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1 Second generatiokurocodes and timescales

{1 Main technical changes BN 19931-5 and EN 1992 for steel bridge
design

1 Other cvangesn EN 1994l-1, EN 1993-9, EN 1993-10 and EN
1993 1-11 relating to bridges




Introduction - Role of Codes of Practice

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

Critical stresses were introduced
as basis for buckling calculations

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

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

Second Generation Eurocodes
have provided more material to
cover more topics




Eurocodes 1 the second generation

Evolved Eurocodes New Eurocodes

EN1990 Eurocode O Basis of structural and geotechnical  EN 19100 Design of glass structures —
design Eurocode 10

EN1991 Eurocodel  Actions on structures New CEN Technical Specifications

EN1992 FEurocode2  Design of concrete structures to become Eurocodes

EN 1993 Eurocode 3  Design of steel structures « 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

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 1990-2 with prEN 1990-1 New
resistance structures)

EN 1999 Eurocode 9 Design of aluminium alloy structures Plus other new CEN Technical

EN 19100 Eurocode 10 Design of Glass Structures 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 1 the second generation

generation

First

Preparatory work on
second generation

Work on the
second generation

1975
@

1990 1992 1998 2007

2010 2011 2012 2013

2015 2017

2018 520 * 2020 2021

2026 2028

Eurocodes started

ENVs started

Definitions

Publication of ENVs

Conversion of ENV to EN

Publication 1st generation of the Eurocodes

Programming Mandate
Specific Mandate

Response to Programming Mandate
Response to Specific Mandate

Start PT Phase 1

‘Date of availability (DAV) : Date when the definitive text in the official language versions of an

approved CEN/CENELEC publication is distributed by the Central Secratariat -
Date of publication (DoF] : Latest date by which an EM has to be implementad at national level by

publication of an identical national standard or by endorsement -
Date of withdrawal (Dol @ Latest date by which natiohal standards conflicting with an EN have to

withdranw.’
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Date of withdrawal

March 202 8

L

March 2027: Latest
date for national
publication

March 2026

Last standards made available to NSBs



Eurocodes 1 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

e Systematic review comments and queued amendments addressed

e This has led to a moderate amount of amended and new material in EN 1993
and a lot of change in EN 1992

e Existing clause numbers will be incremented by two e.g. current Section 31
Materials, will be Section 51 Materials
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Examples from EN 1993 -1-5

Eurocode 3: Design of steel structures - Part 1-5: Plated structural
elements

Einfiihrendes Element — Haupt-Element — Ergianzendes Element

Elément introductif — Elément central — Elément complémentaire

Eurocode is now published by BSI




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

« Clause is currently

T ambiguous about
direction of
b, b, application of
cur vamn’uries
usually *“pa
a

— e Caused arguments
on design of at least
one arch project

NOTE 4: Single plate clements may be considered as flat where the curvature radius r satisfics:

a’
P — {1.13

{
Current rule
where  a 15 the panel width

i isthe plate thickness




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
I s “flat?”Z i

=b’rt<s 1.0
e Curvatura&d |pg=r=
direction not L
addressed
(3) Single plate elements may be considered as flat where the curvature radius r in the direction
perpendicular to the compression satisfies:
2
. 0 (1.1)
t New rule
where b is the panel width
t is the plate thickness

» For guidance on arches,
see PD 6695-2 and Walton
Bridge T a new arch bridge
over the River Thames, UK,
ICE Bridge Engineering



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

e s
(2] The reduction factor p may be taken as
P I,

- For internal compression elements;

F 3
r_

p=1,0 for 4, < 0,5+ /0,085 — 0,055 4
1, — 0,055 (3 + ) i | |
p= —3 for 4, > 0,5 + /0,085 — 0,055 (6.2) »aag R
[flp] . / . ) Gow ) ) \\[3 w )
2 i3 ) - T Tat - 3
. . . g ﬁﬁl’!ﬂ : b.:._.':."'l (S—we b hqﬁ: (5w ;uﬂﬁ-z [(F-1 ] '5'-:‘; ’ (3 ] hhﬁ.?
» Parametric study on stub box columns identified oy ENA e ;
that current reduction factors for single plates or
plates with no membrane restraint are not safe-
sided so addition proposed to cover these cases:
(10)  For unstiffened internal compression elements where no membrane or clamping restraint can .o
develop, Formula (6.2) should be substituted by Formula (12.6) with ap = 0,34 and Ay, = 0,70, EX|St|ng
NOTE: This is typically the case of unstiffened square hollow sections under pure compression or situations where 1.0 '/-"' curve
the plate into consideration is not connected to adjacent plates with a full penetration weld or with two-sided fillet
welds. The National Annex can specify additional situations identified as non-restrained. |
0.8
: 1 |
p = s ) .
f = ford, = A i, =— [14a, (A, = Ao} + 4, 12.6 p 06
@, + 14';05 ,1? P pl with P9 ': [ [ P l”:l L} ( ) 1__%_ —
0.4 ‘
2 |
Gross cross-section
Tests
(.0 T
(1.0 .5 1.0 1.5 2.0



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

b2

If @ does not exceed 10°, the panel may be assessed assuming it to be rectangular
based on larger bs and b; of the panel, whereby the by smaller and b, larger width of
panel indicated. If @ is higher than 10° and less than 17,5°, the corresponding rules for
non-rectangular panel should be applied.

a

-x
K

bi

)

I

Fig. 3.1:Definition of angle ®

2 3or4d 5 1

! ' ('

| [ [ R

| [ | LE
= ! o .

oo T
Q_:FH: :-"""':r : : H: :’:Eﬁjbi. > ﬂj'l;'fc.p_.i.a. K=[}|5b2

x=(0,5b2 or 0,4a) 0.5b1 s fo.5b2 foaa

i A /I/ | If Muysnpz < My 1a x=0 4a

4 ° & M pshz M0z '

* Rules for non-rectangular panels
clarified and extended from current limit
of F <10°to F <17.5°

* 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
Sqitp Changes at each location)




Examples from EN 1993 -1-5
Shear 1 clarified rigid end post case
c.f.ht

w ' yw' 'w

di \
, \

09 | |
o8 !
07 ——— _ |

05 | ; \\\-...___q
04 .__ ........ i \\Hﬁ"“--._________ﬁ J L hW

2 — VbW,Rd_

03

02

o1 |

0 |
o o2 04 06 08 1 12 14 16 18 2 22 24 26 28 3

A

I Rigid end post
2 Non-rigid end post
3 Range of recommended 1




Examples from EN 1993 -1-5 h
Shear 1 clarified rigid end post case
Rigid end post (two double sided
stiffeners or now webs with
closed longitudinal stiffeners) T
Rigid end post conditions apply
<
A
Non-rigid end post
Non-rigid 2DPPIIIPIVY Rigid end post conditions
end post < > < >
conditions
A




Examples from EN 1993 -1-5

Shear 1 clarified rigid end post case

Rigid end post

Non-rigid end post

Non-rigid
end post
conditions

Rigid end post conditions

Rigid end post conditions

<

> <

A

Table 7.1: Contribution from the web ¢, to shear buckling resistance

End panels with non-rigid end post

All the other cases (intermediate
pancls and end pancls with rigid

end post)
Aw <0837 7 ]
0.83/17 <1, <1,08 0,83/ A, 0,83/ 4,
2. >1,08 0.83/ A, 137/(0,7+ 2. )




Examples from EN 1993 -1-5

Shear T improved resistance with closed longitudinal
stiffeners

« The second moment of area of a longitudinal Aw = 0,76 \/a = o
stiffener currently needs to be reduced to 1/3 of fr 374ty ke
its actual value when calculating the shear Where 7, = k. o;
slenderness

° i i i i (1) For plates with rigid transverse stiffeners and without longitudinal stiffeners
ThIS_ redUCtI(_)n IS_ now _Only reqUIred for Open or with more than two longitudinal stiffeners, the shear buckling coefficient &
section longitudinal stiffeners as tests show should be obtained as follows:
closed stiffeners increase the shear strength k., =534+400 (b, /a) +kyy whenalh, 21

: : k. =4.00+534(h,/a) <k, whenalh, <1
compared to an equivalent open section Whore
e [ IS now clarified to be determined with hinged TR A 21 B
o " . ko =9 ¢I :“[P] but not less than —— :!:M
boundary conditions for the web if got from FEM ©ola ) N Ph ty h,
a is the distance between transverse stiffeners;
1, is the second moment of area of the longitudinal stiffener about

the z—z axis, [b). For webs with longitudinal stiffeners, not
necessarily equally spaced, [ . is the sum of the moment of

inertia of the individual stiffeners:

| B is equal to 1,0 for open-section longitudinal stiffeners and is

equal to 3,0 for closed-section longitudinal stiffeners.




