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Abstract 

The IIW recommendations for Fatigue Design of Welded Joints and Components published in 2024 define four 

fatigue classes for butt welds that are welded from two-sides (details 211, 212, and 213) depending on the 

misalignment quality, the weld bead geometry and whether the weld is ground flush. As with other finishing 

techniques (HFMI, TIG dressing) where the steel grade is considered, flush grinding could allow for taking 

advantage of improved fatigue properties. 

In this study, fatigue tests were conducted with S355, S460 and S690 butt-welds with misalignments of 5% (Case 

212) and 10% (Case 213), as well as with toe grinding (Class B125 of ISO 5817) and flush grinding (Case 211) to 

assess the effect of the quality improvement on the fatigue strength. 

In the as-welded condition, reducing the misalignment to 5% does not necessarily lead to a significant 

improvement in fatigue performance compared to larger misalignments as the quality of the weld toe is a 

primary factor in the fatigue strength. 

The B125 quality can easily be achieved by grinding the weld toe, resulting in a local transition radius well above 

4 mm. 

As expected, flush grinding greatly improves the fatigue life of the welds, exceeding that of case 211 (FAT125, 

m=5). Moreover, this improvement is sensitive to the grade of the base material as are other finishing 

techniques. 

Keywords 

Butt-weld, Fatigue, Grinding, HS Steel 

1. Introduction 

One of the main ways to reduce manufacturing costs is through the reduction of base material purchasing costs. Fatigue 

design of structures generally leads to a significant increase in cross-sectional areas (or moments of inertia) in order to 

reduce local stresses, since current design codes do not allow the mechanical advantage of higher yield strength materials 

to be fully exploited.  
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From an industrial perspective, it would be desirable to rely on specific requirements for high-strength steels (HSS) used in 

butt-welded plates or shell structures, enabling structural optimization compared with conventional structural steels having 

a yield strength (YS) lower than or equal to 355 MPa.  

The latest edition of EN ISO 5817 introduced specific requirements for improved quality levels allowing the use of higher 

fatigue classes. Depending on weld profile geometry, a fatigue class 125 may be assigned. It is worth noting that this fatigue 

class is surprisingly higher than the maximum fatigue class currently associated with flush-ground butt welds according to 

IIW recommendations, namely FAT112. Furthermore, EN 13001-3-1+A2 for the design of lifting equipment provides a 

fatigue class FAT140 for butt welds when the weld complies with quality level B*. This B* quality level is defined by 

compliance with flush-grinding requirements, a misalignment lower than 5%, and the absence of volumetric imperfections. 

Eurocode 3 as well as Section C11 of CODAP do not permit differentiation of fatigue detail categories according to steel 

grade, such as S420NL, S460NL or S460M, combined with specific requirements (welding procedure, execution quality levels, 

post-weld finishing), which could allow higher fatigue strengths to be achieved with an acceptable level of reliability. This 

absence of differentiation according to mechanical properties remains even after flush grinding, which is at variance with 

recent findings.  

It should also be noted that the requirements associated with detail categories 211 and 212 are more or less consistent with 

informative Annex B of EN ISO 5817. In this annex, quality class B90 allows a misalignment limit of 10%, whereas a limit of 

5% is normally required in IIW document XIII-2151r4-07 / XV-1254r4-07 to justify FAT90. A misalignment of 10% is normally 

associated with FAT80.  

However, according to IIW recommendations, FAT125 is associated with weld profile improvement by grinding, whereas 

informative Annex B of EN ISO 5817 associates quality level B125 only with weld profile dressing requirements imposing a 

transition angle greater than 150° and a transition radius greater than 4 mm. Consequently, a designer selecting FAT90 

should impose manufacturing requirements exceeding those of quality level B according to EN ISO 5817.  

The objective of this study is to quantify the fatigue improvement achievable through flush grinding of butt welds, namely 

whether performance corresponding to FAT112 or FAT140 can be reached and, if applicable, to highlight a potential effect 

of steel grade by carrying out the investigation on different steel grades using matching filler metals capable of ensuring the 

yield strength of the base metals within the weld metal. 

