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Abstract
The current study focuses on the development of a predictive model for assessing the fatigue life of welded joints based on
measured weld geometry and applied load. Two different materials (S355 and S960) and two different material thicknesses
(2 mm and 8 mm) were considered. Experiments on cruciform joints were conducted to evaluate the fatigue performance for
different types of weld geometries. A computational model based on FEM and linear elastic fracture mechanics was developed
and adapted to fit the experimental results using optimization and surrogate models.

It is observed that the general fatigue behavior differs for the different materials for the same variation in geometry. The fatigue
performance depends on a combination of geometrical parameters. The use of FATcurves according to the weld quality systems,
e.g., ISO 5817, is insufficient to describe fatigue properties for welds in thin high strength steel, and different geometries within
different weld quality levels can give the same fatigue behavior. It is also concluded that the developed computational model is
suitable for further development of weld quality systems.
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1 Introduction

Many industries are currently making the transition to
high strength steel (HSS) in their applications due to the
many advantages with its high strength to weight ratio.
These materials allow for lightweight designs with high
strength while simultaneously keeping the material con-
sumption to a minimum. The fatigue properties do, how-
ever, show a high dependency of the weld quality in
structural applications manufactured using HSS which re-
quires extensive quality control. This is a problem since
recent studies show a weak relation between quality clas-
sif ications and fatigue properties in the current

international standard for weld quality assurance, ISO
5817 [1–6]. The amount of various weld defects, and
the equipment needed to correctly measure them, in the
current standard also makes the quality assessment highly
inefficient in practice. To allow the introduction of thin
HSS in structural applications, a new standard for weld
quality assurance is needed which accurately comprises
the fatigue aspect. The standard must also be designed
to allow for simpler and more efficient means of quality
assessment to improve the communication between design
and production departments.

The objective of this study is to develop and assess a
method for predicting fatigue life in welded joints based
on measured weld geometry and applied load. This in-
volves creating a computational model based on finite
element methods which is verified with fatigue testing
on welded specimens with various defects in steel of dif-
ferent grades and thickness. The paper also aims to reduce
the number of evaluated weld defects needed to simplify
the quality assessment procedure in a production environ-
ment. The developed method is then used to benchmark
the international standard along with other corporate stan-
dards for fatigue in thin HSS to create a foundation for
further development of a new weld quality standard.
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2 Weld quality

The quality of a welded joint is quantified as its durability in
static or cyclic loading. According to Stenberg [2], the fatigue
strength of a welded joint is mainly governed by process-
induced residual stresses and geometrical imperfections/
defects which introduces stress concentrations near the weld.

By examination of existing weld fatigue data, the existence
of scatter is obvious even for visually indistinguishable test
specimens. This discrepancy is the result of variations in the
local weld geometry, weld penetration, inclusion density, and
residual stresses [3, 5]. Beyond weld throat thickness and
ductility in the HAZ, which are important features for static
strength, the fatigue properties are strongly influenced by sev-
en additional geometry features [5]. These features comprise
weld penetration, cold lap size, inner lack of fusion, weld toe
transition radius, undercut size, joint misalignment, and po-
rosity [2]. Figure 1 presents the characterization of a fillet weld
used by IIW.

Although it is known that the earlier mentioned geometri-
cal features have the most impact on the fatigue life of welds,
their mutual influence is different. Further, their relative

difference in influence on the fatigue strength is depending
on the type of loading, and thus, virtually similar welds do
perform differently in separate structures [3, 5].

2.1 Weld quality systems

The current weld quality system available is the international
standard, ISO 5817 [2], which defines a set of quality classes
based on acceptance limits for different weld geometry fea-
tures. A weld can then be assigned a specific quality level
based on the weld geometry. ISO 5817 identifies the quality
classes as D, C, and Bwhere a weld with the high-quality level
B is equated with a higher performance compared to a weld
from the D and C class.

