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Abstract: In the study it is shown an overview of the latest results of two 
types of joints of the load carrying welded shear. Tests of fatigue have been 
carried out on the two solutions specific design features proposed and with 
the aim of improving the resistance of the joints under cycling loading. By 
hiring the 3D models, was determined Strain Energy Density (SED), in a 
volume of control which surrounds the lowest point of interest. All of the 
experimental results have been presented in short. The synthesis shows that 
all data are within the range of the scattering of the proposed previously in 
the specialized literature for steel construction welded. 
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Introduction 

The resistence under cycling loading of the welded 
connections is essentially a problem the effect of the 
notch, depending on the range of stress applied, 
common geometry and its dimensions. The areas the 
most critical moments in the case in which the cracks 
nucleate and spread are usually the weld toe and weld 
roots. This topic was studied extensively in the past. A 
body of data accumulated permits analysis of 
reliability, on the one hand and the formulation of a 
variety of assessment of resistance to fatigue 
approached on the other side. 

Approach to the most common, which is often built 
into the codes or standards (C.F., Eurocode 3,15018, 
ASME, IIW and others), the official shall be based on 
the S-N curves. Since the fatigue life is here in 
connection with the range of nominal stress in cross-
section critical, derived from external forces and 
moments applied, the concentrations of local stress are 
not taken into account in the explicitly, but they are 
taken into account from different reporting curved design 
for the different details of welding. In this way, the 
resistance to tiredness of a welded joints is correlated 
with its class of quality geometry, materials and 
welding. The effects of environments and residual 
tensions, multiaxiality stress, slab thickness and 
dressing the spot welds are taken into account in this 
approach (Radaj et al., 2006). Evaluations of resistance 
which take into account only the effects of external loads 

are well known under the terms of the global approaches 
or approaches to stress nominal. 

The connection between the life of the fatigue of 
Joints welded to the local tensions to finger from no 
welding or root, the main issue is the definition of 
geometric parameters of the weld bead, such as the 
radius of the finger of the foot and the form of the heel 
(Livieri and Lazzarin, 2005; Lazzarin et al., 2003). 
These parameters may vary not only for the different 
faces of the same design, but also within the same 
interdiction; moreover the radius of the tep may be 
considered to be equal to zero or tends toward zero 
(Atzori, 1985; Lazzarin and Tovo, 1998). 

Overcoming difficulties related to the correct 
definition of the value of the spot welds tep radius and 
form of the string of beads, structural approach hot spot 
separates the slope of the stress in the vicinity of the 
peak in two components: The first one is a linear 
gradient analysis obtained structural model shell of the 
main plates of the welded joint without taking into 
account the geometry of the weld to the heel; the second 
is a non-linear gradient caused by the presence of the 
weld toe. In this approach, the assessment of the service 
life of the fatigue is carried out on the basis of the stress 
linear gradient contributes to the extrapolated of peak of 
weld (stress hot spot), based on the assessment of the 
stress linear gradient contribute to some points of 
reference. In this method, while the distributions of the 
crisis obtained shall take into account the effect of 
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macrogeometry, the effect of the scoring of welding is 
taken into account by reducing the curve SN: The 
approach is called the stress approach structural and acts 
as a link between the global approaches and local    
Radaj et al. (2006). The structural approach hot spot is 
used in some codes and documents for the design of the 
welded connections (Hobbacher, 2006).  

As regards the global approaches opposite, local 
approaches to move from the stress or strain local 
parameters. In accordance with the parameters elected 
local and the criteria for the entered failure, it is possible 
to distinguish different versions of the local approach. 
Local processes of damage from fatigue materials are 
cyclical of initiation of the cracks, the propagation and 
the failure of the final. While the notch approach to 
stress or notch strain approach considers the process of 
initiation of the crack, approach of propagation of 
cracks considers that the propagation of a fracture of 
the existing incipient. In the local approaches, the worst 
case of parameters geometric parameters of weld is 
presumed Radaj et al. (2006). 