2. Methods 

2.1. Materials and specimens 

To achieve this objective, an experimental programme was carried out on butt welds produced by the submerged arc 

welding process (SAW, process 121), including:  

− Different levels of misalignment (5% and 10%) to assess the influence of fit-up quality on the fatigue performance 

of a standard welded joint; 

− Flush-ground welds to investigate the geometrical effect on weld quality and the influence on the slope of the 

fatigue curve; 

− Weld toe burr grinding to determine the difference in behaviour between flush grinding and weld toe burr grinding; 

− Different thicknesses, including one configuration with reduced thickness based on the square root of the yield-

strength ratio to account for bending loading, considering that the moment of inertia is proportional to the square 

of the thickness.  

The selected misalignment levels were chosen according to the recommendations of document IIW-2259-15 XIII-3004-2023 

/ XV-1649-2022, which define different fatigue classes depending on misalignment levels of 5% (Cases 211 and 212) or 10% 

(Case 213).  



XIII-3230-2026 - Influence of post-weld improvement on fatigue strength of butt-weld in different steel grades 

 

 

3/19 

The configurations listed in Table 1 were selected to verify compliance with the recommendations concerning misalignment 

and to assess the effect of an increase in yield strength. 

Table 1. Description of the tested configurations 

Steel grade 
Expected 

Fat Class 

S355 S460 S690 

Filler product S3Si1 S4Mo S3NiCrMo2,5 

Thickness (mm) 18 18 16 18 

Standard 

misalignment (10%) – 

as-welded condition 

FAT80 

m = 3 

B-S355-18-10 

24 samples 
- - - 

Reduced misalignment 

(5%) – as-welded 

condition 

FAT90 

m = 3 

B-S355-18-5 

24 samples 
- - - 

Reduced misalignment 

(5%) + weld toe burr 

grinding 

B125 m = 5 - - 
E-S460-16-5 

26 samples 
- 

Reduced misalignment 

(5%) + Flush grinding 

FAT125 

m = 5 

A-S355-18-5 

25 samples 

A-S460-18-5 

26 samples 

A-S460-16-5 

25 samples 

S-S690-16-5 

26 samples 

Each welded assembly was produced using submerged arc welding with a fixture designed to minimize angular 

misalignment. 

Flush grinding was performed using a polishing disc with grit size 40–60 followed by a final surface finishing operation using 

grit size 120. The objective was to remove the scratches generated during the initial grinding operation and eliminate the 

weld reinforcement, in accordance with IIW document XIII-2200r4-07. Grinding was carried out parallel to the weld axis. 

Visual and magnetic particle inspections were performed to ensure complete removal of the weld toes and any undercut 

defects, as well as the absence of cracks. In accordance with the same recommendations ], weld toe burr grinding was 

carried out using a rotary burr with a minimum diameter of 20 mm.  

Approximately twenty specimens were extracted from each welded assembly. Rectangular specimens were used for as-

welded joints, whereas dog-bone specimens were machined from flush-ground joints to promote fracture within the region 

of interest. 

2.2. Measurement of Specimen Geometry 

After sampling, each specimen was laser scanned to characterize both its global and local geometry, including:  

− Measurement of the local weld toe radius in the as-welded condition; 

− Measurement of weld misalignment; 

− Measurement of groove depth and radius in the case of weld toe burr grinding. 

2.3. Estimation of Stress Concentration Factors 

Stress concentration factors were also determined by three-dimensional finite element analyses performed on each 

specimen using Abaqus software. A tensile load of 200 kN was applied. The resulting stress field was extracted along the 

width of each weld toe to calculate the numerical stress concentration factor (Kt) according to: 𝑲࢚ =  Equation 1  ࢓࢕࢔࣌ࡲࡱ࣌

Where : 
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ாிߪ −  the stress obtained from finite element analysis (maximum absolute principal stress); 

࢓࢕࢔࣌ ௡௢௠ the nominal stress calculated fromߪ − =  Equation 2   ࡿࡲ

 where ܨ is the applied force and ܵ is the load-carrying cross-sectional area. 

For each specimen, the numerical stress concentration factor corresponds to the maximum value obtained from a moving 

average calculated over ±2.4 mm around each position along the width of the specimen. 

2.4. Fatigue testing 

Part of the fatigue testing programme was conducted at CETIM, while the remaining tests were subcontracted to Fraunhofer 

LBF (Germany). Test conditions were as follows: 

− 250 kN and 450 kN hydraulic test machines (CETIM) for the as-welded and burr-ground configurations using 

straight specimens (50 mm width) and fatigue testing machine (Fraunhofer LBF) for flush-ground configurations 

using dog-bone specimens; 

− Spherical loading grips were used to accommodate the intended misalignment; 

− Load-controlled testing; 

− Stress ratio: R=0.1; 

− Test frequency: 8–10 Hz; 

− Run-out criterion: 5 million cycles; 

− Failure criterion: complete fracture of the specimen. 