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

 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

7.1 Interaction between shear force, bending moment and axial force :
Shear resistance
- V . _
i ) - : : . i Ed -1- Interaction to 3-1-5/7.1
t1y Provided that 77, (see below) does not exceed 0,5, the design resistance to bending moment and axial Vb.Rd to 3-1-5/5
_ A -
force need not be reduced to allow for the shear force. If 77, is more than (L5 the combined effeccsof | (L ¢
bending and shear in the web of an 1 or bos girder should satisly: 74
P ) bw, Rd
- M, - ]_ - M.
n o+ |- n, —1F <10 forgp, 2 =18 (7.1)
L _ﬂ-f ol Kl g ‘Iw ol M
where Megy 18 the design plasie moment of resistance ol the seelion consisting of the elfeclive arey ol V&\-Rd
the Manges: e I A S SR
Mpra 15 the desipn plastic resistanee of the eross scetion consisting ol the effective area of the
(Munges und the Tully ellfective web mespective ol 1 seelion class.
=M
=
M 1 i Current rule gy
» Y Ed
Ve _ N M ; pa M 1 ra
=7 fir F n, see expression (3.27. ¢ M .o
Tive Wef 2l,ro




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

AJA=1.67 A{A=0.67 AA=027 | Not typical
M/M,_=0.87 M/M_=0.73 M{‘Mfo 32| for bridges
M/M_=0.96 M/M_=0.9 M/M_=0.63
800 - 1600 - 4000 -
: M:p. 3 Y
700> ® M".’“R“ 1400 - 73 5500 - R P L MI;”“
® IVlgl eff RK "
600 e 1200 { Mgy e MRk 3000 - | |
Mf.Rk “ MpLRk L ] | ! o :
__500 A i\ 1000 - | : 2500 - : a ,
z (AL Z e | z
% 400 - Y 2 s { [T\ N Z 2000 - : :
- ' > ®
300 4-r==TH144 600 - ! : % 1500 - : :
® | [ ]
200 - -1 400 - : ! 1000 - : |
| ¢
100 - : . : 200 - | : = I 500 - : s :
e =} - | o
0 T T 1 —® : 1 0 T : — - 1 0 . ! T S 2 T : 1
2000 2400 2800 3200 3600 3000 4000 5000 6000 7000 2000 3000 4000 5000 6000 7000
M [kNm] M [kNm] M [kNm]

e results EN1993-1-5 —— Simnur and Beg



Examples from EN 1993 -1-5

M-V

nteraction improvements

9.1 Interaction between shear force, bending moment and axial force

(1) Provided that 773 (see below) does not exceed 0,5, the design resistance to bending moment and axial

force need not be reduced to allow for the shear force. If ?73 is more than 0,5 the combined effects of

bending and shear in the web of an I or box girder should satisfy:

M

M
ny [ 1-— (27, —1)“ < 1.0 for 7, > "4 (9.1)
Meff,Rd eff Rd
where
Migra is the characteristic plastic moment of resistance of the cross-section consisting of the
effective area of the flanges only;
Meﬂ",Rd =Weff fy /}’M[} [9-2)
14 see 6.7(1) Newrule
_ V
bw,Rd

For Viwrq, see Formula (7.2)

15
Mtra _
“ =[MeﬁRd *0‘2] 1 mvaries between 1.0 and 16 (9-4)

THE FUTURE OF

CONSTRUCTION




THE FUTURE OF

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

Shear resistance |
Vea V, ra to 3-1-5/5 | Interaction to 3-1-5/7.1

New interaction
curve




Examples from EN 1993 -1-5 ”.'E_F“L“Ei’F
Patch loading 1 addressing an omission vIECEL

CONSTRUCTION

 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

tF 1F

Vi }"u"—F = D,E-F{ }B,E-F + U—G,S-F* }U-D.E-F

(i) pure patch loading (ii) pure shear loading




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

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

9.3 Interaction between transverse force, bending moment and shear force

(1) This interaction should be verified if 1z > 0,1 with nz defined in 8.6(1). 1f nz < 0,1, the verification
is limited to a bending moment and shear force interaction according to 9.1.

(2) If the girder is subjected to a concentrated transverse force acting on the compression flange in
conjunction with bending moment and shear force, the resistance should be verified using 6.7, 7.5, 8.6
and the following interaction formula:

FE:I 1.6
(7)*° + [rh [1 - )l +1;< 1,0 (9.6)
2 Vig
Where
iy = Mgq
I MT'.EfﬁRd

Meempa is the design plastic moment of resistance of the cross section consisting of the effective
area of the flanges and the fully effective web irrespective of its section class.

UE see 9.1(1)

—1 Important because otherwise this is

more conservative than M-V
interaction at zero patch load

\\
Bending Shear Patch load
utilisation utilisation utilisation




Examples from EN 1993 -1-5

Patch loading 1 improving the accuracy
e Current resistance overestimates patch loading resistance with hybrid girders (flanges with

greater f,) and underestimated for other girders

I

V1,Ed Ti Li)‘ ET V2,Ed

6.4 Reduction factor j+ for effective length for resistance
(1) The reduction factor ¥ should be obtained from:

0,5

A’F =— < ],0
) Current rule
A ||j::l 1'£|-1-' -!ﬂ'l"-l'
where Ay = f ——
v

* | ke from formula onl
F =09k gl | KriTOMTOTMUIA ONly

h

8.4 Reduction factor
(1) The reduction factor zr should be obtained from:

1,0
<1,0

XF = == L
Pp + ]wz—fi
: P New rule

where:

1 _ _ _
Pp = E (1 + (g ("‘{F - ﬂ.pﬂ) +‘;IF)

EF= E}r twf::;w
For
% = 75 k. from formula or FEM
rom rtormuia or
Ao = 0,50 F

- (allows for beneficial
F. =09 ke E2¥ ‘ torsional stiffness of
; closed stiffeners)




Examples from EN 1993 -1-5
Transverse stiffener improvements

adjacent transverse stiffeners
y: )

Existing rules:

e Current rule used simple mechanical model — / ?gggﬁfecked u.-9=1nm[$0.$0- %ﬂ
- Transverse stiffener under consideration has N —B -
Initial bow s HH__H
« Creates a kink in the web which pushes the <N
stiffener out of plane —
» Second order problem . — av b
e Critical forces for web panel based on B —
shortest panel length, even though mode of i
buckling being prevented involves a, + a, A-A B-B

N Ne.
Ed ) Ed )
# N li|-.'|.I:I
b2 -




Examples from EN 1993 -1-5
Transverse stiffener improvements

u . P P P EI Ir
Existing rules: T e e S =
Two problems identified: . h L )
(1) Stiffness of transverse stiffener is = i1
important or other modes may occur / — v v
v :, =
! T T T »{{{/
ISAANRRAN
(i) Local imperfection is important ]3“
o o] odel
Nig model 1 N, Nes model

] -
Welab

o




Examples from EN 1993 -1-5
Transverse stiffener improvements

New rules — maintains same mechanical model with different limits |, 559 2,/200, a,/200

adjacent transverse stilleners
// siffener & b a:
T— fo !'.H._ C!lLLlCd 1‘: W, = min [ﬁ’. ' ﬁ]
- N,
i i
. Av D
-
& \ —

—  that the additional deflection should not exceed}é

1 - Transverse stiffener: minimum second moment of area = [, b /500
2 - Longitudinal stiffener: Out-of-plane inertia |, for the cross-section

3 —n number of the longitudinal stiffeners
Figure 11.3: Example of a box girder flange under pure compression



Examples from EN 1993 -1-5 THE FUTURE OF
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Transverse stiffener improvements ODIEE

CONSTRUCTION
New rules — maintains same mechanical model with different limits

(2)  The transverse stiffener should be treated as a simply supported member subject to lateral loading with
anfinitial sinusoidal imperfection wo equal to 5/200, Wwhere s 1s the smallest of a1, a2 or b, see Figure 11.2 ,
where a1 and > are the lengths of the ﬁanels adjacent to the transverse stiffener under consideration and b 1s
the height between the centroids of the flanges or span of the transverse stiffener. Eccentricities should be
accounted for.

(4) It should be verified that using a second order elastic method analysis all the following criteria are
satisfied at the ultimate limit state:

— that the maximum stress in the stiffener should not exceed fv/ 31
- Ithat the additional deflection should not exceed b/500; I
_[that the second moment of area /s of the transverse stiffener is not less than:
- 392-n-1, b’
7T 2. ﬂ3

1

k1)

(11.1)

where: [»  out-of-plane inertia of the longitudinal stiffener with adjacent plate part,

n  number of longitudinal stiffeners within the plate,

a=min(ar,az)  minimum length of the investigated panels.
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Examples from EN 1993 -2

Eurocode 3 — Design of steel structures — Part 2: Steel Bridges
Eurocode 3 — Bemessung und konstruktion von Stahlbauten — Teil 2: Stahlbriicken

Eurocode 3 — Calcul des structures en acier — Partie 2 : Ponts métalliques

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 L_/200 for
buckling of strut itself
Revised version uses

100
F ENea 1 e o g0
. p— | .
Ed Ik 80 1 — NFI:] k
th'it
where

£

N,
Frq = —= if I, < 1,21

/EI
Ikzﬂ'

\I N('.]’il

is the distance between the springs.

