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Abstract. In the recent past, Atzori and Lazzarin proposed a diagram able to include the
geometrical effects on the fatigue limit of defects, short cracks, long cracks and U-shaped
notches of whatever severity. The diagram shows that defect sensitivity and notch sensitivity
can be considered as two sides of the same medal, thus creating a bridging between Linear
Elastic Fracture Mechanics and Notch Mechanics. The fundamental material parameter,
dependent on the load ratio, necessary to define the diagram is the El Haddad-Smith-Topper
length parameter a, defined by the plain material fatigue limit and the threshold value of the
mode [ stress intensity factor for long cracks. It is worth noting that a; does not contain any
geometry-related parameter. The diagram has been validated in the past against a number
of experimental results and has been subsequently extended to sharp and blunt V-shaped
notches, dependent on their absolute dimensions. After summarising the theory supporting
the approach, some application examples relevant to both defect and notch sensitivity will
be given.

1. Introduction

Traditionally, K-based approaches are used for assessing notched mechanical components against
fatigue failure [1]. When the notch radius tends to zero, K-based approaches to fatigue limit analysis
(even though corrected by the sensitivity index) are of limited applicability because stresses growth to
infinity. It is well known that Fracture Mechanics concepts must be adopted to approach this problem [2].
Kitagawa and Takahashi first analysed experimentally the threshold conditions of a crack as a function
of its length [3].

The threshold stress for a crack centred in an infinitely wide plate subject to mode I loading can be
described by means the El Haddad-Smith-Topper equation [4]:
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In the recent past, Atzori and Lazzarin proposed a diagram for fatigue limit assessments valid for
short/long cracks, crack-like notches and blunt notches with parallel flanks centred in an infinite plate
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Figure 1. Fatigue limit estimation according to Atzori and Lazzarin’s diagram for notches with constant a/p acuity
and a* = (K,)* x ag (short and long cracks are included).

and subject to a remotely applied tensile stress, as shown in Fig. 1 [5]. The diagram was drawn by
evaluating analytically the fatigue limit of the notch with respect to a variation of its absolute dimensions,
being the stress concentration factor unchanged, i.e. by keeping the notch acuity {, defined as the ratio
between the notch depth “a” and the root radius p, unchanged. The fatigue limit is simply given by
Aoy /Ky (Aoy = plain material fatigue limit; K, = gross-section elastic stress concentration factor), if
the absolute dimensions are sufficiently high. By reducing the notch dimensions the fatigue behaviour
conforms to the AKy, line (AKy, = threshold range of the stress intensity factor for long cracks), when
the notch depth a becomes smaller than the characteristic value a*. Schematically, if the notch depth is
between aj and a*, then the fatigue behaviour is fully governed by the LEFM (so that the fatigue limit
is equal to that of a crack having the same size), being ay the El Haddad-Smith-Topper parameter [4],

defined as:
1 [(AKp)’
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According to the schematic behaviour in Fig. 1, the notch sensitivity is full when a > a*; on the other
side, when a < ag the defect sensitivity is null and A, approaches the material fatigue limit.

An extension to account for the specimens’ finite size was reported in [6]. Subsequently the diagram
was validated against several experimental fatigue limits generated from blunt as well as sharp, crack-
like notches [7]. The engineering tool reported in Fig. 1 was further extended in order to include notches
of whatever opening angle 2o (200 = 0° for a crack and U-shaped rounded notches) [8]. This task was
accomplished by substituting the Stress Intensity Factor (SIF), K;, with the Notch Stress Intensity Factor
(NSIF), KV, in the expression (1). K,V is defined as [9]:

K} = ~2rlim[ag(r,0 = 0)r' "] )

where gy is the opening stress component evaluated along the notch bisector (0 = 0 direction), r and 0
are according a polar coordinate system centred at the V-notch tip, and (1-4;) is the degree of singularity
of the stress field defined by Williams [10]. Then, Eq. (1) can be re-written for a general sharp V-shaped
notch as:
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Figure 2. Fatigue limit of sharp V-shaped notches (from [8]).
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Figure 3. Fatigue limit of notches (cracks as well as U- and V-notches with any opening angle 2o, size and notch
root radius are included) [8].

where y = (1-4;) and a is defined on the basis of the following NSIF equality:
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Parameter ag is defined (similarly to the El-Haddad-Smith-Topper length parameter ag) by the limit
condition that Aag’th approaches Aoy when agg tends to zero:
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In Egs. ((4), (6)) AK}fth is a material parameter dependent on the applied mean stress, having the same
meaning of the threshold value of the SIF for cracks. It can be determined from experimental tests
conduced on sharp-V notched specimens. Figure 2 reports Eq. (4) valid for sharp notches evaluated
for several notch opening angles, while Fig. 3 includes both sharp and blunt notches for a given notch
opening angle.
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Figure 4. Geometry of the sharply notched specimens.
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Figure 5. Comparison between fatigue model (Eq. (4)) and the experimental fatigue test results.

Moreover, it was shown that there exists a relation between the threshold values of the SIF and NSIF
on the basis of proper local fatigue models [8]. As a results, the following expression was derived:

1-2; 2,
AKYy =B~ Ao—g ) -AKG (7)

where f is a known parameter reported in [8], which depends on the notch opening angle 2. It should
be noted that the threshold SIF and the material fatigue limit appearing in Eq. (7) are easier to find in
the technical literature than the threshold NSIF of Eq. (3).

2. Fatigue limit of specimens containing sharp V-shaped notches

As a validation example, we consider the fatigue test results generated from 2-mm-thick FeP04 deep-
drawing steel sheets (ultimate tensile strength o, = 310 MPa, 0.2% off-set yield stress o, = 185 MPa)
reported in [11], to which the reader is referred for details on the finite element stress analyses
performed. The specimen geometry is shown in Fig. 4: three series were tested, which were characterised
by a notch opening angle ¢ equal to 45°, 135° and 160°, respectively. Figure 5 shows the fair agreement
existing between theoretical estimations and experimental results.

09001-p.4



FDMDII - JIP 2014

3. Conclusions

A fatigue model has been presented to estimate the fatigue limit of components weakened by short/long
cracks as well as U- or V-shaped, sharp or blunt notches subject to mode I loading. The model requires
two material parameters (namely the plain material fatigue limit and the threshold range of the stress
intensity factor for long cracks) and two stress analyses (the elastic stress concentration factor and the
notch stress intensity factor) to be applied.
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