Fatigue results were analysed using Basquin's law: 

log(ܰ)=log(ܥ)−݉.log(Δߪ)  Equation 3 

Where : 

− N: number of cycles to failure ; 

− Δσ : the stress range ; 

− C and m: parameters determined by linear regression. 

The fatigue curves were statistically evaluated for a survival probability of 95% with a confidence interval of 75%. This 

approach allows the determination of FAT classes, i.e. the allowable fatigue strength at 2 million cycles. 

3. Results and discussion 

3.1. Weld Toe Geometry Quality 

The quality of the weld toe transition was evaluated for the as-welded and weld toe burr-ground configurations by 

measuring the weld toe radius and weld toe angle (Fig. 1 to Fig. 3). 
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Fig. 1 S355 – Misalignment 10% - As-Welded condition – Sample A-S355-18-10-12 – Toe angle and radius 
measurement 
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Fig. 2 S355 – Misalignment 5% - As-Welded condition - Toe angle and radius measurement 
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Fig. 3 S460 – Misalignment 10% - Toe burr grounded condition – Sample E-S460- 16-5-16 – Toe angle and radius 
measurement 

For the as-welded specimens, the welding deposition strategy, which was influenced by the level of misalignment, resulted 

in different weld toe geometries (Table 2). However, in both configurations, the weld profile quality complied with Quality 

Level B of EN ISO 5817. Considering the additional requirements specified in Informative Annex B of this standard, Quality 

Level B90 was achieved for the 10% misalignment configuration, whereas the 5% misalignment configuration was at the 

acceptance limit with respect to the toe radius requirement. The requirements for B125 were only partially fulfilled by the 

specimens subjected to weld toe burr grinding, since the toe angle was occasionally slightly below the required value of 

150°. 
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Table 2. Weld toe geometry quality obtained for the investigated configurations  

 Quality Level 

B 

Quality Level 

B90 

Quality Level 

B125 

10% 

Misalignment 

5% 

Misalignment 

Weld Toe 

Burr Ground 

Toe angle ≥ 110° ≥ 110° ≥ 150° 157° 144° - 152° 148° - 157° 

Toe radius Not specified ≥ 1 mm ≥ 4 mm 1.7 – 3.2 mm 0.9 – 1.0 mm 7.2 – 7.4 mm 

It should be emphasized that weld toe quality is strongly influenced by welding conditions. In the present study, the natural 

slope imposed by the higher level of misalignment resulted in an improved weld toe transition. The local weld toe quality 

may be estimated using the analytical expressions proposed by Lawrence  and Anthes. 

Equation 4. Analytical expressions for local stress concentration factors at the weld toe of butt welds 

 

 

௧ܭ = 1 + 0,27 ∙ ߨ)݊ܽݐ − 1(ߠ 4⁄ ∙ (௧ఘ)1 2⁄
  

௧ܭ = 1 + 0,7,28 ∙ ߨ)݊݅ݏ − 0,932(ߠ ∙ (௧ఘ)0.382  

Both analytical equations provide very similar results and clearly highlight the strong influence of the weld toe radius. 

Consequently, in the present case, the 5% misalignment configuration produced a less favourable weld toe geometry and 

therefore generated a higher local stress concentration factor than the 10% misalignment configuration (Table 3). It should 

be noted that this observation may not necessarily be applicable to other welding conditions or plate thicknesses, where 

the final capping passes could result in comparable toe geometries even for 10% misalignment. 

Table 3. Influence of weld toe geometry on notch-induced stress concentration factors 

Steel 

grade 
Misalignment Condition Toe angle (°) Toe radius (mm) Kt Lawrence Kt Anthes 

S355 10% As-welded 157 1.7 1.7 1.7 

S355 5% As-welded 145 0.9 2.1 2.4 

S460 5% 
Weld toe burr 

ground 
150 7.5 1.3 1.5 

3.1.1. Combined Effect of Notch Stress Concentration and Misalignment 

The combination of notch stress concentration and misalignment results in relatively similar local stress conditions for the 

two as-welded configurations, although the specimens exhibiting 5% misalignment are slightly penalized. As shown in 

Table 4, weld toe geometry plays a predominant role. Beyond the effect of misalignment, the quality of the weld toe 

transition, and particularly the toe radius, becomes the governing parameter. 

