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ABSTRACT: The paper presents fatigue life assessment of inclined welded joints with a new geometric
configuration in steel bridges. Fatigue tests on full penetration load-carrying fillet cruciform welded joints with
inclination angles of 0°, 15°, 30°, and 45° subjected to uniaxial cyclic loading are performed. Hot spot normal and
shear stress ranges are obtained by a linear extrapolation, and a sensitivity analysis is carried out to determine the
appropriate mesh size. The fatigue life results predicted by the equivalent stress range method, DNV(Det Norske
Veritas), Eurocode 3, and ITW(the International Institute of Welding) are compared with test results. The results show
that the fatigue cracks in all of the specimens initiate at the weld toe but propagate in different directions. There are
two cracking types: (a) cracking along the weld (6=0°, 15°); (b) cracking perpendicular to the direction of the applied
load (6=30°, 45°). The fatigue life increases with an increase in the inclined angle due to a decrease in the normal
stress range perpendicular to the weld. The fatigue life tends to be overpredicted by Eurocode 3 at the large
inclination angle. The FAT90 used by DNV is more conservative than the FAT100 recommended by Eurocode 3 and
IIW, so that the fatigue life is underestimated. It is concluded that the equivalent stress range method and IIW are in
good agreement with the fatigue test results. The equivalent stress range method is more suitable to assess the fatigue
life of inclined welded joints subjected to combined normal and shear stresses due to the ease of implementation and
low computational cost. The fatigue design curve of FAT100 is recommended for the equivalent stress range method.
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1. INTRODUCTION

Steel bridges have been widely used in long-span bridges due to their light weight, high strength,
short installation time and relatively low monetary costs. There are a large number of welded joints
(butt joints, T joints, cruciform joints, etc.) in steel bridges. The weld toes and roots can create high
stress concentrations due to the geometric discontinuity. Consequently, fatigue cracks are more
likely to appear in weld toes and roots rather than in the base metal subjected to repeated loadings
[1]. During crack propagation, when a crack size reaches a critical value, welded joints suddenly
fracture due to a reduction in the cross-sectional area and consequently the inability to resist further
loading. Therefore, specific design guidelines are needed to avoid fatigue failures of welded joints
in steel bridges during service life [2].

Three approaches are commonly employed for fatigue assessment of welded joints. The nominal
stress approach is usually used for simple welded joints and loadings where nominal stresses can
clearly be determined. Most fatigue design specifications use nominal stresses to assess the fatigue
life of welded details according to different nominal stress design curves. This method cannot be
applied in complex welded joints and loadings, but the hot spot stress approach can be used for this
situation [3]. The hot spot stress approach was initially developed for fatigue assessment of
offshore tubular joints [4]. Now, this approach is applied to welded plate structures and included in
fatigue design specifications, such as Eurocode 3 [5], IIW(the International Institute of Welding)
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[6], and DNV(Det Norske Veritas) [7]. There are five methods for determining the hot spot stress in
the literature, including surface extrapolation, one point stress method, through thickness method,
the Dong method, and 1 mm method [6, 8-10]. Many studies have been conducted to improve the
accuracy of the hot spot stress estimation in three aspects: mesh density [11], element type [12], and
computational method [13]. The local stress at the weld root cannot be described in detail by
nominal and hot spot stresses [14]. The notch stress approach [15-17] used the maximum elastic
notch stress at the weld toe or root for fatigue analysis. However, this approach requires more
modelling and analysis work for the numerical simulation of complex welded structures.

