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PREFACE  

 
  

 
An ECCS webinar was held on 4 November 2025 and gives the basis for this eBook 
that focuses on the on toughness and steel grade selection in prEN1993-1-10, that is 
included now in the 2nd generation of Eurocodes and explain the TTV tool, that can be 
for this application used. It also explains the basis of the HFMI (High Frequency 
Mechanical Impact) treatment, describe the advantages and possibilities of this 
method and give a practical example of the structural analysis of the bridge, designed 
with this method and related savings. Also, the quality control methods for the HFMI 
are described and explained. 
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EN 1993-1-10:2005

Background of the verification method 

against brittle fracture

& Concept of TTV Tool
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Brittle fracture – Discovering the phenomena

1919-1945: Sudden structural failures engaged by crack formation in different steel structures

Pont Hasselt, Belgium, 1938 Liberty ships, US, 1941-45 Molasse tank, Boston, US, 1919
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Toughness – The key property to avoid 

brittle fracture
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Linear elastic fracture mechanics (LEFM)

Verification according to LEFM:

 K*
appl,d ≤ Kmat,d (TEd)  

  K*
appl,d  Stress intensity factor, mode I  [MPam1/2]

  Kmat,d (TEd) Fracture toughness    [MPam1/2]
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Linear elastic fracture mechanics (LEFM)

Verification according to LEFM:

 K*
appl,d ≤ Kmat,d (TEd) 

Stress intensity factor K*
appl,d : 

 

 

K*
appl,d = 

𝜎ಶ೏∙ ഏೌ೏∙ೊ∙ಾ಼௞ೃ6−ఘ
σEd  Nominal design stress in the member      [MPa]

ad  Design size of the crack         [mm]

Y  Correction function for crack shape and position    [-]

MK  Correction function for structural detail      [-]

kR6  Plasticity correction factor         [-]

ρ  Factor for local residual stresses       [-]
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Linear elastic fracture mechanics (LEFM)

Verification according to LEFM:

 K*
appl,d ≤ Kmat,d (TEd) 

Fracture toughness Kmat,d (TEd) : 

 

 

• Material property

• Temperature dependent

• Determination by tests      

Practical verification method is required
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Towards a temperature-based verification

1. Step: Master-Curve approach from Wallin

• Shape of the fracture toughness transition curve practically independent from material and yield strength

• Description as a function of temperature, specimen thickness and fracture probability

• Fracture probability of 50% -> mean value approach

TEd  Test temperature [°ܥ]

TK100 Test temperature at which the measured fracture toughness 

  is 100 MPam1/2 [°ܥ]

ΔTR  Additive safety element [°ܥ]

25௕೐೑೑
1/4

 Effect of the crack front on the failure probability [°ܥ]

ெ௔௧ܭ ாܶௗ = 20 + [70 ݌ݔ݁ ாܶௗ − ௄ܶ100 + ∆ ோܶ52 + 10] ∙ 25ܾ௘௙௙
1/4
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Towards a temperature-based verification

2. Step: Correlation of Sanz

• Correlation between TK100 and T27J 

TK100 = T27J – 18°C

σ = 13°C

20 + [70 ݌ݔ݁ ாܶௗ − ௄ܶ100 + ∆ ோܶ52 + 10] ∙ 25ܾ௘௙௙
1/4

20 + [70 ݌ݔ݁ ாܶௗ − 2ܶ7௃ + ܥ18° + ∆ ோܶ52 + 10] ∙ 25ܾ௘௙௙
1/4
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Towards a temperature-based verification

3. Step: Expression in terms of temperatures

K*
appl,d ≤ Kmat,d (TEd) 

K*
appl,d = 

𝜎ಶ೏∙ ഏೌ೏∙ೊ∙ಾ಼௞ೃ6−ఘ  ≤ 20 + [70 ݌ݔ݁ ்ಶ೏−்27಻+18°஼+∆்ೃ52 + 10] ∙ 25௕೐೑೑
1/4

 

ாܶௗ − 52 ∙ ݈݊ ∗௔௣௣௟,ௗܭ − 20 ∙ ܾ௘௙௙25 0,25 − 1070  + ∆ ோܶ  ≥  2ܶ7௃ ܥ18°−
∆ 𝜎ܶ: 

function of the detail geometry 

and 

crack shape 

∆ ோܶ: 

Additive safety 

element
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Towards a temperature-based verification

4. Step: Definition of a standard detail and crack shape

• Worst detail from EN 1993-1-9 and crack shape with regards to stress intensity factor K*
appl,d

• Detail 1 in Table 4.1 in EN1993-1-9, Detail category 56
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Towards a temperature-based verification

4. Step: Definition of a standard detail and crack shape

• Standardization of the geometry and crack shape and size

L/t = 8,20

T/t = 0,15

B/t = 7,50

Θ = 45°

a0/c0 = 0,40ܽ0 = 0,5 ∙ ln 1 + 0ݐݐ  , ݐ < 15 ݉݉, 0ݐ = 1 ݉݉ܽ0 = 0,5 ∙ ln 0ݐݐ , t ≥ 15 ݉݉, 0ݐ = 1 ݉݉
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Towards a temperature-based verification

4. Step: Definition of a standard detail and crack shape

Mk

• Determination of K*
appl,d = 

𝜎ಶ೏∙ ഏೌ೏∙ೊ∙ಾ಼௞ೃ6−ఘ∆ 𝜎ܶ =  52 ∙ ݈݊ ∗௔௣௣௟,ௗܭ − 20 ∙ ܾ௘௙௙25 0,25 − 1070 with
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Towards a temperature-based verification