A more updated version of weld quality systems was de-
veloped by Volvo Group [1, 7]. This system captures the link
between weld quality levels and acceptance criteria and the
fatigue strength of the welded joints [1]. This new system only
considered imperfections which had an influence on the fa-
tigue strength, and the weld quality is divided into the classes
VD, VC, and VB (additional classes were added; VS and VE).
The classes are defined, respectively, as normal weld quality,

Fig. 1 Fillet weld geometry
features which significantly
influence fatigue strength. a—
throat thickness, a*—fillet size,
h—depth of undercut, i—weld
penetration, ρ—weld toe radius,
a0—cold lap length, and α—weld
angle

Table 1 Example of acceptance limits for quality level in STD 181-0004 [1]

Discontinuity types VS VE VD (normal quality) VC (high quality) VB (improved quality)

Weld class for Static strength Fatigue strength

Cold lap Permitted a ≤ 1 mm a < 0.5 mm a < 0.1 mm Not permitted

Internal lack of fusion a ≤ 0.2 t Not permitted Not permitted Not permitted Not permitted

Weld toe transition radius No requirements No requirements R > 0.3 mm R > 1 mm R > 4 mm

Undercut1 a ≤ 0.2 t
[max 2.0 mm]

a ≤ 0.1 t
[max 1.0 mm]

a < 0.05 t
[max 1.0 mm]

a < 0.04 t
[max 1.0 mm]

Not permitted

Underpassed throat dimension a ≥ 0.8a a ≥ 0.9a
[max 2.0 mm]

a ≥ 0.9a
[max 2.0 mm]

Not permitted Not permitted

Edge displacement
(linear misalignment)

a ≤ 1.5 t + 0.25 t
[max 5.0 mm]

a ≤ 1.0 t a < 0.1 t a ≤ 0.05 t Not permitted

1—valid for butt welds, higher acceptance limits for fillet welds
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high weld quality, and post weld improved quality. Example
of acceptance limits for different discontinuities in STD 181-
0004 is given in Table 1. The quality system has two practical
advantages:

& All types of weld imperfections within a weld quality level
results in the same fatigue life

& By shifting to a level with higher weld quality the resulting
fatigue strength is increased with 25%. This roughly cor-
responds to a doubling of the fatigue life.

An annex with further requirements for welds subjected to
fatigue have recently been incorporated ISO 5817 which ad-
justs the imperfection limits for weld class C and B to conform

with the general fatigue classes FAT-63 and FAT-90, respective-
ly. These quality classes are referred to as C63 and B90 [2].

2.2 Digitalized weld quality measurement

The quality of a welded joint has historically been assessed
manually using simple mechanical gauges to evaluate the lo-
cal geometry at discrete points along a weld bead [8].

Recently, more sophisticated assessment procedures have
been developed allowing for faster geometry readings with
higher accuracy. Stenberg et al. [9] developed a method based
on a visual system using the stripe light projection method to
measure the local weld geometry. Further, they developed a
numerical evaluation algorithm to allow for stable and objec-
tive geometry assessments. This concept is now incorporated

Fig. 2 Non-load carrying
cruciform specimens

Table 2 Classification of fatigue specimens, mean local weld geometry

Batch Series Throat size, TS [mm] Leg right, LR [mm] Leg left, LL [mm] Toe radius, TR [mm] Undercut, U [mm] Qty.

S355 8 mm Normal 4.68 6.61 8.26 1.86 0.01 18

Undercut variation 1 4.22 5.97 7.68 1.62 1.59 6

Undercut variation 2 4.20 5.94 6.70 1.13 0.74 6

Toe radius variation 1 3.98 5.64 6.09 0.31 0.01 12

Toe radius variation 2 4.79 6.77 6.52 0.82 0.01 6

S355 2 mm Normal 1.64 2.31 3.09 0.54 0.08 8

Undercut variation 1.97 2.78 3.09 0.38 0.49 17

S960 8 mm Normal 5.38 7.61 7.51 2.02 0.05 18

Undercut variation 1 4.73 6.69 6.71 1.43 0.38 6

Undercut variation 2 5.21 7.37 6.55 1.13 1.47 6

Toe radius variation 4.25 6.00 7.00 0.44 0.02 12

S960 2 mm Normal 1.87 2.65 3.18 0.41 0.11 16

Undercut variation 1 2.03 2.87 3.05 0.45 0.44 6

Undercut variation 2 2.04 2.89 2.76 0.36 0.43 4

Leg variation 2.06 2.91 2.57 0.28 0.25 12
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in the software Winteria® [10] which carries the practice of
weld quality assessment into the digital era giving fast and
reliable access to the weld information needed for fatigue life
assessment of welded structures [8].

3 Experimental setup

3.1 Test specimens

The fatigue experiments are carried out on non-load-carrying
cruciform joints, presented with dimensions in Fig. 2.