L,/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 L,/ 667

(4) For chords in compression or the bottom flanges of continuous girders between rigid supports, the
effect of initial imperfections and second order effects on a supporting spring may be taken into account
by a first order calculation, by applying an additional lateral force Fgq at the connection of the chord to
the spring according to the Formulae (8.5):

_ Nea

FEd - 100 ij"J‘i:r =12 d!i
(8.5)

. Nga Ca L ) .

Fyg = N_.—N 1}{ 500 IFL“r = 1,2 {f_q

or | 1
where

I El

r = TE

NI’ZF

L. isthe half wavelength of buckling determined by taking L /L. as the next integer below L /L. but
not less than unity;



Examples from EN 1993 -2
Bracing design

Current EN 1993-2 force
for bracings is too large -
uses imperfection of
approximately L_/200 for
buckling of strut itself
Revised version uses
L,/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 L,/ 667

Cr




Examples from EN 1993 -2
Elastic buckling moment

The calculation of critical flange force, based on
0dzO1 f A yri& T IAQ{-ZeNilisep B.4.2 did
not cover the possibility of there being no rigid
restraints at beam supports

Cautionary note addedf there are no rigid lateral
supports at girder ends to define the length.,
8888888 h OisBouldbeimadfiediinAe
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 documenPD 6695-2:2008 -
Recommendations for the design of bridges to

BS EN 1993

Ner = mNg
where
, El
NE =1 L—z
o
m= 104 =%
( 7, 069 |
V2 X+05)
wf 10,25
with X = T;l\ C:‘EIJ and C, is the stiffness of the end support
=\ Md

determined in the same way as the stiffness of intermediate supports,
C,, other terms are as defined in BS EN 1993-2:2006, 6.3.4.2.



Examples from EN 1993 -2 CEN/TC 250

’ ] e 1 | - - Date: 20XX -XX
Fatigue of orthotropic plates T AL | T 10t 1 53

« Fatigue calculations and classifications for orthotropic TR PRI g R Secretariat: XXX
decks covered in - CEN/TC 250/TS 1993-1-901 T

* This provides a more detailed assessment approach S

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

spot stress method for toe cracking and nominal CEN/TC 250/TS 1993-1-901 — Fatigue design of orthotropic bridge decks
stress for weld cracking with the hot spot stress method

o Different details for toe Cracking have Categories Einfithrendes Element — Haupt-Element — Ergiinzendes Element
based on 100 MPa x f: Elément introductif — Elément central — Elément complémentaire

Aoc = [ - Ao Table

Detail Description I I -80ceinu|Nu| Ne 1 | M Detail category specific reguirements

! 1000 1 My =detail dependent : P

i + M _ W =detzil dependant StlMenec-to-deck plaie weld, weld 1,25 125 s | 100
H /.- o tow crack = dedk plate
S 125 125 5 | 100

LW 10 5 | 100

5 _r.‘_: 19men

5 14mm<¢,, < 10mm

w e w| @

5 10mm={4 = 19mm
Exccution regquirements

Gap (fit between plates) b, = 0 mm for >90% of weld kength

B, <10 mm as average valne (Note: relax
b, % 1,5 mm as maximum valoe | Not

Lack of penctrathon

Extenston of weld

i - .
‘._l"‘q,h y o hy=t,+/ lmam

&
—
- =
Hat-snnt stross ranps A [K/mm
/
u

Weld geometry

/ / g — Smooth transition of wekd toss at deck phte and at stringer web
) .'l . < e > ) Blow through of the weld at the inner side of the strimger 5 not allowed
! 10 N — ~ e
Figure 6.1: Hot-spat stress for single sided welds where o crack initiates from the roat into a LE+4 LE+5 LE+G LE+7 1E+E LE+% At Preparstion
plate, example for insar extrapolation wilh “Ooe” mesh model. Murnber of cyelus N, Chamfer stroger web

Figure 7.1: Characteristic Bitigue resistanoe corves for single sided welds where a cracle imitiates
from the root into a plate.



Examples from EN 1993 -2
Web breathing

« Slender webs contain initial out-of-plane geometric imperfections which grow under action
of in-plane bending and shear stresses

o 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

» Qut-of-plane cyclic deformation known as web breathing - can initiate fatigue cracks

_ Detail A




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 El, EA, Gl
parameters, including:
- Panel length, a

- Panel height, h MV,
- Web thickness, t

- Panel aspect ratio a = a/h |
- Web slenderness b = h/t |

- Shape and magnitude of initial web geometric
imperfection, e,

- Magnitude of in-plane direct stresses, s,, and K Vi
shear stresses, t,, produced by M and V

- Boundary stiffnesses: bending stiffness EI, normal
stiffness EA and torsional rigidity GIT




Examples from EN 1993 -2
Web breathing

o Large number of parametric studies conducted on typical highway and railway bridges; simple
slenderness limitations were derived for longitudinally unstiffened web panels

7.4 Limitation of web breathing A

(1)  The slenderness of web plates should be limited to avoid excessive breathing that might result in
fatigue at or adjacent to the web-to-flange connections.

NOTE: The National Annex may define cases where web breathing checks are not necessary.

(2) Web breathing may be neglected for web panels without longitudinal stiffeners or for subpanels of
stiffened webs, where the following criteria are met:

bt<30+40L <300 for road bridges (7.5)

bit<55+33L <250 for railway bridges (7.6)

where L 1s the span length in m, but not less than 20 m. v



Examples from EN 1993 -2
Web breathing

o 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

75m

7.5m

1
%;%% R R L %’Lﬁﬁfé :‘*\ d.=30 em | | 1 |

[TT T T oy Ty ot IJ'
— o
h h, h
|_:| :_ . . . . . )
I

ilm 55m A0m

: 30m |
1,5m

45m
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LU S e—— e efe
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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:

(3)  If the provision in (2) is not satisfied web breathing should be checked as follows:

O | (T )
x.Ed ser + x,Ed ,ser < 1,1 (77)
k, o, k.o,

where O pasers Traser are the stresses for the frequent load combination. If the stresses are not uniform along
the length of the panel, see section 4.6(3) of EN 1993-1-5;

ks, k- are the linear elastic buckling coefficients assuming hinged edges of the panel, see
EN 1993-1-5;

2

i] [N/ mm?]

Ay o =190000
b,
b, is the smaller of a and b.

NOTE: For stresses varying along the panel see EN 1993-1-5, 4.6(3).




Examples from EN 1993 -2
Web breathing

9.4 Limitation of web breathing

(1) The slenderness of web plates should be limited to avoid excessive breathing that might result in
fatigue at or adjacent to the web-to-flange connections.

MOTE The National Annex can define cases where web breathing checks are not necessary.

(2) Web breathing may be neglected for unstiffened panels where the condition (9.5) or (9.6) is met:

b,/t <30 + 4,0 L<300 for road bridges (9.5)

bPZt <55 + 3,3 L<250 for railway bridges (9.6)

where
by is the width of the panel
t  isthe thickness of the panel

L  is the span length in metres, but not less than 20 m.

(3) Web breathing may be neglected for longitudinally stiffened web panels with a relative stiffness }f:”

according to EN 1993-1-5, 6.5.1(5) greater than 25, where the condition (9.5) or (9.6) is met for each
subpanel, assuming b as the width of the subpanel.

* 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

where

the length of the panel, see

ko, ke are the linear elastic buckli;
EN 1993-1-5;



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

Covers: T
 Deemed to satisfy geometry for
which no fatigue check needed  ———
e Fatigue from cable vortex i
shedding, wind-rain, galloping and 9
traffic addressed
e Design rules for:
- Welded round bar hangers puaflon
- Flat steel plates Thcowesolgusstpiam =020
- Ropes
e But rules very prescriptive in o
terms of adherence to geometry
« Were originally normative and =i froasy
now informative rules

maximum a
persistent design situation according to 3.2 of EN 1990;



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

Mrqand Vpgaf f ect ed
introduced

New rules developed through European
RFCS project

Published in ICE
Bridge Engmeerlng
journal

by ©€r v

at

Annex B
(normative)

Supplementary rules for the design of plate girders curved in plan
with rigid restraints to the compression flange

B.1 Use of this annex

(1) This Normative Annex co -
curved in plan. m ICE publshieg

B.2 Scope and field of aj
(1) is Nrmatlv nnex cov
—_ etop ﬂangeel: continu

— The bottom flange is brace|
— The web is stiffened by rig|
— There are no longitudinal

=— There are no concentrated
construction before the de

— The flange curvature para

— The web curvature param

B.3 Bending resistance

(1) For plate girders with un:
£y should be calculated accord]
2
RE lE."t:

Lp  is the spacing of the
along the beam axis;

Rg  isthe radius of the b)

is the width of comp

New design rules for plate girders
curved in plan
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Examples from EN 1993 -2

New Annex B for girders curved in plan

Bending
e Curvature factorZ
. U
YN
L Lateral support spacing;
R Radius of girder in plan;
B; Flange widthl§ in figure);
a Transverse stiffener spacing;
t, Web thickness.

