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Summary

This report aims to present a guideline for; fatigue analysis of welded structures using nominal 
and structural hot spot stress methods according to International Institute of Welding (IIW) 
recommendations. The guideline also gives recommendations on fatigue assessment of cut 
edges for strip steel, structural steels according new recommendations for assessment presented 
by SSAB (Swedish Steel Ltd). Moreover, the guideline covers a section about static and ductile 
design of welded joints using different applicable standards, Eurocode 3 and BSK07. The 
different sections are described with detailed background and theory and later exemplified with 
different calculation examples.   
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1. INTRODUCTION 
 
1.1. Fatigue of welded structures 

It is a well-known fact that material that is subjected to a fluctuating load may fail even though 
the magnitude of the load is such that the stresses produced are well below the yield strength. 
The fatigue life of a structure can be divided into three phases: initiation, propagation and final 
failure. The fatigue strength of welded structures is mainly reduced due to; local and global 
stress concentrations, welding residual stresses and weld defects and flaws. The local stress 
concentration in combination with defects will result in early crack initiation and the weld 
fatigue will be dominated by crack growth. The material strength in this case will only affect 
the crack initiation. The existence of welding residual stresses will influence the fatigue life, in 
many cases reducing it. Figure 1a illustrate the reduction of the fatigue strength for welded 
structures in comparison with base material due to; i) weld shape and joint geometry ii) stress 
concentration due to weld imperfections iii) high tensile residual stresses. 

 
Figure 1a. Fatigue strength for base material, perforated base material and welded structure. 

 
Figure 1b shows the different phases of the fatigue life and relevant factors that are assessed to 
estimate the fatigue life at the different phases. The fatigue phenomenon and the progressive 
damage due to the cyclic loading are governed by local quantities (defects, flaws, stress 
concentrations, etc…) and to develop proper design methods will estimate the fatigue life they 
also need to be based on local approaches. 
 

 
Figure 1b. Different phases in the fatigue life process. 

 
Today there are mainly four methods to predict fatigue on welded components and they are 
defined in IIW Fatigue Design Recommendations, see Hobbacher [1]: 
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 Nominal stress approach 
 Structural/Geometrical “hot-spot” stress approach 
 Effective notch stress approach 
 Linear elastic fracture mechanical crack growth approach 

 
Fatigue resistance of complex welded components based on stress analysis performed with FEA 
can be assessed in many ways with varying degrees of time consumption and accuracy. A large 
model will increase both the model preparation and the computational time. Large and complex 
FEA models may include several critical locations and complex boundary conditions, see 
example in Figure 2a where the stress value is continually changing. Nominal stress values are 
in this case difficult or impossible to define. Even if a nominal stress can be defined, one must 
select from a catalogue of details, the geometry most closely resembling the actual welded 
detail. In many cases the actual weld has little similarity to one of the geometries shown in the 
standard. A schematic overview over complexity and work effort for different design methods 
are presented in Figure 2b.  

 

Figure 2a. Stresses in a construction machinery 
frame, near the attachment of the axle housing, red 
color corresponds to high and blue to low stresses. 

Figure 2b. Schematic overview pf accuracy, complexity 
and work effort associated with the different fatigue 
assessment methods for welded structures.   
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1.2. Fatigue of cut edges 

In fatigue loaded applications it is important that the introduction of high strength steels goes 
hand in hand with the improvement of production quality. Since defects are commonly induced 
from the manufacturing processes such as welding and cutting, these will eventually delimit the 
service life of the structure if steels with increased strength are used. Post weld treatment 
methods or improved welding processes can be utilized to improve the weld quality end thereby 
enable design benefits when using high strength steels. However, when using high strength steel 
to reduce the plate thickness and thereby enable lightweight design, the overall stress levels in 
the structure increases. Thus, other locations such as the cut edges may become critical for 
fatigue failure unless they are not designed and manufactured with the same quality as the 
welded joint. The main governing factors of the fatigue strength in cut edges are the surface 
quality (surface roughness, hardness etc.), yield and ultimate strength of the material and 
residual stresses induced during the manufacturing, which must be taken into consideration in 
the fatigue design phase [2, 3]. 
 
From a design point of view, it is very convenient to utilize the quality level system on the 
drawing to communicate the necessary quality of a component feature, not only for the weld 
quality but also the cut edge quality. This is essential if to enable lightweight design of fatigue 
loaded welded structures, were the specified quality on the drawing reflects the fatigue strength. 
The international standard ISO 9013:2002 [4] provide quality acceptance limits of the surface 
roughness produced using thermal cutting, and classify the geometrical tolerances into four 
different ranges, where range 1 is the highest (smoothest surface) quality and range 4 is the 
lowest quality. Each quality range is defined as the maximum allowed surface roughness Rz as 
a function of the plate thickness. 
Stenberg et al [2] conducted a study of whether the quality acceptance limits for surface 
roughness within ISO 9013:2002 [4] correlates to the fatigue strength of cut edges in plate 
thickness >12mm. Fatigue testing was conducted on material with different strength which were 
cut using various cutting processes. Surface roughness and residual stress measurements were 
also conducted. The fatigue strength was estimated by correlating the measured surface 
roughness with the quality acceptance limits within ISO9013:2002 along with the fatigue 
strength model developed by Sperle [3], see figure 3a. The testing proved a 15-70% increase of 
the fatigue strength compared to the estimation, see figure 3b. This proves a weak link to 
between the quality levels within ISO 9013:2002 and the resulting fatigue strength of cut edges. 
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Figure 3a. Surface roughness measurement on cut edges. 

 

Figure 3b. atigue strength and limit lines using fatigue strength model 
developed by Sperle [3] and surface roughness acceptance limits in ISO 
9013:2002. 

 

2. STATIC JOINT DESIGN 
 
2.1. Basic design 

The design methods taken from EN 1993 assume that the standard of construction is as specified 
in the execution standards set designer and that the construction materials and products used 
are those specified in EN 1993 or in the relevant material and product specifications. 

All joints shall have a design resistance such that the structure can satisfy all the basic design 
requirements provided by the designer according to specific codes, including in EN 1993 parts 
1-1, 1-8 [5]. 