The aim of the fatigue testing is to obtain an understanding
of how the weld fatigue strength is varied with different sets of
imperfections in the weld geometry. The weld defects are held
constant within a series but varied between them. It is desir-
able to vary the series enough to cover the imperfection span
stated in the current standards to avoid extrapolation issues in
later analysis. Table 2 presents the specimen batches and se-
ries used in the fatigue testing along with the mean value of
measured geometry parameters over the actual series. The
study is limited to high-cycle fatigue and the loading is bound
to stress ranges corresponding to failure in the life range of 5e4
to 1.2e6 cycles. Specimen failures outside these limits are
rejected for further analysis. In total, 153 specimens were fa-
tigue tested. Figure 3 shows examples of the macro geometry
of the different setups.

3.2 Test specimens

The local weld geometry is determined usingWinteria ® [10]
which scans and evaluates the weld surface. The laser
(scanner) is mounted on the weld robot to record the weld
geometry cross section while continuously traveling along
the entire width of weld bead. Figure 4 presents the setup with
the system, and Fig. 5 presents an example of an evaluated
weld bead structured with a set of discretized cross sections.

The geometry data is further processed in Winteria ® where
the weld geometry parameters are evaluated in every cross sec-
tion. This allows for mapping of each parameter and its varia-
tion along the entire weld bead. Figure 6 presents an example of
the evaluated toe radius variation along an actual weld used in
this study. The parameter variation is reduced to one single
characterizing value later used in the 2D finite element analysis.
For this study, the mean values along the weld bead are used as
the characterizing representation of the actual weld, as present-
ed in Table 2 for the different batches.

3.3 Residual stress measurement

The peening effect of sandblasting is known to induce com-
pressive stresses in metallic materials which in turn could
affect the fatigue life of the specimens. The first experiment

aims to determine the level of induced residual stresses from
sandblasting while the second experiment determines the re-
laxation behavior due to cyclic loading. X-ray diffraction tech-
nique was used to measure the residual stresses on the surface
with Stresstech G3 Xtronic. The residual stress is measured
close to the weld toe before and after cyclic loading. The
cyclic count is chosen to the relatively low value of 1e4 cycles
to allow for the conclusion that, if there is induced residual
stresses, the stresses are relaxed after such an early stage that
the effect on the fatigue life can be neglected. The load levels
are chosen to 110MPa which corresponds to the low region of
recorded fatigue failures to make the above reasoning appli-
cable to all fatigue specimens. This is done for both untreated
and sandblasted welds for batches S355 2 mm and S960 2 mm.

Fig. 4 Laser setup for geometry evaluation

S355 8mm – Normal S355 8mm – Undercut 
variation 1

S355 8mm – Undercut 
variation 2

S355 8mm – Toe radius 
variation 1

S355 8mm – Toe radius 
variation 2

S960 2mm – Leg 
variation

Fig. 3 Examples of the macro geometry of the different setups
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4 Computational fatigue model

4.1 Finite element analysis

The fatigue specimens are modeled as solids in 2D assuming
plane strain and utilizing symmetry along the center line of the
accessory plates. Further, the opposing half of the specimen is
modeled as a beam connected to the solid part using nodal
constraint equations, see Fig. 7. The solid part is meshed using
quadratic and triangular solid elements with quadratic dis-
placements. The mesh density is increased around the weld
toe transition for increased accuracy, see Fig. 7. The beam is
meshed using linear Timoshenko beam elements. The analy-
ses are solved as static with linear material and geometric
behavior using Young’s modulus E = 200 GPa and Poisson’s
ratio ν = 0.3.

The complete computational algorithm is built up in two
segments where the first segment solves the model to extract
and save the position of the largest principal stress. The ge-
ometry is then rebuilt in the second segment with an

introduced crack at the position of the largest principal stress.
The second segment is looped over a pre-determined set of
crack depths, and information needed to obtain the stress in-
tensity factor is exported for every iteration. By benchmarking
the obtained stress intensity factor against an analytical solu-
tion of a fracture mechanics problem, with similar character-
istics, the mesh size is determined with consideration of the
tradeoff between computational time and accuracy.

The heat induced by the weld procedure during the
manufacturing of the specimens may result in residual
bending deformation of the base plate. This initial curva-
ture will induce additional bending stress in the specimen
when straightened out under axial loading and must be
accounted for in the analysis. This bending contribution
is not possible to model with the symmetric model, hence
the introduction of the auxiliary beam section.

