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The objective of this bachelor’s thesis was to study the effect of weld undercut on the stress 

concentration at weld toe, and if the stress concentration factor can be estimated from an FE 

model without modelled undercut. FE analysis was carried out to obtain stress concentration 

factors from 2D ENS models. Correction factors were derived and used to calculate stress 

concentration factors analytically from the FE analysis results. A fillet-welded non-load-

carrying T-joint was studied with membrane and bending load cases. The joint was studied 

with different weld toe radii and undercut depths, which were chosen according to common 

results in as-welded condition and with post-weld treatments. The considered post-weld 

treatments were HFMI-treatment, TIG-dressing, and burr grinding. 

 

The studied bending load cases gave relatively similar values determined from FE analysis 

and analytical calculations. Membrane load cases were studied with two correction factors. 

Eccentricity-induced additional bending moment was neglected in the first correction factor. 

The second correction factor considered the eccentricity and gave a consistent relation 

between FE analysis values and calculated values. Based on the results obtained in this 

research, it was concluded that it may be possible to analytically estimate the effect of 

undercut on the stress concentration at the weld toe. Further research is required to verify 

the applicability of this type of estimation in fatigue assessments. 
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Avainsanat: ENS, FE-analyysi, hitsin jälkikäsittely, jännityskonsentraatio, reunahaava, 

väsyminen 

 

Tämän kandidaatintyön tavoitteena oli selvittää voiko reunahaavan vaikutusta 

jännityskonsentraatioon hitsin rajaviivalla arvioida FE-mallista ilman reunahaavan 

mallintamista. Jännityskonsentraatiokertoimia selvitettiin FE-analyysillä 2D-ENS-

malleista. FE-analyysin tuloksista laskettiin analyyttisesti jännityskonsentraatiokertoimia 

johdetuilla korjauskertoimilla. Kuormaa kantamatonta pienahitsattua T-liitosta tutkittiin 

kalvo- ja taivutuskuormitustapauksilla. Liitosta tutkittiin erisuuruisilla reunahaavoilla ja 

hitsin rajaviivan pyöristyssäteillä, jotka valittiin hitseissä yleisesti havaittavissa olevilla 

arvoilla hitsatussa tai jälkikäsitellyssä tilassa. Tutkitut jälkikäsittelymenetelmät olivat 

HFMI-käsittely, TIG-sulatus ja hionta. 

 

Tutkitut taivutuskuormitustapaukset antoivat suhteellisen samanlaisia arvoja FE-analyysistä 

ja analyyttisistä laskelmista. Kalvokuormitustapauksia tutkittiin kahdella 

korjauskertoimella. Epäkeskisyyden aiheuttamaa lisätaivutusmomenttia ei otettu huomioon 

ensimmäisessä korjauskertoimessa. Toinen korjauskerroin otti huomioon epäkeskisyyden ja 

antoi johdonmukaisen suhteen FE-analyysiarvojen ja laskettujen arvojen välillä. 

Tutkimuksessa saatujen tulosten perusteella pääteltiin, että voi olla mahdollista arvioida 

analyyttisesti reunahaavan vaikutusta jännityskonsentraatioon hitsin rajaviivalla. 

Jatkotutkimusta kuitenkin tarvitaan, jotta voidaan varmentaa tämäntyyppisen arvioinnin 

soveltuvuus väsymislaskentaan. 

  



 

 

SYMBOLS AND ABBREVIATIONS 

 

Roman characters 

a weld throat  [mm] 

e eccentricity  [mm]  

E elastic modulus [MPa] 

F tensile force  [N] 

h depth of undercut [mm] 

k correction factor 

K stress concentration factor 

M moment  [Nmm] 

Q tensile force  [N/mm] 

r weld toe radius [mm] 

t plate thickness [mm] 

y y-coordinate  

 

Greek characters 

α exponent  

ν Poisson’s ratio 

ρ weld toe radius [mm] 

σ stress  [MPa] 

 

Subscripts 

0 original thickness 



 

 

b bending 

c calculated 

ecc including bending moment from eccentricity 

ens effective notch stress 

f fictional 

fea finite element analysis 

m membrane 

net net thickness 

nlp nonlinear stress peak 

 

Abbreviations 

AW As-welded 

ENS Effective Notch Stress 

FE Finite Element 

HAZ Heat Affected Zone 

HFMI High-Frequency Mechanical Impact 

IIW International Institute of Welding 

NLCT Non-load-carrying T-joint 

TIG Tungsten Inert Gas
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1  Introduction 

Fatigue is the most common cause of mechanical failures of welded joints. It is estimated 

that up to 80–90 % of structural failures are caused by the fatigue of metal. (Niemi 2003, p. 