4. Step: Definition of a standard detail and crack shape

• Determination of K*
appl,d = 

𝜎ಶ೏∙ ഏೌ೏∙ೊ∙ಾ಼௞ೃ6−ఘ∆ 𝜎ܶ =  52 ∙ ݈݊ ∗௔௣௣௟,ௗܭ − 20 ∙ ܾ௘௙௙25 0,25 − 1070 with

Remote restraints
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Towards a temperature-based verification

4. Step: Definition of a standard detail and crack shape

• Consideration of the crack growing due to fatigue by Paris-Erdogan law:

ai/ci = 0,40

݀ܽ݀ܰ ≈ ∆ܽ∆ܰ = ܥ ∙ ௠ܭ∆
∆ܽ௜ = ܥ ∙ ௜௠ܭ∆ ∙ ∆ܰ

ܽௗ =  ܽ0 + ෍ ܽ௜

=௜ܭ∆ ߪ∆  ∙ ߨ ∙ ܽ௜ ∙ ௜ܻ ∙ ௄,௜withܯ

ܥ = 1,8 ∙ 10−13݉ = 3,0 For ferritic/pearlitic steels

ߪ∆ = ܰ∆ܽܲܯ 56 = 500.000
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Towards a temperature-based verification

5. Step: Global Safety level

1. Nominal values from product standards (EN 10025):

 ΔTR = + 7 K

2. Measured values from proper test campaign:

 ΔTR = - 38 K

• Effect from residual stresses from welding included in

 ΔTR

• Statistical evaluation of large-scale tests to determine ΔTR:
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Towards a temperature-based verification

6. Step: Verification in the temperature domain

ாܶௗ − 52 ∙ ݈݊ ∗௔௣௣௟,ௗܭ − 20 ∙ ܾ௘௙௙25 0,25 − 1070  + ∆ ோܶ  ≥  2ܶ7௃ ܥ18°−
௠ܶௗ + ௥ܶ + ∆ 𝜎ܶ + ∆ ோܶ  ≥  2ܶ7௃ ܥ18°−
௠ܶௗ + ௥ܶ + ∆ 𝜎ܶ + ∆ ோܶ + ∆ܶ ሶఌ + ∆ ఌܶ௖௙ ≥  2ܶ7௃ ܥ18°− + ∆ ௧ܶ∆ܶ ሶఌ   adjustment for strain rates other than 4*10-4/sec, EN 1993-1-10, 2.3, (2.3)∆ ఌܶ௖௙ adjustment for cold forming, EN 1993-1-10, 2.3, (2.4), ∆ ఌܶ௖௙  = 0 K if DCF ≤ 2 %∆ ௧ܶ  adjustment for thick plates

ாܶௗ ≥ ோܶௗ
ܶ݉݀ lowest air temperature (see EN 1991-1-5)Δܶݎ radiation losses (−5°ܥ)
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Towards a temperature-based verification

Adjustment for thick plates ∆ ௧ܶ  

Applies if crack tip is located in core area
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EN 1993-1-10: Clause 2.3 & Table 2.1

TEd,σEd, fy (t), CVN

t  ≤ tmax

Table 2.1

Interpolation but 

no

extrapolation

tmax



Use of TTV - Thickness Toughness Validator

A free application for toughness requirements checks according to Eurocode



• Is a tool developed by ArcelorMittal, Steligence Engineering

• It allows to perform toughness checks acc. EN 1993-1-10

• It is available for free online 

Use of TTV (Thickness Toughness Validator) tool

Introduction



Use of TTV (Thickness Toughness Validator) tool

Scope and limitations of TTV 

▪ Know scopes and limits of software and applications

▪ Know what the software does (implementations + 

background)

INPUT

OUTPUT



What it is conceived for

▪ More advanced toughness checks compared to the “table” method

▪ Requires input which must be mastered by the structural engineer user

▪ Use well-established analytical formulas framed by the BGD of Eurocode

▪ New constructions designed according Eurocode

What it doesn't do

▪ Steel grades not covered by the design standards 

▪ Execution imperfections or cracks

▪ Existing old structures where other safety factors may apply

Other advanced methods are possible and may deliver more refined results (e.g. 

numerical simulations with explicit crack propagation in non-linear fracture mechanics)

INPUT

OUTPUT

Use of TTV (Thickness Toughness Validator) tool

Scope and limitations of TTV 



Use of TTV (Thickness Toughness Validator) tool

Technical background and references



1. Go to: 

constructalia.arcelormittal.com/en/tools/software

2. Download the folder

3. Un-zip the folder

4. In the un-zipped folder you will find the 

.exe file

Use of TTV (Thickness Toughness Validator) tool

Download and first use



5. Double click

6. Wait 20 seconds

7. Start window pops up

Use of TTV (Thickness Toughness Validator) tool

Download and first use

A red and white sign

Description automatically generated

file:///C:/Users/PROFICFR/OneDrive - ArcelorMittal/0_Admin and Reporting/_7 Internal software/TTV_Thickness Toughness Validator/1_Last internal version


Use of TTV (Thickness Toughness Validator) tool

User guide

In this file you will find

▪ How to install

▪ First use

▪ Quick technical background

▪ Some examples of calculation and 

validation



STANDARD

Clause 2.3, EN1993-1-10

ADVANCED

Clause 2.4, EN1993-1-10

Use of TTV (Thickness Toughness Validator) tool

Modules



Use of TTV (Thickness Toughness Validator) tool

Report printing



Context

• longitudinal butt-weld detail (tf=60mm). The 

steel grade is S355J2.

