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Abstract

A series of tests have been carried out using specimens made of a tube, having a thickness of r+ = 10 mm, joined to a plate by
fillet welding. Two different kinds of specimen were employed, differing in the plate geometry (stiffness). Both kinds of specimen
were tested under bending (prevalent load) and shear loading in as welded conditions.

Different initiation regions for the fatigue cracks were found and significantly different fatigue resistances were obtained for
the two geometries in terms of the nominal stress approach (or in terms of applied load vs cycles to failure). Two local methods
for the fatigue life assessment were then applied to independently analyse the experimental results: the fictitious notch rounding
approach proposed by Radaj, which is also recommended by some international standards and the more recently proposed peak
stress method, which is based on the NSIF concept.

It is shown that the nominal stress method, which is by far the simplest method among those recommended in standards for
analysing the joint under study, fails to explain the observed different endurances. On the other side, the methods based on local
stresses account for the different joint stiffness and provide a reduced scatter in the results. However, even if local approaches,
accounts for differences in the structural behaviour of the joint, the knowledge of the actual geometry of the weld need to be
accounted for, in order to be able to identify the fatigue crack initiation region.

For a design purpose, a safe prediction of the fatigue endurance of the joint can be obtained by all the analysed methods, if the

corresponding recommended design curve is used.
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1. Introduction

The fatigue life assessment of welded joints is still an open
and debated subject. One of the main features of the welding
process is that localized high temperatures are reached and, as
a consequence, the material microstructure (i.e. grain size, sec-
ondary phases, microstructural defects etc.) and the mechani-
cal properties (e.g. yield strength, hardness etc.) in the fused
zone and in the heat affected zone are modified. Some micro
and macro geometric discontinuities (such as e.g. inclusions,
porosity, undercutting) may also be introduced by the welding
process itself and high residual stresses are generated in prox-
imity of the weld seam. The variability typical of the welding
process when combined with the localised nature of damage
initiation, usually, gives raise to relevant scatter in fatigue test’s
data. For these reasons the fatigue assessment of welded joints
is complex and different analysis methods have been proposed
in standards [1, 2, 3, 4] and, more generally, in the technical
literature (see e.g. [5, 6,7, 8,9, 10, 11, 12, 13, 14, 15]).

Dealing with welded joints, there are different potential re-
gions where the fatigue crack responsible of the final failure
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may initiate, namely the weld root and the weld toe. Despite of
that, some of the methods that are recommended in standards,
such as the nominal stress approach, does not consider the lo-
cal geometry of the weld and, consequently, do not differentiate
on the initiation region. In addition, some of the proposed local
methods, such as the hot spot (or structural stress) method, only
consider the case of failures from the weld toe. To this regard, it
is also infrequent that papers available in the technical literature
from different authors report different initiation regions for the
same kind of specimen, material and loading conditions (see
e.g. [16, 17, 18, 19, 20] ).

In the present work the effect of the plate geometry on the
fatigue crack initiation region and on the observed fatigue en-
durance in a frequently employed welded joint, i.e. the pipe-
to-plate joint, is discussed. For this reason a dedicated experi-
mental campaign was conducted, extending the database of ex-
perimental results already presented in previous works by the
authors [16, 21]. The newly employed specimens differ from
the previous ones in terms of plate stiffness (Fig. 1). However,
if the nominal stress method is considered, the specimens be-
long to the same structural detail (see [1, 2]).

The fatigue strength of the analysed flange-tube welded
joints has been discussed in [17, 18, 19], for the case of fillet-
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welded joints is and in [7, 9, 20] for the case of bevel butt
welded joint. However, in none of those works the stiffness
of the plate is explicitly regarded as a significant parameter in
terms of the fatigue strength of the joint.

The discussion of the results is based on three endurable
stresses obtained by different analysis methods, i.e. the nom-
inal stress approach, which is by far the most simple and
used method when applicable, and two local stress methods:
the already well established fictitious notch rounding radius
[22, 23, 24] and the more recently proposed peak stress meth-
ods [25, 26]. The capability of the different methods, which are
based on quite different theoretical background, in interpreting
the experimental endurances is also discussed in terms of scat-
ter band and prediction of the crack initiation region.