There are many welded details in a steel bridge subjected to combined tension and shear stresses,
such as welded rib-diaphragm connections in steel orthotropic decks [18] and welds that join
corrugated plates to flange plates [19]. In these welded details, the crack initiation sites of the weld
toe are in multiaxial stress states. The multiaxial fatigue damage mechanism is different from that
of the uniaxial fatigue counterpart. Many methods are proposed for multiaxial fatigue assessment of
welded structures. These approaches are applied in nominal stress, hot spot stress, and local stress
concepts. These methods include principal stress or Von Mises stress methods, the interaction
equation method in Eurocode 3 and IIW, and the modified Wéhler curve method [20]. The fatigue
life based on conventional fatigue design methods has been under- or overestimated when
combined normal and shear stresses were applied in phase simultaneously, so an equivalent stress
range method has been proposed in [21]. The interaction equations from Eurocode 3, IIW, and
DNV for calculating effective stress ranges based on the normal and shear stress ranges
perpendicular and parallel to the weld respectively have been used to assess fatigue strength [22].
Béckstrom [23] used the interaction equations from SFS 2378 [24], Eurocode 3, and IIW to
evaluate the fatigue life. It is found in [23] that the fatigue life estimated using IIW is more closely
in accordance with the experimental result. Kainuma et al. [25] clarified that the effect of the
inclined angle on fatigue strength was small for welded specimens. Jen et al. [26] studied the effect
of oblique loading on fatigue strength of butt-welded structures and found that the normal stress
parallel to the loading direction played a significant role in the fatigue strength design and critical
crack locations, which were identical to those experiencing the maximum Von Mises stress. Susmel
[27] proposed the modified Wohler curve method for estimating fatigue strength of inclined welded
connections. The fatigue life assessment process based on the modified Wohler curve method is
complex and difficult to use in practice. The accuracy of fatigue life prediction results is extremely
dependent on the use of reference fatigue curves in the specification, and the choice of fatigue
design curves for complex welded joints remains a challenging and unsolved issue [28]. The main
aim of this study is to determine a convenient method and an appropriate fatigue design curve for
fatigue life estimation of inclined welded joints.

According to the statement above, full penetration load-carrying fillet cruciform welded joints
largely used in steel bridges are taken as research objects, and 0°, 15°, 30°, and 45° weld inclined
angles are constructed to simulate different complex stress states. To date, fatigue life assessment of
these new welded joints has not been investigated. Consequently, it is necessary to carry out an
in-depth study. Fatigue tests on cruciform welded joints with full penetration load-carrying welds
inclined to the direction of the uniaxial cyclic loading are performed. Due to this complex geometry,
it is difficult to estimate the nominal stress of a cross section. Welded joints are directly modelled
by normal and shear stresses perpendicular and parallel to the weld from a multiaxial fatigue point
of view, respectively. Thus, the hot spot stress approach is applied to obtain hot spot the normal
stress range and shear stress range by a linear extrapolation method based on a numerical analysis.
A sensitivity analysis is carried out for determining the appropriate mesh size. Fatigue life
assessment is conducted by the equivalent stress range method, DNV, Eurocode 3, and IIW. Finally,
the fatigue design curves and appropriate fatigue life evaluation methods for inclined welded joints
in steel bridges subjected combined normal and shear stresses are determined.
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2. FATIGUE TEST

The crack initiation locations of the welded joints with inclined welds are in multiaxial stress states
subjected to uniaxial cyclic loading. The nominal stress range can be decomposed into the normal

stress range Ao, and the shear stress range A7,, perpendicular and parallel to the weld from a
multiaxial fatigue point of view, respectively (Figure 1) [27]. They can be expressed as

Ao, =Ao,,, -cos’ 0 (1)

At =Ac,, -sin@-cosd ()

Xy

where Ao, is the nominal stress range, and & is the angle between the weld and the direction
perpendicular to the applied load.

Figure 1. Inclined Fillet Weld subjected to Uniaxial Fatigue Loading
2.1 Specimens and Loading

The cruciform welded joints with different inclined angles were machined by Q345qC steel [29].
The chemical composition of Q345qC steel consisted of C(0.17%), Si(0.27%), Mn(1.43%), P, S, V,
Cr, Mo, and Ni. The yield and tensile strength were 360 MPa and 575 MPa, respectively, and the
elongation was 28%.

Fatigue tests were performed on a servo-hydraulic machine under a sine wave axial cyclic load.
According to the maximum force of the machine and the specimen size, a uniform axial tensile
stress range of 160 MPa was applied at one end of the plate. The maximum and minimum fatigue
loads were Pmax=142.2 kN and Pmin=14.2 kN, respectively. The testing frequency was between 5
and 10 Hz depending on the load level and rigidity, and the load ratio R (R=Pmin/Pmax) was 0.1.
Three identical specimens were tested under the same stress range due to the scatter in the fatigue
test results. The dimensional parameters of the cruciform welded joints were listed in Table 1. The
geometric configurations of the cruciform welded joints and fatigue specimen loading were
illustrated in Figures 2-3.
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Table 1. Dimensional Parameters of the Cruciform Welded Joints

Specimen Number Inclined angle Stress range(MPa) Length h(mm)

D1S2 0° 160 92.0
D2S2 15° 160 85.3
D3S2 30° 160 77.6
D4S2 45° 160 67.0
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Figure 2. Geometric Configurations of the Figure 3. Fatigue Specimen Loading
Cruciform Welded joints

2.2 Test Results

The number of cycles was recorded once a macroscopic crack was found, and the crack
propagation was observed by a magnifier. The fatigue life was determined when the first
through-thickness crack was founded. The fatigue life test results of the cruciform welded joints
with different inclination angles were listed in Table 2.