» Resultscshow effect of
curvature at a given slenderness
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Examples from EN 1993 -2
New Annex B for girders curved in plan

B.3 Bending resistance

(1) For plate girders with uniform curvature in plan, the compression flange curvature parameter
zy should be calculated defined according to Formula (B.1):

LZ

z, =—
""Rb

(B.1)

where:

L is the spacing of the centres of rigid lateral restraints to the compression flange; see Figure B.1;
R is the radius of the beam web axis in plan; see Figure B.1;
b is the width of compression flange.

(2) Where z < 0,2, the beam may be treated as straight for the purposes of determining lateral torsional
buckling resistance.

(3) Where 0,2 < 2 < 9,0, the design buckling resistance should be determined in accordance with EN
1993-1-1, 8.3.2, but with @7 calculated according to Formula (B.2):

¢LT = 0,51:1 + HLT(‘ILT - ﬂ*z) + l‘:ﬁ Zf + ITET] [B.z]

where C; has the following values:

Ca=02 for z, =4
Cs=025 ford<z =9

(4) When determining the relative slenderness Aur in accordance with 8.3.2 of EN 1993-1-1, the elastic
critical moment, M, should be calculated for either the curved girder or an equivalent straight girder
with the same restraints and restraint spacings.




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

Shear
e Curvature factorZ,

Y Yo

R Radius of girder in plan;

a Transverse stiffener spacing;
t Web thickness.

« Study looked at different

boundary conditions but case ¢CBLIAOIET GNRARIAR SyF

without membrane restraint of girders curved in plan is straight

used in new rules BC: All simply supported (VETtiCAI) €dges forced to remain
straight¢ so C1 conservative

C1 — Edges free to wave

C2 — Curved edges forced to remain straight

C3 — All edges forced to remain straight



Examples from EN 1993 -2

New Annex B for girders curved in plan

Shear
e Curvature factorZ,

™ . oA
A If mMmdn UKS
O Ta Z K %
R Radius of girder in plan;
a Transverse stiffener spacing;
t Web thickness.

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

a

¥ f%_l'= IU

Add new paragraphs fo clause 7.1 of EN 1893-1-0 as follows

{(4) For beams with curvature in plan, the web curvature parameter 2, shall be defined as follows
a?

~ Rt

where:

R is the radius of the beam in plan

Zq

(5) Where Z, = 1.0, the design shear buckling resistance may be determined in accordance with
3.101)

(6) Where Z, > 1.0, the design shear buckling resistance may be taken as
Firwe

LI-II-RJ = Vf.lh'-ﬁﬂ = x“..fl“.t ,‘l{FMJ

where y,.is determined as follows:

for Iw = I'n.'.ll]
X = Ay Ay, + B, +C, for A < Ay < 1.1
A, -
Xw = = 1=4,=3
" R tL for 114, =30
- (04 Z,=30
whero &, = Eu.s. z, > 30

and A, Byand C, should be taken from Table (1)

Table (i): Ay, By and Cy parameters

dwo < Ay __fa _ _%a __Za
<11 Ay = 577 0.48 B, = 86 + 0.25 Cy = 367 + 1.0
s A _335.5—2,, _3.'3’ + 2,
117, =30 = 350 =
aft

with k;z, = Ay + By (+) and Ay and By taken from

(7) The slenderness 4,, = A

Table (1) where & = ﬂ_}

Table (ii): Ax and Bx parameters

£a
175.6

B, = 0.135Z; + 3.18

asl Ap = 02142, + 2.88 B, = 5.343 —

a>1 Ay = 00962, + 5.15




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

. Effect of increasing girder curvature and/or flexural slendernes:

. . V [kN
Shear — moment interaction
3000
» Uses interaction for straight girders with e
resistance for curved girders 2500 @ 00 \Z
X 0.5-20.83-F3 0.5.20.83.F2.75
Shear resistance | 2000 o '
Ves V, pa 10 3-1-5/5 | Interaction to 3-1-5/7.1
A
0-0-F2
= aer ISR 1500 0.5-20.83 ﬂx
Vi Rd PSS 2-20.83-F2
§ 4.5-20.83-F2
|
§ 1000
Vb-,Rd § -------------------
2 5 0.5-20.83-F0
i 500 0-0-FO
f 4.5-20.83-F0
' 4.5:20.83-M < 2 20 43 04 0;5-20.83 M | bow
i o\ 0 =
p A4 , , > Mz 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 M KNm
,'1-,: 1 /"’]lf "{fRd "IPJM [ ]
' M,

44



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

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, Fgy, 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:

2 Continuous restraint

o al L . from deck
Feg = NEdgﬁ) *E

/ N T~ rigid

Compression due to fabrication  due to costraint BB

B rigid
Bl “restraint

flange force  imperfection - intended Ly e A
(EN1993-2)  corresponds to bow radius
of L/800 over length T € | |

.
..
L ™
-
.
.
-
.
-
.




Amended Annex D

Examples from EN 1993 -2

Covers:

Only imperfection
for arches now
covered

All buckling
critical forces
moved to CEN
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Examples from EN 1993 -2
New Annex F for fatigue damage equivalent factors for road bridges

e Current lambda factors for A
damage equivalent stress = T3
determination have no obtainable a |
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« Recent studies show they are not . 1
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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

Group Tension element Tension component
tension rod system made of structural
steel or stainless steel
tension rod system made of concrete

A rod

reinforcement steel

tension rod system made of prestressing

steel

rope made of circular wire

spiral strand rope with terminations

rope made of circular wire and stranded wire

stranded rope (type IWRC or WSC) with

Annex C

B terminations
rope made of circular and Z-shaped wires full-locked coil rope with terminations
bundle made of circular prestressing wires parallel wire system (PWS)

¢ bundle made of 7-wire prestressing strands parallel strand system (PSS)

D Suspension bridge cables (new Parallel wire system

(5) The analysis may be performed by applying opposing forces, including dynamic amplification, at
both terminations of the lost tension component(s) or, in case of linear system behaviour, by
superposition of design values, including the dynamic amplification, as per the following formulae:

AEy =k (Egy —Eqy ) (4.1)

Eqy=Eq +A4E, (4.2)

where

AE, represents the dynamic effect of an accidental loss of the tension component(s);

E,, represents the design value of the effect of the action with all tension component(s)
intact;

represents the design value of the effect of the action with the relevant tension
component(s) removed;

NOTE1  The value of k is 2,0 unless the National Annex gives a different value.

Tension Rod - Circular

2D cross-section 3D view

Tension Rod - Rectangular

2D cross-section 3D view

Tension Rod - Reinforcement bar or prestressing bar

2D cross-section 3D view

Figure B.2 — Group A — Tension elements




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

Spiral rope (according to 3.1.5) and spiral strand rope (according to 3.1.6)

2D cross-section 3D view

Stranded rope (according to 3.1.7)

Group Tension element Tension component
tension rod system made of structural
steel or stainless steel
tension rod system made of concrete

A rod

reinforcement steel

tension rod system made of prestressing
steel

2D cross-section 3D view

rope made of circular wire

spiral strand rope with terminations

Full-locked coil rope (according to 3.1.8)

rope made of circular wire and stranded wire

stranded rope (type IWRC or WSC) with

B terminations
rope made of circular and Z-shaped wires full-locked coil rope with terminations
bundle made of circular prestressing wires parallel wire system (PWS)

¢ bundle made of 7-wire prestressing strands parallel strand system (PSS)

D Suspension bridge cables (new Parallel wire system

Annex C

2D cross-section 3D view

Figure B.5 — Group B — Tension Elements




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

7-wire strand (according to 3.1.4)

2D cross-section

3D view

PWS tension element: bundle of zinc coated wires with soft filler and extruded HDPE pipe as
external barrier

PSS tension element: bundle of strands in a pipe, presenting two nested corrosion protection
barriers

Group Tension element Tension component
tension rod system made of structural
steel or stainless steel
tension rod system made of concrete

A rod

reinforcement steel

tension rod system made of prestressing
steel

rope made of circular wire

spiral strand rope with terminations

rope made of circular wire and stranded wire

stranded rope (type IWRC or WSC) with

B o
terminations
rope made of circular and Z-shaped wires full-locked coil rope with terminations
bundle made of circular prestressing wires parallel wire system (PWS)
C

bundle made of 7-wire prestressing strands

parallel strand system (PSS)

Suspension bridge cables (new
Annex C

Parallel wire system

Tightly HDPE extruded, greased or waxed, and
metallic coated strand

2D cross-section

Tightly HDPE extruded, greased or waxed, and
metallic coated strand

Protection barriers: metallic coating and HDPE
sheathing. The interstice between sheathing and
metallic coating is filled with hydrophobic
compound (grease or wax)

3D view

&

Metallic coated strand
2D cross-section

Metallic coated strand

Protection barriers: metallic coating and air-tight
stay pipe. The interstice between the stay pipe and
the metallic coating on the strand is saturated
with dehumidified air

3D view

Figure B.8 — Group C — Tension Elements




Examples from EN 1993 -1-11
Miscellaneous changes

Lots of minor changes:

« Impact factor to consider for sudden loss of PPWS bundles and final tension element

cable — taken as 2.0 unless other value
justified e.g. time history analysis (was 1.5)
* Improvements in grouping of cable types