Table 4. Influence of weld toe geometry on the combined stress concentration factor (km according to [6]) 

Steel grade Misalignment Condition Kt Lawrence Kt Anthes km 1 + (݇݉ − 1) + ݐ݇) − 1) 
S355 10% As-welded 1.7 1.7 1.3 2.0 

S355 5% As-Welded 2.1 2.4 1.15 2.25 to 2.55 

S460 5% Weld toe burr ground 1.3 1.5 1.15 1.45 to 1.65 
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3.1.2. Estimation of Stress Concentration Factors by Finite Element Analysis 

Table 5 illustrates the numerical simulations performed for three representative welded configurations: 

− S355, 18 mm thickness, 10% misalignment; 

− S355, 18 mm thickness, 5% misalignment; 

− S460, 16 mm thickness, 5% misalignment after weld toe burr grinding. 

The finite element calculations confirm that, beyond the influence of weld misalignment itself, the notch effect is strongly 

governed by weld toe geometry. The poorer toe transition measured on the 5% misalignment specimens resulted in higher 

stress concentration factors. Conversely, weld toe burr grinding reduced the stress concentration factor owing to the 

smooth groove produced during the treatment (Table 6).  

Furthermore, the ratios obtained from finite element analysis are in very good agreement with those determined 

analytically. The trend previously identified, namely that the larger misalignment unexpectedly resulted in a more 

favourable local weld geometry, is consistently observed regardless of the assessment method used. 
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Table 5. Illustration of stress concentration factors for the as-welded and burr ground specimens 

Condition Stress field distribution 

S355 

Misalignment 10% 

As-welded condition 

Specimen  

B-S355-18-10-12 

 (a) 

S355 

Misalignment 5% 

As-welded condition 

Specimen  

B-S355-18-5-05 

 (b) 

S460 

Misalignment 5% 

Toe burr grounded condition 

Specimen 

E-S460-16-5-1 

 © 

 

Table 6. Variation of stress concentration factors 

Steel 

grade 

Thickness 

(mm) 
Misalignment Condition W1 W4 

Average 

ratio 

Analytical ratio 

(Table 4) 

S355 18 10% As-Welded 2.3 1.8 1 (*) 1 (*) 

S355 18 5% As-Welded 2.9 2.0 1.20 1.13 to 1.28 

S460 16 5% Weld toe burr ground 2.0 1.4 0.83 0.73 to 0.83 

(*) Reference configuration used for normalization of stress concentration factors 
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3.2. Fatigue Testing 

3.2.1. Establishment of S-N curves 

The mean S–N curves (corresponding to a 50% probability of failure) were established using the Basquin’s model, fitted from 

valid failed test results according to the following equation: ࡺ = (࡯)܏ܗܔ .࢓−  Equation 5  (࣌∆)܏ܗܔ

Where 

 ∆  nominal stress range (MPa), 

 log(C) et m  the parameters of the Basquin’s relationship 

The design S–N curve was defined as the curve corresponding to a 95% survival probability with a 75% confidence interval. 

The associated Basquin’s constant is denoted log(Ck). The parameters of the design S–N curves are given in Table 7 for each 

configuration. 

Table 7. Parameters of the Basquin’s equation used to establish design S–N curves and associated FAT classes 
(allowable stress range at 2 million cycles) 

 B-S355-18-10 B-S355-18-5 E-S460-16-5 A-S355-18-5 A-S460-16-5 A-S460-18-5 A-S690-18-5 

Steel grade S355 S355 S460 S355 S460 S460 S690 

Misalignment 10% 5% 5% 5% 5% 5% 5% 

Post-weld 

treatment 

As-welded As-welded Weld toe 

burr ground 

Flush 

ground 

Flush 

ground 

Flush 

ground 

Flush 

ground 

m 4.4 3.7 4.4 10.0 * 12.3 9.9 6.6 

log C 15.175 13.728 16.187 31.094 37.804 31.778 23.133 

slogC 0.218 0.102 0.170 0.563 0.269 0.236 0.214 

logCk 14.666 13.491 15.781 29.566 37.136 31.118 22.552 

Calculated 

FAT class 

80 80 125 212 324 314 292 

* The slope exponent was fixed with m = 10 because the number of valid test results was insufficient and too scattered 

to allow a reliable estimation by linear regression. 