Table 2. Fatigue Life Test Results of the Cruciform Welded Joints with different Inclination Angles

Specimen Number Inclined angle Stress range(MPa) Fatigue life(cycles)
D1S2 0° 160 4.11x10°
D2S2 15° 160 5.16x10°
D3S2 30° 160 6.27x10°
D4S2 45° 160 9.77x103

The fatigue cracks in all of the specimens were initiated at the weld toe, where the stress
concentration was higher than others, but propagated in different directions. There were two
cracking types: (a) cracking along the weld; (b) cracking perpendicular to the direction of applied
load (Figure 4). The cracks propagated along the weld when the weld inclined angle was 0° or 15°.
However, the cracks propagated along the perpendicular direction of the applied load for 30° and
45° inclined angles. The main reason for this phenomenon was that with an increase in the inclined
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angle, the weld length and the shear stress parallel to the weld and rigidity increased, but the
normal stress perpendicular to the weld decreased. The crack propagation was perpendicular to the
direction of the maximum principal stress [30]. The direction of the maximum principal stress was
perpendicular to the weld when the inclined angle was small. However, the direction of the
maximum principal stress was parallel to the direction of the applied load when the inclined angle
was relatively large.

(a) Type a (b) Type b
Figure 4. Fatigue Crack Propagation

The fatigue fracture morphology of the specimens can be divided into two regions: (1) the smooth
region of fatigue crack initiation and propagation; (2) the rough region of brittle fracture (Figure 5).
The fatigue crack was initiated from the bottom left corner under cyclic loading and then gradually
propagated. The crack surface became smooth due to repeated friction, and a quarter elliptic crack
growth trajectory was formed. When the strength of material cannot resist external loads due to a
reduction in the effective cross section, the specimens suddenly ruptured.

Figure 5. Fatigue Fracture Morphology

3. FINITE ELEMENT MODELLING
3.1 The Hot Spot Stress Approach

The term ‘hot spot’ refers to the critical point in a structure where fatigue cracking can be expected
to occur due to a discontinuity or a notch [31]. The hot spot is usually located at the weld toe in
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welded structures. The hot spot stress o, is the value of the stress at the hot spot but excludes the

local nonlinear stress peak produced by the weld shape or the notch. This value can be obtained by
a linear elasticity formulas or a finite element method. The hot spot stress is composed of the
membrane stress o, and the bending stress o, (Figure 6).

Uhs Gm

= =1 )

Figure 6. The Composition of the Hot Spot Stress

Two types of hot spots are defined according to their location on the plate and their orientation to
the weld toe, as defined in Figure 7 according to IIW. Different methods are used to evaluate the
hot spot stress for each type of weld toe. It can be seen that the fatigue failures of weld toes belong
to the Type “a” hot spot according to test results. Due to its relative ease of use, a surface
extrapolation method is widely used in fatigue assessment and can be divided into linear and
quadratic extrapolations. It is found that there is no significant difference between linear and
quadratic extrapolations in evaluating the hot spot stress [12]. The element type and mesh size of
the finite element model also affect the results. A 3D solid model including the weld is
recommended for simulating complex welded structures according to IIW. When a fine mesh with
an element length not more than 0.4¢ at the Type “a” hot spot is used, the linear extrapolation
equation using nodal stresses at two reference points 0.4¢ and 1.0¢ from the weld toe is provided
below, where ¢ is the main plate thickness (Figure 8(a)).

o,  =1.670,, —0.670,, 3)

However, DNV recommends that the extrapolation reference points should be located at distances
of 0.5¢ and 1.5¢ from the weld toe (Figure 8(b)). Similarly, the hot spot stress can be expressed as

Oy =1.50,5,—0.50, 5 4)

041 0.51
DS ' - LSt
(a) IW (b) DNV
Figure 7. Types of Hot Spots Figure 8. The Linear Extrapolation of Hot Spot Stress