Figure 1: Tested specimens. Type A specimen with the larger plate (on the left)
and type B specimen with the smaller plate (on the right).

2. Evaluation of the fatigue strength of welded joints by the
nominal stress, the fictitious notch rounding radius and
the peak stress method

In this work both global and local methods have been used
for the fatigue assessment. The nominal stress method ([2])
belongs to the former category and, if a nominal stress can be
defined, is by far the most simple and most widely used method.
For this reason it is also referenced in standards [1] and is the
usually preferred method for engineers working in the indus-
try. Furthermore two local methods have been used: the notch
stress method (see e.g. [2] and [23]) and the peak stress method
([25]). A brief review on their theoretical background is pre-
sented in the following.

It is worth to note that both the local methods here reviewed
assumes a sharp V notch with a null tip radius at the most so-
licited region, i.e. weld toe or root. This is a widely used as-
sumption for design purposes, since it is a conservative hypoth-
esis and, in addition, is an easy way to bypass the difficulties
related to the evaluation of the actual notch tip radius.

2.1. Nominal stress method

This method is recommended by both the International Insti-
tute if Welding (ITW) [2] and by the Eurocode 3 [1]. According

to this method, the nominal stress on the weld section is cal-
culated according to common stress formulas, based on beam
theory. In the present case, due to the length of the tube, the
applied load results in a prevalent bending component at the
weld critical section. Therefore, the nominal stress can be eval-
uated by equation 1, where M), is the bending moment, W, is
the strength modulus of the weld section, which is defined with
reference to the weld throat size.

T = ey

It is worth noting that only nominal dimensions of the weld
seam (weld throat) are taken into the calculation and there is no
account for the actual joint geometry, meaning that the effect
of all the fatigue relevant parameters should be included in the
fatigue class of the structural detail [27]. It can be easily under-
stood that, by using this method, the fatigue life assessment is
as reliable as the structural detail is similar to one of the details
covered by the code. In the present case both the test specimens
A and B (Fig. 1) can be referred to structural detail number 423
as classified by [2], with no distinction.

2.2. Fictitious notch rounding radius

Fatigue assessment through the use of a fictitious notch ra-
dius was developed by Neuber [28] based on the idea of aver-
aging the linear elastic stress over the micro-structural length in
the ligament of the notch.

I
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The average stress (o) is used as a fatigue effective stress. Due
to limitations in numerical calculation methods at that time,
Neuber formulated the procedure of fictitious notch rounding,
where the averaged stress on the actual notch with a radius p
is substituted by the maximum stress on a fictitiously enlarged
notch radius, termed p in eq. 3. Here the support factor (s) is
an analytically derived factor that depends on the stress state at
the notch tip and on the failure hypothesis (see e.g. [29, 30]).

pr=p+sp’ 3)

For welded joints, Radaj [23] assumed the notch to be V-
shaped with tip radius equal to zero (p = 0), which is always
a conservative hypothesis. He also obtained s = 2.5 and the
micro-support length p* = 0.4 for steel. Then, the fictitious
radius resulted py = 1 mm, which is called reference radius.

This procedure has been successfully applied for decades in
the fatigue life assessment of joints with a thickness r > 5 mm
and is one of the methods recommended by the International
Institute of Welding (ITW) [2].

2.3. Peak stress method

The peak stress method (PSM) was originally proposed by
Nisitani et al. [31] for notched specimens. More recently
Meneghetti et al. have proposed its use also for the fatigue life



assessment of welded joints [25, 26] and have extended its ap-
plication in case of three dimensional problems.
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The basic idea behind the PSM is to estimate the stress in-
tensity factor (NSIF) with a Finite Element (FE) model, which
is characterized by a coarse free mesh. Also in this case the
notches are assumed to be V-shaped with a null tip radius. The
mode I and II elastic stresses obtained from such model are
then linked to the desired NSIFs by the simple equation 4. In
that equation, Acgg,p=0,peak and AT,9-0 pear are the mode I and
mode II stresses obtained from the FE model, while f,,; and f,,»
are empirical coefficients related to the averaged element size
adopted in the model.

