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Eurocodes – the second generation

• Second generation Eurocodes and timescales
• Main technical changes in EN 1993-1-5 and EN 1993-2 for steel bridge 

design
• Other changes in EN 1993-1-1, EN 1993-1-9, EN 1993-1-10 and EN 

1993-1-11 relating to bridges



Most Codes of Practice have 
got longer over time, but not 
more complicated in all cases

o IDWR was produced following 
the collapse of West Gate and 
Cleddau bridges to deal with 
complex buckling issues

o Critical stresses were introduced 
as basis for buckling calculations

o Rules simplified in BS 5400:Part 
3 as designers struggled with 
IDWR

o Eurocodes returned to critical 
stresses but with simpler 
formulae or use of FE

o Second Generation Eurocodes 
have provided more material to 
cover more topics 

Introduction - Role of Codes of Practice



Eurocodes – the second generation

EN 1990 Eurocode 0 Basis of structural and geotechnical 

    design

EN 1991 Eurocode 1 Actions on structures

EN 1992 Eurocode 2 Design of concrete structures

EN 1993 Eurocode 3 Design of steel structures

EN 1994 Eurocode 4 Design of composite steel and concrete 

   structures

EN 1995 Eurocode 5 Design of timber structures

EN 1996 Eurocode 6 Design of masonry structures

EN 1997 Eurocode 7 Geotechnical design

EN 1998 Eurocode 8 Design of structures for earthquake 

    resistance

EN 1999 Eurocode 9 Design of aluminium alloy structures

EN 19100 Eurocode 10 Design of Glass Structures

Evolved Eurocodes

https://eurocodes.jrc.ec.europa.eu/2nd-generation/eurocodes-evolution-explained-video-series

New Eurocodes

• EN 19100 Design of glass structures – 

Eurocode 10

New CEN Technical Specifications 

to become Eurocodes

• CEN/TS 19101 Design of fibre-

polymer composite structures – 

Eurocode 11

• CEN/TS 19102 Design of membrane 

structures – Eurocode 12

• CEN/TS 17440:2020 Assessment of 

existing structures (currently prEN 

1990-2 with prEN 1990-1 New 

structures) 

Plus other new CEN Technical 

Specifications

Second generation of the Eurocodes: what is new? | Eurocodes: Building the future (europa.eu)

https://eurocodes.jrc.ec.europa.eu/2nd-generation/eurocodes-evolution-explained-video-series
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Eurocodes – the second generation
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publication
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Eurocodes – the second generation

• New Eurocodes will aim to improve ease of use, including:
- Address specific needs of diverse users

- Improve clarity and provide missing material

- Reduce inconsistencies and mistakes

- Reduce length

- Reduce NDPs

- Update rules where more reliable material exists

- Encourage innovation

- Adopt ISO standards where possible

- Consider climate change and robustness

• Systematic review comments and queued amendments addressed

• This has led to a moderate amount of amended and new material in EN 1993 

and a lot of change in EN 1992

• Existing clause numbers will be incremented by two e.g. current Section 3 – 

Materials, will be Section 5 – Materials



Eurocodes – the second generation

Examples from EN 1993-1-5
Moderate change

Eurocode is now published by BSI



Examples from EN 1993-1-5
Improved clarity on coverage of curved panels

• Clause is currently 

ambiguous about 

direction of 

application of 

curvature; “a” is 

usually “panel length”

• Caused arguments 

on design of at least 

one arch project

Current rule



Examples from EN 1993-1-5
Improved clarity on coverage of curved panels

• Now resolved and 

aligned with new rules 

for curved panels in 

EN 1993-2 i.e. a plate 

is “flat” if curvature Z 

= b2/rt ≤ 1.0

• Curvature in the “a” 

direction not 

addressed

• For guidance on arches, 

see PD 6695-2 and Walton 

Bridge – a new arch bridge 

over the River Thames, UK, 

ICE Bridge Engineering

New rule



Example changes in EN 1993-1-5
Class 4 Sections

• Parametric study on stub box columns identified 

that current reduction factors for single plates or 

plates with no membrane restraint are not safe-

sided so addition proposed to cover these cases:

(6.2)

with

Tests

Existing 

curve 

p



Examples from EN 1993-1-5
Non-rectangular panels

• Rules for non-rectangular panels 

clarified and extended from current limit 

of  < 10o to  < 17.5o 

• Requires checks to be done using the 

stresses and resistances at a number of 

discrete cross-sections

• A unique slenderness is calculated at 

each cross section 3,4 and 5 (because 

crit,p changes at each location)



Examples from EN 1993-1-5
Shear – clarified rigid end post case
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Examples from EN 1993-1-5
Shear – clarified rigid end post case

Rigid end post conditions apply

Rigid end post conditions

Rigid end post (two double sided 

stiffeners or now webs with 

closed longitudinal stiffeners)

Non-rigid end post

Non-rigid 

end post 

conditions

???????????