92) Therefore, it is crucial to carefully consider fatigue when designing welded structures. 

This is often a complicated process, as it is difficult to estimate the true loads carried by the 

structure in its life cycle. Fatigue assessment methods also differ in which stress 

concentrations of the joint are included in the determination of the stress range. 

Consideration of possible weld defects such as undercut makes this process even more 

complicated. 

 

1.1  Objective and research problem 

This bachelor’s thesis is conducted for the Laboratory of Steel Structures of the 

Lappeenranta–Lahti University of Technology LUT. Its objective is to determine if the stress 

raise in the weld toe caused by weld undercut can be estimated from an Effective Notch 

Stress (ENS) model without modelling undercut. The following research questions are set: 

• How does undercut affect the stress concentration at weld toe? 

• Can the stress raise caused by undercut be estimated from an ENS model without 

modelled undercut? 

• How post-weld treatments affect the impact of undercut on the stress concentration 

at weld toe? 

 

Recommendations by the International Institute of Welding (IIW) are widely used by steel 

structure designers. The IIW does not currently have recommendations on ENS-based 

fatigue assessments. The research problem of this thesis is that there is currently no precise 

information on how undercut should be considered in ENS-based fatigue assessments. 
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1.2  Research methods and boundary 

Numerical and analytical calculations and literature review are used as research methods. 

No experimental tests are conducted. Literature review is used to explain the basic concepts 

and methods used in the research. Numerical calculations include Finite Element (FE) 

analysis used to analyse the stress concentrations in ENS models. Microsoft Excel is used 

for analytical calculations of the stress concentration data and visualization. 

 

The welded joint studied in this research is a fillet-welded non-load-carrying T-joint 

(NLCT). The geometry of the joint is considered constant except for weld toe radius r and 

undercut depth d. The joint is studied with membrane load σm and bending load σb and for 

simplification, both loads are set to 1 MPa. The analysis of stress concentration is limited to 

weld toe as it is the primary source of fatigue cracking (Haagensen & Maddox 2010, p. 1). 

Figure 1 demonstrates the studied joint and load cases. 

 

 

Figure 1. Geometry and load cases of the studied joint. a = weld throat = 5 mm, t0 = t1 = 

plate thickness = 10 mm. 
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The weld toe is studied in as-welded (AW) condition and with three post-weld treatment 

methods. The considered post-weld treatments are High-Frequency Mechanical Impact 

(HFMI) treatment, burr grinding, and Tungsten Inert Gas (TIG) dressing. Corresponding 

weld toe radii after these treatments and studied undercut depths are presented in Table 1 

below. 

 

Table 1. Geometry variations. 

Weld toe Weld toe radius r 

[mm] 

Undercut depth d [mm] 

AW 1 0 0.25 0.5 1.0 2.0 

HFMI/grinded 3 0 0.3 0.6 - - 

TIG 6 0 0.5 1.0 - - 

 

Table 1 presents the geometry variations considered in this research. These geometries are 

all modelled and studied with the load cases mentioned above. All FE analysis is done 

according to recommendations by the IIW. 
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2  Theory 

This chapter gives an overview of the concepts and methods used in this research. The 

development of fatigue cracks in welded joints and the fatigue assessment method used in 

this research are covered. General information about weld defects and post-weld treatments 

is given with more specific information about topics relevant to this research. 