 

3.2.2. As-Welded S355, 18 mm Thickness, 5% and 10% Misalignment 

Fig. 4 presents the fatigue test results obtained on 18 mm thick butt-welded S355 specimens with misalignment levels of 

10% and 5%. Consistent with the observations discussed previously, the lower misalignment level resulted in a less 

favourable local weld geometry (smaller toe radius and lower toe angle), thereby offsetting the beneficial effect normally 

expected from reduced misalignment. Consequently, both populations exhibit very similar fatigue behaviour. 

A statistical analysis performed according to Reference indicates that, at a confidence level of 95%, the two populations 

may be considered equivalent. This observation demonstrates that weld toe geometry has a major influence beyond the 

effect of misalignment. To better isolate the influence of misalignment, additional test programmes should be carried out 

in which welding parameters are adjusted to achieve equivalent weld toe geometries. This point deserves particular 

attention because a significant fatigue improvement cannot be expected from reduced misalignment alone unless it is 

accompanied by improved weld toe quality beyond the minimum specification requirements. 
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Fig. 4 Fatigue test results for as-welded butt-welded S355 specimens, 18 mm thickness, with 10% and 5% 

misalignment (dash lines: Ps = 50 % - continuous line: Ps = 95 % with confidence interval of 75%) 

It should be noted that, for both specimen series, the expected fatigue classes (FAT80 for 10% misalignment and FAT90 for 

5% misalignment) are not achieved at high stress ranges. It should be remembered that the stress concentration effects 

associated with misalignment are already included in the FAT class definition. 

3.2.3. S460 with Weld Toe Burr Grinding, 16 mm Thickness, 5% Misalignment 

Fig. 5 shows the fatigue test results obtained on 16 mm thick butt-welded S460 specimens with a 5% misalignment after 

weld toe burr grinding. 
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Fig. 5 Fatigue test results for butt-welded S460 specimens with weld toe burr grinding, 16 mm thickness, and 5% 

misalignment (dash lines: Ps = 50 % - continuous line: Ps = 95 % with confidence interval of 75%) 

As observed previously, this specimen series, despite satisfying the requirements associated with FAT B125 according to 

Annex B of EN ISO 5817, does not reach the expected strength level at high stress ranges. This suggests that the influence 

of misalignment may not have been fully accounted for when defining this fatigue class. Nevertheless, weld toe burr grinding 

provides a significant improvement in fatigue performance compared with the as-welded condition. 

3.2.1. Fatigue Behaviour After Flush Grinding 

Fig. 6 illustrates the influence of weld flush grinding on butt-welded joints manufactured from S355, S460 and S690 steels. 

Flush grinding substantially increases the fatigue strength of welded joints compared with the as-welded condition because 

the weld reinforcement is completely removed, thereby reducing the stress concentration at the weld toe. Furthermore, 

the slope exponent m of the S–N curves obtained for flush-ground specimens is significantly higher than that of the 

corresponding as-welded specimens (see Table 7). The resulting values are generally comparable to those typically observed 

for base materials. The fatigue performances obtained after flush grinding are considerably higher than those currently 

recommended by IIW. 

The fatigue strength observed for S355 appears lower than that obtained for S460 and S690. S690, in turn, exhibits a slightly 

better fatigue performance than S460. 
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For the S460 grade, statistical analysis according to Reference indicates that the results obtained for the two investigated 

thicknesses are equivalent at a confidence level of 95%. Therefore, within the range investigated in the present study, 

specimen thickness does not appear to influence fatigue performance when results are expressed in terms of stress range. 

 

Fig. 6  Influence of steel grade on flush-ground butt-welded joints (dash lines: Ps = 50 % - continuous line: Ps = 95 % 
with confidence interval of 75%) 

 

3.2.2. Influence of Flush Grinding Compared with Weld Toe Burr Grinding for S460 

Fig. 7 compares the fatigue behaviour of flush-ground and weld toe burr-ground S460 butt-welded joints. 