??????? = Unclear zone



Examples from EN 1993-1-5
Shear – clarified rigid end post case

Rigid end post conditions

Rigid end post conditions

Rigid end post

Non-rigid end post

Non-rigid 

end post 

conditions



Examples from EN 1993-1-5
Shear – improved resistance with closed longitudinal 
stiffeners

• The second moment of area of a longitudinal 

stiffener currently needs to be reduced to 1/3 of 

its actual value when calculating the shear 

slenderness 

• This reduction is now only required for open 

section longitudinal stiffeners as tests show 

closed stiffeners increase the shear strength 

compared to an equivalent open section

• cr is now clarified to be determined with hinged 

boundary conditions for the web if got from FEM



• Extended numerical study was performed on the design of longitudinally stiffened and 

unstiffened plate girders subjected to M-V interaction. The results showed that the current M-V 

interaction is not always safe-sided but this is the case only for certain geometries with small 

flanges and large webs 

Examples from EN 1993-1-5
M-V Interaction improvements

Current rule



Examples from EN 1993-1-5
M-V Interaction improvements

Not typical 

for bridges



Examples from EN 1993-1-5
M-V Interaction improvements

New rule

 varies between 1.0 and 16



Examples from EN 1993-1-5
M-V Interaction improvements

New interaction 

curve



• F-M-V interaction is not covered in first generation EN 1993-1-5 (only F-M)

• Important for bridge launches for example

• Needs addition for safety

Examples from EN 1993-1-5
Patch loading – addressing an omission



Important because otherwise this is 

more conservative than M-V 

interaction at zero patch load

Examples from EN 1993-1-5
Patch loading – addressing an omission

Bending 

utilisation

Patch load 

utilisation

Shear 

utilisation

• F-M-V interaction is not covered in first generation EN 1993-1-5 (only F-M)

• Important for bridge launches for example

• Needs addition for safety



Examples from EN 1993-1-5
Patch loading – improving the accuracy
• Current resistance overestimates patch loading resistance with hybrid girders (flanges with 

greater fy) and underestimated for other girders

kF from formula only

kF from formula or FEM 

(allows for beneficial 

torsional stiffness of 

closed stiffeners)

Current rule

New rule



Existing rules:

Examples from EN 1993-1-5
Transverse stiffener improvements

• Current rule used simple mechanical model

• Transverse stiffener under consideration has 

initial bow

• Creates a kink in the web which pushes the 

stiffener out of plane

• Second order problem 

• Critical forces for web panel based on 

shortest panel length, even though mode of 

buckling being prevented involves a1 + a2 



Two problems identified:
(i) Stiffness of transverse stiffener is 

important or other modes may occur

(ii) Local imperfection is important

Existing rules:

Examples from EN 1993-1-5
Transverse stiffener improvements



New rules – maintains same mechanical model with different limits

Examples from EN 1993-1-5
Transverse stiffener improvements

b /500

b /200, a1/200, a2/200



New rules – maintains same mechanical model with different limits

Examples from EN 1993-1-5
Transverse stiffener improvements



Eurocodes – the second generation

Examples from EN 1993-2
Moderate change

Eurocode is not yet published by BSI



Examples from EN 1993-2
Bracing design

• Current EN 1993-2 force 

for bracings is too large -  

uses imperfection of 

approximately Le/200 for 

buckling of strut itself 

• Revised version uses 

Lw/500 based on the 

actual geometrical bow 

(compatible with bow in 

EN 1993-1-1-), but also 

over half-wavelength not 

effective length

• BS5400 used Lw / 667 



Examples from EN 1993-2
Bracing design

• Current EN 1993-2 force 

for bracings is too large -  

uses imperfection of 

approximately Le/200 for 

buckling of strut itself 

• Revised version uses 

Lw/500 based on the 

actual geometrical bow 

(compatible with bow in 

EN 1993-1-1-), but also 

over half-wavelength not 

effective length

• BS5400 used Lw / 667 

Ncr

Ncr

Ncr

Lcr

Ncr

LR

Cd

FEd

Lw

dsFEd



Examples from EN 1993-2
Elastic buckling moment

• The calculation of critical flange force, based on 
buckling factor “m”, in EN1993-2 clause 6.3.4.2 did 
not cover the possibility of there being no rigid 
restraints at beam supports