 

2.1  Fatigue of welded joints 

Fatigue can be generally described as the gradual growth of cracks in a structure during its 

life cycle. It is mainly caused by varying cyclic stress which starts to enlarge the small 

production defects in the structure. This limits the structure’s life cycle, as the crack 

propagation eventually reaches the stage where the remaining material cross-section can no 

longer carry the load and ruptures. (Niemi & Kemppi 1993, p. 229) 

 

Welded joints are especially vulnerable to fatigue. Geometric discontinuities and weld 

defects typical for them are optimal for crack initiation. In most cases, the crack initiation 

starts at the weld toe since the geometric discontinuity creates stress concentration in that 

location. The crack then progresses in the base material usually perpendicularly to principal 

stress. Cracking may also initiate from weld root due to wrong design parameters, poor weld 

quality or insufficient throat thickness, or weld penetration. Temperature changes during 

welding processes also contribute to fatigue resistance of welded joints. Welding-induced 

thermal cycle introduces residual stresses into the joint, which can have a significant impact 

on the fatigue life of the welded component. (Niemi et. al 1993, pp. 229–230; Niemi 2003, 

p. 94) 
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2.2  Fatigue assessment of welded joints 

Stress range is generally considered the main controlling parameter in fatigue analysis. 

Several methods have been developed to assess the fatigue life of welded joints. The main 

difference between them is in the global or local stress applied in fatigue assessments. (Niemi 

1995, p. 1) For the determination of the stress range, four methods have been developed 

based on the following stresses: nominal stress, structural hot spot stress, effective notch 

stress, and stress intensity factors (Hobbacher 2016, pp. 15–30; Niemi 2003, p. 95). 

 

ENS-based fatigue assessment of welded joints is studied in this research. Assuming linear-

elastic material behaviour, ENS considers the total stress at weld toe including the nonlinear 

stress peak σnl (Hobbacher 2016, p. 27). The total notch stress separated into components is 

shown in Figure 2. 

 

 

Figure 2. Non-linear stress distribution separated to stress components (Hobbacher 2016, p. 

14). 

 

Sharp notches in welds present difficulties in the determination of the true notch stress. In 

the ENS method, according to Hobbacher (2016, p. 27), “the actual weld contour is replaced 

with an effective one”. This means that the sharp notches at the weld toe or root are 

introduced with a fictitious rounding radius ρf = 1 mm (Figure 3). (Hobbacher 2016, p. 27) 

Post-weld treatments can be used to introduce a controlled rounding at weld toe, in which 

case the ENS is calculated using the introduced rounding radius (Niemi 2003, p. 106). 
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Figure 3. Fictitious rounding radii in weld notches (Fricke 2010, p. 2). 

 

Instead of a 3D model, a 2D cross-section of the studied joint is generally used to calculate 

the ENS. However, there are conditions to this simplification. According to Hobbacher 

(2016, p. 29): 

• “The loading should be mainly perpendicular to the weld, i.e. normal and shear stress 

in direction of the weld are not existent or small and can be neglected.  

• The loading and the geometry of the weld should not vary in the area to be assessed.”  

 

When calculating the ENS using FE analysis, attention must be paid to the element size at 

the weld toe. Baumgartner & Bruder (2013) studied the meshing parameters for the 

calculation of notch stresses. In their conclusions, they first recommend the use of 

hexahedral or quadrilateral elements. They also make a recommendation concerning the 

element edge ratio, that is the relation of the hexahedral element’s length in the 

circumferential direction to the length in the direction normal to the surface. For that, they 

recommend the use of an element edge ratio of 2 or 3 in the notch root. Their conclusions 

also include a recommendation for the number of elements over a 360 ° arc of the notch. For 

a rough calculation, 12 elements over 360 ° is stated sufficient, but to obtain more accurate 

results 24 elements over 360 ° is recommended. 
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2.3  Weld defects 

Defects can greatly influence the fatigue life of a welded joint. The initiation phase in fatigue 

cracking is greatly shortened when introducing defects into the weld. These small flaws are 

weld discontinuities that increase the stress concentration in the weld. Several reasons may 

affect the formation of weld defects, such as wrong welding parameters or welding methods, 

or lack of operator knowledge. (Steimbreger & Chapetti, 2017, p. 296) 

 

The weld defect relevant to this research is undercut. It is a common defect and can be a 

significant problem for a welded joint under cyclic loading. Undercuts can be defined as a 

groove along the weld toe. They are formed when the welding process excessively melts the 

parent metal and then the groove is left unfilled with the weld metal. They vary in shape, 

depth, and radius and can be formed in fully mechanized welding as well as manual arc-

welding. (Mashiri, Zhao & Grundy 2001, p. 264; Steimbreger et al. 2017, p. 296)  

 