The model is solved in two separate load cases where load
case one is simple axial loading of the symmetric solid section
and the beam acts as an unloaded appendage. The second load
case is modeled with a displacement at one end which

Fig. 5 Weld geometry
representation with discretized
cross sections

Fig. 6 Example of geometry
variation along the weld bead (toe
radius)
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corresponds to straightening out the bent plate during axial
loading. Since linear behavior is assumed, the displacement
fields from the two load cases can be superimposed to create
one coherent solution.

4.2 Crack propagation modeling

The second segment of the computational algorithm is
the crack propagation modeling. The specimen is
remodeled with a crack at the location of the highest
principal stress from the previous segment and solved
using the same method with superposition of load cases.
The mesh is gradually refined around the crack tip, see
Fig. 8. The model is used to compute the stress inten-
sity factor △KI for the current crack depth. The second
segment of the algorithm is looped over a set of pre-
scribed crack depths to determine △KI as a discretized
function of crack depth a.

The stable crack growth region in Paris law [11] can be
expressed in the following way:

da
dN

¼ C ΔKIð Þβ ¼ C6
ΔKI að Þ
ΔK6

� �β
ð1Þ

where C6 andΔK6 are used instead of the constant C to prop-
erly handle the dimensions of the expression. Finally, the fa-
tigue life N can be obtained by rearranging Eq. 1 and integrat-
ing over the crack length a:

N ¼ ∫N0 N ¼ 1

C6

ΔK6

Δσnom

� �β
∫acra0

1ffiffiffiffiffiffiffi
πa

p
f a; geometryð Þð Þβ

da: ð2Þ

The critical crack length acr corresponds to the crack length
where the stress intensity factor reaches the materials fracture
toughness and immediate failure occurs.

With further rearrangement, Eq. 2 can be written on the
following form:

log N Δσnomð Þð Þ ¼ log
ΔKβ

6

C6
∫acra0

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
πaf a; geometryð Þp� �β da

2
4

3
5−βlog Δσnomð Þð3Þ

which is analogous to the linearized relationship in a S-N
curve where:

Fig. 7 Finite element model, boundary condition, axial and bending load cases

Fig. 8 FE fracture mechanical model

1776 Weld World (2019) 63:1771–1785



α ¼ log
ΔKβ

6

C6
∫acra0

1ffiffiffiffiffiffi
πa

p
f a; geometryð Þð Þβ

da

" #
: ð4Þ

This coupling between the S-N fatigue data and the
fracture mechanics approach is enough to experimentally
determine the unknown parameters needed to perform
fatigue life calculations with a computational model
based on fracture mechanics. The unknown parameters
are a0, β, ΔK6, and f(a, geometry).

4.3 Calibration

The computational model is calibrated with the experi-
mental S-N data by finding and assigning optimal values
for the unknown Paris’s law parameters a0, β, and ΔK6 to
match the computed and experimental fatigue life. This is
done separately for each specimen, and the dependency of
weld geometry is obtained. The model is calibrated sepa-
rately for each specimen batch. For simplicity, ΔK6 is set
to the representative values of 75 MPa

ffiffiffiffi
m

p
and

Fig. 9 Flow chart of the
computational model

Table 3 Excerpt from ISO 5817
with applicable geometry
parameters

Weld class

Parameter Thickness C63 B90

Toe radius, TR ≤ 3 mm Not defined Not defined

> 3 mm Not defined Not defined

Undercut, U ≤ 3 mm U ≤ 0.1 × thickness Not permitted

> 3 mm U ≤ 0.1 × thickness
max: 0.5 mm

U ≤ 0.05 × thickness
max: 0.5 mm

Throat deviation, TD ≤ 3 mm TD ≤ 0.2 mm Not permitted

> 3 mm TD ≤ 0.3 mm+ 0.1 × throat size

max: 1 mm

Not permitted
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85 MPa
ffiffiffiffi
m

p
, for the steel grades S355 and S960 respec-

tively, which reduces the number of unknown parameters.
β must be chosen to represent a slope in the S-N diagram.
The natural approach is to assign one β to each specimen
series in a batch where the slope is already obtained by
linear fitting of the S-N data. The weld geometry param-
eters assigned to each β is set to the mean values over the
respective series.