Local yielding can be accepted in areas with stress concentrations when designing against static 
loads, where two requirements must be assessed: 
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1) Based on the total cross-sectional area (Agr) (with no deductions for holes), the capacity 
is appraised with the design strength value 

 

 
2) Based on the net area (Anet) (with deduction for holes in the cross-sectional area), the 

load capacity is appraised with the design strength value: 
 

 

The lower of these two values should be used when determining the capacity of the cross-
section.  

fyk = characteristic yield limit 
fuk = characteristic ultimate strength 
fyd = design yield limit 
fud = design ultimate strength 

 
γM0 and γM2 are partial coefficients and according to Eurocode 3, the partial coefficients can be 
chosen as follows: 
γM0 = 1.0 (for cross sections where the load carrying capacity is limited by the yield strength of 
the material) 
γM1 = 1.0 (for cross sections where the load carrying capacity is limited by the instability of the 
structure) 
γM2 = 1.25 (for cross sections in pure tension or when assessing joints) 

 

When analyzing welded (and bolted joints it is sufficient to calculate the capacity of the joint 
based on fud. Fully formed plastic hinges can be accepted for joints under static load, but in this 
case the deformations of the structure should also be checked so that these do not become 
unacceptably large.  

In case of joints subjected to fatigue which are assessed against maximum (static) loads, the 
analyses should follow the theory of elasticity, even if the load capacity is based on the ultimate 
strength of the material. If several stresses act simultaneously, von Mises criterion should be 
used for the assessment.  

  

2.2. General 

EN 1993 parts 1-1, 1-8 is valid for weldable structural steels according to EN 1993-1-1 with a 
yield strength is between 235 – 460 MPa. For materials with higher yield strength, S500 – S700 
MPa EN 1993-1-12 gives recommendations on compensation of the strength with correlation 
factor βw. The rules are valid for material with thickness ≥ 4 mm and for butt welds, fillet welds 
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and plug welds. The filler material should at least have the same strength properties (yield) as 
the base material according to EN 1993-1-8, but undermatching filler material is allowed for 
S500-S700 MPa.  

2.3. Butt welds 

For full penetration butt welds, where welding has been carried out with filler material which 
gives a welded joint with at least the same strength as for the base material, then the weld 
resistance equal the resistance for the weakest part of the joined connection. That is, a butt weld 
with complete penetration can be assumed to be of equal strength to the lowest steel grade in 
the welded joint if the weld was produced using overmatching filler material. Figure 4 gives 
some examples of full penetrated butt welds. 

 

Figure 4. Full penetrated butt welds.  

Partially penetrated butt welds are designed and analyzed as fillet welds. Even if the weld is 
centric in the plate, the weld is eccentric loaded. The welds designing cross section is affected 
by normal force and moment, see figure 5. If the plates are controlled or brought into force by 
a rigid structure the weld can be considered centrically loaded. 

 

 

Figure 5. Partial penetrated butt welds. 

The design resistance of a T-butt joint, consisting of a pair of partial penetration butt welds 
reinforced by superimposed fillet welds, may be determined as for a full penetration butt weld 
if the total nominal throat thickness, exclusive of the un-welded gap, is not less than the 
thickness t of the part forming the stem of the tee joint, provided that the un-welded gap is not 
more than (t / 5) or 3 mm, whichever is less, see figure 6. 
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Figure 6. Effective penetration for T-butt welds.  

 
The design resistance of a T-butt joint which does not meet the requirements should be 
determined using the method for a fillet weld or a deep penetration fillet weld, depending on 
the amount of penetration. The throat thickness should be determined in conformity with the 
provisions for both fillet welds and partial penetration butt welds. 
 
 

2.4. Fillet welds 

The rules for fillet welds are valid if the angle between the welded plates is 60° ≤ α ≤ 120°. If 
the angle is < 60° then the fillet weld should be designed as partial penetrated butt weld. If the 
angle is > 120°, then the fillet weld should also be designed as partial penetrated butt weld, see 
figure 7.  

 
Figure 7. Angles for fillet welds.  

 
The throat thickness should be ≥ 3 mm. The effective length of the weld, leff, is the effective 
length where the weld has full and even dimension. If the welding procedure assure full 
dimension also at start and stop; leff then equals the full weld length. Otherwise leff = full weld 
length – 2*throat thickness. Figure 8 illustrate how the throat thickness is defined for fillet 
welds and deep penetration.  
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Throat thickness of fillet welds Throat thickness of deep penetration fillet weld 
 

Figure 8. Throat thickness for fillet welds.  
 

One has to determine the smallest effective weld length for load carrying fillet welds which is 
sufficient. The effective weld length leff should be at least 30 mm and at least 6 times the throat 
thickness; 

 For throat thickness < 5 mm: leff at least 30 mm  
 For throat thickness > 5 mm: leff at least 6*throat thickness 

 

2.5. Design resistance 
 
The design resistance of a fillet weld should be determined using:  

 Directional method 
 Simplified method 

 
Directional method  
 
In directional method, the forces transmitted by a unit length of weld are resolved into 
components parallel and transverse to the longitudinal axis of the weld and normal and 
transverse to the plane of its throat. 
 
The design throat area Aw should be taken as Aw =Σ a*leff. 

 
The location of the design throat area should be assumed to be concentrated in the root. A 
uniform distribution of stress is assumed on the throat section of the weld, leading to the normal 
stresses and shear stresses (figure 9), as follows:  
σ - is the normal stress perpendicular to the throat 
σ - is the normal stress parallel to the axis of the weld 
τ - is the shear stress (in the plane of the throat) perpendicular to the axis of the weld 
τ - is the shear stress (in the plane of the throat) parallel to the axis of the weld 
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Figure 9. Stress components in a fillet weld. 

 
The components σ , τ  and τ are due to external forces the weld will transfer and should 
considered in the design. Residual stresses are not considered. The component σ do not transfer 
any load and should not be considered. The stress components due to the force transmitted 
through the weld is calculated and assembled into a effective comparison stress. The effective 
stress should not exceed the design value of the welded joints strength. 
 

 

 
Two design criteria’s must be fulfilled in the calculation cross section: 
 

1. The effective stress should maximum be the design value for the welded joints strength 
 

 

 
Where the right-hand side is the weld joint strength. The filler material strength is at 
least the base material strength.  
 

2. The normal stress perpendicular to the design cross section should maximum be the 
design value for the base material strength 
 

 

 

fu is the nominal ultimate tensile strength of the weaker part joined. βw is the appropriate 
correlation factor taken from table 1.  

Welds between parts with different material strength grades should be designed using the 
properies of the material with the lower strength grade. For undermatching filler material for 
S500-S700, the filler materia strength is used.  
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Table 1. Correlation factor βw for fillet welds. 

 

The stresses σ  and τ  can be determined according to figure 10. 

 

Figure 10. definition of stresses σ  and τ .  