The main advantage of the PSM is the great simplicity of the
FE model which is needed to obtain the peak stress values. In
the present work the mesh of the weld seam was composed of
first order elements directly generated by the free meshing tool
of the Ansys program on the basis of the user defined average
element size. The mesh can be coarser compared to that re-
quired to evaluate directly the NSIF or the notch stress on the
fictitious radius.

This method is not included in any deign code due to its re-
cent formulation. However, it has already been successfully
applied to a wide range of experimental data [25].

3. Experimental setup

The tested specimens were designed in order to reproduce
a plate-to-tube joint typically found in railway boogie com-
ponents. The tube had an external diameter of d = 64 mm
and a thickness of t, = 10 mm, while the basic thickness of
the plate was 7, = 25 mm. All the specimens were made of
S355JR, a common structural steel, for which oy, = 360 MPa
and o, = 520 MPa. The thickness of the plate in the joint region
was reduced, to be kept closer to that of the pipe. The pipe was
joined to the plate by wire welding by using a 1.2 mm diame-
ter ER70S-6 wire, having 460 MPa yield strength and 570 MPa
tensile strength; the current and tension of the welding appara-
tus were set to 215 A and 24.5 V, respectively.

Two kinds of specimen have been tested (Fig. 1), differing
in the geometry of the plate, particularly as regards the welded
joint region. All the specimens were tested in as welded condi-
tion.

With reference to Fig. 2, the main difference between the two
types of specimen was the radius ¢, and the depth 4 of the cen-
tral counterbore, which were chosen in order to produce signif-
icant differences in plate thickness in the joint region. In case
of type A specimens the plate width was L = 330 mm and the
distance between the supports was i = 250 mm. On the other
side, for type B specimens those dimensions were L = 186 mm
and i = 125 mm, respectively. Furthermore, a counterbore was
machined in both plates in order to reduce the plate thickness lo-
cally and to install the pressure air tube for crack detection (see
Fig. 2). The dimensions of this counterbore were ¢, = 140 mm
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Figure 2: Specimen geometry definition.

and 2 = 10 mm for type A specimens and ¢, = 80 mm and
h = 5 mm for type B specimens. In both cases the width of
the supports was s = 70 mm. The specimens were fixed to the
bench by bolts: six M14 and four M20 bolts were employed for
type A and type B specimens, respectively (see also Fig. 1).

Figure 3: Loading apparatus. The specimen is loaded by two hydraulic actu-
ators attached at the extremities of a lever arm; this test rig was developed to
have the possibility of applying combined bending and torsion ([21]).

Both specimens were tested under constant amplitude load-
ing, with a load ratio of R = —1 and R = 0. The external load
is equivalent to a force applied on the top of the tube, which
produces bending and shear stresses in the welded cross section
(see Fig. 3). However, the shear stress was negligible compared
to the bending one, due to the length of the tube (375 mm for
type A and 510 mm for type B specimens).

The adopted failure criterion was the presence of a through
the thickness crack, or the pipe displacement to exceed a prede-
fined value. The occurrence of a through crack was easily de-
tected by the sudden drop in air pressure imposed in the lower



chamber trough a hole in the counterbore at the start of the test.
As an alternative condition, in case of failure through the plate.
i.e. crack type 1 (see next section), the test was also stopped if
the actuators displacement exceeded a predefined threshold.

4. Cracks initiation regions and crack paths

Figure 4: Observed crack paths.

For the analysed pipe-to-plate joint three main candidate ini-
tiation points and corresponding crack paths can be identified
depending on the joint behaviour under the applied load: crack
through the plate thickness originated at the weld toe on the
flange (Fig.4, path 1), crack through the seam weld originated
at the weld root (Fig.4, path 2) and crack through the pipe wall
originated at the weld toe on the tube (Fig.4, path 3).

For type A specimens (Fig. 5), cracks starting from the weld
toe on the flange (i.e. path 1) were always observed. In some
cases, cracks emanating from the weld root (i.e. path 2) were
also observed, which were presumably initiated in a second
phase, due to the stress increase in that region, following the
cross section reduction produced by the growth of path 1 crack.
It has also to be considered that in case of a path 1 crack only
the plate is damaged and no crack is detected by the employed
detection method (i.e. no pressure drop occurs). In this cases
tests were stopped when the limit on the displacement of the hy-
draulic actuators was reached. This limit was set to a few mil-
limetres beyond the maximum displacement at the maximum
applied load and can be produced by a relatively large defect,
with respect to the minimum detectable defect that produced a
drop in the air pressure.