4.3.1 Determination of a0

a0 is determined separately for each specimen using an opti-
mization algorithm. By minimizing the objective function

f obj a0ð Þ ¼ N comp a0ð Þ−N exp

N exp
; ð5Þ

where Nexp is the experimentally determined fatigue life and
Ncomp is the fatigue life evaluated with the computational
model, while satisfying the constraint conditions

0:08 mm < a0 < acr ð6Þ
and

N comp a0ð Þ > 0: ð7Þ

For every specimen, the parameter a0 is obtained
with such a precision that the difference between the
computed and experimental fatigue life is virtually zero.
Every obtained value of a0 is assigned with the geom-
etry parameters for respective specimen.

4.3.2 Multivariate polynomial interpolation

To allow for fatigue life evaluation of an arbitrary weld geom-
etry, the parameters a0 and βmust be expressed as functions of
the weld parameters. This is done using the polynomial inter-
polation approach where a0 and β are used as the function
values in Eq. 8.

If i number of function values yi is known in n number of
independent variables x1i ; x

2
i…xni

� �
, a set of linear equations

can be stated as:

yi ¼ c0 þ cTxi þ 1

2
xTi Hxi ð8Þ

where c0 is a constant and c is a vector containing the n
coefficients for the linear terms. H is a symmetric ma-
trix containing the n2 number of coefficients for the
quadratic terms. The parameters c and H are presented
in Eqs. 9 and 10 respectively.

c ¼
c1
c2
⋮
cn

2
64

3
75 ð9Þ

H ¼
c11 c12
c21 c22

⋯ c1n
⋯ c2n

⋮ ⋮
cn1 cn2

⋱ ⋮
⋯ cnn

2
64

3
75 ð10Þ

The obtained linear equation system can be written on the
matrix form Ax = B which is solved for the unknown polyno-
mial coefficients. A least-square solution is returned if the
number of sample points is larger than the number of un-
known coefficients, i.e., if the system is overdetermined [12].

With the associated geometry parameters set as the inde-
pendent variables, a set of linear equations is obtained and the
coefficients of the polynomial expressions can be determined.
The geometry parameters are assumed to be independent of
each other since the dependency is unknown.

The minimum number of linear equations needed to fit a
quadratic polynomial in four variables (TR = toe radius, U =
undercut, TS = throat size, and AD = angular deviation) is 21.
By accepting the polynomial order one, the number of equa-
tions needed is reduced to five. By excluding the dependency
of toe radius and angular deviation, the number is further
reduced to three which is covered by the experiment scope.
Hence, β can be expressed as the following:

βpoly TS;Uð Þ ¼ c0 þ c1TSþ c2U ð11Þ

Table 4 Excerpt from Volvo STD 181-0004 with applicable geometry
parameters

Weld class

Parameter VD VC

Toe radius, TR TR ≥ 0.3 mm TR ≥ 1 mm

Undercut, U U ≤ 0.1 × thickness
max: 1.5 mm

U ≤ 0.08 × thickness
max: 1.5 mm

Throat deviation, TD TD ≤ 0.1 × throat size
Larger throat is ok

Larger throat is ok

Table 5 Range of parameter values used in parameter sweep

Parameter range

Parameter t = 8 mm t = 2 mm

Toe radius, TR 0.5 mm ≤ TR ≤ 4 mm 0.5 mm ≤ TR ≤ 4 mm

Undercut, U 0.65 mm ≥U ≥ 0 mm 0.2 mm ≥U ≥ 0 mm

Throat size, TS 4 mm ≤ TS ≤ 4.5 mm 1.8 mm ≤ TS ≤ 2 mm
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The number of equations obtained for a0 is equal to the
number of individual specimens which is sufficient for a qua-
dratic polynomial fit. However, since the variable space cov-
ered by the experiments is relatively narrow compared to the
variable space established in the quality systems, a linear poly-
nomial is used to retain stability during extrapolation. The
dependency of all geometry variable is kept, giving the fol-
lowing polynomial expression:

a0;poly TS; TR;U ;ADð Þ ¼ c0 þ c1TS þ c2TRþ c3U þ c4AD ð12Þ

4.3.3 Computational model – flow chart

A flow chart describing the process regarding the computa-
tional model is presented in Fig. 9.