 

If the fillet weld is symmetrical, then 

 

 

If the welds are also isosceles, α = 45◦, and thus 
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Simplified method  
 
In the simplified method, the design resistance of a fillet weld may be assumed to be adequate 
if, at every point along its length, the resultant of all the forces per unit length transmitted by 
the weld satisfy the following criterion; 
 

Fw,Ed  ≤  Fw,Rd 
Where: 
Fw,Ed is the design value of the weld force per unit length; 
Fw,Rd is the design weld resistance per unit length. 
 
Independent of the orientation of the weld throat plane to the applied force, the design resistance 
per unit length Fw,Rd should be determined from: 

 
Fw,Rd = fvw.d*a 

 
where:  
fvw.d is the design shear strength of the weld.  The design shear strength fvw.d of the weld should 
be determined from: 

 

 

The weld joint strength is lowest in pure shear stress. To be on the safe side this strength value 
could be used independent of the load direction in the design cross section 

 

Fillet welds – some special cases  
 

The design value for the welded joint strength is described earlier as 

 

However, when the load is only in the welds longitudinal direction (only τ

 

If the loads are only perpendicular to the welds length direction and in 45° angle to the design 
cross section, then 
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2.6. Examples – static joint design 
 

Example 1 

A plate 10x120 mm is attached to a HEA column. The centric tensile load is N = 260 kN. The 
plate is welded with a fillet weld around with throat thickness of 4 mm. The material in the 
column  and the plate is S275, fu = 430 MPa. The correlation factor for the welded join strength 
βw = 0.85 (EN 1993-1-8). Can the welded connection sustain this load? 

 

Solution: 

The weld at both sides of the weld is included and the plate is welded all around. The effective 
weld length, leff, becomes 

 

The loads vertical component, Nv, results in shear stress τ  

 
 

 

The loads horizontal component Nh results in the stress components σ┴ and τ┴ 
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Design criteria  

 

Design values for the weld joint strength         

 

Design value for the base material strength       

 

 =   

 

      OK! 

      OK! 

Both criteria’s are fulfilled. The weld strength is sufficient! 

The load 260 kN gives the stress 352 MPa, the weld joint strength is 422 MPa 

 = the weld strength calculated with the directional method 

If we calculate the strength with the simplified method 

 

    In this case the directional method gives a strength 15 % higher than the simplified 
method 
 

 

Example 2 

Overlap joint, plate with centric tensile load N. Fillet welds with throat thickness 4 mm along 
three edges. Material S275 (fu = 430 MPa, βw = 0.85), effective weld length leff = 100 mm, beff 

= 120 mm.  

If the joint has enough deformation capability the resistance can be set equal to the sum of the 
individual weld resistance. Condition: 0.5 ≤ l/b ≤ 2 

Determine the joints total load resistance. 
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Solution: 

The weld joint strength resistance:          

Strength for the different welds: 

Longitudinal welds          

Transversal weld          

The joint total resistance      

 

Example 3 

Two flat steel bars 10x50 mm are welded onto a thicker sheet. They are subjected to static load 
with a tensile force F = 250 kN. Determine the required minimum length L and the throat a. 
Material S355J0 (fuk = 490 MPa), overmatching electrodes are used. The following partial 
coefficients are assumed: 

Material properties  γM0 = 1.0 γM2 = 1.25 

Load factor   γF = 1.1 

Consequence of failure   γn = 1.2 

 

 
 
Solution: 
The maximum throat thickness for the fillet weld is amax=10/√2 = 7 mm 
 
The joint has a total of 4 welds, the design throat area is  
 
and the shear stress parallel to the weld is therefore     
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The strength requirement is     

Where βw = 0.9 and fwuk = fuk for overmatching electrodes. With the values inserted; 

 

 

 

 

 

The length is to close to the requirement leff > 6*a = 42 mm. Instead select a = 5 mm which 
gives an effective length of leff = 47*7/5 = 66 mm. The weld length L should be at least 80 mm 
(66 mm + start and stop (2*5 mm) + rounding to the nearest higher even 5 mm. The weld throat 
need to be 5 mm with weld class C, EN-ISO 5817.  
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Example 4 

What force can the welded joint transfer if it is a weld class C joint produced with overmatching 
electrodes? Material S460QL (fuk = 550 MPa, fyk = 460 MPa). The following partial coefficients 
are assumed: 

Material properties  γM0 = 1.0 γM2 = 1.25 

Load factor   γF = 1.1 

Consequence of failure   γn = 1.2 

 
 

 
 
Solution 
 Interacting longitudinal and transverse welds can be calculated in accordance with plasticity 
theory if they are subjected only to static loads and if the requirements below are fulfilled. The 
condition for failure analysis 

 
The stresses can be considered even distributed over the calculation cross section if; l > 10*a, l 
< 100*a (in static loading), l < 60*a (in fatigue loading), a > 3 mm and a < 15 mm.  
 
The load carrying capacity of the longitudinal welds 
There is totally four longitudinal welds. Their effective length is leff = 70 – 5 = 65 mm (reduction 
for the start, free ends, but not stop where the longitudinal and transverse welds meet) 
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The following equation should apply 

 

 

With σ┴ = τ┴ = 0,     τ F  

 

βw = 1.0 for S460 and   

The force capacity in one longitudinal weld is  
 
The load carrying capacity of the transverse welds 
 
There are two transverse welds. Their effective length is leff = 50 mm, so no start/stop is 
considered.  
 

 

 
With τ     then  

 

 

or if fwuk = fuk and βw = 1.0 
 

 

 
 
The force capacity in one transverse weld is F┴k = 58.9 kN 
 
As there are 4 longitudinal and 2 transverse welds, the total load carrying capacity is: 
 
Ftot,k = 4*F  F  = 4*62.5 + 2*58.9 =368 kN 
 
Assessment of the two sheets PL10x50,  
 

Designing strength  = 460 MPa  

 
 = 396 MPa    which is lower thatn fyd 
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The force capacity of the sheets is 
 

 

 
 
The welds are able to withstand a force of 368 kN, but the two sheets PL50x10 can only 
transfer the force 300 kN 
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3. FATIGUE ASSESSMENT OF WELDED STRUCTURES 

Fatigue assessment and the utilization of reliable and accurate design methods is challenging 
for the design analysist in two ways. The fatigue damage mechanisms itself is a local 
phenomenon, which require a very dense finite element mesh. However, welded structures are 
in general large geometrically complex components with varying loading and complex 
boundary conditions, which may be difficult to define accurately. Such demands are satisfied 
using large and complex finite element models, which in turn makes the fatigue assessment 
process very time consuming. 
The IIW recommendations for fatigue assessment of welded structures [1] provides a 
comprehensive description of the common fatigue assessment methods for welded structures: 

 Nominal stress approach 
 Structural “hot spot” stress approach 
 Effective notch stress approach 
 Linear elastic fracture mechanics approach (LEFM) 

The fatigue assessment of both simple and complex welded structures using finite element 
analysis can be assessed using the above-mentioned methods. These methods vary in accuracy 
and time consumption depending on the required accuracy, which is illustrated in figure 12. A 
large and complex model will increase the total assessment time in terms of preparation, solving 
and post processing. 