In an approach to stress the notch, the effect of the 
scoring is fully taken into account, should be used for an 
absolute assessment of resistance to fatigue, referring to 
the life of infinite or to the limit of the durability test. In 
this case, fatigue initiation cracks must be avoided or at 
least the crack initiated must not propagate (cracks 
latency). When they are used for the assessment of the 
resistance to fatigue in the range of finite life, this 
approach should be combined with the stem approaches 
notch and spread of the cracks. It is worth to remember 
that the factor of concentration of the elastic stress and 
support the notch microstructural subjects are included 
in the approach of stress notch. critical distance   
(Susmel et al., 2013; Susmel and Taylor, 2012; 2011), a 
placeholder notch Roundings (Radaj et al., 2013;     
Berto et al., 2012; Radaj et al., 2009; Berto, 2016), as 
roundings notch (Karakas et al., 2008; 2007) and 
approaches of volume extremely stressed are a different 
version of the concept of stress notch. It is worth 
mentioning also approach the default gradient, applied 
for the evaluation of the fatigue of the components of the 
jagged and welded tasks at the fatigue the carrying out of 
the hinge (Cristofori et al., 2009; Tovo and Livieri, 
2012; Maggiolini et al., 2015; Livieri et al., 2016). 

Approach to stem the notch starts at the amplitudes 
of rubber strain-plastic ties at the root of the notch and 
they have compared with the curves of the stem SN a 
specimen unnotched of the same material, 
microstructure, the conditions of the surface and 
possibly as a volume in the region very pronounced in 
the recess of the root. Strain the root of the mark may 
be calculated or measured. 

While the approaches to stress the notch and strain 
the notch are linked to the opening of a technical cracks, 

approach of propagation of cracks in the reference is 
made to the propagation of a fracture. In fact, in many 
cases, the presence of a crack can be tolerated, if its 
propagation is stable. This approach is used as a 
complement to develop approaches to stress the notch 
and the stem linked to the crack from which technical 
initiation has been evaluated previously by the 
approaches the notch, or in the case of existing cracks, 
cracking such as faults, goals or the louvers (e.g., the 
root of the weld is faced). This allows, for example, in 
order to define the size of the tolerable the faults and 
crack-faults, as it may be, the intervals of inspections in 
operation and the evaluation of the resistance to the 
residual fatigue a structure with a detectable crack 
existence (BS7608, 1993).  

The analysis of the spread of the cracks is performed 
in terms of the mode I opening cyclic ratio the factor of 
intensity of ∆KI voltage, in the case of fatigue medium or 
cycle of high, or with respect to the opening cyclic ratio 
J-integral, in the case of the voltages more and more 
elastic deformation on the tip of the fissure. Some recent 
examples of the use of the J-integral for the evaluation of 
the service life of the fatigue of the welded connections 
and prediction of static failures in sharp V notches and 
rounded U-nicks can be found in the (Frank et al., 2011; 
Remes et al., 2012; Frank et al., 2013; Livieri, 2008; 
Livieri and Tovo, 2009). Although this approach 
concerns only the Propagate phase of a fracture 
available, it is used to predict the values of the absolute 
value of resistance to fatigue or the service life of the 
welded connections of unconventional photos. In 
accordance with the recommendations of the United 
Kingdom and the European Communities, this approach 
is suitable for the classification of welded connections in 
unconventional standards N curve, in combination with a 
calibration (BS7608, 1993; ECCS/CECM/EKS, 1985). 
In this case, the receipts of analysis from small micro 
cracks (0.1 mm) to the finger of the foot of welding, 
without taking into account the phase of initiation of the 
crack: These micro cracks are either of them fictitious or 
present at the toe of weld, due to the manufacturing 
process, also in the form of faults and slag intrusions and 
subjected to the residual voltage high tension. This 
assessment of resistance to fatigue has not been 
universally accepted. In the welded joints of high 
quality, this existing microcracks, which spreads with 
the first charging cycle is not true in general. In 
accordance with the investigation's Lassen (1990) and 
Singh et al. (2003), phase nucleation crack can represent 
a large amount of total life to tiredness. Even if a 
microcrack is indeed present at your finger welding, it 
will propagate initially in the area of the notch distorts 
plastic: Parameter dominant rhythm of the spread of the 
crack will then be cyclic J-integral or the factor of 
intensity of the voltage notch, instead of the elastic 
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stress the factor of intensity. The area of the peak 
plastic crack becomes the driving force only when the 
crack reaches a sufficient size. Radaj estimates that 
90% of the time spent in order to get to a depth of the 
crack of 1 mm is linked to the spread of integrated 
microcracks initially in an area of the plastic, for which 
the pad factor cyclic ratio of intensity of ∆KI voltage 
cannot be used (Radaj, 1990). 