• The stress level in the frequent design 

combination ( EN 1993-1-10, 2.2(4), with 

temperature as leading action) is 0,63 fy.ߪΔ் = ீߪܽܲܯ 50 = ொߪ ,ܽܲܯ 85 = 1߰ ,ܽܲܯ 100 = 0,80
• The minimum air temperature is ௠ܶௗ =− ܥ° 25
 ( ாܶௗ = ௠ܶௗ − ܥ5° =     (ܥ30°−

• Cold forming can be neglected.

Use of TTV (Thickness Toughness Validator) tool

Example 1: butt weld joint – Clause 2.3



ݐ = 60݉݉ ≤ ௠௔௫ݐ = 52݉݉ → not verified                   ࢋ࢙࢒ࢇࡲ

Use of TTV (Thickness Toughness Validator) tool

Example 1: butt weld joint – Clause 2.3



Use of TTV (Thickness Toughness Validator) tool

Example 1: butt weld joint – Clause 2.3



Results for changing to S355K2: the toughness check for the detail is satisfied 

with both procedures with a difference in tmax of 4mm, likely due to linear 

interpolation and 5mm rounding of the EN 1993-1-10 table.

Use of TTV (Thickness Toughness Validator) tool

Example 1: butt weld joint – Clause 2.3



Context: a stiffener plate is welded on the side 

of a bridge girder (tf=65mm, tstiff=15mm, b=300 

mm). The steel grade is S460J0.

The stress level in the frequent design 

combination (EN 1993-1-10, 2.2(4), with 

temperature as leading action) is 0,656 fyߪΔ் = ீߪܽܲܯ 50 = ொߪ ,ܽܲܯ 185 = 1߰ ,ܽܲܯ 70 = 0,80
The minimum air temperature is ௠ܶௗ = ܥ° 35−
Cold forming can be neglected.

Every 25 years an inspection is foreseen to 

detect eventual cracks.

The stress range is Δߪ = ܽܲܯ56

Use of TTV (Thickness Toughness Validator) tool

Example 2: transverse stiffener – Clause 2.4



Can change to S460J2 help?

Use of TTV (Thickness Toughness Validator) tool

Example 2: transverse stiffener – Clause 2.4



ADVANCED, 

S460J2

Use of TTV (Thickness Toughness Validator) tool

Example 2: transverse stiffener – Clause 2.4
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S460J0

• S460J0         ݐ = 65݉݉ ≤ ௠௔௫ݐ = 21݉݉ →  not verified                   ݁ݏ݈ܽܨ

• S460J2         ݐ = 65݉݉ ≤ ௠௔௫ݐ = 33݉݉ → not verified                   ݁ݏ݈ܽܨ

Application of Clause 2.3, EN 1993-1-10 as comparison

S460J2

With TTV 

(STANDARD 

module) tmax=21mm

With TTV 

(STANDARD 

module) tmax=31mm

Use of TTV (Thickness Toughness Validator) tool

Example 2: transverse stiffener – Clause 2.4
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APPENDICE SLIDES



Source: Section 2.4.2 - COMMENTARY AND WORKED EXAMPLES to EN 1993-1- 0 “M t  i   t ugh  ss     th  ugh thick  ss 
      ti s“      th   t ugh  ss   i  t    u  s i   N  99  - G. Sedlacek, M. Feldmann, B. Küh , D. Tschickardt, S. Höh   , C. 

Mü      W. Hensen, N. St   ghö     W. Dahl, P. Langenberg, S. Mü st      , J. Brozetti, J. Raoul, R. Pope, F. Bijlaard

Welded splice on hanger

Context: in an arch bridge the central hangers have a welded splice in the middle. 

The hangers are Φ220mm rods in S420NL. The section in front of the splice 

constitutes one of the critical sections that needs to be checked.

Use of TTV (Thickness Toughness Validator) tool

Example 3: butt weld on hanger – Clause 2.4



The section is modelled via an equivalent square section 220x220 

mm and a single edge crack is considered with depth 6mm.

The fy(t) value is according to EN 10025-3

The stress level in the frequent design combination (EN 1993-1-10, 

2.2(4), with temperature as leading action) is 0,55 fyߪΔ் = ܥ22° × 1,2 ⋅ 1−ܥ10−5° × ܽܲܯ210000 = ீߪEstimated         ܽܲܯ 55,5 = ொߪ ,ܽܲܯ 75 = 1߰ ,ܽܲܯ 57 = 0,80
The minimum air temperature is ௠ܶௗ = ܥ° 25−
No cold forming is present.

Use of TTV (Thickness Toughness Validator) tool

Example 3: butt weld on hanger – Clause 2.4



Use of TTV (Thickness Toughness Validator) tool

Example 3: butt weld on hanger – Clause 2.4



Strengthening plate at 

bottom flange

Context: a strengthening plate is welded on 

the bottom flange of a box girder out of HL 

1100 M profiles in S460M. (tf=40mm, 

tp=20mm, btot=400 mm)

The fy(t) value is according to EN 10025-4

The stress level in the frequent design 

combination (with temperature as leading 

action is 0,284 fyߪΔ் = ீߪܽܲܯ 45 = ொߪ ,ܽܲܯ 40 = 1߰ ,ܽܲܯ 50 = 0,80
The minimum air temperature is ௠ܶௗ =− ܥ° 35
Every 25 years an inspection is foreseen to 

detect eventual cracks.

