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Fatigue in steel

Progressive
Localized
Permanent




HFMI

Increased fatigue strength
Dependant on
Steel grade
Loading condition
Mean stress effect

Maximum stresses
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Example bridge
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Bridge design

Simplified model




Bridge design

FE-model (SOFiSTiK)
Hand verifications
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Local fatigue details
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Bridge design

Beam 3 Beam 5

10.2 m 6m

“Original design”

h=L/20 = 1937.5 mm h=L/30 = 1291.7 mm
L iy by t hy, oy
[m] [mm]  [mm]  [mm] [mm] [mm]
4.2 35 700 18 1862.5 40
9.8 35 700 18 1862.5 38
10.2 35 800 20 1862.5 50
13.3 35 725 18 1862.5 40
6 35 800 20 1862.5 50
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Bridge design

“Original design”

Fy [MPa] Umax Umax
FLS-AW FLS-AW

97.8 24.7
76.7 24.7
48.9 24.7
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Bridge design

“Original design”

Umax
FLS-HFMI

Umax
FLS-AW

Umax
FLS-HFMI

Umax

Fy [MPa] FLS-AW
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Bridge design

“Original design”
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Utilisation [-]

Utilisation envelope
Optimised design h=L/20 (S355)

— — =FLM3 (As-welded)
—— FLM3 (HFMI)

x-coordinate [m]



Bridge design

“Original design”
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Utilisation envelope (FLM3)
Original design h=L/20 (S355)

55; 65 75

x-coordinate [m]

= = =FLM3 (As-welded)
FLM3 (HFMI before erection)

FLM3 (HFMI after erection)




_ Utilisation ratios for different steps, h=L/20
|
Bridge
|
design
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“optimization via HSS and HFMI”
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Description of steps:
Original design (5355, AW)
Increasing steel strength (AW)
Implementation of HFMI

Optimisation of geometry ULS

W FLs AW
® FLSHFMI
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_ Utilisation ratios for different steps, h=L/20
| |
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“optimization via HSS and HFMI”
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Description of steps:
Original design (5355, AW)
Increasing steel strength (AW)
Implementation of HFMI

Optimisation of geometry ULS

&

W FLs AW
® FLSHFMI

1 6 03 December 2025
Inspirational slides



Bridge
design

|
“optimization via HSS and HFMI”

Description of steps:
Original design (5355, AW)
Increasing steel strength (AW)
Implementation of HFMI
Optimisation of geometry

1 7 03 December 2025
Inspirational slides

=
0
o
=
©
| .
c
o
=
©
=
=
-]

=)
o

Ny
o

Utilisation ratios for different steps, h=L/20
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Optimizatio

|
“optimization via HSS and HFMI”

Description of steps:
Original design (5355, AW)
Increasing steel strength (AW)
Implementation of HFMI
Optimisation of geometry
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Utilisation ratios for different steps, h=L/20

Steel HFEMI Geometry
strength effect effect optimization
effect

.2 5460, S690
it

160, S690

| ULS

4

® FLS AW
8 FLS HFMI |

COWI



Optimization

1

L
Original design is the reference
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Design

Original design (AW) (S355)

Optimised design (HFMI) (S460)

Optimised design (HFMI) (S690)

Original design (AW) (S355)

Optimised design (HFMI) (S460)

Optimised design (HFMI) (S690)

Cost difference

MSEK [%]
HFMI at workshop

Steel usage Steel Cost
[tone] saving [%]

h=L/20 = 1937.5 mm / h=L/30 1291.7 mm

225.6/239.7 - 2.26/2.40

126.1/126.1 44.1/27.7 1.46/1.97

111.5/136.8 50.6/42.9 224272
HFMI on-site

38.5//17.9
0.9/13.6

h=L/20 = 1937.5 mm / h=L/30 1291.7 mm
225.6/239.7 - 2.26/2.40
118.5/167.4 47.5/30.2 1.37/1.90
111.5/112.0 50.6 /53.3 2.2412.25

39.1/20.6
0.9/6.3




Conclusions

Material saving => easier transportation and less emission
Shorter girders => more flexible for design
Excellent tool=> When FLS is governing
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Thank you




	How does HFMI affect bridge design ?
	Master thesis 2024
	Composite bridge
	Fatigue in steel
	HFMI
	Bridge design
	Bridge design
	Bridge design
	Bridge design
	Bridge design
	Bridge design
	Bridge design
	Bridge design
	Bridge design
	Bridge �design
	Bridge �design
	Bridge �design
	Optimization
	Optimization
	Conclusions
	Thank you