Arrangement of bundles, Tension element after
Cross-section of one bundle example compacting and wrapping
G[‘Ollp Tension element Tension component Air spun bundles and final tension element

tension rod system made of structural
steel or stainless steel

tension rod system made of concrete
A rod

reinforcement steel '
Arrangement of bundles, Tension element after

tension rod system made of prestressing Cross-section of one bundle example compacting and wrapping
steel
E: Figure B.11 — Group D — Tension Elements
rope made of circular wire spiral strand rope with terminations '
Table C.1 — Group D tension components
rope made of circular wire and stranded wire stranded rope (type IWRC or WSC) with - -
B terminations Group Tension element Tension component
] ] ] ] ] ] hexagonal bundle made of parallel circular high prefabricated parallel wire bundle
rope made of circular and Z-shaped wires full-locked coil rope with terminations strength steel wires (strand) with terminations (PPWS)
D
bundle made of circular prestressing wires paralle] wire system (PWS) circular bundle made by arial spinning of parallel |air spun parallel wire bundle with
C circular high strength steel wires terminations (cable shoes)
bundle made of 7-wire prestressing strands parallel strand system (PSS)

D Suspension bridge cables (new Parallel wire system
Annex C




Examples from EN 1993 -1-11
Miscellaneous changes

 New Annex covering suspension bridge
cables
e Covers:
- Cable strength evaluation

(1) For the tension component the design value of the tension resistance, Fp,, should be taken as

follows:
k F
k
Fpq = =% (C.1)
"Mt D
where
Fyp is the calculated minimum breaking force F.nix based upon the nominal wire size and
wire tensile strength;
k, is the loss factor for the termination, if relevant, (ke < 1,0). For metal filled sockets,
ke =1.0;
7mp s the partial factor for group D tension element.
NOTE The partial factor y,, . is equal to 1,8 unless the National Annex gives a different value. This value of

the partial factor considers the bending stresses over saddles designed according to C.4.3.1.

- Design of saddles
- Design of cable clamps

Annex C
(normative)

Additional rules for Group D parallel wire tension components for
suspended structures

C.1 Use of this annex

(1) This Normative Annex contains additional rules for Group D parallel wire tension components for
suspended structures, as defined in Table C.1.

Table C.1 — Group D tension components

Group Tension element Tension component
hexagonal bundle made of parallel circular high prefabricated parallel wire bundle
strength steel wires (strand) with terminations (PPWS)

D

circular bundle made by arial spinning of parallel |air spun parallel wire bundle with
circular high strength steel wires terminations (cable shoes)

NOTE1  Examples of tension components for Group D are illustrated in Annex B.

NOTE2  For Group D the final tension element will usually consist of several bundles that are compacted with
use of hydraulic jacks into a circular shape and are then wrapped with a wire of mild steel.

C.2 Scope and field of application
(1) This Normative Annex covers additional rules for Group D, parallel wire tension components, when

used e.g. as main cables for suspension bridges. These rules may also be applied for parallel wire tension
components in other types of suspended structures.

(2) This Normative Annex contains additional rules for the capacity of the parallel wire tension
component as well as requirements related to the tension element at saddles and at clamps.

C.3 Materials
C.3.1 Nominal strength grade of steel wires

(1) The nominal tensile strength, fis, should be used for the design of steel wires.

NOTE A maximum value for fux is given in Table C.2 unless the National Annex gives a different value.

Table C.2 (NDP) — Nominal tensile strength grade of steel wires and references

Non-alloyed steel wire EN 10264, Part1to 3

Recommended maximum values of fux 1770 N/mm?2




Exam p I eS fro m E N 1 9 9 3 - 1 - 11 Figure 10.1 — Axial fatigue resistance curve for tension elements

F atl g u e Of te n S i O n e I e m e n t S Table 10.1 (NDP) — Detail categories Ao. and axial fatigue resistance curve parameters

Gsup,cdfo'u.k N* mi mz Ac* Aoc
1 h . Group Tension element
Biggest changes are: njme | vy
' H tension rod made of
* D Iﬁ:e re nt fatl g ue curves structural steel or stainless values according to EN 1993-1-9
- . - . - - StE‘E].
e SLS limit under characteristic combination _
tension rod made of concrete
removed’ now SLS StreSS Ievel S Ed under A reinforcement steel with <055 1x 107 3 5 35 60
sup, weld/ cut or rolled thread
frequent combination explicitly included in tension rod made of
. . . prestressing steel with rolled <065 2 x 108 5 5 70 70
consideration of fatigue thread
7 spiral strand rope with metal
sup.Ed <1 or resin socketing <045 5x 108 4 6 115 145
(T B There are no validated values - Qualification testing according to
sup.Cd B |stranded rope Clause 11 is required
log o' mceicotroren® | coss [sooe| o o | us |
<045 2% 106 4 6 160 160
parallel wires / bundle of 045
parallel wires =Y 2 x 106 4 6 112 112
<055
C
<045 2 x 108 4 6 160 160
bundle of parallel strands > (0,45
I <055 2 x 1068 4 6 112 112
: Ouk = fi for group A tension elements made of concrete reinforcement steel
I Ouk = fpk for group A tension elements made of prestressing steel
| ouk = Fuk/Am for group B tension elements
| Ouk = fuk for group C tension elements
I
]




THE FUTURE OF

Eurocodes 1 the second generation sT==1
cEl

CONSTRUCTION

Examples from EN 1993 -1-1

Limited change

Eurocode 3 — Design of steel structures — Part 1-1: General rules and
rules for buildings

Eurocode 3 — Bemessung und Konstruktion von Stahlbauten — Teil 1-1: Allgemeine Bemessungsregeln und
Regeln fiir den Hochbau

Eurocode 3 — Calcul des structures en acier — Partie 1-1 : Régles générales et régles pour les batiments

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)

Table 5.1 — Nominal values of yield strength f; and ultimate tensile strength f,, for structural
steels conforming to the following standards: EN 10025 (all parts), EN 10210 (all parts), and

EN 10219 (all parts)

Nominal thickness of the element

t

mm
Steel grade® t <40 mm 40 mm <t < 80 mm
fy Ju fy fu
N/mm? N/mm?2 N/mm? N/mm?2
S§235 235 360 215 360
S275 275 390 245 370
S355 355 490 325 470
5420 420 510 390 490
5460 460 540 410 510
S500 500 580 450 580
S550 550 600 500 600
5600 600 650 550 650
S620 620 700 560 660
S650 650 700
S690 690 770 630 710
S700 700 750

2 Principal symbols in EN 10027-1.




Examples from EN 1993 -1-11
Section classification

e Section classification limits for
Internal plates made more onerous
generally, and Class 3-4 boundary
made compatible with EN 1993-1-5

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

Table 7.3 — Maximum width-to-thickness ratios for compression parts (sheet 1 of 3)

Internal compression parts

1 1
T | | T L
§ - w|-E o= w|—f —{= |1 iﬂ; £
E 1 | .
e=h-3¢
1
" i 5 1
14 - p
]
A« 4 c—f—Wc I
AC .
c=h-3¢
Key
1 Axisof bending
Stress —].‘ ' fr _f"
distribution in . [ 1 4 L i
parts =T ~ " Bl u
(compression | = k] 1 - e L
positive) f, f fy
126 £
when e, = 0.5: ¢/t = 51
Class 1 cft=T2¢ cft=28¢ e
(33e) when @, < 0.5: ¢/t = o
188 ¢
whena, > 0.5: ¢ft = it a1
Class 2 cft=83¢ eft=34e 4':5 [:‘
(38e) whena, < 05: ¢/t = -
f., fy )
Stress - f
' 7
distribution in "’j t - ;/
parts = ol w K o
(compression / = i A
itiv L =
positive) £, yf,
38
whenyh = =1: ¢ft = - 7
Clann 3 cft<121e Jt<38e 0.608 + 0,343 o + 0,049 ¢

(124e€)

(42€)

c
whenyp = =1%: FE 60,3 (1 =)

For | or H sections with equal flanges. under axial force and bending moment about the main axis parallel to the

flanges, the parameter a_ that defines the position of the plastic neutral axis may be calculated as follows:

I Ny=ct

- W

.-";- a. =10

f Ny<—ct f. a=0

In other cases:

a, = ﬂ.a(l +

Ngd

Eby fy

)

Where N, is the design axial force taken as positive for compression and negative for tension.