The stress range is Δߪ = .ܽܲܯ50

Use of TTV (Thickness Toughness Validator) tool

Example 4: plate on bottom flange – Clause 2.4



Use of TTV (Thickness Toughness Validator) tool

Example 4: plate on bottom flange – Clause 2.4



ݐ = 40݉݉ ≤ ௠௔௫ݐ = 90݉݉ → verified                   ݁ݑݎܶ

Application of Clause 2.3, EN 1993-1-10 as comparison

With TTV (STANDARD module) → tmax=87mm

Use of TTV (Thickness Toughness Validator) tool

Example 4: plate on bottom flange – Clause 2.4



 

2. FATIGUE LIFE IMPROVEMENT OF WELDED BRIDGE 
DETAILS USING HIGH FREQUENCY MECHANICAL IMPACT 
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UNIVERSITY OF TECHNOLOGY) 

  



Fatigue life improvement of welded bridge details 

using High Frequency Mechanical Impact treatment

Mohammad Al-Emrani, Chalmers University of Technology       2025-11-04

mohammad.al-emrani@chalmers.se



2025-11-04 2

• What is HFMI and how it works

• Implications on design procedure and fatigue verification

• Design rules in prEN 1993-1-9 (Annex F)

• Potential weight and cost saving employing HFMI – a case study

• Design example

Agenda



Welded details
Two serious implications of welding

• ”No” crack initiation phase
• Substantially reduced fat. strength

• Weld defects (e.g. undercut)

• Residual stresses

• Fatigue strength (practically) independent on:

- Steel strength

- Mean stress



2025-11-04 4

Post-weld treatment
High Frequency Mechanical Impact treatment (HFMI)
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Post-weld treatment
High Frequency Mechanical Impact treatment (HFMI)

Reduced stress 
concentration

Local 
compressive 
residual stress

Increased 
hardness

Cold-working of the material at weld toe gives ..
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[1]

HFMI treatment – Increase fatigue strength

“Restore” the fatigue strength of the steel metal

Considerable part of the fatigue life is crack initiation

 → higher fatigue strength  

      & shallower slope of the S-N curve

0
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→ Restore the fatigue strength 

dependency on material strength.

(HSS will have higher fatigue strength)

HFMI treatment – Increase fatigue strength

Particularities: fy dependency 1
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HFMI treatment – Increase fatigue strength, but

Particularities: Fatigue strength dependency on the R-ratio (mean stress)

Load cycles with high R-ratio 
(mean stress) are more damaging!

2
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HFMI treatment - Increase fatigue strength, but

Particularities: Limitations on Max./Min. allowable stress

Compressive overloads are particularly harmful

An ”overload” that is high enough to cause 
relaxation of these residual stresses would 

reduce the efficiency of HFMI
HFMI-treated

As welded

E
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Compressive  overload RS1
RS2
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3
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Design of HFMI-treated welds
Rules in Annex F of prEN 1993-1-9

Other design recommendations:

Gary B. Marquis and Zuheir Barsoum (2016): IIW Recommendations for the HFMI Treatment for Improving the Fatigue 

Strength of Welded Joints. IIW collection, Springer. 

1 2 3𝚫ો۱,۶۴۷ۻ = (࢟ࢌ)ࢌ ΔσEd = (ࡾ)ࢌ ΔσEd ≤ 𝚫ો0܍ܔ܊܉ܟܗܔܔ܉
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Design of HFMI-treated welds
(the upcoming Annex F of EN 1993-1-9)

ΔσD 

Δσ D,HFMI 
ΔσC 

Δσ C,HFMI 

ΔσS 

Benificial effect of HFMINo benifit

2x10
6

5x10
6Nmin,HFMI N

Δσ

As-welded

HFMI-treated

10
8

0
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Design of HFMI-treated welds
(the upcoming Annex F of EN 1993-1-9)

Fatigue strength & covered details𝚫ો۱,۶۴܎܍ܚ,۷ۻ ܡ܎) = ૜૞૞ ࡾ & ࢇࡼࡹ = ૙. ૚)
0
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𝚫ો۱,۶۴۷ۻ = ૛ࢌ૚ࢌ 𝚫ો۱,۶۴܎܍ܚ,۷ۻ
Modification of Fatigue strength – Derived from extensive fatigue testing

Design of HFMI-treated welds
(the upcoming Annex F of EN 1993-1-9)

1݂ = 1 + 0.1 ௬݂ − 355ΔσC,HFMI,refCorrection for ࢟ࢌ 0.6
0.7
0.8
0.9

1
1.1
1.2
1.3
1.4

200 400 600 800

f1

fy

1݂

2݂ = 10.5ோ2+0.95ோ+0,9       if 0.1 < R < 1.0, otherwise, 2݂ = 1.0

Correction for ࡾ − ࢕࢏࢚ࢇ࢘
0

0.2

0.4

0.6

0.8

1

1.2

-1 -0.5 0 0.5 1

f2

R

2݂[CAFL]2

1



Limits for permissible (nominal) stresses

Design of HFMI-treated welds
(the upcoming Annex F of EN 1993-1-9)

Based on extensive experimental work and numerical analysis
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Design of HFMI-treated welds in bridges

Two main questions remain:

• What R-ratios are generated by “Real” traffic load (and permanent loads) on bridges?