• Cautionary note added: If there are no rigid lateral 
supports at girder ends to define the length L, 
……….……… , the value of m should be modified in 
the last half wavelength of buckling to allow for the 
end restraint flexibility in accordance with elastic 
buckling theory

• A formula for m adjusted in this way is provided in 
section 9 of the BSI document PD 6695-2:2008 -  
Recommendations for the design of bridges to 
BS EN 1993



Examples from EN 1993-2
Fatigue of orthotropic plates

• Fatigue calculations and classifications for orthotropic 

decks covered in - CEN/TC 250/TS 1993-1-901

• This provides a more detailed assessment approach 

than provided in EN 1993-2 Annex C based on hot 

spot stress method for toe cracking and nominal 

stress for weld cracking

• Different details for toe cracking have categories 

based on 100 MPa x f :



• Slender webs contain initial out-of-plane geometric imperfections which grow under action 

of in-plane bending and shear stresses

• Stresses in slender webs of steel plate girders can exceed the linear elastic buckling 

stresses - then relatively large out-of-plane deformations of the web plate may result

• Out-of-plane cyclic deformation known as web breathing - can initiate fatigue cracks

Examples from EN 1993-2
Web breathing



Introduction to web breathing

The magnitude of web breathing is complex non-

linear calculation dependent on very many 

parameters, including:

- Panel length, a

- Panel height, h

- Web thickness, t

- Panel aspect ratio  = a/h

- Web slenderness  = h/t

- Shape and magnitude of initial web geometric 

imperfection, e0

- Magnitude of in-plane direct stresses,  and 

shear stresses,  produced by M and V

- Boundary stiffnesses: bending stiffness EI, normal 

stiffness EA and torsional rigidity GIT

Examples from EN 1993-2
Web breathing



Examples from EN 1993-2
Web breathing

• Large number of parametric studies conducted on typical highway and railway bridges; simple 

slenderness limitations were derived for longitudinally unstiffened web panels

b



• Study looked at typical bridge geometries/spans and web slenderness h/t and evaluated 

both fatigue (due to in-plane and out-of-plane deformations) and ULS conditions

• But longitudinally stiffened webs were not considered – the sub-panels and overall 

stiffened web panel  had to meet a more complex interaction check 

Examples from EN 1993-2
Web breathing



Examples from EN 1993-2
Web breathing

• Webs that were non-compliant with simple rules (including those with longitudinal 

stiffeners) needed to be checked with a more complex approach that was very 

conservative:

b



Examples from EN 1993-2
Web breathing

• More recent study has now 

considered longitudinally 

stiffened girders

• No need now to consider 

conservative alternative method 

to consider overall stiffened panel 

if sub-panels also meet 

(9.5)/(9.6) and stiffeners meet 

minimum stiffness requirement

 



Examples from EN 1993-2
New Annex A for Design of hangers for tied-arch bridges

Covers:

• Deemed to satisfy geometry for 

which no fatigue check needed

• Fatigue from cable vortex 

shedding, wind-rain, galloping and 

traffic addressed

• Design rules for:
- Welded round bar hangers

- Flat steel plates

- Ropes

• But rules very prescriptive in 

terms of adherence to geometry

• Were originally normative and 

now informative rules



Examples from EN 1993-2
New Annex B for girders curved in plan

• Relatively inexpensive to construct today, 
more aesthetic than straight, in demand in 
congested urban area

• Absence of any codified guidance in the 
Eurocodes

• MRd and VRd affected by curvature and “TEd” 
introduced

• New rules developed through European 
RFCS project

• Published in ICE 

Bridge Engineering 

journal



Examples from EN 1993-2
New Annex B for girders curved in plan

Bending

𝑍𝑓 =
𝐿2

𝑅 ∙ 𝐵𝑓

• Curvature factor: Zf

L Lateral support spacing;
R Radius of girder in plan; 
Bf Flange width (b in figure);
a Transverse stiffener spacing; 
tw Web thickness.

• Results FE show effect of 
curvature at a given slenderness

Increasing zf

FE


FE



Examples from EN 1993-2
New Annex B for girders curved in plan



Examples from EN 1993-2
New Annex B for girders curved in plan

FE

Typical “rigid end post” case for webs 
of girders curved in plan is straight 
(vertical) edges forced to remain 
straight – so C1 conservative

Shear

𝑍𝑎 =
𝑎2

𝑅 ∙ 𝑡

• Curvature factor: Za

R Radius of girder in plan; 
a Transverse stiffener spacing; 
t Web thickness.