For type B specimens (Fig. 6), the failure was caused by
crack originated from the weld root (i.e. path 2 crack) or, less
frequently, from the weld toe on the tube (i.e. path 3 crack).

5. Results in terms of nominal stresses

The nominal stress for bending is easily calculated by Eq.1.
It is worth to note that the strength modulus is a function of the
weld seam geometry and is not influenced by the plate geome-
try. For this method there is no distinction between type A and
type B specimens.

The results obtained by this method, as S-N curves for R =
—1 and R = 0 respectively, are given in Fig. 7 and Fig. 8. The

Figure 5: Typical fracture surface of a type A specimen. A very long and ex-
tensive crack propagated in the plate (for the specimen shown in the figure, the
propagation was intentionally prolonged), without causing any pressure drop.

Figure 6: Fractured type B specimen. The dominant crack was originated at the
weld root. A secondary crack, that originated from the weld toe on the tube,
can also be recognized.

reference IIW design curve for this structural detail [2] is also
shown for comparison in both graphs.

It can be observed that, for any stress amplitude, type B spec-
imens had a significantly greater endurance compared to type A
specimens. This is more evident for the tests with the load ratio
R=-1.

At the same time it can be observed that all the tests are on
the safe side of the design curve; this is not surprising since the
design curve is referred to 97,7% probability of survival.
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Figure 7: Results for type A and type B specimens in terms of nominal stresses.
S—N curve for bending and load ratio R = —1.

6. Finite element modelling of the test

In both the notch stress and the peak stress methods the en-
durable stress is obtained from an elastic FE analysis.

The model of the specimen can be considered as composed
of two parts: the weld seam and the whole experimental setup
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Figure 8: Results for type A and type B specimens in terms of nominal stresses.
S—N curve for bending and load ratio R = 0.

composed of the specimen, the constraints and the loading arm.
For each one of the mentioned local methods it is possible to
find, in the technical literature, specific instructions on how to
model the weld seam. On the other side, the global structure of
the model is not dependent on the local method used and only
needs to accurately reproduce the test geometry. The residual
stress state resulting from the welding process was not included
in the FE analyses. Accordingly, the design curves given in all
the plots are referred to the as welded condition.

6.1. Weld seam model

For the notch stress method, following [2], the value of
py = 1 mm was selected as for joints with a thickness > 5 mm.
Details of the mesh of the weld seam were defined according to
the instructions given in [32]. A mapped mesh (Fig. 9) was
created in the notch areas, placing 24 elements over 360° on
each fictitious rounding. Furthermore a shape factor V = 2 was
imposed (this represents the ratio between the circumferential
and radial dimensions of the elements). Second order brick ele-
ments having 20 nodes were employed (brickl186 from ANSYS
® library). According to the cited paper, this kind of mesh
guarantees an error below 2% on the computed elastic stresses.

Figure 9: Weld seam model for the application of the fictitious notch stress
method.

The requirements for the weld seam FE model in relation
to the peak stress method are defined in [25, 26]. In this case
the notches are modelled as sharp (i.e. zero tip radius) and the

weld seam area is meshed by the free meshing tool of the soft-
ware imposing an average element size d = 1 mm (Fig. 10).
In this case, first order brick elements with 8 nodes were used
(brick185 from ANSYS ® library). At the weld root an opening
angle 2a = 0 is present; the two lines of the V-shaped in the FE
model are overlapped and cannot be distinguished (Fig. 10).
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Figure 10: Weld seam model for the application of the peak stress method.

We can notice that the peak stress method is much easier to be
implemented on the FE software. In addition, its computational
effort is smaller, due the use of first order elements.

6.2. Global model of the test and its experimental validation

The detailed 3D model of the test shown in Fig. 11 was de-
veloped. A linear elastic material (steel with elastic modulus
and Poisson’s ratio E = 210 GPa and v = 0.3, respectively) was
considered for both the pipe and the plate.
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Figure 11: 3D model in case of type A specimen geometry. A similar model
was also developed for type B specimens.