An approach based on factor of stress Notch Intensity 
(NSIF) has been proposed by Lazzarin and Tovo (1998) 
and for the prediction resistance to tiredness. This 
approach take into account both the form of welding 
string of beads (angle of the finger of the foot of 
welding, or the opening angle notch) and radius of the 
weld toe (notch peak radius). The radius of the tep may 
be equal to (notch sharp) zero, or may have a value of 
the finished (blunt notch). In both cases, the region 
around the peak notch (region tep weld) is characterized 
by the high voltages notch who have a singular 
behaviour in the case of nicks sharp. determined NSIFs 
pad (or, in the case of bigger tasks, spring plastic-
determined by stress the notch or factors of intensity 
strain) may describe the voltages of the region of toe of 
weld, quantifying the intensity of the distributions of 
stress on the basis of conditions of orders of the 
Williams solution (1952). NSIF approach was originally 
proposed to estimate the stage of initiation of the cracks 
(Boukharouba et al., 1995; Verreman and Nie, 1996), 
but only later was demonstrated later that NSIFs 
parameters are able to predict the service life of the 
fatigue of the welded connections (Livieri and Lazzarin, 
2005; Lazzarin and Tovo, 1998; Atzori et al., 1999). In 
fact, a large quantity of life to fatigue for welded 
structural is spent at the depth of the crack in the short 
term, within the region governed by the singularities 
V-notch: Therefore, nucleation and increase the short 
cracks are dependent on the distributions of stress 
present in the component Nesfari-stopper. The 
original data from Maddox (1987) and Gurney (1991) 
for transverse load without carrying the file welded 
joint faces have been retested the Lazzarin and Tovo 
(1998). The original S-data N has been largely wasted, 
because of the large variation of the parameters 
geometric parameters of the joints. In spite of this 
large variability, scattering has been greatly reduced 
using NSIF approach. 

NSIFs dimensionality depends on the angle of the 
opening with the notch in the V: Varying the angle, it is 
not possible to make a direct comparison as regards 
amounts NSIFs. This means that it is not possible to 
make a comparison between the welded joints with 
different angles of weld toe and between the root of 
the weld and tep same faces NSIFs values which 
compares directly with the aim of identifying the area 
the most critical for the life of the fatigue the joint. In 

order to overcome this issue, the stress factors of 
intensity notch can be used to derive the other criteria 
failures, by defining the J-drive, on average energy 
density stem and the actual voltages to the well of the 
corner (Radaj et al., 2006). 

An approach based on the density of the Stem of 
Energy Medium (SED) ∆W, calculated on a volume of a 
control that surrounds the base of the welding or root, 
was proposed by Lazzarin and Zambardi (2001). As 
mentioned above, using the approach EDI, the 
comparability between the notches with different 
opening angles is re-established, being the unit of 
measure independent of the geometry of the notch. More 
than that, it is possible to take into account the terms of 
the order of more than distributions of stress, which are 
not taken into account in his solutions Williams, such as 
T-stress (Lazzarin et al., 2009) and effects and three-
dimensional singularities out-of-plan (Berto and 
Lazzarin, 2014; Berto and Lazzarin, 2009). Finally, the 
EDI value in a volume control can be determined with 
great accuracy using mesh coarse, as opposed to the 
evaluation of the NSIFs, which needs mesh very fine 
(Lazzarin et al., 2010; 2008a;). According to this 
criterion, insufficient fatigue appears when the average 
value of the SED calculated in a volume cylindrical 
sector of the radius r0 around the top notch reach a 
value critical. The radius r0 is a parameter of the 
characteristic material and shall be assumed to be 
independent of the load mode. For welded joints, the 
values of the radius r0 proved to be 0.28 mm for steel 
and 0.12 mm for aluminum (Livieri and Lazzarin, 2005; 
Lazzarin et al., 2003). A summary based on 900 
experimental data obtained for the stainless steel 
construction has been accomplished, into a ∆W-N strip 
of the Scattering. The data include deliver different 
levels of welded connections, 3D models, head to head 
joints and welded joints profile with the goals, with 
fatigue the finger of the foot and the root of the weld 
(Berto and Lazzaein, 2014).  