4.4 Benchmark of weld quality systems

The acceptance limits for geometry parameters applicable
to the computational model are extracted from the ISO

5817 and STD 181-0004 quality system, see Tables 3
and 4. A parameter range, covering all weld quality
levels, is defined for each discontinuity allowing for a
parameter sweep in the three variables, toe radius,
undercut, and throat deviation. Throat deviation is
substituted for throat size in the parameter sweep to sim-
plify the modeling process. The parameter ranges are pre-
sented in Table 5 assuming the nominal throat size is
2 mm and 4.5 mm for plate thickness of 2 mm and
8 mm respectively. Due to the lack of acceptance limits
for toe radius in ISO 5817, the fixed values of 1 mm and
4 mm will be assigned in the benchmarking process,
representing C63 and B90 respectively. Further, the fa-
tigue response is not examined for discontinuities defined
in STD 181-0004 weld quality level VB, since this refers
to post-weld treatment quality and is not applicable.

The first approach is to define discontinuity domains
with acceptance limits corresponding to each weld quality
level. For example, the discontinuity domain for weld
class VD ranges from its lower acceptance limits up to
the acceptance limits for the next class, VC. By

Fig. 10 Fatigue test data for S355
8 mm

Fig. 11 S-N diagram, S355 2 mm

Weld World (2019) 63:1771–1785 1779



computing the fatigue performance for different sets of
parameter values within a weld class, and present it on a
S-N diagram, it is possible to map weld geometries from a
discontinuity domain to a fatigue performance domain.
By comparing the fatigue performance domains for all
weld classes with its corresponding FAT value [13], con-
clusions can be made on the applicability of the quality
systems. The second approach is to determine the fatigue
strength corresponding to failure at 1e5 cycles for differ-
ent sets of weld geometry parameters. These are presented

in a diagram which represents the fatigue performance for
different variations of geometry parameters.

5 Results

5.1 Fatigue test

The results from the fatigue experiments are presented sep-
arately for each material batch in Figs. 10, 11, 12, and 13.

Fig. 13 S-N diagram, S960 2 mm

Table 6 Residual stress measured
in fatigue specimen before and
after cyclic loading

Residual stress [MPa]

Before cyclic loading After cyclic loading

Specimen Load direction Transverse Load direction Transverse

S355 PL7 1—Sandblasted −176 −212 −177 −211
S355 PL7 2—Untreated −120 −226 −143 −219
S960 PL7 1—Sandblasted −290 −322 −298 −355
S960 PL7 2—Untreated −20 −207 −19 −208

Fig. 12 S-N diagram, S960 8 mm
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The fatigue data is presented in the S-N curves with fitted
median curves for each series. The natural slope for each fit
is presented in the legends. The diagrams presenting the

results from the 2-mm batches are supplemented with FAT
curves representing the median fatigue curve for each weld
quality class from both STD 181-0004 and ISO 5817.

Fig. 15 Nexp-Ncomp diagram,
S355 2 mm

Fig. 16 Nexp-Ncomp diagram,
S960 8 mm

Fig. 14 Nexp-Ncomp diagram,
S355 8 mm
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5.2 Residual stress relaxation

Table 6 presents the results from the residual stress mea-
surements conducted on the fatigue specimens before and
after loading at 110 MPa for 1e4 cycles. The residual

stress is presented in both the direction of loading and
along the weld bead for both the untreated and
sandblasted specimen.

The results show no indication of relaxation due to
cyclic loading for either material batch. It also shows a

Fig. 18 Range of fatigue strength
within weld quality levels, STD
181-0004, S355 8 mm

Fig. 19 Range of fatigue strength
within weld quality levels, STD
181-0004, S960 8 mm

Fig. 17 Nexp-Ncomp diagram,
S960 2 mm
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difference in compressive stress in the untreated speci-
mens between the two steel grades. Further, the
sandblasting influence on compressive stresses in the
weld toe is much more significant for the S960 steel.

5.3 Verification of computational model

Figures 14, 15, 16, and 17 show Nexp vs. Ncomp for each
material grade illustrating the capability of the computational

Fig. 21 Range of fatigue strength
within weld quality levels, ISO
5817, S960 8 mm

Fig. 22 Parametric study of
influence from undercut and toe
radius on fatigue strength
corresponding to 1e5 cycles,
S355 8 mm

Fig. 20 Range of fatigue strength
within weld quality levels, ISO
5817 S355 8 mm
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model. The dashed lines represent 50% deviation in computed
fatigue life. TheNexp-Ncomp diagrams for 8 mm plate thickness
and both material grades show a relatively low difference
between computed and experimental fatigue life. The in-
creased scatter of data points for higher fatigue life indicates
a loss in performance at higher cycle counts. However, the
largest deviation between experimental and computed fatigue
life is roughly 50%.