 

Figure 12. Schematic overview of the accuracy, complexity and work effort associated with the 
different fatigue assessment methods, reproduction of [6]. 
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3.1. Nominal stress method 
 

3.1.1. Definition of stress components 
 

The stress distribution over the plate thickness is non-linear in the vicinity of notches. The stress 
components of the notch stress are (Figure 12): 
σmem membrane stress,  
σben shell bending stress,  
σnlp non-linear stress peak 

 
Figure 12. the stress distribution over the plate thickness 

 
If a refined stress analysis method is used, which gives a non-linear stress distribution, the 
stress components can be separated by the following method:   
 

 the membrane stress σmem is equal to the average stress calculated through the thickness 
of the plate, and it is constant through the thickness, 

 the shell bending stress σben is linearly distributed through the thickness of the plate, and 
it is found by drawing a straight line through the point “0” where the membrane stress 
intersects the mid-plane of the plate. The gradient of the shell bending stress is chosen 
such that the remaining non-linearly distributed component is in equilibrium. 

 the non-linear stress peak σnlp is the remaining component of the stress. 
 The stress components can be separated analytically for a given stress distribution σ(x)

 for x=0 at surface to x=t at through thickness. 
 

3.1.2. Nominal stress 
 
Nominal stress is the stress calculated in the sectional area under consideration, disregarding 
the local stress raising effects of the welded joint, but including the stress raising effects of the 
macro-geometric shape of the component near the joint, such as e.g. large cutouts. Overall 
elastic behavior is assumed. The nominal stress may vary over the section under consideration. 
For example, at a beam-like component, the modified (also local) nominal stress and the 
variation over the section can be calculated using simple beam theory. Here, the effect of a 
welded on attachment is ignored (Figure 13). 
 

 
Figure 13. Nominal stress in a beam-like structure. 
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The effects of macro-geometric features of the component and stress fields in the vicinity of 
concentrated loads must be included in the nominal stress. Both may cause significant 
redistribution of the membrane stresses across the section. Significant shell bending stress may 
also be generated, as in curling of a flange, or distortion of a box section (Figures. 14, 15a, b). 
The secondary bending stress caused by axial or angular misalignment (e.g. as considered to be 
acceptable in the fabrication specification) needs to be considered if the misalignment exceeds 
the amount which is already covered by the fatigue resistance S-N curve for the structural detail.  
 

 
Figure 14.  Examples of macrogeometric effects. Stress concentrations at a) cut-outs, b) curved 
beams, c) wide plates, d) curved flanges, e) concentrated loads, f) eccentricities. 
 

 
Figure 15. a) Modified (local) nominal stress near concentrated loads. b) Modified (local) 
nominal stress at hard spots 
 
 

3.1.3. Calculation of nominal stress 
 
In simple components the nominal stress can be determined using elementary theories of 
structural mechanics based on linear-elastic behavior. Nominal stress is the average stress in 
the weld throat or in the plate at the weld toe as indicated in the tables of structural details. A 
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possible misalignment shall be considered either in analysis or in resistance data (Figure 16a). 
The weld throat is determined at (Figure 16b).  
 
Butt welds:  Wall thickness of the plates, at dissimilar wall thicknesses, the smaller wall 
thickness has to be taken 
Fillet welds:  The smallest distance from the root or deepest point of penetration to the surface 
of the fillet weld bead 
 
The stress σw or τw in weld throat a for a weld of length lw and a force in the weld F becomes 
 

 
 

 
Figure 16.  a) Axial and angular misalignment. b) Weld throat 

 
In other cases, finite element method (FEM) modelling may be used. This is primarily the case 
in 
(a) complex statically over-determined (hyper static) structures 
(b) structural components incorporating macro-geometric discontinuities, for which 
no analytical solutions are available 
 
If the finite element method is used, meshing can be simple and coarse. Care must be taken to 
ensure that all stress concentration effects from the structural detail of the welded joint are 
excluded when calculating the modified (local) nominal stress. 
If nominal stresses are calculated for fillet welds by coarse finite element meshes, nodal forces 
rather than element stresses should be used in a section through the weld in order to avoid stress 
underestimation. 
When a nominal stress is intended to be calculated by finite elements, the more precise option 
of the structural hot spot stress determination should be considered. 
 
 

3.1.4. Nominal stress at weld toe 
 
To find the nominal stress in a FE model a plot is created of the stress along a path approaching the 
weld. The FE model often has a gradient near the weld that corresponds to the geometric stress. A 
simple rule to obtain the nominal stress is to extrapolate the linear part of the stress on the surface 
inwards against the weld, see Figure 17. In the example below the nominal stress could easily be 
determined but in most cases the reality never looks like in the fatigue codes. 
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Figure 17. Extrapolated nominal stress in welded joint.  

 
 

3.1.5. Nominal stress at weld root /throat 
 
When the weld is sensitive to fatigue root cracking the analysis should be based on stresses at 
weld throat by calculating the weld weld stress σn,w. The weld stress is based on average stress 
components in the weld throat (similar to static design), see figure 18;  
 

 
 

the stress σ┴ is the normal stress to the weld throat section, the stress τ┴ is the normal stress to 
the weld throat section.  
 

 
Figure 18. weld stress, for assessment of weld root cracking.  

 
For cruciform joints and T-joints the weld stress can be calculated according to the following 
equation: 

 
 
(σnt) is the axial force in the plate and (2a) is the weld throat.  
 
 
 
 



26 
 

3.1.6. Km modification due to misalignment 
 
Misalignment in axially loaded joints leads to an increase of stress in the welded joint due to 
the occurrence of secondary shell bending stresses. The resulting stress is calculated by stress 
analysis or by using the formulae for the stress magnification factor km given in Table 2. 
  

Table 2. stress magnification factor due to misalignment. 

 
 
 

3.1.7. Fatigue strength (FAT) – IIW  
 
The fatigue strength is given at 2*106 cycles and is defined as the FAT value for the actual 
geometry, see figure 19 as an example. The slope is 3 (5 in shear) before and 22 after 107 cycles. 
The FAT value is given at 97.7 % probability of survival. The IIW design rules, [1], denote the 
design curves as FAT71, which means fatigue strength of 71 MPa at 2 million cycles with 97.7 % 
probability of survival. Figure 20 shows the collection of S-N curve (FAT) according to IIW for 
nominal stress. The FAT values are given for a R-ratio of 0.5 (R = 0.5) which is at a high mean 
stress with an assumption of high tensile residual stresses in the weld. 
Appendix A give the complete list of FAT values for all structural details according to IIW for 
nominal stress.  
 