• Study looked at different 
boundary conditions but case 
without membrane restraint 
used in new rules



Examples from EN 1993-2
New Annex B for girders curved in plan

Shear

𝑍𝑎 =
𝑎2

𝑅 ∙ 𝑡

• Curvature factor: Za

R Radius of girder in plan; 
a Transverse stiffener spacing; 
t Web thickness.

• Study looked at different 
boundary conditions but case 
without membrane restraint 
used in new rules

If Za ≤ 1.0 then treat as flat



Examples from EN 1993-2
New Annex B for girders curved in plan

Shear – moment interaction

44
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Effect of increasing girder curvature and/or flexural slenderness

• Uses interaction for straight girders with 
resistance for curved girders
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• Updated to include design force for rigid restraints to curved in plan compression flanges

• Restraints  should be designed for the forces developed resisting the lateral buckling deflections of the 

flange, considering both initial intended curvature and geometrical imperfections

• The force, FEd, to apply to each discrete rigid compression flange restraint, with spacing L, may 

conservatively be calculated by introducing the additional compression flange bow from intended plan 

radius, R, into EN 1993-2 clause 6.3.4.2(5) as follows:

Ed Ed

1

100

L
F N

R

 
= + 

 

due to fabrication 

imperfection - 

corresponds to bow 

of L/800 over length 

L

due to 

intended 

radius

Compression 

flange force 

(EN1993-2)

rigid 

restraint

Continuous restraint 

from deck

FEd

rigid 

restraint

Examples from EN 1993-2
New Annex B for girders curved in plan



Examples from EN 1993-2
Amended Annex D – buckling effective lengths removed

Covers:
• Only imperfection 

for arches now 

covered

• All buckling 

critical forces 

moved to CEN 

Technical Report



Examples from EN 1993-2
New Annex F for fatigue damage equivalent factors for road bridges
• Current lambda factors for 

damage equivalent stress 

determination have no obtainable 

background – BGN152

• Recent studies show they are not 

accurate (don’t account for 

influence of axles at short span) 

and are not defined above 80 m

• Mostly safe-sided, but not 

always, and sometimes follow 

wrong trend!

Current Eurocode

New Eurocode



Eurocodes – the second generation

Examples from EN 1993-1-11
Moderate change

Eurocode is not yet 

published by BSI



Examples from EN 1993-1-11
Miscellaneous changes

Lots of minor changes:
• Impact factor to consider for sudden loss of 

cable – taken as 2.0 unless other value 

justified e.g. time history analysis (was 1.5)

• Improvements in grouping of cable types

D Suspension bridge cables (new 

Annex C

Parallel wire system
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Examples from EN 1993-1-11
Miscellaneous changes

Lots of minor changes:
• Impact factor to consider for sudden loss of 

cable – taken as 2.0 unless other value 

justified e.g. time history analysis (was 1.5)

• Improvements in grouping of cable types

D Suspension bridge cables (new 

Annex C

Parallel wire system



Examples from EN 1993-1-11
Miscellaneous changes

• New Annex covering suspension bridge 

cables

• Covers:

- Cable strength evaluation

- Design of saddles

- Design of cable clamps



Examples from EN 1993-1-11
Fatigue of tension elements

Biggest changes are:
• Different fatigue curves

• SLS limit under characteristic combination 

removed; now SLS stress level sup,Ed under 

frequent combination explicitly included in 

consideration of fatigue 



Eurocodes – the second generation

Examples from EN 1993-1-1
Limited change

Eurocode is now published by BSI



Examples from EN 1993-1-1 - materials

• Relatively few reductions to NDPs

• Steel grades to S700 introduced 

(previously up to S460)

• EN 1993-1-12 to cover up to S960

• EN 1993-1-10 introduces relaxations 

for fracture toughness 

considerations of steel structures 

without significant fatigue crack 

growth (see BGN 158 - Fracture 

mechanics methods to select steel 

sub-grades)



Examples from EN 1993-1-1 – 
Section classification

• Section classification limits for 

internal plates made more onerous 

generally, and Class 3-4 boundary 

made compatible with EN 1993-1-5

(33)

(38)

(42)(124)

(XX) = current values in EN 1993-1-1



• New Annex B covering partial 

plastification of Class 3 doubly 

symmetric members

• Offsets significance of 

changing the class boundaries

Examples from EN 1993-1-1 – 
Class 3 behaviour



Examples from EN 1993-1-1 – references to buckling guidance

CEN Technical Report CEN/TR 1993-1-103

• Much detail on elastic buckling solutions 

transferred and added to this “Technical Report”