• What load combination should be used to check max. permissible stresses? 
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Measured traffic loads

    873,000 lorries in Sweden

    446,000 lorries in the Netherlands

Simulations on bridges with different spans and influence lines

Derivation of 
“correction” factors

Design of HFMI-treated welds
Derivation of R-Ratio effect for railway and road traffic

Correlation to fatigue load models

ࡵࡹࡲࡴࣅ
Use the characteristic load combination
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Design of HFMI-treated welds
Fatigue verification method – Road bridges

૚ࢌ௘,2,ுிெூ,ாௗߪ߂ × ߂ Τߪ஼,ுிெூ,௥௘௙ ெ௙ߛ < 1.0
௘,2,ுிெூ,ாௗߪ߂ = ࡵࡹࡲࡴࣅ4ߣ3ߣ2ߣ1ߣ  ΔσEd 

Reference fatigue strength 

modified wrt fy

Damage equivalent factor 

to account for mean stress 

effect (R)
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For road bridges ߣுிெூ = 2.38ః+0.64ః+0.66  ≥ 1.0         Midspanߣுிெூ = 2.38ః+0.06ః+0.40   ≥ 1.0         Mid-support

Φ = ఙ೛೐ೝ೘2×∆ఙ೛
.௣௘௥௠ is the stress from permanent loadsߪ .௣  is the stress range generated by the passage of FLM3ߪ∆

Design of HFMI-treated welds
Fatigue verification method – Road bridges

OBS! If HFMI-treatment is performed on-site (after bridge erection) ߣுிெூ can be obtained from Φ = 0, i.e. 
no mean stress effect.

ࣅ ࡵࡹࡲࡴ
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For railway bridges 

ுிெூߣ = 2.38ః+1.18ః+1.07  ≥ 1.0          Midspan    ߣுிெூ = 2.56ః+1.12ః+1.61   ≥ 1.0         Mid-support   

 Φ = ఙ೛೐ೝ೘0.73×∆ఙಽಾ71   (with FLM71)

 Φ = ఙ೛೐ೝ೘0.90×∆ఙ೘ೌೣ   (with train mixes)

OBS! If HFMI-treatment is performed on-site (after bridge erection) ߣுிெூ can be obtained from Φ = 0, i.e. 
no mean stress effect.

Design of HFMI-treated welds
Fatigue verification method – Railway bridges

ࣅ ࡵࡹࡲࡴ
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4 x 8 000 = 32 000

8 500 8 50015 000

3 000

5 000

2,5%2,5%

The average weight of the lorry for 

regional traffic is assumed to QM1 = 310 

kN. The reference value Q0 is equal to 

480 kN

Design example – Road bridge

HFMI performed in workshop
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1) Find ݐ ݎ݋݂ ࢌࢋ࢘,ࡵࡹࡲࡴ,࡯࣌ࢤℎ݁ ݃ݕ݂) ݈݅ܽݐ݁݀ ݃݊݅݊ݎ݁ݒ݋ = ܴ ℎܿ݋ 355 = 0.1)
Design example – Road bridge
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2) Construct the S-N curve

ΔσD 

Δσ D,HFMI 
ΔσC 

Δσ C,HFMI 

ΔσS 

Benificial effect of HFMINo benifit

2x10
6

5x10
6Nmin,HFMI N

Δσ

As-welded

HFMI-treated

10
8

૚ࢌ = 1 + 0.1 fy − 355ΔσC,HFMI,ref = 1 + 0.1 690 − 355140 = 1,24 
OBS! 1,24 x 140 = 174 MPa → Less than the fatigue strength of the base metal (DC180)

3) Correction for fy
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Mmax (FLM3)= 2976 kNm 
120 kN

120 kN120 kN

2,0 m

2/Q 2/Q

=Q

1,2 m 6,0 m 1,2 m

120 kN ΔσEd = ΔσP = 82.7 MPa

(I) Fatigue verification with FLM3 
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Δσe,2,HFMI,Ed܎૚ × Δ ΤσC,HFMI,ref ߛெ௙ < 1 Δσ e,2,HFMI,Ed = ߣ × ி௙ߛுிெூ ΔσEߣ

ுிெூߣ = 2.38ః+0.64ః+0,66 = 2.38. 1202×82.7 +0.641202×82.7 +0.66 = 1,71   

Φ = ఙ೛೐ೝ೘2×∆ఙ೛ = 1202×82.7=0,73

(I) Fatigue verification with FLM3 

1,24 
with

0,907 82.7 MPa

Δσ e,2,HFMI,Ed = 0.907 × 1.71 × 82.7 × 1.0 = 128 MPa128 Τ1,24 x 140 1.35 = ૙. ૢૢ < 1.0Verification:
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Verification of permissible stresses

ܹܵ + 0 ݎ݋ 1 × ܵ + ܶܵ + + ܮܦܷ 0.6 × max ,௪ܨ ௞ܶ = ܽܲܯ 300 = 0.45 ௬݂
Characteristic load combination
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ΔσD 