2.4  Post-weld treatments 

Post-weld treatments can be applied to improve the fatigue strength of welded joints. The 

transition from parent plate to weld face is made smoother thus reducing the local stress 

concentration. Weld defects can be removed, or their effect can be reduced. Significant 

increases in fatigue life can be achieved with post-weld treatments but large variations of 

actual results exist as to a lack of standardization. (Haagensen et al. 2010, p. 1) 

 

2.4.1  Burr grinding 

Burr grinding is used to reduce the stress concentration by smoothening the transition 

between the plate and weld face. Material is ground off the weld toe with a pneumatic, 

electric, or hydraulic grinder operating at a high speed. This reduces the effect of undercut 

but also removes the crack-like imperfections, which are a usual cause for fatigue crack 

initiation. However, grinding can also reveal internal imperfections in the weld, which then 
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must be repaired. Figure 4 demonstrates burr ground fillet welds. (Hobbacher 2016, p. 68; 

Haagensen et al. 2010, p. 4) 

 

 

Figure 4. Macrograph of burr ground fillet welds (Mod. Skriko 2018, p. 54). 

 

2.4.2  HFMI treatment 

In HFMI treatment, the weld toe is repeatedly hammered with a blunt-nosed chisel.  This 

makes the weld toe highly plastically deformed, inducing it with compressive residual 

stresses. (Haagensen et al. 2010, p. 22) According to Marquis & Barsoum (2016, p. 3), 

hammer peening can be therefore classified as a “residual stress modification technique”.  

Improvements in the local weld geometry and surface quality are also gained with HFMI 

treatment (Marquis et al. 2016, p. 4). Figure 5 shows HFMI treated fillet welds. 

 

 

Figure 5. Macrograph of HFMI treated fillet welds (Mod. Skriko 2018, p. 54). 
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2.4.3  TIG dressing 

TIG dressing is used to alter the local geometry of the weld toe by remelting it. This not only 

creates a significantly smoother transition to the weld face but also removes slag inclusions 

and undercuts. Also, according to Skriko, Ghafouri & Björk (2017, p. 110) “remelting the 

weld toe can generate higher hardness in the heat-affected zone (HAZ)”. All these factors 

can have a positive impact on the fatigue life of welded joints. (Skriko et al. 2017, p. 110; 

Haagensen et al. 2010, p. 13) Figure 6 demonstrates the geometry alteration from TIG-

dressing. 

 

 

Figure 6. Fillet weld before and after TIG dressing (Haagensen et al. 2010, p. 17).  
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3  FE analysis 

This chapter discusses how the FE analysis of this research was conducted. Simcenter Femap 

version 2021.2 MP1was used in all modelling and analysis. All models had the same material 

properties, loads, and constraints, and the same analysis type was used in all cases. 

 

3.1  Geometry, material properties, and meshing 

The geometry of the studied joint and all its variations were modelled according to Figure 1 

and Table 1. Half symmetry was utilized to reduce the model size. Fillets were modelled to 

the ENS models, and the required undercut cases were sketched. Geometry was also divided 

into smaller sections for easier mesh control (Figure 7). Material properties were the same 

in all models. The material was regarded as steel with elastic modulus E = 210 000 MPa and 

Poisson’s ratio v = 0.3. 

 

 

Figure 7. Geometry of an ENS model with r = 1 mm. A red dot indicating the location of the 

origin.  
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Parabolic plane-strain elements were used in meshing. Calculating the ENS by FE analysis 

was discussed in chapter 2.2 in which was discussed the recommended element size at the 

weld toe. Accordingly, all models analysed in this research had at least 24 elements over 360 

° at the weld toe. Model sizes were not an issue for the FE analysis conducted in this research. 

Therefore, it was possible to set even smaller mesh at weld toe than required. This 

contributes positively to the accuracy of the results. Figure 8 shows a meshed weld toe with 

considerably smaller mesh than required.  

 

 

Figure 8. Vicinity of the weld toe in a meshed fillet-type ENS model with r = 1 mm. 

 

3.2  Constraints, loads, and analysis 

Constraints were applied according to utilized symmetry and to remove rigid body motions. 

Figure 7 shows the applied constraints. In the symmetry line of the model marked with ‘156’ 

x-translation and rotations around y and z-axes are constrained. Curve marked with ‘F’ is 

constrained regarding all translations and rotations. 