The aim of this work is to investigate theoretically, 
numeric and experimental two configurations of load 
carrying shear bolt welded joint in order to improve the 
resistance to tiredness in relation to the original. First 
one the schematic splice original welded has been 
reached and was identified the loading direction of 
fitting. Have been submitted then two deliver different. 
Some models accurate finite element have been carried 
out with the aim to investigate the condition of stress in 
the vicinity of the critical points in the butt welded. 
Some copies for the tests fatigue were also prepared in 
accordance with the geometric configurations defined. 
The data obtained after the tests have been re-analysed 
from the point of view of the SED and finally in 
comparison with the strip of the scattering proposed in 
the literature on the subject. 
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Material and Method 

Critical joints investigated in this work are those of 
the frame the press, which are necessary for the 
reinforcements to ensure adequate strength to 
tiredness. The plates in the frame are fixed to one 
another as shown in the illustration, to make a model 
that could easily be used for numeric analyses and 
tests of fatigue. The model is composed of two side 
panels, at which the two main plates are secured by 
means of the transverse Joints welded. Due to the 
complexity of the problem, it has not been possible to 
use a two-dimensional model. The section of the joint, 
perpendicular in relation to the direction of the load, 
can be described as being transverse acceleration and 
without task fillet welded joint faces. Is worthy of 
notice that the fitting is a task that carries the shear 
bolt welded in common: It is loaded the nominal load 
by shear, while the fingers of the feet of the welding 
operations and of the roots is subject at the local level 
to requests mix mode. 

About 24 specimens have been carried out, 12 
which corresponds to the geometry of 1 and 12 
geometry of 2. The tests fatigue have been carried out 
on a report by stress R = 0 and frequency f = 10 Hz, 
using a MTS81 machine test. The specimens have 
been carried out by structural steel. FE analyses were 

made in the latter may apply the geometry 1 and 2 
Geometry models the same draft load used in the tests 
of fatigue, in order to obtain the values of the SED. 

Test Specimens and Fatigue Tests 

Being the aim of the tests the characterisation of the 
mechanical part of the welded joint, the failure of the 
copies has been required to be avoided in other critical 
areas. An area with potential critical for resistance to 
tiredness of is that of the fillet radius the main, for which 
appear stress might well be described by the 
concentration of the theoretical factor of stress Kt. 

According to Peterson (Pilkey and Pilkey, 2008), 
in order to minimize the value of Kt has been used a 
file. Another to minimise the value of Kt has been 
obtained by adopting a length suitable for the main 
plates (150 mm), in the light of the results of Troyani 
(2003) with regard to the length of the plates on the 
value of the Kt. Final amount of Kt equal to 1.17 has 
been obtained (A final measure to improve the 
fatigue). 

The resistance of the regions of the corner was to use 
a process of laser cut in order to obtain the main plates 
and to burnish the surface of the filets. The details are 
shown in the geometric parameters Fig. 1 Geometry 1 
specimens and Fig. 2 Geometry 2 copies. 

 

 
 

Fig. 1. Geometrical details of Geometry 1 specimen 
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Fig. 2. Geometrical details of Geometry 2 specimen 
 
Numerical Models and FE Analyses 

Numerical models have been carried out using the 
software Ansys® 13.0. Due to the geometry of 
chosen, it was necessary to achieve a model of 3D. 
The type of component used in the model of the 
finished component is the component of brick with 20 
nodes, called that solid186 in Ansys® 13.0. Only one 
eight of the specimen was modeled, in order to take 
advantage of symetry, the imposition of appropriate 
conditions of loading regarding the limits of the 
phantom. As explained in the Sections above, of peak 
of weld was shaped like a sharp object with the notch 
in the V, with the angle of the equal to 135° and the 
root of weld was shaped like a crack. Along the 
original string of a set of volumes of checking the 
centered on the finger of the foot of the weld and the 
root was carried out. Each volume has a radius 0.28 
mm and depth equal to 0.28 mm. The radius of the 
volume of the control has been chosen to be equal to 
the radius of the critical volume for the application of 
the EDI approach of steel, reported Livieri and 
Lazzarin (2005). The depth of each volume of control 
has been chosen to be equal to the radius (Lazzarin et al., 
2008b). The volumes of checking the centered on the 
toe of weld have been discretizate with 10 elements; 
the centered on the root of the weld have been 
discretizate with 16 elements. 

