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Abstract. In this paper, the effects of notch radius for different notched specimens has
been studied on the values of stress concentration factor, notch strength reduction factor,
and fatigue life duration of the specimens. The material which has been selected for this
investigation is Al 2024
-T3 . Volumetric approach has been applied to obtain the values
of notch strength reduction factor and results have been compared with those obtained
from the Neuber and Peterson methods. Load controlled fatigue tests of mentioned
specimens have been conducted on the 250kN servo-hydraulic Zwick/Amsler fatigue
testing machine with the frequency of 10Hz. The fatigue lives of the specimens have
also been predicted based on the available smooth S-N curve of Al2024-T3 and also the
amounts of notch strength reduction factor which have been obtained from volumetric,
Neuber and Peterson methods. The values of stress and strain around the notch roots are
required to predict the fatigue life of notched specimens, so Ansys finite element code
has been used and non-linear analyses have been performed to obtain the stress and
strain distributions around the notches. The plastic deformations of the material have
been simulated using multi-linear kinematic hardening and cyclic stress-strain relation.
The work here shows that the volumetric approach does a very good job for predicting
the fatigue life of the notched specimens.

1 Introduction
Components of machines are usually subjected to the cyclic loads and the resulting cyclic
stresses can lead to microscopic physical damage to the materials involved. Fatigue fractures usually
occur at the notches such as holes, grooves, etc. The geometry of notch and other notch properties
affect on the predictions of fatigue life. Stress at the notch is equal to the nominal stress multiplied
by the elastic stress concentration factor, kt . This stress rise will of course be very harmful with
respect to fatigue damage, but it can not give directly the effective stress range in fatigue. Therefore,
the fatigue strength reduction factor k f should be introduced.
In fatigue design, diagram of amplitude stress versus the number of cycles also called S-N curve
are frequently used [1].
There is not a general experimental method with low cost to obtain the k f values, and this is
because of the micro-mechanical complications and uncertainties of the plastic zone in the notch root
[2].
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A general definition of the notch strength reduction factor is the ratio of fatigue strength of
smooth specimen to fatigue strength of the notched specimen in the same numbers of cycles and the
same experimental test conditions [3]:

kf =

σs
σn

(1)

where σ s and σ n are the fatigue strength of smooth and notched specimens, respectively. To express
difference of the notch strength reduction factor k f and the elastic stress concentration factor kt ,
notch sensitivity is introduced. Three different definitions have been proposed for notch sensitivity
as follows:

q=

q=
q=

k f −1
kt − 1
kf
kt
kf
kσ

(2)

(3)

(4)

where in Eq. 4, kσ is the elastic-plastic stress concentration factor. There are several experimental
relations to express notch sensitivity factor in terms of notch radius. However, the accuracy of these
relations is not very clear and it is essential to carry out more experimental tests.
Notch sensitivity factor for describing the notch effects of the high-cycle fatigue problems have
some disadvantages while definition of the relations between k f and kt , as follows:
1) There are some experiment dependent coefficients which have been obtained for materials
used in many years ago. Nowadays, since varieties of materials in industry are ever
increasing and new materials and alloys have been produced, using these coefficients is not
very appropriate.
2) Differences between these relations are high and the accuracy of these relations is not clear.
3) The effects of net stress and stress gradient in these relations have been neglected.
In the present study, among the relations that have been proposed to describe the notch sensitivity
factor, Peterson [4] and Neuber [5] are introduced.
Peterson assumed that the fatigue failure occurs when the stress at one point which has a critical
distance from the notch root ( a p ) is equal to the fatigue strength of smooth specimen. Assuming that
the stress near the notch root is decreasing linearly, Peterson proposed the following experimental
relation:

q=

1
a
1+ p
r

(5)

where r is notch radius and a p is material constant which depends on the grain size and loading.
Figure 1 shows the amounts of notch sensitivity versus notch radius for steel and aluminium based
on Peterson’s relations.
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Fig. 1. Notch sensitivity versus notch radius for steels and aluminium alloys.

Neuber assumed that fatigue failure occurs when the mean stress with distance of aN from the
notch root is equal to the fatigue strength of smooth specimen. Neuber’s relation can be described as
follows:

q=

1
a
1+ N
r

(6)

where aN is the material constant which depends on the grain size. Figure 2 shows the Neuber’s
1
2

constant a N versus ultimate tensile strength for aluminium alloys.

Fig. 2. Neuber’s constant versus ultimate tensile strength for aluminium alloys.
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2 Basic principals of volumetric approach to study the fatigue life
Two major elements indicate that the fatigue mechanism requires a physical volume to take
place; fatigue tests are generally affected by a large scatter and fatigue resistance is influenced by the
size of specimen and the relative stress gradient which are dimensional parameters. This approach
leads to a two parameter fatigue initiation criterion, the effective stress and the effective distance.
The effective distance is associated with a particular point of the elastic-plastic stress distribution
presented in a bi-logarithmic graph. The effective stress corresponds to an average value over this
distance of the stress distribution weighted by the distance and the relative stress gradient [6, 7].
A typical elastic-plastic stress distribution near a notch has been shown in Figure 3.

xeff
Fig. 3. A typical elastic-plastic stress distribution near a notch [6].

