
Design and evaluation of new and 
existing stainless steel structures in 
Europe

Jonathan McCray
Graham GedgeGraham Gedge, Arup Materials



“Surely, there is a better way?”





“There is a better way – find it”



80 Cannon Street, London
Arup Associates, 1976
Duplex stainless steel external structural frame
Bead blasted













EN1993-1-4 Annex A

Selection of materials and 
durability





Annex A 2015 - Significant changes
• The Annex is “Normative”

• Introduces concepts of Corrosion Resistance Factor – CRF and
Corrosion Resistance Class - CRC



EN 1993-1-4 Annex A [normative]
Selection of materials and durability



CRF and CRC Evaluation



Chloride exposure F1

• Direct operating experience

• Exposure test site data in Europe

• Chloride mapping data

• Chloride deposition data



Example Specification

fy = 200 N/mm-2 CRC II (Austenitic with no Mo)

fy = 450 N/mm-2 CRC III (Lean duplex)

The final choice of alloy is for the supplier



Annex A – real structures



Structure name Location Year of 
construction

Sölvesborg
Pedestrian and 
Cycle Bridge

Solvesborg, 
Sweden 2013

Orrhammarvägen
Bridge Flen, Sweden 2009

Sicklauddsbron Stockholm, 
Sweden 2002

Nynashamn road 
bridge

Nynashamn, 
Sweden 2011

Millennium Bridge York, United 
Kingdom 2000

Blackpool seafront 
(various elements)

Blackpool, United 
Kingdom

Circa 2000-
2010

Celtic Gateway 
Bridge

Holyhead, United 
Kingdom 2006

Sant Fruitós 
Bridge Manresa, Spain 2009

Zumaia footbridge Zumaia, Spain 2008

Anorga bridge San Sebastian, 
Spain 2011

Puerto Arrupe Bilbao, Spain 2003

Cala Galdana 
bridge Menorca, Spain 2005
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Various foreshore elements, Blackpool, England
Various architects, 2002—
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Various foreshore elements, Blackpool, England
Various architects, 2002—
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Various foreshore elements, Blackpool, England
Various architects, 2002—
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Various foreshore elements, Blackpool, England
Various architects, 2002—
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Celtic Gateway Bridge, Holyhead, Wales
2006.  Alloy 1.4362 for the structure
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Celtic Gateway Bridge, Holyhead, Wales
2006.  Alloy 1.4362 for the structure
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Celtic Gateway Bridge, Holyhead, Wales
2006.  Alloy 1.4362 for the structure
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Nynashamn road bridge, Nynashhamn, Sweden
2011.  Alloy 1.4162
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Nynashamn road bridge, Nynashhamn, Sweden
2011.  Alloy 1.4162
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Nynashamn road bridge, Nynashhamn, Sweden
2011.  Alloy 1.4162
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Nynashamn road bridge, Nynashhamn, Sweden
2011.  Alloy 1.4162
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Nynashamn road bridge, Nynashhamn, Sweden
2011.  Alloy 1.4162
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Lessons learned?

• Annex A is consistent with performance
• Lean duplex outperform assumptions
• Requires better guidance on assessing the 

environment