 



19 

 

 

Two load cases were analysed and applied according to Figure 1. Membrane load was 

applied as a uniform line load of 1 N/mm = 1 MPa. Linear distribution from 1 N/mm to -1 

N/mm was applied to obtain the required bending load of 1 MPa. With plate thickness t0 = 

10 mm this was accomplished with an advanced load method using the following equation: 

 

𝑄 =  0.2 × 𝑦 + 1    (1) 

 

where Q is force per length [N/mm] and y is the y-coordinate in the model (coordinate system 

origin visible in Figure 7). 

 

Since the ENS method assumes linear-elastic material behaviour, all models were analysed 

with linear static analysis. Femap’s integrated Nx/Nastran solver was used for both load 

cases in all models.  
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4  Correction factors 

One of the research questions was if the effect of undercut can be assessed from an FE model 

without a modelled undercut. This chapter introduces the correction factors studied in this 

research and explains how they were derived. 

 

4.1  Bending load 

The reduction of plate thickness caused by undercut was the basis for the correction factor 

in the bending load case. The reduction of plate thickness was taken into account simply 

with the relation of the original plate thickness and the net plate thickness. However, the 

bending resistance of a rectangular geometry quadratically depends on its height, as shown 

in Equation 2. 

 

𝑊 =
𝑏ℎ2

6
      (2) 

 

where W is bending resistance [mm3], b is geometry width [mm], and h is geometry height 

[mm]. 

 

Equation 2 was applied for the derivation of the correction factor. The relation between the 

original plate and net plate thickness was also squared. The reduction of plate thickness 

creates eccentricity to the applied axial load. This does not create additional moment for a 

bending load case and the derived correction factor is as presented in Equation 3. 

 

 

 



21 

 

 

𝑘b = (
𝑡0

𝑡net
)

2

     (3) 

 

where kb is the correction factor for bending load. 

 

The derived correction factor was then used as a multiplier to stress concentration factors 

obtained from FE analysis as shown in Equation 4. 

 

𝐾b,c = 𝑘b × 𝜎ens,b     (4) 

 

where Kc,b is the calculated stress concentration factor for the bending load case and σens,b is 

the stress concentration factor from an ENS model with d = 0 mm and with bending load. 

 

4.2  Membrane load 

The reduction of plate thickness was the basis for the correction factor also in the membrane 

load case. There was no information if the relation between original plate thickness and the 

net plate thickness should have exponentiation as in the bending load case. Therefore, a 

variable was set as exponentiation to the correction factor for the membrane load case. The 

derived correction factor (Equation 5) was not the final, but it was relevant to study the 

membrane load case also with the incomplete correction factor as shown in equation 6. 

 

𝑘m = (
𝑡0

𝑡net
)

𝛼

     (5) 

 

where km is the correction factor for bending load and α is a variable exponent. 

 

𝐾m,c = 𝑘m × 𝜎ens,m     (6) 
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where Kc,m is the calculated stress concentration factor for the membrane load case and σens,m 

is the stress concentration factor from an ENS model with d = 0 mm and with membrane 

load. 

 

Eccentricity introduced to the applied load could be neglected in the bending load case. For 

the membrane load case, it must be considered. Eccentricity creates an additional moment 

in the membrane load case, which must be taken into account in the correction factor. 

 

The applied membrane load must first be converted into resultant force as shown in Equation 

7. The eccentricity of the axial force is then calculated as in Equation 8. With the axial 

resultant force and its eccentricity obtained, can the additional moment be calculated, as 

shown in Equation 9. 

       

𝐹 = 𝜎m𝑡0     (7) 

 

where F is Force [N]. 

 

𝑒 =
𝑡0

2
−

𝑡0−𝑑

2
=

𝑑

2
    (8) 

 

where e is eccentricity [mm]. 

 

𝑀 = 𝐹𝑒 =
𝐹𝑑

2
    (9) 

 

where M is moment [Nmm]. 
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The additional bending stress can then be calculated with moment M and bending resistance 

W. By expressing the bending stress with M and t0 and inserting the previously solved F and 

M into the formula, the additional bending stress can be finally expressed with terms σm, d, 

and t0 as in Equation 10. 

 

𝜎b =
𝑀

𝑊
=

6𝑀

𝑡0
2 =

3𝐹𝑑

𝑡0
2 =

3𝜎m𝑑

𝑡0
   (10) 

 

With the additional bending stress expressed as in Equation 10, can the total notch stress 

including the additional bending stress be expressed as shown in Equation 11. 