¥ = —1 and a compression stress of

amzd = f; applies where the tensile strain e, = [ /E




Examples from EN 1993 -1-11
Class 3 behaviour

 New Annex B covering partial
plastification of Class 3 doubly
symmetric members

« Offsets significance of
changing the class boundaries

Annex B
(normative)

Design of semi-compact sections

B.1 Scope and field of application

(1) This Annex provides additional rules for the design of semi-compaet (Class 3) doubly symmetric I-
or H-sections. rectangular hollow sections, doubly symmetric box sections, circular hollow sections and
elliptical hollow sections against mone- and bi-axial bending and axial force,

B.2 Elasto-plastic section modulus

(1) The elasto-plastic section modulus Wy, for doubly symmetric cross-sections should be determined
from an interpolation between the plastic section modulus and the elastic section modulus about one
principal axis of a cross-section as follows:

Wepy = Wy — (Wpiy — Waiy) Bepy (B.1)

th,.l = pha — {wpl.:r. - WELI} 3|.=|:|.: [B'z]

where the values of ﬂep.v and ﬂe:p.z depend on the material parameter £ and the width-to-thickness
ratios as defined in Table 7.3. They should be taken as:

— For |- or H- sections, rolled or welded:

fir' 10e ri — 83

Pepy = Max rral WZB: 0 But figp, = L0 (B.3)
tE- 10¢

Bepa = Max| L——:0 But By, < 1.0 (B4)

— For rectangular hollow sections or doubly symmetric welded box sections:

::E' 34¢ ti - 83¢

Bepy = Max( L reanl _wmr :0 But fp, = 1.0 (B.3)
ti- 34¢

Bepa = Max _‘n'?: 0 Butf,, . <10 (B.5)

NOTE &=t = tfor rectangular hollow sections,




CEN Technical Report CEN/TR 1993-1-103

Much detalil on elastic buckling solutions
transferred and added

8.3.2.2 Slenderness for lateral torsional buckling curves

{1} The relative slenderness for lateral torsional buckling Ay ¢ should be taken as:

= | Mg
Ay = =
| Me

(8.80)

where
Mep is the elastic critical moment for lateral torsional buckling,

(2) M., should be based on gross cross-sectional properties and considers the loading conditions, the
actual moment distribution and the lateral restraints.

Examples from EN 1993 -1-11 references to buckling guidance

MOTE Formulae for the elastic critical moment can be found in the technical report CEN/TR 1993-1-103,

CEN/TR 1993-1-103

Eurccode 3 - Design of Steel Structures -
Part 1-103: Elastic Critical Buckling of Members
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Annex A — Selection of
Execution Class:
differentiation now made
between static, seismic
and fatigue structures for
each Consequence Class

This iIs 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)

Examples from EN 1993 -1-171 selection of EXC

Type of loading
Consequence
Class (CC) Static, Seismic Seismic Seismic Fatique®
quasi-static DC1? DC2? DC3® 9
CC3 EXC3° EXC3© EXC3° EXC3° EXC3©
Cc2 EXC2 EXC2 EXC2 EXC3? EXC3
CC1 EXC1 EXC2° EXC2 EXC2 (Exc2 )

¢ Seismic ductility classes (DC's) are defined in EN 1998-1-1.
® See EN 1993-1-9.

© EXC4 may be considered for special cases, including those typically covered by CC4 of
prEN 1990:2021.

 Only the primary seismic resisting system falls in EXC3; the gravity load resisting system
may fall in EXC2.

If the seismic action index is not greater than 2,5m/s2 (low seismic action class, see EN
1998-1-1), the execution class of structures in DC1 may be EXC1.

NOTE Structures in consequence class CCO are not covered by this Annex, see prEN
1990:2021, 4.3.

Problematic as EN 1993-1-10 assumes no fatigue in brittle
fracture table for EXC2; being discussed/resolved at present




THE FUTURE OF

Eurocodes 1 the second generation R
STeEEL

CONSTRUCTION

Examples from EN 1993 -1-10

Limited change

Eurocode is not yet published by BSI
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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

Examples from EN 1993 -1-10 71 selection of steel sub -grades

Specified minimum impact energy for carbon steel sub-grades

Standard Subgrade Impact strength Test temperature
JR 27J 20°C
BS EN 10025-2!"] Jo 27 0°C
BS EN 10210-103 J2 27 200G
K2 40J -20°C
N 40J -20°%
BS EN 10025-3(8!
NL 27J -50°¢
M 40J -20°%
BS EN 10025-4[
ML 27J -50°
Jo 27J 0°C
J2 27J -20°C
BS EN 10025-5(10] K2 40J -20°C
J4 27J -40°C
J5 27J -50°C
Q 30J -20%
BS EN 10025-6("] QL 30J -40°
QL1 30J -60°%



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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Examples from EN 1993 -1-10 71 selection of steel sub -grades

Current EN 1993-1-10

M The current EN 1993-1-
10:2005 - single table of
limiting thickness

1 Initial flaw assumed to
Increase in size with fatigue

1 Damage assumed = one
qguarter (500,000 cycles) of
full fatigue damage
obtained from nominal
stress D s according to EN
1993-1-9 (on basis of
regular inspections during
service life)

Table 2.1: Maximum permissible values of element thickness t in mm
Charpy Reference temperature Tgs [*C]

Steel | Sub- egff’ﬁy 10| 0 |-10|-20|-30|-40|-50] 10| 0 |-10|-20|-30|-40|-50| 10 | 0 |-10|-20 |-30| 40 |-50

grade | grade T
[E'.,tm Jrin oea = 0,75 (1) oeq = 0,50 f,(t) e = 0,25 (1)

S235| JR | 20 | 27 | 60 | 50 |40 | 35 | 30 | 25 | 20 | 90| 75 | 65 | 55 | 45 | 40 | 35 | 135]115]100] 85 | 75 | 65 | 60

J0 | 0 |27 |90 75|60 | 50|40 |35 |30 |125(105][ 90 | 75 | 65 | 55 | 45 | 175|155 |135[115[100] 85 | 75

J2 | -20 [ 27 [125[105] 90 | 75 | 60 | 50 | 40 |170[145]125]105] 90 | 75 | 65 | 200/200[175| 155|135 /115100

S275| JR | 20 | 27 | 55 | 45 | 35 | 30 | 25 | 20 | 15 | 80 | 70 | 55 | 50 | 40 | 35 | 30 |125/110] 95 | 80 | 70 | 60 | 55

J0 | 0 |27 | 7565|5545 |35 |30 |25 |115] 95 | 80 | 70 | 55 | 50 | 40 | 165145 |125]110] 95 | 80 | 70

J2 |20 | 27 |110][ 95 | 75 | 65 | 55 | 45 | 35 | 155]130|115] 95 | 80 | 70 | 55 | 200|190 | 165]145|125|110] 95

M,N | -20 | 40 |135/110| 95 | 75 | 65 | 55 | 45 | 180155130115 95 | 80 | 70 | 200|200 190|165 | 145|125 |110

ML.NL| -50 | 27 |185]160[135]110] 95 | 75 [ 65 |200|200[180] 155 |130]115] 95 | 230] 200 [200| 200|190 165|145

$355| JR | 20 | 27 | 40 [35 [ 25|20 [ 15 |15 | 10 | 65|55 | 45 | 40 | 30 | 25 | 25 [110] 95 | 80 | 70 | 60 | 55 | 45

J0 | 0 |27 |60 |50 [40 |35 | 25 |20 | 15 | 95| 80 | 65 | 55 | 45 | 40 | 30 [ 150|130 110] 95 | 80 | 70 | 60

J2 | -20 | 27 |90 [ 75 | 60 | 50 | 40 |35 | 25 |135[110] 95 | 80 | 65 | 55 | 45 |200| 175150130 [110] 95 | 80

K2,M,N| -20 | 40 |110] 90 | 75 | 60 | 50 | 40 | 35 |155]135[110] 95 | 80 | 65 | 55 | 200|200 175|150 |130/110] 95

ML.NL| -50 | 27 [155]130[110] 90 | 75 | 60 | 50 |200|180[155/135|110] 95 | 80 | 210200 200|200 175150 | 130

S420| M,N | -20 | 40 | 95 | 8O | 65 | 55 | 45 | 35 | 30 | 140|120 |100] 85 | 70 | 60 | 50 |200] 185 ] 160 | 140 120|100 85

ML.NL| -50 | 27 [135]115| 95 | 80 | 65 | 55 | 45 |190]165]140]120[100] 85 | 70 | 200200 200|185 160140120

S460] Q | -20 | 30 | 70 | 60 | 50 | 40 | 30 | 25 | 20 |110] 95 | 75 | 65 | 55 | 45 | 35 | 175155130115 95 | 80 | 70

MN | -20 [ 40 | 90 | 70 | 60 | 50 | 40 | 30 | 25 |130|110] 95 | 75 | 65 | 55 | 45 | 200|175 155130115 95 | 80

QL | -40 | 30 |105] 90 | 70 | 60 | 50 | 40 | 30 | 155|130 110] 95 | 75 | 65 | 55 | 200|200 175]155|130|115] 95

MLNL| -50 | 27 |125]105| 90 | 70 | 60 | 50 | 40 | 180|155 |130]110] 95 | 75 | 65 | 200|200 200|175 | 155|130 115

QL1 | -60 | 30 |150(125[105] 90 | 70 | 60 [ 50 |200(180[155]130110] 95 | 75 [215/200 200|200 [ 175155 (130

S600| Q@ | O |40 |40 [30[25|20[15 |10 |10 | 65|55 |45 |35 |30 | 20 | 20 [120]100] 85 | 75 | 60 | 50 | 45

Q |-20| 30 | 50|40 |30 25|20 |15 |10 |80 |65 | 55|45 | 35 | 30 | 20 | 140|120 [100| 85 | 75 | 60 | 50

QL |-20 |40 |60 [ 50 [40 |30 [25 |20 |15 | 95 | 80 | 65 | 55 | 45 | 35 | 30 | 165|140 |120[100]| 85 | 75 | 60

QL | -40 | 30 | 7560 |50 | 40 [ 30 [ 25 |20 |115] 95 | 80 | 65 | 55 | 45 | 35 | 190165 |140[120[100] 85 | 75

QL1 | 40 | 40 |90 [ 75 | 60 | 50 | 40 | 30 | 25 |135[115] 95 | 80 | 65 | 55 | 45 | 200|190 165|140 120|100 85

QL1 | -60 | 30 [110] 90 | 75 | 60 | 50 | 40 | 30 |160[135[115] 95 | 80 | 65 | 55 | 200|200 190|165 | 140120 [100
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Examples from EN 1993 -1-10 71 selection of steel sub -grades

