of equal size for a
structural steel with a tensile strength of 460 MPa (66.7 · 103 psi). The reduction
in fatigue strength drops as the size of the hole increases and for an M68, the
reduction is only about 10 %. Note that the difference between the two measures
becomes smaller for the large holes. For the threaded holes with a fine pitch, the
percentage reduction in fatigue strength varied from about 14 % for the M6 to
about 9 % for the M64.

Figure 14: The percentage decrease in fatigue strength for a threaded hole compared
to a plain hole, calculated with both Neuber’s and Peterson’s estimations of q. Only the
ISO metric threads with a coarse pitch are plotted.
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8 Conclusions

In this project, the stress concentration factors, Ktn, as well as the fatigue notch
factors, Ktf , for threaded holes located in a rectangular body of structural steel
with a tensile strength of 460 MPa, have been investigated. For the threaded
holes, Ktn was found to be significantly higher than the corresponding Ktn for
plain holes. For ISO metric screw threads with a coarse pitch, the increase in Ktn,
compared to the plain holes, varied from 20 % for an M6 to an 11 % increase for
an M68. For the threaded holes with a fine pitch, the increase in Ktn varied from
16 % for an M6 to a 10 % increase for an M64. As the size of the hole and the
surrounding body increased, the stress concentration factor decreased. When two
threaded holes had different diameters but the same pitch, the hole with the bigger
diameter had a lower Ktn.

The resulting magnitude of the fatigue notch factor, Ktf , depends on what esti-
mate of the notch sensitivity index, q, that is being applied. Peterson’s formula is
more conservative, that is, it predicts a higher value of q than Neuber, and could
therefore be suitable in design purposes. However, the percentage reduction in fa-
tigue strength of threaded holes, compared to plain holes, does not depend greatly
on what measure is being used for q. Both Neuber’s and Peterson’s formulas gave
similar results. The calculated reduction in fatigue strength for threaded holes with
a coarse pitch varied from about 16 % for the smallest diameter investigated (M6)
to about 10 % for the biggest (M68). The corresponding reduction for threaded
holes with a fine pitch varied from about 14 % for the smallest diameter (M6)
to about 9 % for the biggest (M64). As the size of the hole and the surrounding
body increased, the percentage reduction in fatigue strength for threaded holes,
compared to plain holes, decreased.

9 Recommendations for Further Research

To obtain a deeper understanding of the thread’s effect on the stress concentration
factor, as well as the fatigue properties, different load cases must be investigated.
Bending and shear stress was excluded in this project and to examine the stress
distribution for these load cases would be a natural extension to the current re-
search. Furthermore, the relative dimensions of the solid and the threaded holes
were kept constant in the simulations. It would be interesting to see what happens
if the block size is kept constant, while the hole diameter is increased. At some
point, the size of the hole, relative to the block, will be big enough to, in theory,
affect an area bigger than the surrounding body. This could definitely be the case
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in machine parts where the threaded holes are located close to an edge.

A modification at the top of the threaded holes was considered during the project,
where the holes would get a chamfer. This would move the sharp edge, created by
the threads, further down. Since the maximum stress occurs at a distance down
in the hole, a chamfer could increase the stress concentration factor if the location
of the sharp edge coincide with the location of the maximum stress. Moreover, to
investigate the stress concentration factors of chamfered threaded holes would be
meaningful since they frequently occur in the industry.
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A Table of all results
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B Tables of data for coarse and fine screw threads

ISO-standard for metric screw threads taken from, [6].
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C How to use the script file

Below is a description on how to use the script for dividing the body into different
parts.

1. Import your CAD-model to Designmodeler

2. Make sure that the coordinate system is according to the one used in Figure
15.

Figure 15

• If not, create a new coordinate system according to the one in Figure
15. This is done by creating a new plane in Designmodeler.

3. Choose the coordinate system that you want to generate the sketch in (planes
in Designmodeler), then

• Press File→ Run Script→ ”Generate sketch threaded hole Improved”.

• The file is in C : \ProgramFiles\ANSY SInc\v145\aisol\DesignSpace\
DSPages\macros, which is the default path.
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4. The sketch should be visible now. Change the dimensions of the sketch to
fit your model. Note that the order in which you change the dimensions
might affect whether you get an error or not. OBS! You might have to
increase the parameter d in order to avoid contact surfaces. The general way
of changing the dimensions that works most of the times is: WidthSolid→
WidthRectangle → Diameter.

• Diameter: The diameter of the cylinder surrounding the threaded hole,
which later will contain the mesh with the smallest elements.

• WidthRectangle: The width of the rectangles closest to the boundaries
of the body, which later will contain the mesh with the largest elements.

• WidthSolid: The body’s outer dimensions, the size of the block con-
taining the threaded hole.

• Safety space: No need to change

• d: Make sure that d is bigger than the diameter of the circle at the
bottom of the hole.

5. Make an Extrude for each sketch in order to divide the body into different
parts. Choose

• Geometry: Actual sketch (Sketch 4, 5, or 6)

• Operation: Slice material

• Extent type: Through all

6. You should now have 28 ”bodies”. It is important to merge all the bodies
into one part, which is done by highlighting all the bodies and choose Form
new part.
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