 
Figure 19. example of FAT for structural details.  
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Figure 20. Fatigue resistance S-N curves for steel, normal stress, very high cycles applications 
 
 

3.1.8. Limitations 
 
The nominal stress method could be used if the stress is well defined, FAT class and loading 
are consistent with the fatigue class (structural detail). Also the magnitude of distortion and 
eccentricity have to be moderate. The method is mostly applicable to weld toe failure and in 
most cases the actual weld has little similarity to the geometries tabulated in the standards and 
recommendations. When a nominal stress is intended to be calculated by finite elements, the 
more precise option of the structural hot spot stress determination should be considered. 
 
For complex welded structures with many attachments and loading locations the stress value is 
continually changing. A nominal stress value is difficult or impossible to define. Even if a 
nominal stress can be defined, one must select from a catalogue of details, the geometry most 
closely resembling the actual welded detail. In many cases the actual weld has little similarity 
to one of the geometries shown in the standard. Experience and engineering judgement must 
then be used. Figure 21 illustrate the challenge of finding the nominal stress in a complex 
structure and loading and structural detail which resembles the welds analyzed.  
 

 
Figure 21. Example illustrating limitation with nominal stress method.  
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3.1.9. Examples – Nominal stress method 
 
Example 1  
The following simple example illustrate how the extrapolation of the nominal stress is carried 
out along the surface of the plate (weld toe assessment) for a plate with two welded longitudinal 
attachments. The stress applied is 80 MPa in the plate and the corresponding structural detail 
(521, non-load carrying attachment) gives a FAT 80 (fillet welds, as welded). Figure 22 shows 
the structural detail suitable for this example. 
 

 
Figure 22. Structural detail 521.  

 
Figure 23 shows the finite element representation of the structural detail analyzed where a 
quarter of the geometry is modeled considering the double symmetry of the geometry.  
 

 
Figure 23. FE model, example 1.  

 
Figure 24a shows the stress extrapolation along the surface of the plate (from weld toe and 
outward) which defines the nominal stress in this case for axial loading. Figure 24b shows the 
stress along the path if the load would have been in bending and how the extrapolation of the 
nominal stress should be carried out.  
 

a) 
 

b) 
Figure 24. nominal stress for example 1.  
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Example 2 
The following example illustrate the fatigue life assessment of welded component with welded 
stiffener attachments to the main plate using the nominal stress method.  Figure 25 shows the 
component with dimensions and the loading (axial, 80 MPa) and the finite element 
representation using shell elements.  
 

 
Figure 25.  Geometry, dimensions and FE model, example 2. 

 
The component is critical for weld toe cracking in 8 different locations where the stress 
concentration is high. However, considering double symmetry, it is only two locations; inner 
weld toe and outer weld toe. There is no geometry that identically match this geometry in the 
list of structural details. However, structural detail 512 is the closest, figure 26, which gives 
FAT values for longitudinal fillet welded guest as function of the length of the gusset plate. The 
length in this example is 200 mm which gives a FAT value of 63.  
 

 
Figure 26. Structural detail 521.  

 
The nominal stress in the outer welds is 80 MPa and does not require an extrapolation since this 
is the load applied. However, for the inner welds an extrapolation is required to determine the 
nominal stress. This extrapolation is illustrated in figure 27. The nominal stress for the inner 
welds is 90 MPa.  

  

 
Figure 27. extrapolation to determine the nominal stresses for the inner welds.  

 
Now the fatigue life’s for the different failure locations can be estimated based on the nominal 
stresses and the FAT value. 
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Outer weld: 
FAT 63, σnom = 80 MPa 

 

 
Inner weld: 
FAT 63, σnom = 90 MPa 

 

 
The failure will occur at the inner weld toe after approximately 700*103 cycles. 
 
Note: The fatigue life estimated here is at a low failure probability of 2.3 %. Furthermore, the 
FAT values are given at a R =0.5 which corresponds to high mean stress. These will result in 
that the estimation in this example is on the conservative side.  
 
Example 3 
The following example, Figure 28, illustrate fatigue life assessment using nominal stress of load 
carrying weld in a cruciform joint with leg length of 7 mm and a weld throat thickness of 7 mm. 
The joint is sensitive to weld toe and weld root cracking and both should be evaluated. The joint 
is loaded with a force resulting in a nominal stress of 120 MPa.  

 

 
Figure 28. Example 3, load carrying cruciform joint. 

 
First, the structural details and the corresponding FAT values for weld toe and root cracking 
should be determined. Figure 29 shows detail 413 (weld toe crack) and 414 (weld root crack) 
which represent this example well.  
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Figure 29. Structural detail 413 (toe cracking) and 414 (root cracking).  

 

For weld toe cracking FAT 63 is suitable here. In this FAT a misalignment of < 15% is 
incorporated in the fatigue resistance. For more accurate assessment (if misalignment is not 
present in the analyzed component) a correction of the FAT value (increased) could be made. 
For weld root cracking FAT 40 is suitable since a/t = 7/8 = 87% which is ≤ 33 %. The analysis 
should be based on the stress in the weld throat.  
 
Nominal stress in plate, weld toe: σnom =120 MPa 
 
Nominal stress in weld throat, weld root:  

Fatigue life at weld toe:    

Fatigue life at weld root:    

The failure will occur at the weld toe after approximately 289*103 cycles. 
 

3.2. Structural “hot spot” stress method 
 
The structural or geometric stress σhs at the hot spot includes all stress raising effects of a 
structural detail excluding that due to the local weld profile itself. So, the non-linear peak stress 
σnl caused by the local notch, i.e. the weld toe, is excluded from the structural stress. The 
structural stress is dependent on the global dimensional and loading parameters of the 
component near the joint. Figure 30 illustrates the definition of structural stress according to 
IIW.  

 
Figure 30. Definition of structural stress.  
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It is determined on the surface at the hot spot of the component which is to be assessed. 
Structural hot spot stresses σhs are generally defined for plate, shell and tubular structures. 
Figure 31 shows examples of structural discontinuities and details together with the 
structural stress distribution. 
The structural hot spot stress approach is typically used where there is no clearly defined 
nominal stress due to complex geometric effects, or where the structural discontinuity is not 
comparable to a classified structural detail.  