3.2 Calculation of the Hot Spot Stress

According to the discussion above, the linear extrapolation is used to calculate the hot spot stress
by a finite element analysis. Finite element models for cruciform welded joints with 0°, 15°, 30°,
and 45° inclined angles are created using the commercial finite element software ANSY'S [32]. The
8-node solid element (SOLID45) is selected to simulate these models, and the weld shape is



simplified as an isosceles right triangle. A uniform axial tensile stress of 160 MPa is applied at one
end of the plate, and a fixed constraint is applied at the other end of the plate. According to the
symmetry, only one-half finite element model is considered, and the symmetric constraints are
applied to the nodes of the symmetric surface (Figure 9). Young’s modulus £ and Poisson’s ratio v
are 2.1x10° MPa and 0.3, respectively. However, the mesh size has an important effect on the hot
spot stress. Therefore, the appropriate mesh size should be determined using a sensitivity analysis.
Three different mesh sizes are provided below by the recommendations of IIW. The element
numbers at a distance 1.5¢ from weld toe are 5, 15, and 30. The element numbers along the weld are
10, 20, and 40. The number of elements along the thickness is 4. These mesh sizes are represented
by MS1(5x10), MS2(15%20), and MS3 (30x40). Hot spot stress ranges based on the linear
extrapolation method at different inclined angles and mesh sizes are shown in Table 3.
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Table 3. Hot Spot Stress Ranges under Different Inclined Angles and Mesh Sizes(MPa)

Hot spot normal stress range

Hot spot shear stress range

Inclined  Mesh Normal Shear stress
angle size stress range range W DNV nw DNV
MS1 188.33 169.14
0° MS2 160.00 - 165.89 160.99 - -
MS3 165.96 161.06
MSI1 178.16 159.32 46.86 43.11
15° MS2 149.28 40.00 156.54 151.13 44.62 43.25
MS3 156.44 151.16 44.77 43.38
MS1 145.69 130.71 79.85 75.27
30° MS2 120.00 69.28 130.99 123.72 76.59 73.76
MS3 130.17 123.42 76.48 73.68
MSI1 107.19 94.92 98.29 90.01
45° MS2 80.00 80.00 95.45 89.38 91.43 87.46
MS3 95.28 89.41 91.22 87.50

160 MPa

Figure 9. One-half Finite Element Model
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It can be seen from Table 3 that with an increase in the inclined angle, the hot spot normal stress
range decreases, while the hot spot shear stress range increases. Additionally, the hot spot stress
range increases with an increase in the mesh size. The hot spot stress range calculated by the linear
extrapolation rule of DNV is slightly lower than that of IITW. The difference in the hot spot stress
ranges for various mesh sizes caused by DNV is small but relatively large by IIW. The maximum
relative errors are 6.2% and 13.9% for DNV and IIW, respectively. The main reason is that the
distance from the weld toe is farther, and hot spot stress is smaller. When the minimum mesh size is
less than 0.1¢, the effect of the mesh size on the hot spot stress range is very small. Finally, MS2 is
recommended to calculate the hot spot stress range considering the accuracy and computational
efficiency.

4. FATIGUE LIFE ASSESSMENT

Kim and Yamada [33] recommended the equivalent stress range Ao, to evaluate the fatigue life

qv
of inclined fillet welded joints by the following equation

Ao, =A0,,, -cos @ = /Ao’ +Az’fy (5

According to DNV, the effective stress range Ao, considering the normal stress range Ao, and

the shear stress range A7,, can be expressed in the following form

AG,; =,JAC? +,BAz'fy (6)

The S-N category C2 may be used for the continuous shear stress in a full penetration weld [34].
The effective hot spot stress range combined with the hot spot S-N curve D is derived as

JAc? +0.81A72

Ao =max< aAo, 7
a|A02|

where «=0.90 if the detail is classified as C2 with stress parallel to the weld at the hot spot,
a =0.80 if the detail is classified as C1 with stress parallel to the weld at the hot spot, «=0.72 if
the detail is classified as C with stress parallel to the weld at the hot spot, and Ao, and Ao, are

principal stress ranges. Principal stress ranges can be calculated as

A
Ao, = % +l,/A0'f +4AT]
2 2 !
A 1
Ao, = o ——JAc? +4AT]
2 2 g

According to Eurocode 3, in the case of the combined normal and shear stress ranges, the fatigue
analysis should be verified by the following equation