Theory/Calculations 

Since the criterion Beltrami (1885), the density of 
the strain of energy has been set as a parameter to 
assess the resistance of the structural components; 
therefore, it has been used to formula different criteria 
of failure for parts and unnotched, made from materials 
which shows a ductile behaviour or brittle, charging in 
progress or static fatigue. A comprehensive revision of 
the criteria based on the stem of energy may be found 
in (Berto and Lazzarin, 2014). 

An average density of the stem of energy (SED), 
the criterion has been proposed and formalized by 
Lazzarin and Zambardi (2002; 2001)  at the beginning 
for sharp, within a radius of zero, V nicks, in view of the 
problems two-dimensional stress ( plan or simple stem 
hypothesis) and has been studied and applied for the 
failures static and the assessment of the service life of 
the fatigue of the components of the jagged and welded 
subject to different conditions of loading (Berto and 
Lazzarin, 2014; 2009). The approach has subsequently 
been formalized for loading axis spider diagrams 
(Lazzarin et al., 2008b), as well as for the u- and blunt 
nicks V- (Lazzarin and Berto, 2005; Lazzarin et al., 
2009), by means of the expressions obtained by 
Filippi et al. (2002) for the fields of stress before the 
blunt notches and has been successfully applied on a 
wide range of materials and the conditions of loading 
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(Berto and Lazzarin, 2014; 2009). Recently, the EDI 
approach has been extended to the evaluation of the 
fatigue of specimens cut from Ti-6Of-4V under load axis 
spider diagrams (Berto et al., 2015a) and fatigue at high 
temperature alloy of copper-cobalt-beryllium (Berto et al., 
2015b), 4013.9 CrMoV steel (Gallo and Berto, 2015a; 
2015b) and level 2 (titanium Gallo et al., 2015). 

The framework of analysis applied to achieve an 
expression form closed for the mean value of the SED 
in a volume of the control system shall be based on 
the expression of the total amount of the stem of the 
density of the energy consumption for a case of an 
isotropic material subjected to a linear law pad. 
Therefore, the value energy elastic deformation in a 
volume V is obtained by integrating the density of the 
stem of energy on the volume considered. The average 
density of the strain of energy is finally given by the 
energy elastic deformation over by volume. The 
expression of the form closed obtained for the SED is 
therefore depends on the analytical expressions taken 
into account for the distributions of stress on V. the 
volume of control. 

As mentioned above, the application of the local 
approach for the evaluation of the fatigue of the 
welded connections, is considered to be the worst case 
of parameters of weld geometric transformations. The 
radius of the finger of the foot of the weld is then 
presumed to be equal to zero and the region of the 
finger at the foot of the weld is set as a sharp object 
V-notch. For problems V-notch two-dimensional (in 
the plan), the distributions of stress are given by the 
solution Williams", written in accordance with the 
wording Lazzarin and Tovo, in terms of the mode I 
and II NSIFs and volume over which the density of 
the stalk of consumption shall be media is a circular 
area radius r0 Ω centered at the tip of the notch and 
symmetrical in relation to bisector notch. Therefore, 
the expression of the EDI range for two-dimensional 
V-notch proves to be: 
 

1 2

2 2

1 1 2 2
1 1
0 0

e K e K
W

E R E Rλ λ− −

   ∆ ∆
∆ = ⋅ + ⋅   

   
 (1) 

 
where, E is the young of the material, λ1 and λ2 are the 
values of his own Williams (1952), E1 and E2 are two 
parameters which depend on the opening angle notch 
and 2CX on the hypothesis of the stem flat or stress 
considered plan. K1 and K2 are the stress factors Notch 
intensity (NSIFs) in accordance with the Gross and 
Mendelson (1972): 
 

( )

( )

1

2
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2 lim , 0

2 lim , 0
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r r

K r r
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−
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−
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 =  =   
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In Equation 3 e3 depends on the Poisson’s ratio and 
on the notch opening angle 2α and K3 is the mode III 
NSIF (Frank et al., 2011; Remes et al., 2012): 
 

31 2

2 2 2

1 1 2 2 3 3
11 1

0 0 0

e K e K e K
W

E R E R E R λλ λ −− −

     ∆ ∆ ∆
∆ = ⋅ + ⋅ + ⋅     

     
 (3) 

 
Only the antisimetry the voltage across the shear bolt 

out of plane is considered because of their behavior or 
singular, while the partial results symmetrical in a 
behavior non-singular (Lazzarin and Zappalorto, 2012). 
The expression of the range of stem density of energy is 
then updated as follows: 
 

( )3(1 )
3 02 lim , 0r zK r rλ

θπ σ θ−
→=  =    (4) 

 
The parameter of material R0 can be estimated by the 

equivalence of the expression for the critical value of the 
average of the SED obtained for a plot of land the butt 
welded in common, ∆WC = ∆σA/2E, in order to quantify 
the influence of the process of welding on the material, 
with a critical value of the range SED obtained for a 
welded joint, with an opening angle 2α>102.6° for 
which, in the case of charging status in the plan, only the 
way I contribute is considered, being the mode II 
contribute non-singular and mode of III contribute 
missing for particular condition: Charge. 