Thanks to the symmetry about the bending plane only half
of the specimen was modelled. The actual plate geometry and
the elasticity of the bolts were included. The bolts were repro-
duced as links with proper length and cross sections and were
constrained to the specimen (internal surface of the holes) by



a spider of rigid (i.e. having very high stiffness) links. In ad-
dition, the lower node of the links representing the bolts were
fully constrained, while the upper nodes were constrained along
the plane directions of the lower plate of the specimen, leaving
only the possibility to move in a direction orthogonal to the
plate.

Type A and type B specimens differ from each other in the
dimensions of the plate and this turned out to be determinant for
the failure mode, among those discussed in section 4. Since the
elastic stresses at the notches were recognized as a determinant
aspect, an experimental validation of the FE model was planned
for one of the specimens. A series of 12 strain gauges was ap-
plied in the bending plane (radial direction with reference to the
pipe) on the plate of a type A specimen, in the surrounding of
the seam weld (see Fig 12). This allowed to measure a compo-
nent of the strain field near the weld area and to compare it to
the numerical results obtained by the FE model.

Figure 12: Strain gages placed on the plate of a type A specimen, nearby the
the seam weld.

0.0012

X  Strain gages
0.0010 —— 3D model
e=3.85%
0.0008
w
=
‘S 0.0006
)=}
7]
0.0004 M
00002 6>\7\
T
0'00000 5 10 15 20 25 30

Distance from weld toe (mm)

Figure 13: Strains of the plate along a radial path (distances from the weld toe).
Comparison between the values obtained from strain gages measurements and
from the developed FE models.

The twelve gages were placed with distances from the (nomi-
nal) weld toe between d; = 2 mm (for the first strain gauge) and
dip = 23 mm (for the last strain gauge). Those distance values
are very close to the ones recommended in order to evaluate the
structural stress, which is the representative stress parameter of
the Hot—Spot method [2]. Accordingly, it can be reasonably
considered that the so-measured strains are not related to the
local weld seam geometry.

A comparison between experimental and numerical strain is
given in Fig. 13. It was verified that the strains had a linear de-
pendence on the load level. The plots refer to a bending load of
M = 1875 Nm acting in the critical cross section. As it can be
observed the 3D model with a correct reproduction of the plate
geometry and constraining system resulted to be in rather good
agreement with the experimental results. The average relative
error, obtained for the 12 strain gauges, between experimental
and numerical strain is also given in the plot.
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Figure 14: Notch stress method and type A specimen.
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Figure 15: Notch stress method and type B specimen.

7. Durability analysis based on the notch stress concept and
the peak stress method

The following Figs.14, 15, 16 and 17 show the von Mises
equivalent stress for type A and type B specimens, obtained by
the fictitious notch stress and the peak stress methods.

Even if the two methods use a different endurable stress, it is
possible to say that in all four cases for the FE model, the crack
nucleation region is at the weld toe on the tube side, i.e. crack
type 3 in Fig.4. This did not correspond to the experimental evi-
dences described in Sec. 4. In particular, for type A specimens,
cracks in this location were never observed.

Starting from the stress field obtained from the FE models,
the endurable stress of the two local methods was determined.
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Figure 16: Peak stress method and type A specimen.
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Figure 17: Peak stress method and type B specimen.

For the notch stress method this is quite straightforward, since
in this case the fatigue strength is assumed to be related to the
von Mises equivalent stress range at the most stressed point of
the fictitiously introduced radius. Instead, for the peak stress
method the mode I and mode II elastic stresses have to be ex-
tracted from the FE model. Those values are then combined to-
gether, through appropriate factors in order to obtain the equiv-
alent peak stress Ao g pear (see Eq.4). In the present work only
the mode I stresses have been computed, the other being negli-
gible.
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Figure 18: Effective stress range vs Number of cycles to failure for the notch
stress method.

The obtained S-N curves are given in Figs. 18 and 19 to-

gether with the appropriate design reference curve. For the
notch stress method the FAT 200 with a slope coefficient k = 3
was selected, having chosen the von Mises equivalent stress hy-
pothesis and a fictitious radius py = 1 mm [2]. This design
curve is related to a survival probability of P, = 97,7%.