Δσ D,HFMI 
ΔσC 

Δσ C,HFMI 

ΔσS 

Benificial effect of HFMINo benifit

2x10
6

5x10
6Nmin,HFMI N

Δσ

As-welded

HFMI-treated

10
8Δσವ,HFMI,ref γMf = 86 MPaΔσಽ,HFMI,ref γMf = 62 MPa

slope 9

(II) Fatigue verification with FLM4

(Local traffic) 
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σeq = 9 σೕ=14 (௡ೕ×∆ఙೕ9) ఀ௡ೕ = 9 (2500 ×639+2500×859+2500×669+2500×749) 50,000 =  ܽܲܯ 63.5
௘ܰ௤ = 5.106 1݂ . ߂ Τߪ஽,ுிெூ.௥௘௙ ߛெ௙ߣுிெூ. .௘௤ߪ߂ ி௙ߛ

௠2 =  5.106 1.24 ×  116.61.35 1.71 × 63.5 × 1.0 9 =  4.4 × ݏ݈݁ܿݕܿ 106
ܦ = ݊ாܰொ௏ = 50,000 × 804.4 × 106 = ૙. ૢ
Compare to 0.99 with the simplified ߣ − method  

(II) Fatigue verification with FLM4



Potential weight and cost saving employing HFMI

Case-study bridge (COWI)
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Utilization ratios with increased material strength and HFMI
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Potential 

saving
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Potential weight and cost saving employing HFMI

Case-study bridge (COWI)
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150
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355 460+HFM 690+HFM

Weight [ton]

-44%
-51%

0

0.5

1

1.5

2

2.5

355 460+HFM 690+HFM

Cost [MSEK] 

-35%

-1%

Re-designed bridge sections Re-designed bridge sections

Material Unit price

S355 1.000

S460 1.083

S690 1.924

Potential weight and cost saving employing HFMI

Case-study bridge (COWI)
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Thank you for your attention
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HFMI for Fatigue Life Extension: Guidelines, Digital
QA, and Bridge Applications

Professor Zuheir Barsoum

Prof. Zuheir Barsoum |  zuheir@kth.se

EUROPEAN CONVENTION FOR CONSTRUCTIONAL STEELWORK
Bridge Committee

ECCS Webinar 4.11.2025

KTH Royal Institute of Technology, Stockholm, Sweden



Research in collaboration with

Prof. Zuheir Barsoum |  zuheir@kth.se 2ECCS Webinar 4.11.2025
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Fatigue Life Enhancement of Welded Structures 

Marquis & Barsoum, Springer (2016)

ECCS Webinar 4.11.2025
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High Frequency Mechanical Impact (HFMI)

Principle of the HFMI treatment

Typical weld toe profile in the as-welded condition and following HFMI treatment

ECCS Webinar 4.11.2025
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HFMI Fatigue Strength Improvement

Some of Assumptions:

• The improvement method  is applied to the weld toe

• The fatigue strength (HFMI improved) is based on an S-N slope of m = 5 defined 
at N = 2⋅106 cycles

Examples of joints suitable for HFMI improvement Examples of joints  NOT suitable for HFMI improvement

ECCS Webinar 4.11.2025
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HFMI Fatigue Strength Improvement

One fatigue class increase in strength (about 12.5%) for 
every 200 MPa increase in static yield strength is shown to 
be conservative with respect to available data.
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IIW guideline for needle or hammer peening, m=3

Proposal for HFMI treated welds, m=5

Marquis & Barsoum, Springer (2016)

fy = 350 MPa
As-welded: FAT 71 (m=3)  

HFMI: FAT 112 (m=5)  

fy = 960 MPa
As-welded: FAT 71 (m=3)  

HFMI: FAT 180 (m=5)  

ECCS Webinar 4.11.2025
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HFMI Treatment – challenges and opportunities

• How robust is the HFMI treatment?

• Is the improvement guaranteed, regardless of the weld quality (ISO 5817) 
prior the treatment?

• Are the induced compressive residual stresses stable during cyclic 
loading?

• How does the IIW HFMI recommendations apply for life extension of 
existing structures?

•  How can we, fast and accurately, quality inspect HFMI treatments?

ECCS Webinar 4.11.2025
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HFMI
Stability of compressive residual stress during cyclic loading

Leitner et al, Journal of Engineering Structures (2017) 

Experimental model for S355/S960

Numerical/FEM model for 
S355/S960

Analytical model for S355/S960

ECCS Webinar 4.11.2025
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HFMI Robustness of the treatment

Background

• IIW HFMI recommendations prior 
treatment: ISO5817-B

• What happens with the fatigue 
performance when HFMI treatment is 
performed on welds which do not 
fulfill the ISO 5817-B?

• As welded quality B (ISO 5817)

• As welded quality D (ISO 5817)

• HFMI treated

Aldén et al Welding in the World (2020)

ISO 5817 - B

ISO 5817 - D

ECCS Webinar 4.11.2025
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HFMI Robustness of the treatment

Aldén et al Welding in the World (2020)

ISO 5817 - B

ISO 5817 - D

• HFMI FAT 160 , m = 5 (SY = 700 MPa)

• As-welded FAT 80, m = 3

• The fatigue test results, HFMI, are in
good agreement with the
recommendations

• HFMI treatment could be done on As-
welded joints with quality D and still
have the same benefits as
recommended by IIW

ECCS Webinar 4.11.2025
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HFMI as a technique for Life extension of infrastructures 

ISO 5817 - BISO 5817 - D

• Dramatical increase in the number of 
aged steel bridge is a societal challenge 
worldwide.

• Aged steel bridges has often fatigue 

damages.

• Utilization of high-frequency 

mechanical impact (HFMI) in fatigue-
damaged steel bridges.