 
Figure 31. Structural details and structural stress, e.g. at a) end of longitudinal lateral 
attachment, b) joint of plates with unequal width, c) end of cover plate, d) end of 
longitudinal attachment, e) joint with unequal thickness 
 
The structural hot-spot stress can be determined using reference points by extrapolation to 
the weld toe under consideration from stresses at reference points, figure 32.  
 

 
Figure 32. Definition of structural hot-spot stress.  

 
Strictly speaking, the method as defined here is limited to the assessment of the weld toe, 
i.e. cases a to d in Figure 33. In the case of a biaxial stress state at the plate surface, it is 
recommended that the principal stress which acts approximately in line with the 
perpendicular to the weld toe, i.e. within ±60° (Figure 34) is used. 
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Figure 33. Various locations of crack propagation in welded joints. a–d) with weld toe 
cracks, e–h) with weld root cracks. 
 

 
Figure 34. Biaxial stresses at weld toe, principle stress within a) and without b) an angle of 
60°perpendicular to the weld.  

 
3.2.1. Types of hot spots 

 
Besides the definitions of structural hot spot stress as given above, two types of hot spots are 
defined according to their location on the plate and their orientation in respect to the weld toe 
as defined in figure 35. Figure 36 shows some examples of hot spot type b.  

 

Figure 35. Types of hot spots.  

 

Figure 36. Examples of hot spots type b.  
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3.2.2. Determination of structural hot spot stress  
 

The structural hot spot stress can be determined either by measurement or by calculation. Here 
the non-linear peak stress is eliminated by extrapolation of the stress at the surface to the weld 
toe. The following considerations focus on surface stress extrapolation procedures of the 
surface stress, which are essentially the same for both measurement and calculation. The 
procedure is first to establish the reference points and then to determine the structural hot spot 
stress by extrapolation to the weld toe from the stresses of those reference points. Depending 
on the method, there may be two or three reference points. The reference point closest to the 
weld toe must be chosen to avoid any influence of the notch due to the weld itself (which leads 
to a non-linear stress peak). This is practically the case at a distance of 0.4 t from the weld toe, 
where t is plate thickness. The structural hot spot stress at the weld toe is then obtained by 
extrapolation. 

3.2.3. Calculation of structural hot spot stress  
 
The extent of the finite element model must be chosen such that constraining boundary effects 
of the structural detail analysed are comparable to the actual structure. 
Models with either thin plate or shell elements or with solid elements may be used. It should be 
noted that on the one hand the arrangement and the type of the elements must allow for steep 
stress gradients and for the formation of plate bending, but on the other hand, only the linear 
stress distribution in the plate thickness direction needs to be evaluated with respect to the 
definition of the structural hot spot stress. The stresses should be determined at the specified 
reference points. 
A reasonably high level of expertise is required on the part of the FEA analyst. In the following, 
only some rough recommendations are given: 
In a plate or shell element model (Figure 37), the elements are arranged in the mid-plane of the 
structural components. 8-noded elements are recommended particularly in regions of steep 
stress gradients. In simplified models, the welds are not modelled, except for cases where the 
results are affected by local bending, e. g. due to an offset between plates or due to a small 
distance between adjacent welds. Here, the welds may be included by vertical or inclined plate 
elements having appropriate stiffness or by introducing constraint equations or rigid links to 
couple node displacements. Thin-shell elements naturally provide a linear stress distribution 
through the shell thickness, suppressing the notch stress at weld toes. Nevertheless, the 
structural hot-spot stress is frequently determined by extrapolation from the reference points 
mentioned before, particularly at points showing an additional stress singularity such as 
stiffener ends. 

Alternatively, particularly for complex cases, prismatic solid elements which have a 
displacement function allowing steep stress gradients as well as plate bending with linear stress 
distribution in the plate thickness direction may be used. An example is isoparametric 20-node 
elements with mid-side nodes at the edges, which allow only one element to be arranged in the 
plate thickness direction due to the quadratic displacement function and the linear stress 
distribution. By reduced integration, the linear part of the stresses can be directly evaluated at 
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the shell surface and extrapolated to the weld toe. Modelling of welds is generally 
recommended as shown in Figure 37. 

 
Figure 37. Typical meshes and stress evaluation paths for a welded detail.  

 
Surface extrapolation methods: 
If the structural hot-spot stress is determined by extrapolation, the element lengths are 
determined by the reference points selected for stress evaluation. In order to avoid an influence 
of the stress singularity, the stress closest to the hot spot is usually evaluated at the first nodal 
point. Therefore, the length of the element at the hot spot corresponds to its distance from the 
first reference point. If finer meshes are used, the refinement should be introduced in the 
thickness direction as well. Coarser meshes are also possible with higher-order elements and 
fixed lengths, as explained further below. Figure 38 shows how the stressers at the reference 
points should be extracted and evaluated for different types of meshing.  
 

 
Figure 38. Reference points at different types of meshing. Stress type “a” (a, b), type “b” (c, d) 

 
Type “a” hot spots (dependent on plate thickness): 
 

1) Fine mesh element length < 0.4t at hot spot. Nodal stresses at two reference points 0.4 
t and 1.0 t, and linear extrapolation 
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2) Fine mesh as defined above: Evaluation of nodal stresses at three reference points 0.4 t, 
0.9 t and 1.4 t, and quadratic extrapolation. Pronounced non-linear structural stress 
 

 
 

3) Coarse mesh with higher-order elements having lengths equal to plate thickness. Two 
reference points 0.5 t and 1.5 t, and linear extrapolation 

 
 

Type “b” hot spots (independent on plate thickness): 
The stress distribution is not dependent on plate thickness. Therefore, the reference points are 
given at absolute distances from the weld toe, or from the weld end if the weld does not continue 
around the end of the attached plate. 
 

1) Fine mesh with element length of not more than 4 mm at the hot spot: Evaluation of 
nodal stresses at three reference points 4 mm, 8 mm and 12 mm and quadratic 
extrapolation. 

 
 

2) Coarse mesh with higher-order elements having length of 10 mm at the hot spot: 
Evaluation of stresses at the mid-side points of the first two elements and linear 
extrapolation 

 
 

Table 3 below summarizes the meshing and extrapolation procedure. 
 

Table 3. recommended meshing and extrapolation.  
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3.2.4. Fatigue strength (FAT) – IIW  
The fatigue strength is given at 2*106 cycles and is defined as the FAT value for the actual 
geometry. The slope is 3 before and 22 after 107 cycles. The FAT value is given at 97.7 % 
probability of survival. The FAT values are given for a R-ratio of 0.5 (R = 0.5) which is at a high 
mean stress with an assumption of high tensile residual stresses in the weld. For structural “hot 
spot” stress assessment only two FAT values are applicable; FAT 90 and FAT 100, depending on 
weld shape and geometry analyzed. These FAT values are presented in table 4 below.  
 