 

𝜎ecc =
𝑡0

𝑡0−𝑑
𝜎m −

3𝑑

𝑡0
𝜎m = (

𝑡0

𝑡0−𝑑
−

3𝑑

𝑡0
)𝜎m = (

𝑡0

𝑡net
−

3𝑑

𝑡0
)𝜎m (11) 

 

where σecc is the total notch stress with eccentricity induced secondary bending stress 

considered. 

 

The relation of σecc and σm can then be expressed as in Equation 12. Considering the 

previously mentioned correction factor for the membrane load case (Equation 5) and 

applying it to Equation 12 can the final membrane load case correction factor be expressed 

as shown in Equation 13. The stress concentration factor can then be calculated with 

Equation 14. 

 

𝜎ecc

𝜎m
=

𝑡0

𝑡net
−

3𝑑

𝑡0
    (12) 

 

𝑘m,ecc = (
𝑡0

𝑡net
)

𝛼

−
3𝑑

𝑡0
    (13) 
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𝐾m,c,ecc = 𝑘m,ecc × 𝜎ens,m     (14) 

 

where Kc,m,ecc is the calculated stress concentration factor for the membrane load case with 

eccentricity induced additional bending stress taken into account. 
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5  Results 

Stress concentration factors were obtained from FE analysis as presented in chapter 3. 

Figures of all analysed cases are presented in appendix 2. Maximum principal stresses were 

obtained from the analysed models. The obtained data was then used in analytical 

calculations with equations covered in chapter 4. Results are presented in Table 2, where 

Km,fea is the stress concentration factor obtained from FE analysis with membrane load case 

and Kb,fea is the stress concentration factor obtained from FE analysis with bending load case. 

For the membrane load case, a factor of α = 5 was considered in the analytical calculations. 

Reasons for this will be discussed in the next chapter. More precise data on the stress 

concentration factors is presented in appendix 1. 

 

Table 2. Stress concentration factors from FE analysis and analytical calculations. 

r 

 [mm] 

d 

 [mm] 

 Km,fea Km,c Km,c,ecc Kb,fea  Kb,c 

1.00 

0.00 1.98    2.21   

0.25 2.42 2.24 2.10 2.54 2.33 

0.50 2.76 2.56 2.26 2.72 2.45 

1.00 3.44 3.35 2.76 3.06 2.73 

2.00 5.03 6.04 4.85 3.78 3.46 

3.00 

0.00 1.48     1.59   

0.30 1.77 1.72 1.59 1.75 1.69 

0.60 2.03 2.02 1.75 1.88 1.79 

6.00 

0.00 1.29     1.34   

0.50 1.65 1.66 1.47 1.54 1.48 

1.00 2.00 2.18 1.79 1.70 1.65 
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6  Discussion 

The results obtained in this research are discussed in this chapter. Conclusions based on the 

results are explained and the need for further research is discussed. 

 

6.1  Results 

Stress concentration factors obtained from FE analysis were mainly as expected. Higher 

stress concentrations were noticed with smaller rounding radiuses and deeper undercuts. For 

the bending load case, only one correction factor was derived and studied. The calculated 

values were relatively close to the real stress concentrations obtained from FE analysis. 

Visualisation of the stress concentration factors concerning bending load is presented in 

Figure 9. 

 

 

Figure 9. Visualization of the results from bending load cases. 
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Two different correction factors were used for the membrane load case. Different values for 

α were also studied, but it was noticed that α = 5 gives the smallest error with both correction 

factors. Eccentricity of the axial force was first neglected, and Figure 10 visualises results 

with that assumption.  

 

 

Figure 10. Visualization of the results from membrane load cases. Eccentricity not 

considered. Equations 5 and 6 with α = 5 used for calculated values. 

 

In figure 10, the calculated values are mainly close to the values from FE analysis. With the 

deepest studied undercut (d = 2 mm) the analytical calculation gives considerably greater 

value than the FE analysis since the eccentricity induced additional bending stress is not 

considered. 