• However, effect of HFMI treatment is 

sensitive to defect

Typical fatigue critical structural details

ECCS Webinar 4.11.2025
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Rehabilitation by HFMI of pre-fatigued welded structures

ISO 5817 - D

Leitner et al Welding in the World (2016)

At which crack sizes is HFMI effective for life extension?

Strain gauge measurements

Surface crack detection

Pre-fatigued (crack depth of a∼1 mm)

a conservative maximum crack depth of amax = 0.5 mm can be 

recommended leading to an extension by the HFMI 

rehabilitation.

ECCS Webinar 4.11.2025
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Defect tolerance of HFMI life extended welds in bridge application
ISO 5817 - B

Banno et al Welding in the World (2023)

Fatigue cracks less than 1.5 mm in depth, HFMI could be applicable 

for an effective life extension, which also was experimentally 

demonstrated by the study

ECCS Webinar 4.11.2025
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LifeExt Implementation – Prolonged life for existing steel bridges 
ISO 5817 - B

ISO 5817 - D

• Life extension of welded details in a Bridge in 
Sweden, STÖDE. 

• Cracks detection using UT- TOFD (Time of 
Flight Diffraction Technique)

• HFMI treatment of critical details

• Weld quality control using Winteria® system
• Prior and post HFMI

ECCS Webinar 4.11.2025
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LifeExt Implementation – Prolonged life for existing steel bridges 
ISO 5817 - B

ISO 5817 - D

• Estimation of crack depth – width/depth ratio – prior 
and after Life extension with HFMI

Example:
• Multiple positions with crack like indications, 

Possible crack – Depth 2.9 mm, width 15 mm

ECCS Webinar 4.11.2025
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LifeExt Implementation – Prolonged life for existing steel bridges 
ISO 5817 - B

ISO 5817 - D

• Life extension of welded 
details in a Bridge in 
Sweden, STÖDE.

• UT-TOFT Defect 
detection

• Winteria® weld quality 
inspection

• HFMI treatment

• Winteria® Post Weld 
Treatment quality 
inspection 

ECCS Webinar 4.11.2025
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Problems with manual weld quality inspection

Stenberg et al, Welding in the World (2017)

• Poor accuracy
• No data recording
• Slow process
• Repitative work
• Prone to human error

60 % variation

ECCS Webinar 4.11.2025



Prof. Zuheir Barsoum |  zuheir@kth.se 18

Digitized Quality Assurance of Welded Structures

18

Winteria® solves the problem of automating digital weld inspection

ECCS Webinar 4.11.2025
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Digitized Quality Assurance of Welded Structures

Winteria® solves the problem of automating digital weld inspection

Robot installation

ECCS Webinar 4.11.2025



Prof. Zuheir Barsoum |  zuheir@kth.se 20

Digitized Quality Assurance of Welded Structures

Winteria® solves the problem of automating digital weld inspection

Winteria® FLEXTM

Mobility

Flexible and Easy to Use

ECCS Webinar 4.11.2025
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Outlook (1)

• HFMI have proven to be a robust post weld treament technique for both
new structures and as life extension technique.

• The HFMI recommendations are incorporated in the general IIW
recommendations and in EN 1993-3 (Eurocode 3).

• Digitized quality inspection (Winteria®) prior and after post weld treatment 
have proven to be a very effective tool, both robotized and handheld 
(FLEXTM).

• IIW HFMI recommendations updated and will be published in 2026.

ECCS Webinar 4.11.2025
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Outlook (2)

Recent Developments in HFMI Treatment Guidelines (Springer 2026), 2nd Edition 

• Expanded material scope (yield strengths up to 1300 MPa, compared to 960 MPa in the previous 

edition)

• Relaxed weld geometry requirements (weld profiles prior to HFMI treatment, ISO 5817 Quality Level B, 

have been eased)

• Introduction of numerical fatigue strength modification factors

• Updated thickness correction factors

• Refined S–N curve descriptions

• Inclusion of guidelines for retrofitting pre-fatigued structures

• Standardized verification methodology for HFMI devices

• Updated recommendations for corrosive environments.

ECCS Webinar 4.11.2025
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Winteria fish

Prof. Zuheir Barsoum |  zuheir@kth.se ECCS Webinar 4.11.2025
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Agenda

Webinar 4th November 2025 

1. Initial Situation

2. Revision Process and Stakeholders

3. Key Innovations

4. Outlook
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1. Initial Situation

see also Sedlacek, G. et al.: 
https://publications.jrc.ec.europa.eu/repository/handle/JRC47278  

Webinar 4th November 2025 

https://publications.jrc.ec.europa.eu/repository/handle/JRC47278
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1. Initial Situation  2.   3.   4. 

• In Germany and other European 

countries valid since 2012

• Mostly positive experiences in the past 

13 years all over Europe

• Further applications also outside 

Europe (e.g. similar design rules in 

Australia / New Zeeland and 1st 

considerations in Canada)

Webinar 4th November 2025 
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Fracture mechanics approach on temperature basis

𝑇ாௗ = 𝑇௠ௗ௥ + ∆𝑇ఙ + ∆𝑇ோ + ∆𝑇 ሶఌ + ∆𝑇ఌ௖௙

1. Initial Situation  2.   3.   4. 

Reference temperature TEd also 
used as main input parameter for 

the simplified design approach 
using tabulated values.