Table 4. Fatigue resistance against structural “hot spot” stress.  

 
 

3.2.5.  Limitations 
The method is only applicable to weld toe failure, no weld root failures can be assessed with 
method as presented here. The method is typically used where there is no clearly defined 
nominal stress due to complex geometric effects, or where the structural discontinuity is not 
comparable to a classified structural detail. 
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3.2.6. Examples – Structural “hot spot” stress method 
 
Example 1 
The following example illustrate how the structural hot spot stress can be used for evaluation 
on a simple fillet weld in longitudinal attachment. The geometry has been analyzed with 
nominal stress method and the results will be compared here. Figure 39 shows the geometry 
and the corresponding FE model.  
 

 
Figure 39. FE model, example 1.  

 
The FAT value in the nominal stress method is dependent on the attachment length, which in 
this particular case is FAT 63. In the structural hot spot stress method, the corresponding FAT 
value is FAT 100. Figure 40 shows the FAT values and structural detail categories for nominal 
stress method, No. 521, and structural hot spot stress method, No. 4. 
 
 

 

 
Figure 40. Fatigue resistance nominal and structural hot spot stress, example 1.  

 

Figure xx shows the stress distribution along the surface of the plate towards the weld toe, hot 
spot type “a”. The nominal stress is 80 MPa. For the structural hot spot stress, the reference 
stress at point 0.4t (t =10 mm) is 120 MPa and at reference point 1.0t is 110 MPa. The elements 
are quadratic shape function and a linear extrapolation is carried out to evaluate the hot spot 
stress; 

 
 

Similar results are received if the linearized stress distribution is extrapolated to the weld toe 
based on the two reference point stresses, as can be seen in figure 41. 
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Figure 41. Stress distribution and evaluation of nominal and hot spot stress.  

 
Figure 42 shows the stress distribution through the thickness at hot spot reference point 0.4t and 
1.0t. The variation can be negligible which is also an indication of small bending and linear 
extrapolation is applicable. 
 

 
Figure 42. through thickness distribution example 1.  

 
Table 5 presents the fatigue life estimation results and compares the nominal stress method with 
hot spot stress method. The estimations are also carried out for different attachment length, 
however, the current case with L = 200 mm gives an identical fatigue life with both methods, 
approx. 1*106 cycles. For other attachment length the analysis shows a quite large difference 
between the two methods. The main reason is that in the nominal stress method the FAT value 
is determined based on an interval of attachment length, whereas for structural hot spot stress 
method, different stresses are calculated for different geometrical shapes, which captures the 
global stiffness changes, and one fixed FAT value is used.  
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Table 5. Example 1; comparison between nominal and structural “hot spot” stress method.  

 
 
Example 2 
The following example illustrate how the structural hot spot stress can be used for evaluation 
on a wide flange I beam with a welded doubling plate. The structure is also analyzed with 
nominal stress method. The weld is non-load carrying and among the structural detail categories 
for hot spot stress method, No. 4, is suitable with a FAT 100. In the nominal stress method the 
FAT values are dependent on the flange and doubling plate thickness relation (tD/t); the larger 
relation the lower FAT value. In this example the plate is 160 mm wide on a HEA 200 beam, 
tD = 11.5 mm and t = 10 mm. The structure is subjected to a axial stress of 80 MPa. This result 
in a FAT 50 in the nominal stress system. Figure 43 shows the different structural detail 
categories for nominal and structural hot spot stress method.  
 

 
 

 
Figure 43. example 2, structural details for nominal and hot spot stress method.  

 
Figure 44 shows the FE model (considering symmetry) and 1st principal stress contour plot 
showing that the highest stress occurs at the weld in the doubling plate.  
 

 
Figure 44. FE model and stress counter, example 2.  
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Figure 45 shows the stress distribution along the surface of the plate towards the weld toe, hot 
spot type “a”. The nominal stress is 80 MPa. The elements are quadratic shape function and a 
linear extrapolation is carried out to evaluate the hot spot stress. The stresses at the reference 
points 0.4t and 1.0t are plotted along the weld and the structural hot spot stress is calculated 
based on these, also along the entire weld. It is observed that the highest hot spot stress occurs 
at approximately 12 mm from the center of the weld. 

 
Figure 45. hot spot stress along weld in example 2. 

 
Figure 46 shows the stress distribution along the surface, towards the weld toe, at 12 mm from 
the center of the weld. The nominal stress is 80 MPa. The hot spot stress is evaluated with linear 
extrapolation and quadratic extrapolation (in order to evaluate any high stress gradients). 
Quadratic extrapolation requires 3 hot spot point to be evaluated.  
 

 (linear extrapolation) 
 

(quadratic extrapolation) 
 
σ0.4t = 140 MPa, σ0.9t = 122 MPa, σ1.0t = 119 MPa and σ1.4t = 108 MPa; σhs

lin = 154 MPa and 
σhs

quad = 157 MPa.  
 
Similar results are received if graphical extrapolation is carried out to the weld toe based on the 
reference point stresses, as can be seen in figure 46. The difference between liner and quadratic 
extrapolated hot spot stresses is negligible which is an indication of moderate stress gradients.  
 

 
Figure 46. Example 2, stress distribution and evaluation of nominal and hot spot stress. 
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Table xx presents the fatigue life estimation results and compares the nominal stress method 
with hot spot stress method. The estimations are also carried out for different doubling plate 
thickness tD, however, the current case with tD = 11.5 mm a fatigue life of 488*103 cycles using 
the nominal stress method and 517*103 cycles using the structural hot spot stress method.  

 
Table 6. Example 2; comparison between nominal and structural “hot spot” stress method.  
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4. FATIGUE OF UN-WELDED BASE MATERIAL  
 
4.1. General  

Parent material which has not been welded can be fully utilized if the structural design has been 
successful. The fatigue strength of high strength steels is higher than mild steels [7]. How much 
higher is dependent on the steel’s strength, the roughness of the plate surface, the quality of the 
edges and notches such as holes, indentations or screwed or riveted joints. 

 

4.2. Material effect and surface condition  

The rate of this increase depends, among other things, on the surface condition of the material. 
The fatigue strength is better in cold-rolled than in hot-rolled surfaces due to the surface quality. 
The notch effect from a fatigue point of view can be described by the surface roughness (Rz or 
Ra value). These are assessed during surface topography measurements and defined according 
to figure 47. Rz is usually assessed as the mean value of five measurements and is designated 
Rz5. Herein Rz here refers to this value.  

 

Figure 47. Definition of surface roughness and mean surface deviation. 