Examples from EN 1993-1-1 – selection of EXC

• Annex A – Selection of 

Execution Class: 

differentiation now made 

between static, seismic 

and fatigue structures for 

each Consequence Class

• This is however an NDP 

and UK NA will refer back 

to PD6705 for selection of 

EXC and QSC for fatigue

• Note DC is ductility class 

and not related to VC 

(verification case)

Problematic as EN 1993-1-10 assumes no fatigue in brittle 

fracture table for EXC2; being discussed/resolved at present



Eurocodes – the second generation

Examples from EN 1993-1-10
Limited change

Eurocode is not yet published by BSI



Examples from EN 1993-1-10 – selection of steel sub-grades

62

• Steel plates/sections need adequate 

toughness to avoid brittle fracture

• Toughness reduces with reducing 

temperature and increasing steel thickness

• The toughness is usually quantified through 

Charpy value

• Higher subgrades have greater toughness 

but longer order times

• The table of Charpy energy for steels in EN 

1993-1-10:2005 Table 2.1 is not fully up to 

date so see Steel material properties – 

SteelConstruction.info

https://steelconstruction.info/Steel_material_properties#Toughness
https://steelconstruction.info/Steel_material_properties#Toughness
https://steelconstruction.info/Steel_material_properties#Toughness
https://steelconstruction.info/Steel_material_properties#Toughness
https://steelconstruction.info/Steel_material_properties#Toughness
https://steelconstruction.info/Steel_material_properties#Toughness
https://steelconstruction.info/Steel_material_properties#Toughness
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Current EN 1993-1-10

• The current EN 1993-1-

10:2005 - single table of 

limiting thickness

• Initial flaw assumed to 

increase in size with fatigue

• Damage assumed = one 

quarter (500,000 cycles) of 

full fatigue damage 

obtained from nominal 

stress C according to EN 

1993-1-9 (on basis of 

regular inspections during 

service life)

Examples from EN 1993-1-10 – selection of steel sub-grades
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Current EN 1993-1-10

• Paris law a/n = C.Km 

used to get crack growth 

with K = YMk (ai)
0.5 

a = crack length

ai = initial crack length

Y, Mk constants for crack shape and 

detail type respectively

C, m constants from material tests

• Damage tolerance – leads to 

minimum number of periods 

between inspections

• Safe life – no in-service 

inspections needed for 

fatigue

Examples from EN 1993-1-10 – selection of steel sub-grades



65

Current EN 1993-1-10

• Rules developed for steel bridge constructions

• Reference detail - plate subjected to tension with a 

welded non-load-carrying longitudinal attachment. 

(EN 1993-1-9 Table 8.4 Detail Category 56)

• All other detail categories covered safely by this

• A semi-elliptical surface crack is assumed at the hot-

spot at the weld toe of the attachment

• The ratio of the semi axis crack depth a to crack 

length c is defined as a/c = 0.4

• Initial values from fabrication depend on plate 

thickness and are based on EUR23510

• UK NA gives additional requirements

Examples from EN 1993-1-10 – selection of steel sub-grades



Second generation EN 1993-1-

10

• Table 4.2 covers fatigue 

structures as per first 

generation but Table 4.3 

covers structures not subject 

to fatigue loading.

• Values in Table 4.3 are derived 

with same methodology as 

Table 4.2 but with the number 

of cycles for the calculation of 

the crack growth decreased 

from 500,000 to 20,000 cycles 

since (nominal fatigue loading)

Examples from EN 1993-1-10 – selection of steel sub-grades



Second generation EN 1993-1-

10

• Table 4.2 covers fatigue 

structures as per first 

generation but Table 4.3 

covers structures not subject 

to fatigue loading.

• Values in Table 4.3 are derived 

with same methodology as 

Table 4.2 but with the number 

of cycles for the calculation of 

the crack growth decreased 

from 500,000 to 20,000 cycles 

since (nominal fatigue loading)

Examples from EN 1993-1-10 – selection of steel sub-grades



Technical improvements - Summary

The updates are balancing:

Making improvements:
- Improving reliability

- Increasing scope to cover missing material designers need

- Standardising further across CEN countries

- Making rules more understandable and consistent

with:

Minimising disruption upon introduction:
- Rework of design guides and software

- Re-education of designers

- Situations where recently designed structures are no longer “adequate”
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