Current EN 1993-1-10

1 Paris law Da/Dn = C.DK™
used to get crack growth
with DK = YM, Ds (pa;)?-°

a = crack length

a; = initial crack length

Y, M, constants for crack shape and
detail type respectively

C, m constants from material tests

1 Damage tolerance — leads to
minimum number of periods
between inspections

1 Safe life — no in-service
Inspections  needed  for
fatigue

Table 2.1: Maximum permissible values of element thickness t in mm
Charpy Reference temperature Tg, [°C]

Steel | Sub- eg%’ﬁy 10| 0 |-10|-20|-30|40|-50] 10| 0 |-10|-20|-30|-40|-50] 10| 0 |-10|-20]-30 |40 |-50

grade | grade T
‘[itq i oea = 0,75 f(t) oes = 0,50 1,(t) s = 0,25 1,(1)

S235| JR | 20 | 27 | 60 | 50 |40 | 35 ] 30 | 25 | 20 | 90 | 75 | 65 | 55 | 45 | 40 | 35 |135]115]100] 85 | 75 | 65 | 60

J0 | 0 [ 27 |90 |75 605040 | 35|30 [125[105] 90 | 75 | 65 | 55 | 45 |175]155]135|115|100] 85 | 75

J2 | -20 | 27 |125/105] 90 | 75 | 60 | 50 | 40 |170|145]125]105] 90 | 75 | 65 |200]200(175]155]135] 115|100

S275] JR | 20 | 27 | 55 |45 [ 35 [ 30 | 25 [ 20 [ 15| 80 | 70 | 55 | 50 | 40 | 35 | 30 |125]110] 95 | 80 | 70 | 60 | 55

J0 | 0 |27 | 7565|5545 35| 30 | 25 |[115| 95 | 80 | 70 | 55 | 50 | 40 |165]145]125]110] 95 | 80 | 70

J2 |20 [ 27 |110[ 95 | 75 | 65 | 55 | 45 | 35 |155|130[115] 95 | 80 | 70 | 55 | 200190 [ 165145125110 95

MN | -20 | 40 |135[110| 95 | 75 | 65 | 55 | 45 | 180|155 |130]115] 95 | 80 | 70 | 200200190 | 165 145|125 |110

MLNL] -50 | 27 [185/160[135]110] 95 | 75 | 65 |200(200[1801155[130]115] 95 [ 230200 [200]200(190] 165145

$355| JR | 20 | 27 |40 [35[25[20 15[ 15 10|65 [ 5545 40 302525 [110]95 [80 | 70 | 60 | 55 | 45

Jo | 0 |27 |60 |50 |40 35| 25| 20 |15 | 95| 80 | 65 | 55 | 45 | 40 | 30 |150]130(110[ 95 | 80 | 70 | 60

J2 |20 27 |90 |75 | 60 | 50 | 40 | 35 | 25 [135[110[ 95 | 80 | 65 | 55 | 45 | 200175150 [130[110] 95 | 80

K2,M,N| -20 | 40 |110] 90 | 75 | 60 | 50 | 40 | 35 |155|135[110] 95 | 80 | 65 | 55 | 200200175150 130|110 95

MLNL] -50 | 27 [155[130[110] 90 | 75 | 60 | 50 | 200|180 |155/135|110] 95 | 80 |210]200[200]200[175] 150 130

S420] MN | -20 | 40 | 95 | 80 | 65 | 55 | 45 | 35 | 30 | 140]120]100] 85 | 70 | 60 | 50 |200] 185160140 120]100] 85

MLNL] =50 | 27 [135[115] 95 | 80 | 65 | 55 | 45 | 190 165|140]120|100] 85 | 70 | 200200 [200] 185|160 140|120

S460] _Q |20 30 | 70 [ 60 [ 50 [ 40 | 30 | 25 | 20 |110] 95 | 75 | 65 | 55 | 45 | 35 | 175155130 115] 95 | 80 | 70

MN | -20 | 40 | 90 | 70 | 60 | 50 | 40 | 30 | 25 [130]110] 95 | 75 | 65 | 55 | 45 | 200175155130 115] 95 | 80

QL | 40 | 30 |105] 90 | 70 | 60 | 50 | 40 | 30 | 155|130 110] 95 | 75 | 65 | 55 | 200200175 155|130 115] 95

MLNL] -50 | 27 |125[105| 90 | 70 | 60 | 50 | 40 |180155|130]110] 95 | 75 | 65 | 200|200 [200[175[ 155130115

QL1 | =60 | 30 |150]/125]/105] 90 | 70 | 60 | 50 |200180[155]130]110] 95 | 75 |215]200]200]200(175]155 130

s690] Q | o0 |40 |40 [30[25[ 201510 10] 655545 35 30]20]20[120]100] 8575 60]50]45

Q | -20| 30 | 50 [ 40 [ 30 | 25 | 20 | 15 | 10 | 80 | 65 | 55 | 45 | 35 | 30 | 20 |140[120[100| 85 | 75 | 60 | 50

QL | -20 [ 40 |60 |50 |40 [ 30 | 25 | 20 |15 | 95 | 80 | 65 | 55 | 45 | 35 | 30 | 165140120100 85 | 75 | 60

QL | 40 [ 30 | 75 | 60 | 50 | 40 | 30 | 25 | 20 [115| 95 | 80 | 65 | 55 | 45 | 35 | 190165 140[120[100] 85 | 75

QL1 | -40 | 40 |90 | 75 | 60 | 50 | 40 | 30 | 25 |135|115] 95 | 80 | 65 | 55 | 45 |200]190]165|140|120]100] 85

QL1 | -60 | 30 |110] 90 [ 75 [ 60 [ 50 | 40 | 30 [ 160 135/115] 95 | 80 | 65 | 55 | 200200190165 | 140]120 [100
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Examples from EN 1993 -1-10 71 selection of steel sub -grades

Current EN 1993-1-10

ll
1

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

a,,2¢, [mm] 15

"| crack depth g, = 0.5- Zn(

[ &

',

T

|

|

|
150




Examples from EN 1993 -1-10 71 selection of steel sub -grades

Table 4.2: Maximum permissible values of element thickness ¢ in mm for Execution Class EXC3 and EXC4

Second generation EN 1993-1-

KV Reference Temperature Tea [°C]
10 ::::; Quality - 10 | 0 | -10 | -20 | -30 | -40 | -50 | -80 |-120 10 | 0 | -10 | -20 | -30 | -40 | -50 | -80 |-12|] 10 | o | -10 | -20 ‘ -30 | -40 | -50 | -80 |-120
. oes = 0.75-fy(t) oea = 0.5-Fy(t) Tea = 0.25-fy(t)
ﬂ Table 4. 2 Cove rS fatlgue IR 20 27 | 60 | 50 | 40 | 35 | 30 | 25 | 20 | 10 5 90 | 75 | 65 | 55 | 45 | 40 | 35 | 20 | 15 | 135|115|100| 85 | 75 | 65 | 60 | 40 | 30
5235 10 0 27 |90 | 75 | 60 | 50 | 40 | 35 | 30 | 15 | 10 125|105 | 90 | 75 | 65 | 55 | 45 | 30 | 15 | 175|155 | 135|115 | 100 | 85 | 75 | 50 | 35

StrUCtureS aS per fIrSt 12 -20 27 |125(105| 90 | 75 | 60 | 50 | 40 | 25 | 10 | 170 | 145 | 125|105 | 90 | 75 | 65 | 40 | 20 | 200 | 200 | 175 | 155 | 135 | 115 | 100 | 65 | 40
genera‘tion but Table 4 3 IR 20 27 55 | 45 | 35 | 30 | 25 | 20 | 15 | 10 5 80 | 70 | 55 | 50 | 40 | 35 | 30 | 20 | 10 | 125|110| 95 | 80 | 70 | 60 | 55 | 40 | 25

10 0 27 75 | 65 | 55 | 45 | 35 | 30 | 25 | 15 5 |115| 95 | 80 | 70 | 55 | 50 | 40 | 25 | 15 | 165|145| 125|110 | 95 | 80 | 70 | 45 | 30