For the three-dimensional problems, it is possible 
to use the field of estimated shelf request reported by 
Lazzarin and Zappalorto (2012), obtained by 
widespread use of the hypothesis stem plan, which 
leads to the breakdown of the equations of three-
dimensional ruling in a system in the case where an 
equation bi-elegance (problem in the plan) and a 
harmonic equation (out-of-plan problem) must be 
satisfied at the same time. 

The SED expression is given by the sum of the SED 
for the problem in the plan and SED to the problem of 
the out-of-plan: 
 

1

2

1 1
1
0

A
C

e K
W

E R λ−

 ∆
∆ = ⋅  

 
 (5) 

 
The final expression for R0 is then (Lazzarin and 

Zambardi, 2001). 
Being ∆K1A the NSIF-based fatigue strength of 

steel welded joints (211 MPa mm0.326) and ∆σA the 
fatigue strength of the butt welded ground joint (155 
MPa), both related to NA = 5×106 cycles with nominal 
load ratio R = 0. 

Introducing these values in the equation. (6), R0 = 
0.28 mm is obtained as the radius of the volume control 
for the thumb of welding, on which the SED must be on 
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average for welded joints. For the root of the weld joints 
welded steel, modeled as a crack, Lazzarin et al. (2004) 
has obtained a value of R0 = 0.36 mm, using the 
equivalence between the average EDI range obtained for 
a plot of land the butt welded in common with the 
expression of the range SED written for the case of 2α = 

0. It is then possible to take into account a value of 
critical RADIUS R0 = 0.28 mm, as an approximation of 
engineering for both finger of the foot of the weld and 
the root of the weld in the assessment of the fatigue of 
the welded connections of steel: 
 

1

1

1
1 1

0

2 A

A

e K
R

λ

σ

− ⋅ ∆
=   ∆ 

 (6) 

 

Results 

The results of the tests the fatigue are presented at 
the outset as regards the range of stress ∆σ = σmax-σmin 
compared with the number of cycles until the failure 
of N, a scale double logarithmic for both geometry of 
1 specimens (Fig. 3) and geometry of 2 copies (Fig. 
4). The range of stress refers to the net section of the 
plates side (480 mm2). The results of the tests have 
been developed using statistical a distribution of the 
logarithmic normal. There have been no samples of 
"run-out" (i.e., failed to fatigue took place at a number 
of minor cycle of 5×106 cycles for all copies). Strip of 
the scattering defined by the lines with 10 and 90% on 
the likelihood of survival (tape scatter Haibach) is 
represented graphically in addition to the curve in 
relation with a probability of survival of 50% (an S/N-
curve). The average value range of stress 

corresponding to two million cycles, the slope k 
reverse and the index of the abatement Tσ (defined as 
the ratio between the range of stress at 10% of the 
likelihood of survival and the range of stress at the 90% 
probability of survival) are provided in Fig. 3 and 4. 

For the geometry of the 1 specimen, a resistance to 
the fatigue ∆σ = 44 MPa N = 2·106 and an index of the 
scattering Tσ = 1.149 were obtained; the geometry 2 
copies, a resistance to the fatigue ∆σ = 100 MPa at N 
= 2·106 and an index of the scattering Tσ = 1.361 have 
been obtained. The resistance to tiredness 
corresponding to the N = 5·106 is ∆σ = 33 MPa for the 
geometry of the 1 specimens and ∆σ = 74 MPa for the 
geometry of the 2 copies. 

The ski is reverse, respectively, k = 3.30 and k = 3.09. 
Values range of stress of reference reference is made to a 
life to the fatigue of 106, 2·106 and 5·106 cycles are given 
in explicitly for a probability of survival of 10, 50 and 
90%, together with the slope k vice versa and the index 
of the scattering Tσ. 