3 5
( 7FfA0E,2 j +( 7FfATE,2 J <1.0 )
AGc/?’Mf Az'(:/7/1\/1f

(8)
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where ;. is the partial factor for equivalent constant amplitude stress ranges Ao, and Az,
(75=1), and py,, 1is the partial factor for fatigue strength Ac. and Arz. related to 2 million
cycles (7,,=1). Eq. 9 can be rewritten according to [22]

D +D. <1 (10)

where D_ and D, represent fatigue damage caused by the normal and shear stress ranges,
respectively. They can be expressed as

3
Ao
D, Z(A—EZ] (1)
Oc
5
AT
D, [_j (12)
Az,

The fatigue life N, can be expressed as

N; N, N_N 7
——+—L=1=N.=—2—"— and N, <10 (cycles 13
N_ N " N 4N ' (y ) (4

[e3 T [e3 T

where N, and N, are the fatigue lives subjected to the normal and shear stress ranges,
respectively, and N, is the fatigue life subjected to the combined normal and shear stress ranges.

According to Eurocode 3, the fatigue lives N_ and N, can be respectively expressed as

3
AGN. =2x10°Ac2 = N = 2x10° 2% (14)
E2' o C o A(73
E2
5 6 A5 6 AT(S:
Az N =2x10°A7S = N =2x10° 22C (15)
E2° "7 C T A 5
TE2

Therefore, Eq. 13 can be rewritten as

3 5
2x106-[AUC J ( AT j
Ao At
= £ £ and N; <107 (cycles) (16)

f 3 5
Ao, N At.
Aoy, Aty,

For the evaluation of the biaxial stress states with the combined normal and shear stress ranges
under constant amplitude proportional loading according to IIW, the following relationship should
be met based on the Gough-Pollard criterion [35]
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2 2
Ao AT
[ S’d] +( S"d] <1.0 (17)
Aoy, ATy y

where Ao, and Az, are the design resistances of the normal and shear stress ranges at 2

million cycles, respectively, and Aoy, and Arzg, are the design values of the normal and shear

stress ranges, respectively. Eq. 17 can be rewritten based on Egs. 11 and 12
DX’ +D¥ <1 (13)

The fatigue life N, can be expressed as

N 2/3 N 2/5
—£ 1 +]—L| =1 and N, <10 (cycle 19
where
3 64 3 6 Ao-lid
Aog N, =2x10°Acy, = N, =2x10°—=< (20)
Osq
AT
AT N, =2x10°A7y, = N, =2x10°—=2< €2y
Tsd

Given an initial value, the fatigue life can be obtained by iterative numerical methods using Eq. 19.

According to hot spot stress results, the parameters used to calculate the fatigue life are listed in
Table 4. Based on welded details in fatigue design specifications, the fatigue design curves of
FAT100 (a stress range of 100 MPa at 2 million cycles with a survival probability Ps=97.7%) and
FAT120 for the hot spot normal stress range and shear stress range should be taken according to
Eurocode 3 and IIW, respectively. The fatigue design curves of FAT100 and FAT90 are used by the
equivalent stress range method and DNV, respectively. The fatigue life prediction results of full
penetration load-carrying fillet cruciform welded joints at various inclined angles by using the
equivalent stress range method, DNV, Eurocode 3, and IIW are summarized in Table 5. A
comparison of the fatigue life prediction and experimental results and the relationship between
fatigue life and inclined angle are shown in Figures 10 and 11.
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Table 4. Calculated Parameters (MPa)

12 Ao, Ao Aoy, =Aoy, Aty =Atg,
0° 165.89 160.99 165.89 -

15° 161.58 155.33 156.54 44.62
30° 146.56 140.00 130.99 76.59
45° 127.24 124.57 95.45 91.43

Table 5. Fatigue Life Prediction Results (cycles)

0 Equivalent stress DNV Eurocode 3 1w
range method
0° 4.38x10° 3.49x10° 4.38x10° 4.38x10°
15° 4.74x10° 3.89x10° 5.20x10° 4.62x10°
30° 6.35x10° 5.31x10° 8.50x10° 5.80x10°
45° 9.71x10° 7.54x10° 1.78%10° 9.75x10°
1.8E6 |- A 1.8E6 [ —a— Equivalent stress range method
—e— DNV
1.6E6 - 1.6E6 | —a— Eurocode 3
—r— W
1.4E6 1.4E6 |