Webinar 4th November 2025 
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Simplified design approach (in general)

1. Initial Situation  2.   3.   4. 

Webinar 4th November 2025 
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2. Revision Process and Stakeholders

Webinar 4th November 2025 
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1.   2. Revision and Stakeholders 3.   4. 

Webinar 4th November 2025 
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DoP = Date of publication
DoW = Date of withdrawal

1.   2. Revision and Stakeholders 3.   4. 

Webinar 4th November 2025 



Prof. Dr.-Ing. Bertram Kühn 10

Responsible for technical revisions ECCS / TC6 / WG10

1.   2. Revision and Stakeholders 3.   4. 

Webinar 4th November 2025 
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1.   2. Revision and Stakeholders 3.   4. 

Responsible for technical revisions ECCS / TC6 / WG10

Webinar 4th November 2025 
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1.   2. Revision and Stakeholders 3.   4. 

Responsible for technical revisions ECCS / TC6 / WG10

Webinar 4th November 2025 
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The group consists of:

1 chairperson
3 secretaries
3 observers
30 experts
37 members from almost all over Europe

1.   2. Revision and Stakeholders 3.   4. 

Responsible for technical revisions ECCS / TC6 / WG10

Webinar 4th November 2025 
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Position Name First name Init. Country

PT leader Kühn Bertram Kue DE

PT member Cosgrove Thomas Cos UK

PT member Solland Gunnar GSol NO

PT member Borges Luis Bor CH

PT member Tibolt Mike Tib LUX

Responsible for text revisions TC250 / SC3 / PT9

1.   2. Revision and Stakeholders 3.   4. 

Webinar 4th November 2025 
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3. Key Innovations

Webinar 4th November 2025 
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1.   2.   3. Key Innovations   4. 

Well known simplified design method remains 

Only table 2.1 will become table 4.1!

Webinar 4th November 2025 
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Harmonizations…

…with part 1-1

… with part 1-8

… with part 1-9

1.   2.   3. Key Innovations   4. 
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1.  New rules for reused steel components

1.1 Scope of EN 1993-1-10 extended as follows:

(6) EN 1993-1-10 specifies rules that apply to steel materials covered by EN 1993-1-

1:2022, 5.1(3), provided that each individual piece of steel is tested in accordance 

with the requirements of EN 1993-1-1:2022, 5.2.1 and EN 1090-2:2018, 5.1.

(7) This document does not apply to material salvaged from existing steelwork 

subjected to fatigue or fire.

1.   2.   3. Key Innovations   4. 
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2.  Increasing Ease-of-use by adding a new flowchart

1.   2.   3. Key Innovations   4. 
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3.  Extension to high-strength and new steel grades + cold formed hollow sections

z.B.

Reference temperature TEd [°C]

at T

[°C]

S235 JR +20 27 62 51 43 36 30 25 21 14 9
J0 0 27 89 74 62 51 43 36 30 18 11
J2 -20 27 126 106 89 74 62 51 43 25 14

S275 JR +20 27 54 45 37 31 26 22 18 11 7
J0 0 27 78 65 54 45 37 31 26 15 9
J2 -20 27 112 94 78 65 54 45 37 22 11

M, N -20 40 132 111 93 77 64 53 44 25 13
ML, NL -50 27 185 158 134 112 94 78 65 37 18

Jmin sEd = 0,75∙fy (t)

Steel 
grade

Sub-    
grade

Charpy energy 
CVN

10 0 -10 -20 -30 -40 -50 -80 -120
New

1.   2.   3. Key Innovations   4. 
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4.  Adding the option to consider consequence (execution) classes (EXC)

1.   2.   3. Key Innovations   4. 
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5. Option for predominantly statically loaded components of EXC 1 and EXC 
2 to take into account the complexity of connections 

1.   2.   3. Key Innovations   4. 
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6.  Additional rules for spaded details
given in a new informative annex A

1.   2.   3. Key Innovations   4. 
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7.    Incorporation of new rules to ensure upper-
shelf behaviour where needed

1.   2.   3. Key Innovations   4. 
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Typical example of a 

measured KV-T-curve 

for a fine grain steel 

S690Q

1.   2.   3. Key Innovations   4. 

7.    Incorporation of new upper-shelf rules

Need of such rules

Test values
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1.   2.   3. Key Innovations   4. 

7.    Incorporation of new upper-shelf rules

Need of such rules

Example of a measured 

untypical KV-T-curve for 

a fine grain steel S690Q
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1.   2.   3. Key Innovations   4. 

7.    Incorporation of new upper-shelf rules

Need of such rules

because some design rules rely on upper shelf behaviour!
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8.  Inclusion of hints for determining of pl and eff for sufficient
consideration of the negative effect of cold forming

1.   2.   3. Key Innovations   4. 
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9.  Simplification of the method for the selection of material to avoid 
lamellar tearing

1.   2.   3. Key Innovations   4. 
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4. Outlook
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1.   2.   3.   4. Outlook 

Review / refine of German and French translation
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Support for the development of National Annexes

Neu

1.   2.   3.   4. Outlook 
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Final transmission error corrections

Limitation on ≤ S460 
may not correct 

1.   2.   3.   4. Outlook 
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Thank you for your attention!

Prof. Dr.-Ing. Bertram Kühn

THM, Department Civil 

Engineering

Phone +49 (0)641-3091866

bertram.kuehn@bau.thm.de

Prof. Dr.-Ing. Bertram Kühn

EBA Licensed Engineer 

Specialisation steel 

construction

cell +49 (0)171-3802815
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