Flush grinding significantly improves the fatigue performance of welded joints compared with weld toe burr grinding 

because both the weld reinforcement and the weld toe geometry are completely removed, resulting in a lower stress 

concentration factor. Moreover, the S–N curve obtained for flush-ground specimens is considerably flatter than that 

obtained for weld toe burr-ground specimens (see Table 7). 
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Fig. 7 Effect of flush grinding compared with weld toe burr grinding on butt-welded S460 joints 

3.3. Fractographic Analysis 

For the as-welded specimens, fatigue cracks initiated at the weld toe. In the specimens subjected to weld toe burr grinding, 

crack initiation occurred within the groove produced by the grinding operation. 

For the flush-ground specimens, a significant number of failures occurred in the gripping area. As a result, only a limited 

number of valid results, i.e. failures occurring within the welded region, were available for some configurations. Accordingly, 

all specimens that fractured outside the welded zone were excluded from the analysis. 

Regardless of the base material grade—S355, S460 (16 mm and 18 mm), or S690—whenever crack initiation occurred within 

the welded region, it was frequently associated with weld porosity, as illustrated in Fig. 8 for the specimen A355-18-22. For 

specimen A460-18-15, the primary crack initiated from a corner of the specimen, while a secondary initiation site developed 

within the weld metal at the location of a pore (Fig. 9), also near a specimen corner.  

It should be noted that all pores acting as fatigue crack initiation sites were smaller than the maximum size permitted by 

quality level B of EN ISO 5817, namely 0.2 times the welded thickness with an upper limit of 2 mm. Considering the plate 

thicknesses investigated, the applicable acceptance criterion was therefore 2 mm. The largest pore observed in the present 

study measured only 1 mm. 



XIII-3230-2026 - Influence of post-weld improvement on fatigue strength of butt-weld in different steel grades 

 

 

16/19 

(a) (b) 

Fig. 8 Fracture surface of specimen A355-18-22 (Δσ = 340 MPa, N = 2,132,447 cycles), showing fatigue crack 
initiation from a pore (Fraunhofer LBF) 

(a) (b) 

Fig. 9 Fracture surface of specimen A460-18-15 (Δσ = 380 MPa, N = 439,948 cycles), showing crack initiation from a 
specimen corner (Fraunhofer LBF). 

4. Conclusions 

To analyse all test results consistently (Table 8), the Basquin’s slope exponent was fixed at m = 4 for as-welded joints, as 

proposed in Project , and for weld toe burr-ground joints. For flush-ground joints, a value of m = 5 was adopted, in 

agreement with the exponent commonly used for base materials and for flush-ground welds in IIW recommendations . 

Compared with the previously established curves, an exponent of m = 8, which is more typical of machined steel behaviour, 

could also have been considered. Since the results obtained for the different thicknesses were statistically equivalent when 

expressed in terms of stress range, they were pooled together. 
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Table 8 : Summary of S–N curves obtained after normalizing the Basquin’s slope exponent 

Steel Grade Guaranteed YS Misalignment Post-weld Treatment m log C FAT 

S355 355 10% None (as-welded) 4 14.357 71 

S355 355 5% None (as-welded) 4 14.411 90 

S460 460 5% Weld toe burr grinding 4 15.197 125 

S355 355 5% Flush grinding 5 18.461 180 

S460 460 5% Flush grinding 5 18.792 225 

S690 690 5% Flush grinding 5 18.792 255 

Note :  

− m = 5 for flush-ground welds and m = 4 for all other configurations; log C corresponds to the mean curve; 

− FAT classes above FAT160 were defined using increments of 12.5%, consistent with the remainder of the FAT scale. 

Using this simplified approach, the following observations can be made: 

− The fatigue behaviour of butt welds left in the as-welded condition corresponds approximately to FAT90 for a 

misalignment of 5%, assuming a slope exponent of m = 4; 

− For larger misalignment levels, the experimental result of FAT71 obtained in the present study is slightly lower than 

the FAT80 class generally associated with misalignments below 10%, even when adopting m = 4; 

− Weld toe burr grinding improves fatigue performance without significantly modifying the slope of the S–N curve. 

The resulting fatigue performance corresponds closely to FAT112, as specified for Detail 211 in IIW 

recommendations; 

− For flush-ground welds, the fatigue strengths obtained are substantially higher than the FAT112 value proposed for 

Detail 211 in IIW recommendations and even exceed the FAT160 level associated with base material performance. 

Fatigue strength increases with material yield strength, from approximately FAT180 for S355 to FAT225 and FAT255 

for S460 and S690, respectively. 