---#--- Experimental results

1.2E6 1.2E6

Fatigue life predicted results(cycles)
Fatigu life(eycles)

0BG - ] ®  Equivalent stress s |
=i - range method L
B.0ES . e DNV R.0ES
3 L A Eurocode 3 :
6.0E5 | 1 e 6.0E5 -
4.0E5 | : : 4.0E5 -
4.0E5 6.0E5 S8.0ES 1.0E6 1.2E6 1.4E6 1.6E6 1.8E6 0 10 20 30 40 50
Fatigue life experimental results(cycles) Inclined angle(degrees)
Figure 10. A Comparison of the Fatigue Life Figure 11. The Relationship Between Fatigue
Prediction and Experimental Results Life and Inclined Angle

It can be seen from Table 5 and Figures 10-11 that the fatigue life increases with an increase in the
inclined angle due to a decrease in the normal stress range perpendicular to the weld. Fatigue life
test results of welded joints with €=15°, 30°, and 45° are 1.26, 1.52, and 2.38 times larger than
that at #=0°, respectively. Because the fatigue resistance value of the hot spot stress curve is
conservative according to DNV, the fatigue life prediction results are less than the other three
methods and approximately 0.8 times that of fatigue life test results. When the inclined angle & is
less than or equal to 15°, the fatigue life values predicted by the equivalent stress range method,
Eurocode 3, and IIW have no significant difference and are close to experimental results. The
fatigue life results predicted by Eurocode 3 are 35.5% and 81.8% larger than those of the
experimental results at #=30° and 45°, respectively. The equivalent stress range method and [IW
are in good agreement with the fatigue test data and the maximum relative error is only -10.5%.
However, it is easier and more convenient to calculate the fatigue life using the equivalent stress
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range method compared with IIW. Therefore, the equivalent stress range method is recommended
to assess the fatigue life of inclined welded joints subjected to combined tension and shear stresses.
The fatigue design curve of FAT100 is a better choice than FAT90.

5. CONCLUSIONS

Fatigue life assessment of inclined welded joints in steel bridges subjected to a combination of
normal and shear stresses using the equivalent stress range method, DNV, Eurocode 3, and IIW are
investigated in this study. Fatigue tests on cruciform welded joints with full penetration
load-carrying welds inclined to the direction of the uniaxial cyclic loading are carried out. Hot spot
normal and shear stress ranges are obtained with a linear extrapolation, and a sensitivity analysis is
conducted to determine the appropriate mesh size. Based on the numerical analysis and fatigue test
results, the following conclusions can be drawn.

(1) Fatigue failure in all of the specimens is initiated at the weld toe but propagates in different
directions. There are two cracking types: (a) cracking along the weld; (b) cracking perpendicular to
the direction of the applied load. When the inclined angle is 0° or 15°, the cracks propagate along
the weld. However, when the inclined angle is 30° or 45°, the cracks propagate along the
perpendicular direction of the applied load.

(2) With an increase in the inclined angle, the hot spot normal stress range decreases, while the hot
spot shear stress range increases. The hot spot stress range increases with an increase in the mesh
size. The mesh size used in [IW is more sensitive than that used in DNV due to the difference in
linear extrapolation rules. When the minimum mesh size is less than 0.1z, the effect of the mesh size
on the hot spot stress range is fairly small. Fatigue evaluation techniques for complex welded joints
in steel bridges should be based on accurate stress calculations determined by a mesh sensitivity
analysis.

(3) The fatigue life increases with an increase in the inclined angle due to a decrease in the normal
stress range perpendicular to the weld. The fatigue life test results of welded joints with #=15°,
30°, and 45° are 1.26, 1.52, and 2.38 times larger than that at 6=0°, respectively. The design
recommendations by Eurocode 3 tend to overpredict the fatigue life at large inclination angles. The
FAT90 used by DNV is more conservative than the FAT100 recommended by Eurocode 3 and I1IW,
so that the fatigue life is underestimated. The equivalent stress range method and IIW are found to
be in good agreement with the fatigue test data. However, the equivalent stress rang method is
recommended to assess the fatigue life of inclined welded joints subjected to a combination of
normal and shear stresses due to the ease of implementation and low computational cost. The
fatigue design curve of FAT100 in Eurocode 3 and IIW is appropriate for the equivalent stress range
method.
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