Three different zones can be distinguished from Figure 3. The maximum stress and its distance
can be clarified in zone I. The important characteristic of this zone is the existing of maximum stress
in elastic-plastic stress distribution which has been obtained from finite element (FE) analysis. The
elastic FE analysis in notch root for the crack opening stress reveals that stress value is decreasing
from the notch root toward the outside [8, 9]. In zone II, the stress value is decreasing and its value
reaches to the effective stress σ eff . In other words, zone II is a transient zone.
The limit between region II and III can be considered as the effective distance with a high degree
of confidence. According to the volumetric approach, fatigue strength reduction factor is given by
the following formula:
kf =

1
X eff σ n

∫

X eff

0

σ yy ( x)(1 − xχ )dx

(7)

where X eff is the effective distance, σ n is net stress, σ yy is the crack opening stress, and χ is
relative stress gradient which is defined as follows:
1 dσ ( x )
(8)
σ ( x) dx
In this approach, fatigue life prediction can be fulfilled using the reference curve of smooth
specimen, mechanical properties and notch strength reduction factor values [1].

χ=
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3 Experiments
The specimens employed in this investigation were manufactured from 2024-T3 aluminium alloy
with thickness of 2mm, whose mechanical properties and chemical compositions have been
presented in Tables 1 and 2, respectively. Test specimen configuration for the elliptical hole has been
shown in Figure 4, for instance.
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Fig. 4. Test specimen configuration for the elliptical notch.

Fatigue tests have been carried out for stress ratio of 0.1 and frequency of 10 Hz using servohydraulic 250 kN Zwick/ Roell fatigue testing machine.
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Fig. 5. Amsler HA250 kN Fatigue testing machine.

Figure 6 shows the true stress-strain curve of 2024-T3 aluminium alloy.
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Fig. 6. True stress-strain curve of 2024-T3 aluminium alloy.

4 Finite element analysis
As mentioned earlier, to obtain the effective distance and effective stress values and also the
notch strength reduction factors in volumetric approach, finite element analysis has been employed.
In the present investigation, to estimate the fatigue life of sheets with different notches (Figure 7),
three dimensional models of sheets have been simulated using Ansys FE code, and solid95 20-node
structural element has been used. To extract more accurate results, mapped mesh with sufficiently
fine mesh around the notches has been used in FE analyses.
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Fig. 7. The configuration of test samples and FE models with different notches.

A quarter of meshed model of a notched specimen with applied boundary conditions and loading
has been shown in Figure 8.

Fig. 8. A quarter of meshed model of a notched sample with applied boundary conditions.

The elastic-plastic behaviour of 2024-T3 aluminium alloy has been considered to simulate the
strain hardening effect of material and for this reason the kinematic strain hardening model has been
employed. Figures 9-12, show the crack opening stress and relative stress gradient distributions
versus distance from notch roots toward the sheet edges.
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Fig. 9. Crack opening stress and relative stress gradient distributions for the samples with the circular holes at
different levels of static fracture load; a) 80% b) 70% c) 60% d) 50% and e) 40% of static fracture load.

Fig. 10
. Crack opening stress and relative stress gradient distributions for the samples with the elliptical holes
(a=0.4 mm, b=5 mm) at different levels of static fracture load; a) 40% b) 30% and c) 20% of static fracture load.
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Fig. 11
. Crack opening stress and relative stress gradient distributions for the samples with the elliptical holes
(a=3 mm, b=5 mm) at different levels of static fracture load
; a) 80% b) 70% c) 60% d) 50% and e) 40% of static
fracture load.

Fig. 12
. Crack opening stress and relative stress gradient distributions for the samples with the elliptical holes
(a=2 mm, b=5 mm) at different levels of static fracture load
; a) 80% b) 70% c) 60% d) 50% and e) 40% of static
fracture load.

5 Results and discussion
In this section, to investigate the validity and accuracy of the volumetric approach with other
previously mentioned methods, the fatigue life experimental results have been compared with those
obtained from the volumetric, Neuber and Peterson methods.
Figure 13 shows the fatigue strength versus the number of cycles to failure for different notched
specimens based on the mentioned approaches. As it can be seen in this Figure, the volumetric
approach has good agreement with experimental test results and has relatively higher accuracy
compared with Neuber and Peterson methods.
The results based on Peterson method for the load levels with high stress concentration are not
very accurate. Neuber method in high cycle fatigue regions present relatively weak results compared
with other methods. However, the volumetric approach with all levels of loads and for all kinds of
notches presents very good and reasonable results.

42001-p.9

EPJ Web of Conferences

Fig. 13. Fatigue strength versus the number of cycles to failure for different notched specimens based on the
volumetric approach, Neuber and Peterson methods, and comparison with experimental results.

6 Conclusions
In the present study, the effects of notch radius for different notched specimens has been
investigated based on the volumetric approach and results have been compared with those obtained
from the Neuber and Peterson methods. The values of stress and strain around the notch roots were
obtained to predict the fatigue life of notched specimens. The work here showed that the volumetric
approach does a very good job for predicting the fatigue life of the notched specimens.
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