The results for both 2-mm batches show great scatter
over the whole experimental range reaching a factor of
ten in the difference between experimental and comput-
ed fatigue life. This indicates a poor model performance
for thin plates.

5.4 Benchmarking of weld quality systems

The benchmarking of the weld quality systems is only con-
ducted for 8-mm steel thickness since the computational mod-
el showed a poor performance for the 2-mm specimens.

Figure 18-19 shows the fatigue performance domains cor-
responding to discontinuities within each weld quality level
for STD 181-0004 for the steel grades S355 and S960
respectively.

The results show a large performance span within
each quality level for both steel grades and a trend of
increased fatigue strength for levels with higher weld
quality. The results also show a tendency of overlapping
performance between quality levels. Further, the S960
steel grade show better performance at higher load
levels but a rapid decline with decreased load levels.
By inspection of the fatigue strength at the lower
bounds of the quality classes VD and VC, an increase
in fatigue strength of roughly 20–30% is found for S355
and 10–25% for S960. The difference varies with the
load level. This finding causes an overestimation of life
for higher load levels as well as an underestimation of
life for lower load levels.

Figures 20 and 21 show the fatigue performance domains
corresponding to discontinuities within each weld class from
ISO 5817 for the steel grades S355 and S960 respectively.

The results show wide performance spans for both
steel grades with some overlapping between the weld
classes C63 and B90. By once again comparing the
fatigue strength corresponding to the lower bounds of
classes C63 and B90, an increase in fatigue strength
of 50–60% is found for S355 and 15–60% for steel
grade S960.

Figures 22 and 23 show the influence from undercut and
toe radius on the fatigue strength corresponding to failure at
1e5 cycles for the two steel grades S355 and S960 respective-
ly. Both diagrams also show the span in variation of the toe
radius which the experimental data covers. The colored areas
correspond to quality levels within STD 181-0004.

The results from the parametric study shows that the
fatigue strength for the S355 material is increasing with
larger weld toe radius; it also shows that a larger un-
dercut gives lower fatigue strength. The general behav-
ior for the S960 material is partly different showing a
lesser influence on the fatigue strength due to change in
the toe radius compared to the S355 material. The be-
havior in fatigue strength for the two materials is very
similar for a small toe radius.

6 Conclusions

The current study focusses on the development of a computa-
tional fatigue model for assessing the fatigue life of welded
joints based on measured weld geometry and applied load.
This work can be concluded with the following points.

& The developed computational fatigue model is con-
sidered to be validated for fillet welded joints with
8-mm thickness and could be used as a tool for

Fig. 23 Parametric study of
influence from undercut and toe
radius on fatigue strength
corresponding to 1e5 cycles,
S960 8 mm
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benchmarking of different weld quality systems and
further development and upgrades these systems.

& The residual stress shows no relaxation at a nominal stress
range of 110 MPa for both material grades, S355 and
S960. It is also observed that the sandblasting influence
on compressive stresses in the weld toe is much more
significant for the S960 steel.

& The developed model does not describe the fatigue
behavior for the fillet welds with 2-mm plate thick-
ness. The ASTM condition [14, 15] for the validity
of linear elastic fracture mechanics is not fully sat-
isfied since the crack length is too large in compar-
ison to the thickness of the plates used for the spec-
imens. This tells that the plastic zone near the crack
may be relatively large compared to the dimensions
of the load carrying area at the weld. This can be
one of the reasons for the poor model behavior for
the 2-mm-thick plates.

& Fatigue performance depends on a combination of the
geometry parameters. The general fatigue behavior due
to a change in the geometry parameters and weld quality
is different for the fillet welds in S355 and the S960
materials.

& Different geometries within different weld quality
classes can give the same fatigue behavior. The re-
sults show that the fatigue performance for the weld
quality levels spans over a large range and that there
is overlap between the quality levels. The overlap
essentially means that one specimen geometry within
one of the quality levels can give the same fatigue
performance as a different geometry within a differ-
ent quality level.
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