A summary final as regards the density of the stem 
of the local energy is presented in Fig. 5, in the case 
in which the value range of the SED ∆W compared 
with the number of cycles until the failure of N is 
displayed in the graphic in a double scale logarithmic 
Slide Rule. The SED values have been obtained in the 
area of the most critical of joints which are applicable 
to the model number of each copy values from the 
range of stress applied in tests of fatigue. In Fig. 5 
strip of the scattering which summarizes the data 
obtained from the fatigue for welded joints, structural 
steel have been superimposed over the results of this 
survey, to make a direct comparison. 

 

 
 

Fig. 3. Wöhler curve and Haibach scatter band for fatigue data of Geometry 1 specimens 
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Fig. 4. Wöhler curve and Haibach scatter band for fatigue data of Geometry 2 specimens 
 

 
 

Fig. 5. Current research fatigue life data compared with the SED scatter band reported in literature 
 

Discussion 

The analyses of the initial numeric allow you to 
compare the behaviour of the different proposed 
stressed, as well as to identify the lowest point of the 
critical welds taken into account. Is worthy of notice 
that through the approach to the stem density of energy 
(SED), a direct comparison between the fingers of the 
legs of the weld and the roots is possible. The results of 
the analyses of the difference numeric indicates that the 
critical point on the geometry of the 1 joint welding is 
the root, in the same way as the initial geometry, while 
the critical point on the geometry of the 2 is the toe 
side. For the purpose of optimising behaviour of the 
fatigue of the joint welded, should be desirable to 
have the initiation of cracks in a visible Geometry 2 is 
therefore preferable geometry of the 1 for the purpose 

of an access and easy and inspection rules in the 
critical part of the press. 

Quantitative results obtained as a result of the 
comparison are confirmed by the tests of fatigue: Initiate 
cracks occurs at the points identified as the most critical 
in the analyses of the previous numeric. More than that, 
resistance to tiredness the geometry of the 2 is 
significantly higher: In numerical analyses, under a value 
equal to the tasks, the maximum value of the SED at the 
foot of the side on the geometry of the 2 in common was 
approximately five times smaller than the maximum 
value at the root of the geometry 1. The best behaviour 
of the fatigue the geometry of the 2 in common was then 
quantitatively expected. The data of the resistance to 
tiredness expressed as regards the range of stress, the 
indices of the scattering obtained for both the geometries 
were extremely low.  
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Despite the great differences in the resistance to 
tiredness the second vehicle geometries welded 
connections, has not been possible to summarise the data 
obtained in a single curve through the approach to the 
average density of the strain of energy. Data of fatigue 
obtained as regards the SED shall be within the band of 
the scattering previously proposed in the specialized 
literature for steel construction welded. Some Recent 
Studies interesting were focused on the effect of the 
voltages on the SED values (Ferro et al., 2006; Ferro, 
2012; 2014; Ferro et al., 2016a; 2016b; 2016c; Ferro and 
Berto, 2016) and the matter is very important for the 
practical applications and shall be taken into account 
also in the future work. In addition, some recent 
developments can be found in Refs (Gallo et al., 2016a; 
2016b; Berto and Gallo, 2015; Gallo and Berto, 2015c; 
Berto et al., 2014a; 2014b), which deals with high 
temperature and the fatigue of metal. 

Conclusion 

The SED approach has been used to compare the 
behaviour of the fatigue of the load carrying Joints 
welded shear characterized by different vehicle 
geometries, for the purpose of optimising the design of a 
structural part of a mechanical. In particular, the 
interdiction original and two- geometries have been 
taken into account. It has been possible to achieve a 
quantitative evaluation by FE analyses, application of the 
numerical models a task arbitrarily, identifying areas 
most critical for each model and thus by comparing the 
size of the value of the SED in these areas.  

Tests of fatigue have been carried out on samples 
of the two- geometries proposed earlier, made of steel. 
The results of the tests of fatigue seemed to be an 
excellent agreement with the expectations of the 
model and the investigations of the numeric. Despite 
the great differences in the resistance to tiredness, 
data of life to fatigue of both the geometries expressed 
in terms of the SED could be in a single strip summed 
up the Scattering. More than that, the data of life to 
fatigue expressed in terms of the decrease in average 
density of energy of the stem in-band scattering 
proposed in the specialized literature for welded joints 
made of steel. 
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