 

The membrane load case was also studied with a correction factor in which the eccentricity 

is considered. Figure 11 visualises results obtained with that correction factor compared to 

the ones from FE analysis. The calculated values are all slightly smaller than the ones 

obtained from FE analysis. However, the calculated values maintain a relatively consistent 

relation to the FE values even with deeper undercuts.   
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Figure 11. Visualization of the results from membrane load cases. Eccentricity taken into 

account. Equations 13 and 14 with α = 5 used for calculated values. 

 

6.2  Conclusions and further research 

The objective of this thesis was to study the impact of undercut on the fatigue life of welded 

components. An especially interesting research question was if the impact of undercut on 

the stress concentration at weld toe can be estimated from a FE model without modelled 

undercut. FE analysis, literature review, and analytical calculations were used as research 

methods.  

 

Stress concentration factors were obtained from FE analysis and correction factors for the 

consideration of undercut were derived. The analytically calculated values were then 

compared to the values obtained from FE analysis. Based on the results it was concluded 

that it may be possible to estimate the impact of undercut from an FE model without 

modelled undercut. However, safe tolerances and the applicability of this type of estimation 

for different types of welded joints remains unclear.  
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Research questions were also set regarding the impact of undercut on the stress concentration 

at weld toe and how post-weld treatments affect the impact. As expected, deeper undercuts 

created higher stress concentrations. Post-weld treatments also affected the stress 

concentrations as expected: lower stress concentrations were obtained with higher weld toe 

rounding radiuses. 

 

Further research is required to clarify if the impact of undercut can be reliably estimated 

from ENS FE models. Different types of welded joints, loads and weld toe geometries must 

be studied to verify the applicability of this type of estimation in the fatigue assessments of 

welded components. 
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Appendix 1.  Stress concentration data 

r [mm] d [mm]  Km,fea Kb,fea   km  km,ecc  kb Km,c Km,c,ecc Kb,c 

1.0 0.00 1.978 2.212             

1.0 0.25 2.423 2.540 1.135 1.060 1.052 2.245 2.097 2.327 

1.0 0.50 2.764 2.723 1.292 1.142 1.108 2.556 2.260 2.451 

1.0 1.00 3.441 3.058 1.694 1.394 1.235 3.350 2.756 2.731 

1.0 2.00 5.028 3.775 3.052 2.452 1.563 6.036 4.850 3.456 

3.0 0.00 1.481 1.586             

3.0 0.30 1.774 1.753 1.165 1.075 1.063 1.725 1.591 1.686 

3.0 0.60 2.032 1.878 1.363 1.183 1.132 2.018 1.751 1.795 

6.0 0.00 1.285 1.336             

6.0 0.50 1.646 1.537 1.292 1.142 1.108 1.661 1.468 1.480 

6.0 1.00 2.003 1.698 1.694 1.394 1.235 2.176 1.791 1.649 

 



 

 

 

Appendix 2. Figures of analysed cases 

 

All figures are showing models in an undeformed state. 

 

Membrane load with r = 1 mm and d = 0 mm 

 

Bending load with r = 1 mm and d = 0 mm 

 

Membrane load with r = 1 mm and d = 0.25 mm 

 

Bending load with r = 1 mm and d = 0.25 mm 



 

 

 

 

Membrane load with r = 1 mm and d = 0.5 mm 

 

Bending load with r = 1 mm and d = 0.5 mm 

 

Membrane load with r = 1 mm and d = 1 mm 

 

Bending load with r = 1 mm and d = 1 mm 



 

 

 

 

Membrane load with r = 1 mm and d = 2 mm 

 

Bending load with r = 1 mm and d = 2 mm 

 

Membrane load with r = 3 mm and d = 0 mm 

 

Bending load with r = 3 mm and d = 0 mm 



 

 

 

 

Membrane load with r = 3 mm and d = 0.3 mm 

 

Bending load with r = 3 mm and d = 0.3 mm 

 

Membrane load with r = 3 mm and d = 0.6 mm 

 

Bending load with r = 3 mm and d = 0.6 mm 



 

 

 

 

Membrane load with r = 6 mm and d = 0 mm 

 

Bending load with r = 6 mm and d = 0 mm 

 

Membrane load with r = 6 mm and d = 0.5 mm 

 

Bending load with r = 6 mm and d = 0.5 mm 



 

 

 

 

Membrane load with r = 6 mm and d = 1 mm 

 

Bending load with r = 6 mm and d = 1 mm 

 