The surface roughness, Rz, for base material mainly depend on the cutting process used and if 
any post treatment has been carried out. Figure 48 shows typical roughness ranges for different 
steel grades and cutting processes.  Figure 49 shows typical roughness ranges for rolled, ground 
and blast surfaces. 

 
Figure 48. Surface roughness measurement on cut edges, different cutting processes.  
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Figure 49. Surface roughness measurement of rolled, ground and blast surfaces.  

 
 

4.3. Calculation procedure – Base plate with surface condition 
 
Δσ* refers to the fatigue strength value at 50% failure probability, 106 load cycles and a stress 
ratio R=0. Based on the correlation to roughness, the fatigue strength can be calculated using 
the respective steel’s strength values and the surface condition (Rz value) as input. The fatigue 
strength Δσ is then calculated in accordance with the following: 
 

 

where  
 
Δσ* is the fatigue strength of a fictitious smooth test specimen and Kr the surface factor 
 

 
 

 

 
where Re is the yield strength (MPa) and Rm the tensile strength (MPa). 
 
The correlation for Kr applies when the fatigue life is dominated by crack initiation. When the 
formula Δσ = Δσ*/Kr above gives a falling curve in figure 50, Δσ is chosen equal to the 
maximum value and the curve continues horizontally, which represents a fatigue life dominated 
by crack growth. The correlation above is illustrated in figure xx where the fatigue strength as 
function of the yield strength has been calculated for a number of Rz values. To calculate the 
fatigue strength for other than N=106, the following equation is used;  
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where N is the number of load cycles to failure, Δσ stress range, C and m material constants. 
The exponent is m=5. Figure 50 indicates that the increase in fatigue strength with the increase 
in the yield strength diminishes if the surface condition is impaired. The increase stops 
completely at a certain yield strength which, in turn, gets lower with increased Rz value. At this 
yield strength the fatigue life switches from initiation domination to crack growth type. 
Measurements of shot-blast surfaces gives Rz values of 35 to 50 without corresponding 
decreases in fatigue strength due to the “better” surface topography and the presence of a 
compressive stress state due to the cold working during blasting. 
 

 
Figure 50. Fatigue strength at N=106 load cycles and R=0, failure probability 50%, for non-
welded parent material with different surface condition (Rz value). 
 
 

4.4. Material factor 

The material factor is calculated as a function of yield strength and surface conditions. The 
curves with designation A-K in figure 51 correspond to Rz values from 3 to 120 (Ra=0.5-20). 
The L curve corresponds to φm =1, i.e., no material dependence and applies to parent material 
with crack-like imperfections or welded joints. The fatigue strength of parent material is 
calculated by multiplying FAT for actual the structural detail with the material factor, φm. To 
be able to associate the different curves in figure xx with different surface and edge conditions 
in practice, table 7 should be used to estimate the surface and edge conditions for different 
cutting processes and quality levels. Appendix B presents the structural details of parent 
material and their corresponding FAT values. These are given for failure probability of 2.3 % 
at 2*106 cycles at R =0.5. To determine the fatigue strength at 50 % failure probability the FAT 
value have to be multiplied with φQ = 1.3.  
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Figure 51. The material factor as a function of yield strength and surface condition. 

 
 

Table 7. Correlation between surface/edge condition and the material factor.  

 
 

4.5. Examples – un-welded base material 

Example 1 
The following example illustrate how the above calculation procedure is used for a base plate 
with a certain surface condition. The procedure is valid for assessing cracking on the plate 
surface and not the edge. A load carrying structure is sensitive base material cracking, the 
structure is made of steel Domex 355 MC. The finite element analysis shows that the nominal 
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stress (σnom) in the base material cut section is 200 MPa. Evaluate the fatigue life if the cutting 
procedure would be 

a) Oxygen flame cutting 
b) Laser beam cutting 

 
Re = 410 MPa, Rm = 470 MPa (data sheet from SSAB for Domex 355 MC) 
 
The fatigue strength, Δσ* (reference strength) is: 
 

 
  
The difference between oxygen flame cutting and laser beam cutting is the different surface 
roughness’s, Ra and Rz, which the cutting processes will achieve, and this will result in different 
surface factors Kf.   
Typical surface conditions for oxygen flame cutting can be determined from figure 48, which 
gives Rz ≈ 20-40 μm (chose 30 μm). Note the large scatter which is typically for surface 
roughness measurements. For Laser beam cutting, from figure 48 we can read Rz ≈ 6-15 μm 
(chose 10 μm), again the measurements demonstrate large scatter.  

Insertion of values in surface factor 

 

 
Oxygen flame cutting 
Kr

oxygen (Rz ≈ 30 μm) = 1.272  

Fatigue life:  

 

Laser beam cutting 

Kr
laser (Rz ≈ 10 μm) = 1.105  

Fatigue life:  

The laser beam cutting gives 2x longer fatigue life due to smoother surface (smaller Rz) 
compared with oxygen cutting.  

 

Example 2 
The following example illustrate how the procedure is used for a cut edge with a certain surface 
condition of the edge. The procedure is valid for assessing cracking on the plate edge surface 
and not the plate surface. The following example will be solved graphically by using figure xx, 
relation between material factor (φm) and yield stress (Rm), table xx, correlation between surface 
condition and φm. The fatigue strength for the parent material is presented in Appendix B.  
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Domex 355 MC: Re = 410 MPa, Rm = 470 MPa 

Nominal stress, σnom = 200 MPa 

a) Oxygen flame cutting 

Table 7 gives the type of surface, in this case gas-cut edge, and the material factor curve that 
should be used for a certain quality. We assume in this case a moderate quality (Rz = 50 μm), 
which corresponds to φm-curve L. curve L gives, for Re = 410 MPa, φm = 1.0, see figure 51.  
 

 
Structural detail, No. 11, for parent material in Appendix B gives the fatigue strength: FAT 140 
(m = 3), φm = 1.0 (curve L).  

 
 

Fatigue life:  

 

b) Laser beam cutting 

Table 7 gives the type of surface, in this laser-cut edge in hot rolled strip material. We assume 
in this case a moderate quality (Rz = 24 μm), which corresponds to φm-curve G. Curve G gives, 
for Re = 410 MPa, φm = 1.3, see figure 51.  

 

Structural detail, No. 11, for parent material in Appendix B gives the fatigue strength: FAT 150 
(m = 5), φm = 1.0 (curve G).  
 

 

Fatigue life:  
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The laser beam cutting gives 2.7x longer fatigue life due to smoother surface (smaller Rz) 
compared with oxygen cutting. 
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Appendix A: FAT nominal stress method (according to IIW) 
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Appendix B: Structural details of parent material 
 

 