Covers Structures not SUbjeCt 5275 12 -20 27 110 95| 75 | 65 | 55 | 45 | 35 | 20 | 10 | 155|130 (115 95 | 80 | 70 | 55 | 35 | 20 | 200 | 190 | 165 | 145 | 125 | 110 | 95 | 60 | 40

K2ZMN| -20 40 |135|110| 95 | 75 | 65 | 55 | 45 | 25 | 10 | 180|155 | 130 | 115 | 95 | 80 | 70 | 40 | 20 | 200 | 200 | 190 | 165 | 145 | 125 | 110 | 70 | 40

to fatlgue Ioadlng' MLNL | -50 27 | 185|160 | 135|110 | 95 | 75 | 65 | 35 | 15 | 200 | 200 | 180 | 155 | 130 | 115 | 95 | 55 | 30 | 200 | 200 | 200 | 200 | 190 | 165 | 145 | 95 | 55

V I - T bl 4 3 d M d IR 20 27 40 | 35| 25 | 20 | 15 | 15 | 10 5 5 65 | 55 | 45 | 40 | 30 | 25 | 25 | 15 | 10 |J110| 95 | 8O | 70 | 60 | 55 | 45 | 30 | 20
ﬂ a u eS I n a e - are e rlve 10 0 27 60 | 50 | 40 | 35 | 25 | 20 | 15 | 10 5 95 | 80 | 65 | 55 | 45 | 40 | 30 | 20 | 10 | 150 | 130|110 | 95 | 80 | 70 | &0 | 40 | 25
With Same methodology aS 12 -20 27 90 | 75 | 60 | 50 | 40 | 35 | 25 | 15 5 |135|110 | 95 | 80 | 65 | 55 | 45 | 25 | 15 | 200|175 | 150 | 130 | 110 | 95 | 80 | 55 | 30

5355
14 -40 27 1130|110 90 | 75 | 60 | 50 | 40 | 20 | 10 | 180 | 155|135 | 110 | 95 | 80 | 65 | 40 | 20 | 200 [ 200 | 195 | 170 | 150 [ 130 | 110 | 70 | 40

Table 42 but Wlth the number kK2MN| -20 | 40 |110| 90 | 75 [ 60 | 50 | 40 | 35 | 20 | 5 [155|135|110| 95 | 80 | 65 | 55 | 30 | 15 | 200 | 200 | 175 | 150 | 130 [ 110 | 95 | 60 | 35

- sMunY <50 | 27 | 155 (130|110 | 90 | 75 | 60 | 50 | 25 | 10 | 200 | 180 | 155 [ 135 [ 110 | 95 | 80 | 45 | 25 | 210 | 200 | 200 | 200 | 175 [ 150 | 130 | 80 | 45
Of CyC|eS for the CalCUlatlon Of IR 20 | 27 |35 |30 |2 |20 | 15|10 |10 |5 |- |60|50 |40 | 35| 25|20 |20 | 10| 5 |100| 85| 75| 65 | 55 | 45 | 40 | 30 | 20
the CraCk grOWth decreased Jjo 0 27 | 55| 45|35 |30 |20 |2 15| 5 | - [85 | 70| 60|50 |40 | 35|25 | 15 | 10 | 140|120 |100| 85 | 75 [ 65 | 55 | 35 | 20
J2 <20 | 27 | B0 | 65| 55 |45 |35 | 30| 20 |10 | 5 [120|100| 85 [ 70 | 60 | 50 | 40 | 20 | 10 | 185| 160 | 140 | 120 | 100 | 85 | 75 | 45 | 30

frOm 500,000 tO 20,000 CyCIeS 0 14 -40 | 27 |115| 95 | 80 | 65 | 55 | 45 | 35 | 20 | 5 | 165|140 | 120|100 | 85 | 70 | 60 | 35 | 15 | 200 | 200 | 185 | 160 | 140 | 120 | 100 | 65 | 35
SlnCe (nOmlnal .I:atlgue Ioadlng) kemn| -20 40 | 95 | 80 | 65 | 55 | 45 | 35 | 30 | 15 | 5 | 140|120 |100| 85 | 70 | 60 | 50 | 25 | 15 | 200 | 185 | 160 | 140 | 120 | 100 | 85 | 55 | 30

IS,MLNLY  -50 27 |135|115| 95 | B0 | 65 | 55 | 45 | 20 | 10 | 190 | 165 | 140 | 120 | 100 | 85 | 70 | 40 | 20 | 200 | 200 | 200 | 185 | 160 | 140 | 120 | 75 | 40




Examples from EN 1993 -1-10 71 selection of steel sub -grades

Second generation EN 1993-1-
10

 Table 4.2
structures as  per  first
generation but Table 4.3
covers structures not subject
to fatigue loading.

1 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)

covers fatigue

Table 4.3: Maximum permissible values of element thickness t in mm for EXC1 and EXC2

KV Reference Temperature Tes [*C]

Sesl Quality 10 ‘ 0 |-10‘-20|60‘-40|-50|-80]-120 10 l 0 ‘-ml.zol-au‘-m‘-snl-sn‘-uu 10‘ 0 ‘-ml-m‘-w‘ ml-so‘-an‘-lzo

grade T | Juin
ora = 0.75-fy(t) oea = 0.5-Fy(t) oeg = 0.25-fy(t)

IR 20 27 | 250 | 250 | 170 | 120 90 | 65 | 50 | 25 | 15 | 250 | 250 | 250 | 250 | 190 | 145 | 110 | 55 | 30 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 135 | 75

5235 o 0 27 | 250 | 250 | 250 | 250 | 170 | 120 | 90 | 40 | 15 | 250 | 250 | 250 | 250 | 250 | 250 | 190 | 85 | 40 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 200 | 100

12 -20 27 | 250 | 250 | 250 | 250 | 250 | 250 | 170 | 65 | 25 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 145 | 55 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 135

IR 20 27 250 | 185 | 130 | 95 70 50 40 20 10 | 250 | 250 | 250 | 205 | 150 | 115 | 90 45 25 | 250 | 250 | 250 | 250 | 250 | 250 | 215 | 120 | 65

10 0 27 | 250 | 250 | 250 | 185 | 130 | 95 70 | 30 | 15 | 250 | 250 | 250 | 250 | 250 | 205 | 150 | 70 | 30 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 175 | &5

5275 12 -20 27 250 | 250 | 250 | 250 | 250 | 185 | 130 | 50 20 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 115 | 45 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 120

KZMN| -20 40 | 250 | 250 | 250 | 250 | 250 | 250 | 185 | 70 | 25 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 150 | 55 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 140

ML,ML -50 27 250 | 250 | 250 | 250 | 250 | 250 | 250 | 130 | 40 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 90 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 215

IR 20 27 165 | 115 | 85 60 45 35 25 10 5 250 | 250 | 190 | 140 | 105 | 80 60 30 15 | 250 | 250 | 250 | 250 | 250 | 210 | 165 | S0 50

o 0 27 | 250 | 240 | 165 | 115 | 85 | 60 | 45 | 20 | 5 | 250 | 250 | 250 | 250 | 190 | 140 | 105 | 45 | 20 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 135 | 65

12 -20 27 250 | 250 | 250 | 240 | 165 | 115 | 85 35 10 | 250 | 250 | 250 | 250 | 250 | 250 | 150 | BO 30 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 210 | 50

e 14 -40 27 | 250 | 250 | 250 | 250 | 250 | 240 | 165 | 60 | 20 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 140 | 45 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 135

K2,M,N -20 40 250 | 250 | 250 | 250 | 240 | 165 | 115 | 45 15 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 105 | 35 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 110

US,MLNY 50 27 | 250 | 250 | 250 | 250 | 250 | 250 | 240 | 85 | 25 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 190 | 60 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 165

IR 20 27 |120| 85 | 60 | 45 | 30 | 25 | 20 | 10 | 5 | 250 | 200 | 145|105 | 80 | 60 | 45 | 25 | 10 | 250 | 250 | 250 | 250 | 225 | 175 | 140 | 75 | 40

o ] 27 | 250 | 175|120 | 85 | 60 | 45 | 30 | 15 5 | 250 | 250 | 250 | 200 | 145 | 105 | 80 | 35 | 15 | 250 | 250 | 250 | 250 | 250 | 250 | 225 | 110 | 55

12 -20 27 | 250 | 250 | 250 | 175 | 120 | 85 60 | 25 10 | 250 | 250 | 250 | 250 | 250 | 200 | 145 | &0 | 25 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 175 | 75

e 14 -40 27 | 250 | 250 | 250 | 250 | 250 | 175 | 120 | 45 | 15 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 105 | 35 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 110

M,N -20 40 | 250 | 250 | 250 | 250 | 175 | 120 | 85 | 30 | 10 | 250 | 250 | 250 | 250 | 250 | 250 | 200 | 80 | 30 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 225 | 90

U5, MLNY  -50 27 250 | 250 | 250 | 250 | 250 | 250 | 175 | 60 20 250 | 250 | 250 | 250 | 250 | 250 | 250 | 145 | 45 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 140




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

THE FUTURE OF

L Y
Steel.

CONSTRUCTION
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