These results clearly demonstrate the importance of weld quality. To improve fatigue performance, particular attention 

must be paid to plate alignment and to imposed quality requirements that exceed those of EN ISO 5817 Quality Level B. This 

observation also differs from the approach adopted by IIW regarding the relationship between ISO 5817 quality criteria and 

fatigue recommendations . 

A second important conclusion is that complete flush grinding allows the mechanical properties of HSS grades to be fully 

exploited. Consequently, plate thickness may be reduced while maintaining equivalent fatigue life. However, this approach 

requires 100% volumetric inspection of the welds to ensure the absence of internal imperfections, since such imperfections 

become the primary fatigue crack initiation sites once weld toe stress concentrations are removed. Further investigation of 

flush-ground welds containing larger porosity levels, while still complying with EN ISO 5817 Quality Level B requirements, 

would therefore be of considerable interest. 

It should also be noted that fatigue performance under real service conditions could be lower than that reported in the 

present study, since spherical grips were used during testing. For actual structures where deformation at the welded joint 

is more constrained, fatigue strength may therefore be reduced. Additional investigations would contribute to a better 

understanding of these effects. 

Finally, Figure 10 provides a schematic representation of the potential increase in fatigue class resulting from post-weld 

improvement methods, allowing comparison with published results on high-frequency mechanical impact treatment (HFMI) 

and TIG remelting. The following observations can be made: 

− For the S460 steel investigated, the fatigue improvement obtained by weld toe burr grinding appears comparable 

to that reported for TIG toe remelting; 
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− Flush grinding provides a fatigue improvement greater than that generally reported for HFMI treatments, in 

agreement with IIW recommendations; 

− Owing to the increased Basquin’s slope exponent (m = 4–5), post-weld treatments become particularly beneficial 

at high number of cycles. 

In conclusion, post-weld improvement techniques, regardless of the specific method employed, make it possible to take 

advantage of the yield strength of the base material. The use of higher-strength steels may therefore enable simultaneous 

reductions in plate thickness and manufacturing costs. This concept has gradually emerged in recent IIW working group 

activities and should ultimately be incorporated into fatigue design codes. It has already been partially introduced in the 

2024 edition of the IIW recommendations for fatigue design of welded joints. 

 

 

Fig. 10 Potential increase in fatigue class achieved through post-weld improvement techniques relative to a FAT90 

butt weld, as a function of base material yield strength. 

 

5. Acknowledgements 

Special thanks to the CETIM working group of the “Fatigue in Welded Joints” cross-functional thematic project for its 

contribution to this study. We would also like to thank Niklas Bauer for overseeing the high-capacity machine tests at the 

Fraunhofer-Institut für Betriebsfestigkeit und Systemzuverlässigkeit LBF in Darmstadt.  

This work was funded from CETIM’s own resources. 

6. Funding information 

This work was funded from CETIM’s own resources. 

7. Declaration of interest 

The authors declare that there are no conflicts of interest. 

 



XIII-3230-2026 - Influence of post-weld improvement on fatigue strength of butt-weld in different steel grades 

 

 

19/19 

8. Author contribution 

L. Jubin : Writing - original Draft, Conceptualization, Formal analysis and investigation 

L. Guilmois : Writing – review & editing, Methodology, investigation, conceptualization, Formal analysis and 

investigation 

I. Huther : Investigation, Formal analysis and investigation, Writing – review & editing 

F. Lefebvre : Project administration, Supervision, Validation, Writing – review & editing 

 

9. References 

 

[1]  NF EN ISO 5817, Soudage - Assemblages en acier, nickel, titane et leurs alliages soudés par fusion 
(soudage par faisceau exclu) - Niveau de qualité par rapport aux défauts, AFNOR, 2023.  

[2]  A. F. Hobbacher et J. Baumgartner, Recommendations for Fatigue Design of Welded Joints and 
Components - Third Edition, I. I. o. Welding, Éd., Genova: Springer, 2024.  

[3]  NF EN 13001-3-1+A2, Appareils de levage à charge suspendue - Conception générale - Partie 3-1 : états 
limites et vérification d'aptitude des charpentes en acier, AFNOR, 2018.  

[4]  NF EN 1993-1-9, «Eurocode 3 : Calcul des structures en acier - Partie 1-9 : Fatigue,» AFNOR, 2005. 