2-10°

" [ run-out

Type A specimen,
Type A specimen,
Type B specimen,
Type B specimen,
Design curve

Peak stress range Ao, ... (MPa)

|>obo

10 10° 10°
Number of cycles N,

Figure 19: Equivalent peak stress range vs Number of cycles to failure for the
peak stress method.

In a similar way, for the peak stress method the curve given
in [25, 26] for a survival probability of P, = 97,7% was con-
sidered. This curve has a slope coefficient k = 3 and a value of
AT g peak = 156 MPaat 2 - 10° cycles.

Even if the two plots cannot be directly compared, it is inter-
esting to observe that, by using a local approach, the two spec-
imen types do not show any relevant difference in terms of en-
durance vs. effective or peak stress range, as they did when the
nominal stresses were taken as reference (see previous Fig. 7
and Fig. 8). This improvement was caused by the fact that, in
order to properly evaluate the local stresses, the stiffness of the
plate had to be correctly evaluated. Going from the nominal
stress reference to the local stress reference, a great reduction
of the scatter band is produced, as well. In addition, it can be
observed that all the experimental points are on the safe side
with respect to the suggested reference curve.

Figure 20: Weld seam section, type A specimens.



Figure 21: Weld seam section, type B specimens.

8. Stress analysis based on the actual seam weld geometry

In previous section it was shown that local methods, account-
ing for the actual joint stiffness, allowed to avoid the apparent
discrepancies given by the nominal stress method when com-
paring the results obtained by type A and type B specimens.
However, it was found that both local methods failed in the pre-
diction of the fatigue crack initiation region.

In order to explain those evidences and to investigate more
in depth this aspect, the actual geometry of the seam weld was
evaluated on the basis of several pictures of cross-sections that
were cut from both type A and type B specimens (see e.g.
Figs. 20 and 21).

Even if the same nominal dimensions were requested, the ac-
tual geometry of the seam welds showed some differences. In
particular, it can be observed that the notch on the tube side has
a bigger tip radius compared the others. The difference in the
two radii could be explained based on the weld position. As
reported in [33] in fillet welds the fused material shows a ten-
dency to float downwards before solidification under the effect
of gravity. In the cited paper it is described how the upper toe
(i.e. tube side toe) tends to have a bigger radius compared to
the lower toe (i.e. plate side toe), thus resulting less critical for
the fatigue endurance.

Therefore, the worst case of a null notch tip radius when ap-
plied to the tube side toe is very conservative and the stress
state in this region is overestimated by that hypothesis. This
can explain why no cracks were detected in this location dur-
ing experimental tests, oppositely to what predicted by the used
local methods.

A FE model based on the average actual geometry was then
setup. Five geometric parameters were selected to represent
the actual geometry of the seam weld: the tip radius of three
notches, the height and the width of the seam. These parameters
were measured on ten sections taken from each specimen type.
The resulting average values are given in Figs. 20 and 21.

Three dimensional FE models of the type A and type B spec-
imens were then developed, according to what described in
Sec. 6.2, based on the so determined average geometries . In
order to achieve a fairly good estimation of the elastic stress in

the weld area, the notches were modelled by using a mapped
mesh and second order elements, similarly to what previously
described for the notch stress method (see Sec. 6.1).

Figure 22: FE model for the actual geometry of type A specimens.

Figure 23: FE model for the actual geometry of type B specimens.

The von Mises equivalent stress field is plotted in Figs. 22
and 23, for the type A and type B specimens, respectively, for
a bending load of My = 1875 Nm acting in the critical cross
section.
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Figure 24: S—N data obtained considering the maximun von Mises stress and
the actual weld geometry.

Figure 24 shows the S—N data obtained considering the peak
value of the equivalent von Mises stress, which is located at the



weld toe on the plate and at the weld root for type A and type B
specimens, respectively.

Table 1 and 2 shows the peak value (data for p* = 0) of the
von Mises equivalent stress together with the average values ob-
tained considering four different micro-support distances (i.e.
from p* = 0.1 mm to p* = 0.4 mm) along a path oriented in the
radial direction and starting from the point where the maximum
local stress was obtained. The average stress is recognized as
a more representative parameter than the peak stress for fatigue
cracks initiation. The averaged values were obtained integrat-
ing the von Mises equivalent stress as per Eq. 2 over the given
micro-support distances (i.e. p*).