[5]  CODAP - Division 2, «Code de construction des Appareils à Pression non soumis à l'action de la flamme,» 
SNCT, 2010. 

[6]  I. Lillemäe, H. Remes, S. Liinalampi et A. Itävuo, Influence of weld quality on fatigue strength of thin normal 
and high strength butt joint, vol. 60, S. Link, Éd., 2016, pp. 731-740. 

[7]  P. Haagensen et S. Maddox, «IIW Recommendations on Post Weld Improvement of Steel and Aluminium 
Structures,» NTNU / TWI, 2010. 

[8]  F. V. Lawrence et J. Y. Yung, «Analytical and graphical aids for the fatigue design of weldments.,» Fatigue 
& Fracture of Engineering Materials & Structures, vol. 8, n° %13, pp. 223-241, 1985.  

[9]  R. Anthes, V. Köttgen et T. Seeger, «Einfluss der Nahtgeometrie auf di Dauerfestigkeit von Stumpf- und 
Doppel-T-STössen,» Schweissen und Schneiden, vol. 9, pp. 433-436, 4 1994.  

[10]  G. Parmentier, M. Huther, I. Huther et F. Lefebvre, «Best practice guideline for statistical analyses of 
fatigue results,» IIW, 2019. 

[11]  NF EN 17149-3, Applications ferroviaires - Évaluation de la résistance des structures de véhicule 
ferroviaire - Partie 3 : Évaluation de la résistance à la fatigue basée sur la méthode des dommages 
cumulés, AFNOR, 2025.  

[12]  A. Hobbacher et M. Kassner, «On relation between fatigue properties of welded joints - Quality criteria and 
groups in ISO 5817,» Welding in the World, vol. 56, n° %111/12, pp. 153-169, Novembre/décembre 2012.  

[13]  G. B. Marquis, E. Mikkola, H. C. Yildrim et Z. Barsoum, «Fatigue Strength Improvement of Steel Structures 
by HFMI : Proposed Fatigue Assessment Guidelines,» 2013. 

[14]  H. C. Yildirim, «Review of fatigue data for welds improved by tungsten inert gas dressing,» International 
Journal of Fatigue, vol. 79, pp. 36-45, 2015.  

 

 


	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Materials and specimens
	2.2. Measurement of Specimen Geometry
	2.3. Estimation of Stress Concentration Factors
	2.4. Fatigue testing
	3. Results and discussion
	3.1. Weld Toe Geometry Quality
	3.1.1. Combined Effect of Notch Stress Concentration and Misalignment
	3.1.2. Estimation of Stress Concentration Factors by Finite Element Analysis
	3.2. Fatigue Testing
	3.2.1. Establishment of S-N curves
	3.2.2. As-Welded S355, 18 mm Thickness, 5% and 10% Misalignment
	3.2.3. S460 with Weld Toe Burr Grinding, 16 mm Thickness, 5% Misalignment
	3.2.1. Fatigue Behaviour After Flush Grinding
	3.2.2. Influence of Flush Grinding Compared with Weld Toe Burr Grinding for S460
	3.3. Fractographic Analysis
	4. Conclusions
	5. Acknowledgements
	Special thanks to the CETIM working group of the “Fatigue in Welded Joints” cross-functional thematic project for its contribution to this study. We would also like to thank Niklas Bauer for overseeing the high-capacity machine tests at the Fraunhofer...
	6. Funding information
	7. Declaration of interest
	8. Author contribution
	9. References


    𝑲  𝒕 =     𝝈  𝑬 𝑭    𝝈  𝒏 𝒐 𝒎


  𝑵 =   𝐥 𝐨 𝐠 ⁡  ( 𝑪 ) − 𝒎 . 𝐥 𝐨 𝐠 ⁡ ( ∆ 𝝈 )


    𝜎  E F


    𝜎  n o m


    𝝈  𝒏 𝒐 𝒎 =   𝑭  𝑺


  F


  S


    K  t = 1 + 0 , 27 ∙   t a n  ( 𝜋 − 𝜃 )   1 4 ∙    (   t  𝜌 )   1 2


    K  t = 1 + 0 , 7 , 28 ∙   s i n  ( 𝜋 − 𝜃 )  0 , 932 ∙    (   t  𝜌 )  0 . 382


  1 +  ( k m − 1 ) +  ( k t − 1 )