Type A Specimen
p* root tubesidetoe plate side toe
0 460 270 500
0.1 276 258 302
02 196 248 237
03 153 238 203
04 127 230 182

Table 1: Values of the von Mises stress (MPa). Maximum and averaged values
over a micro-support distance ranging from p* = 0.1 mm to p* = 0.4 mm in
case of type A specimens.

Type B Specimen

p* root tubesidetoe plate side toe
0 564 428 190

0.1 339 371 114

0.2 243 328 92

03 193 295 80

04 162 270 73

Table 2: Values of the von Mises stress (MPa). Maximum and averaged values
over a micro-support distance from p* = 0.1 mm to p* = 0.4 mm in case of
type B specimens.

If we consider the maximum von Mises stress over the three
notches (weld root, weld toe on the tube and weld toe on the
plate), i.e. the value for p* = 0 mm, it can be concluded that
these FE models, based on the actual weld geometries are ca-
pable of predicting the correct initiation point of fatigue cracks
for both type A and type B specimens.

For type A specimen the model shows that most solicited ar-
eas are the weld toe on the plate side and, at a slightly lower
extent, the weld root, while the toe on the the tube side appears
to be subjected to a significantly lower stress. For type B spec-
imens the model indicates the weld root as the most solicited
region and the weld toe on the plate as the notch with the lower
stress level.

These numerical results agree with experimental evidence:
for type A specimen the great majority of cracks originated
from the toe on the plate side, while some crack was sometimes
observed starting from the root (Sec. 4); for type B specimen
cracks generally started from the weld root and, occasionally,
from the weld toe on the tube side

The observation of Tables 1 and 2 showed that this corre-
spondence may be lost as the microsupport distance is allowed

to grow over 0.1 mm. This appears as an indication of a very
small or null value for this parameter as appropriate, at least
in the present case. Further studies are required to analyse this
result with reference to other joint geometries and weld shapes.

9. Conclusions

The following conclusions can be drawn from the experimen-
tal results and from the numerical analysis:

e experimental results showed that the plate thickness can
significantly affect the fatigue strength and the fatigue
crack initiation point in a pipe to plate joint subject to
bending;

o the predictive method based on nominal stresses was not
able to account for the effects of plate thickness on fatigue
strength, even if predictions based of II'W or Eurocode 3
recommendations proved to be conservative;

o the use of local methods based on a 3D FE analysis of the
joint allowed to properly account for the effects of plate
thickness on fatigue strength; in the examined tests, all the
results appeared to belong to a single dispersion and its
measure T, reduced significantly, passing from the nomi-
nal stress to the local stress;

e the design curves recommended in standards generally
give conservative results, due to the large safety margin
provided by the P; = 97.7% probability of survival;

e the local methods that were applied (i.e. the fictitious
notch radius and the peak stress method) appeared to give
very similar results both in terms of scatter and safety
margin of the recommended reference S—N curves with
respect to the experimentally determined endurances (see
Fig. 18 and Fig. 19);

e despite the satisfactory accuracy in predicting fatigue
strength, both local methods were not able to individuate
the actual failure location for all cases;

e a detailed examination of the weld section shape showed
relevant differences between the plate side and the pipe
side micro-geometry of the weld toe, which was not ac-
counted for by standard local methods and which was
probably responsible of crack nucleation position;

e a FE model accounting for the detailed actual geometry of
the weld proved to be able to predict properly the initia-
tion point; the analysis appears to indicate that the correct
prediction of the failure location point should account for
actual weld geometry, rather than for nominal geometry;

o the analysis shown on the averaged stress obtained for dif-
ferent microsupport distances starting from the FE model
based on the actual weld geometries, pointed out that the
evaluation of the local endurable stress is a critical step in
the fatigue analysis of welded joints;



e as a consequence of the last previous points it can be con-

cluded that any attempt of predicting the failure initiation
region by simplified idealized models, e.g. based on the
nominal geometry of the weld, may result useless.
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